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REPORT No.H.
PART L

By Cxixmzs El.LUCKE.

.-

INTRODUC1’ION-NATUTtE OF THE PROBIJIM AND SCOPE
OF THE PRESENT CONTRIBUTION.

& effort to improve the
Y

soline engine and to perfect it for
use, in aeronautic, marine, and and t.

=
ortation sermcezmust ro-

?teed along a series of more or less par el coordinate hnes o at- .
tack, each concerned tith some one mde~dent phase of the prob-
lem, after a general review has indicated the nature of these aub-
Sidi

3
problems and their relations. Such a general review with

%
eci reference to aero engines has already been made and formed
e subject matter of the report of last year. In addition to the spe-

tic probkma of engine design roper, involving arrangement of

{&
Farts sdection and treatment o materials, and deternmudion of

@ “emnsions for strength or life cm the one hand and large mean
effective pre9sureswith lugh thermal efficiency at high s e@ on the

rother, there is “another group concerned with what mig t be termed
the engine auxiliary functions These latter include ignitio~ lubri-
cation, cooling, and las$ but most important of all, carburetion. -It is
most important because it is con~ed with the making of suitable
mixtures, without which the en

Y
e can not be a success no matter

how perfectly the other phases o the engine problem maybe worked
out. It bears the same relation to the gasoIine engine as steam mak-
ing does to the steam engin~ and the carburetor, with its connections
by -whichthe result is attained, is ~ustas unportanti to the former as
is the steam boiler and its cormectzonsto the latter. This being the
case, it is logicaI and pro er that this the second report, and the M
tme follow- the gener

‘3
$ retiew, should be cnncerned with the car-

buretor and t e problems of its desiagn. The com~lesity of the prob-
lem of carburetor desi

r
from the scientific engineering standpoint

as distinguished.from t e’empiric cut and try one, can hardly be over-
rated, and the d.d%cultiesinvolved are ~lized only by those fadiar
with the question by reason of e
involves not onl man un$nown acts and relations of the p ysics

T [. ‘“ace ‘;:;:.::!.:of flow of this c ass o hqrnds in small passa
able rates tbro

!?
every conceivable shape of UC%and orifice within

certain Mite o &q but it aIso requbxs the crossing of the border-
land of lmowkd eon the physical chemis~ of these com Iex fuels

f Ytheir’ vapo~ an vapor. am *ures; fuels which are so utions 01
many and variable conshtuents, all of them having tendencies under

a5
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certain conditions to pol merize. In addition to-these difficultiesof R
ere are involved two other grou s, the first

~~~~~~~=l%&’%$$mcturrd deai~, and the second t%abof defi-
nition of the object to be attained. Vith reference to the Mter it
must be admitted that there is no cmmincin e~rimentd proof

&awdiable from en “ne txsts to.definitdy estab h lust what sort of
rmixtures give the est results in engines; whether, for exam Ie, they

+’should be constant or variabIe in proportions of air to wI, and
whether dso they should be dry or wet, and if the latter, how much
moisture is permissitde and in what form. To be sure, opinions and
deductions of some value can be ksed on indirect observations and on
certain rincipks, but worlm of importance should be based on

iproved acts and not on o inions or deductions. Pending the es-
$tablishment of. the re uire physical-ohagical data and the specifi-

%cations of suitability o mixtures from the er+ginestandpoint, both of
which must constitute a separate series of mitigation, the prob-
lem of carburetor dmign may be approached with some profit from
the qualitative sid~

Desi
P

cd any appIiance or machine ~u@ be undertaken qualit~-
tireIy efore any quan’tititive work is wwranted, the former being
concerned with the form and arran@nent of the parts and the
latter with their dimension~ Qualitative dasign, the fixing of the
nature and f mm ‘of the swerd necwsary structural, eIements and
their xnutuaIreIation or arrangement, must satisfy ten independent
sorts of requiremenkflrst, functional, and second, constructional.
With reference to the former it is clear that to make the apparatus
-work there must be rovided certain parts suitably arranged and

1’the selection of such o- and wrangemen@ of parts as would seem
to promise the sort of action or function dwn-ed, ~ termed invention
-when the same thin has not been done befoqe m the ~me way,

‘?otherwise it is mere y the first phase of quahtative dw~. The
second or constryctio~al re uirement for qualitative desi
a limit on the first, dictad Yby th? tOOkland pl’OC-%SSSO t%::O~
However nice and roper an apphance or machine scheme may be

?from the functions standpoint, it is obviously of no value If it
can not be constructed and of little value if the construction is
difilcult, so as to invohre excessive cost, inaccuracy, or so!ne other
element of unsuitability.

Quantitative desi , the determination of proper dimensions, for
the parts as sekxter and arranged, must .x meet two independent
requmemen~ or rather thve are two sets ‘of dimensions that must
be separately determined because they ~ave different objects. The
first phase of uantitative design must fix those dimensions thatire
.Onmrne.d w-h% functional operation and directly supplement thg
sdection of form-and rehtion of structural e.lernenk so that not

1
onl will the sort of result desired be attained, but akm in just the
rig t degx%e. The second step in the whole series &s those di-
mensions of the parts that insure; with due reference to the ma-
teria~ stiitible “strength and stiffnesq to .resi,st rupture and undue
deflection; ‘respectively, under stress, and that insure suitable life
to arts ~bject to destructi~n by -wearor corrosion, for esample.

1
~

pIymg these general prmcl @ @ the”“we ofcarb~re@ desi~,
ithe rst phases of both the qua tatlve and the quantltatwe desgn
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are of controlh~ importanc~ both of the second bases dwindling
to almost negli ble quantities -in comparison.

f
8 or example, the

second phase o quantitative design, the &@ of dimensmns for
strength and life, IS almost, if not quit% eliminated by the fact that
the parts of carburetors are subjected to no: stresses that can not
easily be resisted by the thinnest metal that can be cast, and that, so
far as life is concerned, there is no corrosion with the brasses and
bronzes in use. WhiIe there is some wear in those carburetors that
have moving arts and some permanent. set in springs, it aIso is

$true that 00 carburetors need han neither wearing parts nor
springs. & sin, the second phase of quali@tire desi~l which im-
poses shop Imitations on form and arrangement, reqmres no. speoial
treatment for carburetors o~er any other device or small mmmfac-
tured metal product made maidy or wholl of cast metal with some

!!rough and some accurate machining, imo ~ onIy Iight cuts and
short operations easily carried out wth small tools of standard form
with speciaI jigs and fitures or with special took

It appears, therefore, that an in~esti tion of carburetor desi
E SFmust be concerned almost entirely with e fit bases of both qu “-

ftative and quantitative desi , the selection of t ese schemes of form
and arrangement of parts tR t promise the right sort of functioning
rmd resul~ and then dimensioning the nrts so thev wHI produce

fthe desired kind of result in the reqmre degree. These two steps
might well be called qualitati~e funotionaI dwign and quantitative
functional design, respectire~y.

There are two goad reasons why qualitathe functional design
should be undertaken before the quantitati~e-ti, becau= the neces-
sary physical data for the Istter hare never been determined, onI~
a few isolated facts being awdable, and second, because the determ-
ination of dimensions must necesmily follow a decision on form,
or otherwise the more that form aIternati~m can be. reduced to a
minimum2the less is the variety and scope of the pertinent physical
data requmed for application to then

This report is concerned almost exclueirely with an analysis of
the question of qualitative desi

%
not only becaw=eit is IogicaHy the

first step to undertake but aIso cause its scope is so very wide and
the amount of a-iailable materiaI requiring renew so large as to hare
taken up aU of the time amiIable.

Quantitati~e desicmhas keen approached but not acti-rel~attacked;
only so much has ken done in this direction as to point out the
need of thorough investigation by showing .@e importance :and the
present Iack of exact data.

Qual.itati-refunctional design of cafiurdors must be@ with an
examination of alternative processes of carburetion, and a selectio~
of one or more such roc.essesas seem promising must@ made .hefore

2any attem t is ma e to scheme out the form- and arrangement of
\the parts t at together shall constitute the carburetor. Carburetion

as a process is in the broad sense.ergentially the same ss hu@i&

%
cation, the former dealing ori@nalIy o v with the hydrocarbon
products of etroIeum but now with any “quid fuel inchd~ the

Elalcohols, the tter with water, and both with~aporization of the h uid
7in contact with air, the vapors and the air mixing more or. ese

homogegeoqsly. The therrnodynamm laws of. sgch vapcp-iir tix-

..—



68
,.

AEEONAWTICS.

tures as result from carburetion or humidtication are retty firmly
?eetabbhed~ and the most important of these, with re erence to the

present object, is that group relating the partial pressures of the ;
vapor and the air in the mixture to the roportions of vapor and

1air and to the re~ectivewlecular weig ts. In accordance with
these relations, a mixture of vapor and air in any desired proportions i

can be obtained by maintaining an intimate contact between the
Iiquid and the air until such time t-wsaturation results by the build- .:
ing up of the partial pressure of the vapor in the mixture to a value
equal to the pressure of saturated va or corr

$etermin3
onding to the tern- .

peratur~ Thus the pro ortions are
f

by the ~a~or pres-
surs-temperature law o the liqtid, by the actual conditions of
contact or intimacy between the two, and by the temperature mix-
ture during the time of contact. Of these three factors one is a
physicaI property of a given Ii uid and the other two represent

1variabla of use, and are subject o control if the apparatus E suit-
ably designed. The vapor-pressure curves of the more common
simple liquids have been determined, and for them these principles
point directly to a simple and highly eile.ctiveprocess of earl.mretion
m definite redetermined roportio~ the process bein to main-
tain for su4 C? %cient time a ose and intimate contact of t e air and
the Ii uid, such as may be done by blowin air over, bubbling it

% %throug the liqu~d, spraying the liquid in t e air, or stirring and
heating the two n a chamber, meanwhile keeping the temperature
constant at the va~ue required by the vapor pressure-temperature
curve to give the desired proporti~

Such a process of carburization ma properly be called evaporative
because the proportions are fixed b

J
& e evaporative condition~ The

liquid vaporizes, and vapor is ad ed to the air until equilibrium is
established betwem the vapor prwsure of the liquid, and the partial
pressure of the vapor in the mixture in contact with the liquid. This
evaporative process of carburization to given pro ortions is ahnost

Yideal where lt is feasible but unfortunatdy its va us is confied en-
tirely to the simple liquids that have detite vapor pressure-tempera-
ture relations and the same relations for every part of the liquid.
The onl liquids that satisfy this condition are those that are sin ~e

T 9chemica compounds and among the fuels these are benzol and t ~e
pure alcohols, the more common fuels such as the im ure alcohols or

7alcohol-watar sdutio~ and all the roducts of petro cum, including
4not only the light but the interm “ate constituen~ do not satiefy

the condition for roper evaporative carburimtion in given ro or-
i’ i?tions by the aimp e evaporation proc=. These latter liqui s uels

are solutions of many constituents one in the other, each constituat
to be sure is a simple hydrocarbon with fixed ph sical properties, but
the soluti~n has vari~ble physical properties 5 he presence of one
substance m sohdion m ano~her, affects its vapor ~ressure in a fairly
well-lmown way, but there M no means of predicting what is the re-
sultant of 10 such, each affecting the other. Physical chemistr h~s

$not advanced far enough to answer such a question, and it is dou tful
if the answer would be of much value even if it could I.)efound in
the absence of equaHy defiite, simple, and practica~ analytical means
of identif “ g and evaluating the se arate hydrocarbon constituents

r Jof such so utlons as the gasolines an kerosenes, which organic chem-
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iatry so far has failed to discover. From the practical carburetor
standpoint enough ia Imown to ddhitely condemn the aim le evapo-
~ative proportioning process h-ithout such scientific data, lee ause it
M clear that those constituents that hwre the highest vapor presures
fl exist in the vapor air mixture in Iar er pqxmtmns to those

5that have low vapor presaure9,than they di o .
*

Iy in the Liquid
mass and that, as e~aporation prooeeda there be a fractionation
that ~eavesthe heavy constituents behind. The mixture proportions
in such cases will be &ed as much by the ratio of constituents in the
liquid as b the vapor pressure

i
of any one-by the intimacy of air

contact or y the tempera-but the ratio of constituents in the
liquid wm@ng as it does as evaporation roceede, the roportions of

E 1?vapor to am in the mixture can not poasi Iy be contro ed automatic-

?’
all by any simpIe and practical me-

he condemnation of the evaporative means of proportio “ aa
Ya carburetion process for engine w for aII liquid fuels that ac-

tionate at once removes from consideration a -re~ large number of
oIder carburetors desi ed for and used largel m connection with

Rthe manufacture of “ Juminating or fuel gas or pipe distribution
and confines attention to a newer ~oup of carburetors in which the”
proportions of air to fueI are subject to mechanical control and ars
quite independent of the constituents of the fuel or their vapor
pressures.

bfechanicil proportioning is an esaentiaIelement of any practied
earburetion rows where complex fueIs, like the petroleum distil-

{lat~ am to e converted into vapor air mixtures in controlled pro-
pofions for introduction into an engine cylinder; but, of course,
mechanical proportioning does not of itdf constitute a carburetion

l%
roe- exce t under one condition. If the vapor pressure of the

iel, or, rat e~, of its heaviest constituen~ be high enou h, then
%mere introduction of the fuel into the airj ~ecidly if both e tlow-

inq through pa=ages that produce eddy mimn curren~ will result
fin munethate vapcmhation and the formation o the desired mixture.

MI the oIder gasolines of 76° Baud and u ward had this roperty,
i iso for them a mechanical proportioned that eeds a measure amount

of gasoline into an air stream doea in reality constitute a ro ortion-
iug carburetor. {zThe present-day gasolines, ranging but “t e above
60” Baurm$,and in some cases lower, have ~me.constitu+s so ht+~
and with vapor pmasures so Iow as to reqmre d+er s eclal spraying

?and stirring elemmts or heaters to ~roduce a smtab e homogeneous
mixture, the mahg of which constitutes carburetiom NevertheIes
such proportioning devices are also termed carburetors, even though
vaporization is not com Iete because they produce mixtures on which
engines can be operatS&nil since the proportions are established by
a sort of met.dng action of the fuel by the flowing air! and not by the
vaporizing properties of the fu+ they have been named “ propor-
tiotig flow carburetors 9’in this re ork

For all gasolin
2

%kerosen or ot er petroleum distilIat~ and any
3other complex fu to be use in engines, proportioning flow carbu-

1
retion recesses must displace the oIder evaporative roceaaesof the

%gas in ustry, so attention must be concentrated on t e various ways
m which the air flowing toward an e@ne cyliuder may be made to
proportionately meter, reoeiv~ and become mixed with the amount
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of fueI it can support in explosive combustion quite independent of
“ust what degree of vaporization or just what proportions will work
Lest in a given engine on the assumptitmthat these are independent
variables.

The pure cam of pro~ortiogah flow carburetion is that in which
the air flow directly, -wAiout the medium or interposition of any
connecting mechanjsm, d~ of itself induce or produce the fuel flow
in amount always proportionate to the amount of air, simultaneously
mixing the t?vo more cm~ws acti-rely with or without the addition of
heat, This .pro~ depends upon the laws of flaw of air and of
liquid fuel, relating rate of flow to Tressure ‘drop or flmy head, and,
in general, it a~umes that the suction stroke of an engine iston

%sestablishes a vacuum of. some degree jn .eyery portion of t air

of air that w#’ow under its impelling influence., It. &C.8SSUrnCS
entrance passa -which vacuum -raries r@larly with the quantity

that if from a au ply of fuel at a constaritihjdrauhc head a connec-
?tion be Id to a uel nozzle somewhere in the air passa e, the stutic

%head with reference to the nozzle being ideally zero, t en no fuel
VW flow unksx air is also flowing, because of the common vacuum
relatio~ and fueL flow will increase with air flow as the vacuum
increases. For such double flow to be trul proportionate and in

rconstant ratio. it is clear that both the liqui and the air flow must
follow similar physical laws and that the might of each must bear
the same algebraic relation to the vacuum that is responsible for the
flow, In the absence of a pair of air and fuel pa- es of such form

9and relative disposition as would ha~e simihm flow avw, then some
means of automatic correction of the proportions become necessary
to restore the d&d ratio and to maintain it, no matter how the rate
of flow may vary, so as to satisfy the demands of engines operating
at variable eed and load.

%Betwean ese two basic processes of carburetion-the “ eva~ora-
tive” and the “ proportionin flow “-there may be found a serle.sof

?minor alterriatives, or specia modi&atio~ some of them,standing
more or less apart and others lying midya between and revolving
both to an eqrud degree. J,& an example o the latter a trul~ evap-
orative carburetor m! the tank and wick type mny be moMed by
feeding fuel to the vvick by ri

1
roportionate-ffow device instead of

alIowing the wick to pick up an feed fuel from the ttinkby .capillar-
ity. Evidently an apparatus of this sort might be classed under
either procewti: -If the proportionate-flow. f ceder were so regulated
that no fuel accumulated .on the wick or in the wick chamber. then
evaporation does.not.fix the proportion, but the proportionate feeder
does, and the. device is a proportionate-flow carburetor. On the
other hand, if the proportionate-flow feed delirered an excess of
fuel over what could be carried off bv the air passing the wick, some
fuel would accumulate on or about t]~ewick: and the ~roportlons of
the deli~ered mixture vrould be fixed by the evaporat]re and not by
the ~roportionate-flow ehzments,and the. device vrqdd be an evap-
orate carburetor. Fortunately, such cases.as this are rare, or there
would be-more confusion then now exists. There is. generally no
dMicuIty in interpretingfh~ action of a gbcen a paratus, Or, to state

\it otherwise? there are very few cases where the asis or principle of
proportionality depends on the rate of feed, the adjustmentior other

ioperating con itions, within the working range.

4
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&other sort of mixed process is that of direct injection of fuel
by a pump into the airl the pump being driven by the pulsations of
the air preesure in the retake passage or by the -engine directly, and
the deli-rery of fuel being m&deinto the air on Its may to the cylin-
der through the intake passages or &ect-ly into the cylinder after
the air has entered Thc+e are not regarded as proportionate-flow
processes, because m general there is no definite pro rtion main-

stained; but ako because the air-flow rate is not of he responsible
for the quantity of fuel fed. If a constant-speed engine cylinder
took the same amount of air ewry stroke and a ump, driren from

?-lthe air pulsations or from the engine, delimred t e same amount of
fuel at the same time, then the fuel and air quantities -irould clearly
be in proportion, fixed b the displac~ent of the main piston and

WkJ
rp~ phmggr, respective y, v@h correctlon~ for ~ohune.tri~efficiency.

0 this constitutes one acmesof mechamcal proportlomn~ means,
the cases are special, as also is the engine-operati~e conddion of
constant speed and loa& to which they are applicable. All direct-
injection engines vvith or without compressed-air sprays constitute a
quite inde~endent CIW, characterized by mixture making directly
in the cyhnder and hwre practically nothing in common with the
carburetor class of engines making mixtures &ernaIly. Pump de-
li-reries to carbureting chambers in the intake passages, -when the
pump is driven by the engine, or, in fact, in any way except by the
movement of the entering air, are excluded from the ~roportionate-
flow class because the flow is not essentially roporhonate. They

J’constitute an additiond class between the tr y proportionate-flovv
and the direct-in ”ection classes.

dWhen the t+.r ow actuates an air motor equiwdent to an air meter
and this motion in tum actuates a fuel ~ump, then the combination
is truly a proportionate-flow carburehon syst~, o

$’-
ting ona

constantly metering volume ratio at alI fates of am OW,and in au
respects equivalmt to the vacuum-controlled flow of the two fluids
thou h two separ@e passages to a c~mmon point of mixing.

&Wi this general review as a bum, the search for possible forms
and arrangements of parts making up the carburetor proper to
operate under the process of pro rtioning-flow carburetion may

rbe undertaken, and alI the avvda le su gestions for the construc-
&tion of proportionate-flow carburetors co cted and compared. This

comparative study o: the
8

alitative design of proportioning-flow
carburetors must be

r
wi the collection of exampks from any ,

source, which must en be ~uped into typicaI chws on the basis
of functional or structural smilarity, so that colas maybe compared
with class before any attempt .is made to analyze &fferences of
detail within each class.

The best source of information for this purpo~ is clearly theI
I?atent Office record of inye.ntio% and this has accordingly been
made the basis of the study which Ccmstatutesthe bulk of tlus report.
From the offiaal claasiflcation list and the dednitions of each offi-
cial cIaes and subclaes a selection was made of those that seemed
likely to contain patents on carburetors To assist in this work of
disccwering the carburetor patents of the United States the services
of a competent patent lawyer were dieted, and under his direction
searchers -wereset to work in the Patent OfHce,where, aided by its
officials, a list of United States carburetor patents was prepared
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and copies collected for study and comparison. The detailed steps
b? which this list was made and copies of each ~dent secured me
given in Part II, with the patent number, date, tMe, and inventor’s
name, arranged according to the official chmses,subclases, and cross
references.

Having secured copies of these patents, which numbered, after
eliminatin duplicate% about 8,+00, a surprisingly large number in

fview of t e fact that the art 1: comparathwly a pew one, every
patent was read and reclassification begun as a bass for the com-
parative study. The first step in this reclassification divided the
patents into the two roups of “ pro ortioning-flow carburetors”

% (1and “ other subjects,” t e latter inch “ng pax attachmeitts, com-
plete engines, injectors, and all “ evaporative carburetors.” This
made about an equal division and incidentally brought -outthe inter-
- f?ct that practical

I
all the older carburetor patents are

evaporate, while practica y all the r~ent ones are proportioning
flow as to broad procees, the latter be “nnin about the year 1900 but

%ut#e year N)10. Thisahowsnot becoming really numerous until a
that the proportioning-flow carburetor art is about 17 years old,
the official life of a patent, and that, therefore, most modern car-
buretors fall within the patent life and must be either themselves
the subject of an active patent or simihm in some respects to the
disclosures of one or more such atents.

Following this division of I?nited States carburetor patents into
‘( proportioning -flow”

5
cases and ‘Cother subjects” the former group

was restudied or the pu~ose of subdivision into cla- according
to some rational basis of sunikrit~ This step brought out the fact
that the present.ofiicial chwsificatlon is not a. good on% so deficient
in ekunentsof dMimtion as to make nec~ary the creation of a new
classification before any comparative study could be made at all.
This new chissification hasbeen worked out and the “ propo~tioning-
flow” carburetors assigned to laces in it in Part III ?f this report.
The ver great labor involve

&
%

t
in readin ~ reclassi&ng, ~nd com-

parin
f

ese thousands of patents in the mited time avadable has
proba ly led to some errors, which can on] be removed by a sub-

isequent checking, but it is believed that t e restdts reported are
correct in the main and mistakes are cotined to individual caees.
To make this sort of study quite com lete and of the utmost practi-
cal value,.not onIy to designers but ak to patent lawyers interested
in solicitl~ new patents or in litigations over existin

Jnew cltw+ cation and relisting should fist be checkecR3a&
extended to include the cases of the leading foreign patent” fit-
It is hoped that the wdue of so doing wiII seem to artles interwted

Fgreat enough to have the required funds made avai able.
FolIowing the reclassifktion and rdisting of the United States

proportioning-flow carburetor patenta the general characteristics of
each new class and subchi.ssis given and structural variations within
each chtss illustrated by photographic reproduction of the drawings
of typical paten~ the number of which so m reduced is about 450.

L?This illustrated review .uf the functional an structural character-
istics of pro rtioning-ffow carburetms is the subject m~tter of

KPart III oft “s report which brings out a most amazing wealth of
Jmaterial as.to form an arran ement of parts. Even a brief review

of this secnhonof the work VA?“ 1 convince the most skeptical that so
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far as ualitative d -
_d&ere&titieXe~ f=ZbZ~?GZ&bm?~ t~~
in carburetors or carburetor desgn is mainly quantitative in char-
acter. An effort is made in thii comparative stgdy of functional
charactdies of the new oIa.=es and- dmla=s to point out the
most promising ones from the standpoint of autcmhc roportion-

#
fin at any rate. of flow, so as to etu@ate inwmtive an dekgning

e ort in this dmection. Concentmt.lon of thought along the more
promising lima shouId result in

r
ter and more rapid advance

and perfection of the needed app .anc~ than the scattering of the
same effort orer the whole field, wbch @u$es SOm types or classes
of wry much less pronu- Of course It IS ha@ ~t~~;mcted
that there w-W be a genemd acceptance of the i
cially among imentom interestedinwhat have !?& Treported ‘as t e
I= pro- group% as t.h? ~-imtme mind qormaIIY mists guid-
ance. However this ma b?, It M h~~ mat t% the w systematic

$effort to bring some or er @o @u+ lMSbeen. a most chaotic aitua-
tio~ will bear sficient fit ti I@ZfY the swzous painstaking Iabor
that has been _ded.

NO arran~ement of pa~ intended to act as a proportioning-flow
carburetor can be concel~ed tit d- not kmolve so~e mental
asunption of a law of flOWfor ti fu~ md for tie .aq relat~g.
rate of flow to pressure drop or vacuum. Therefore n every one
of these many hundreds. of paten~ thre is ~directly involve! some
such assumption by the ~ventorz elfier CODSC~OUS~Yor WCOIMC~O@.

dWith only a few isolat+ exceptioIIs, not one. of them gmes any -
Iing of what flow law LSassumed to hold m his device although
nearly all assert their object to b the production of a device that
either hohls the pro O*OM co-t U@W all conditions or gkee
some

T
?eci.ilc sort o control over pro .ortlom. In some case9 ~t is

quite c ear that there is no understan& of the general prirraples
of fluid flow at +, whil~ in othe~ & ~moi ks h&ve qlearly served

?ta guide the de=gn whmk th~re~ore, IS at ead cpa.htatively cor-
rect and requires only ~e ap@lmtlon of the nqmermal values in the
flow equations to its thmewons to be qumttiativdy correct aIso
or which can be made CO* ~~enttiy .w1~out salving the

Y
equations numeriedly. One pRt :omq~ molat~on of the @n-
cipkas of flow for air is negkct o :ts cmtwal pressure drop bit,
according to which no increase of alr.flow through an orifice takes
place after the pressure drop throu h It e-weeds a given value some-

5where about four-tenths -of the abso ute presura on the su ply side.
&This becomes a most SeI’IOUSM=ferenm with proportion ty when

it is remembered that it does not ap Iy to the liquid orifice acted
upon by a shr$ar pressure drop} so $ at however regdarl the air
and fuel may -U+RH tugethe! w p~e drop +creases AXrL zero
there comes a tune wh~n the mr flOW~= to mcreass while the
fuel goes o% Other vrolatlons of a eral character include the
implied assumption of a constant .ent of etlhm for both fuel
and air orifL~ which may act~y va

T
100 per cent, ako negleot

of the differences between Capflq u ~fice types of fuel pas
sages and the eEect of the PTQ drOP lt~f on the law of flow
for q ‘ven pasaage.

/%WI out undertaking an
&

new exper+nental determinations of
the flow Iaws and them coe Aen* fw mr and gawdine in passages

.—

. .
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of the forms. and size appro riate to carburetors, it is imporhm--- --
that the known principks anI!/facts on. the subject be reviewed for
two reasons, first to indicate the extent of the justification for the
implied assumption of sqrne wrt of floy law in all ~f these inven-
tio~ and second to clear the way for such new ex erimental deter-
minations as. may be necesa

T
ifor undertaking t eir quantitative

design on ~ .natuml b@s, T is review of existing flow laws and
flow data forms th? subject matter of Part V of this report and
prows beyond ques~]onthat presgnt lmo~I~dge is wholly inadequat~
and that new expmmental determinations must be made just as soon
as ossible.

8 iscuwion and ar~e.nt can never .b .as con~incin~ as pro-red
facts. On the question of proportionality in engine car ureters, no1)
amount of reasoning as to why one of them should or should not be
characterized by constant propor~ion~ as flow rate changesl can equal
in -rahte an experimental determmation. For this reason 10 of the
leadin American carburetors were mcured by loan from their makers
with t%e assistance of the Automobile Chamber of Canrnerw, and
were subject to tests for pro ortionality of air to fuel over a wicle
range of flow rates. iThe met oda and ap matus used, together with
the remdts obtained, are given in Part $1 , the last section of this
report. While, as had b~ expected no one of them was able to
keep the roportions constant, as tie ra& of flQT$.was wmied either

fby thrott e position at a constant engine s-peedor b~ engine speed at
a constant throttle osition, yet the actual or possible a~ roach to

E J’constancy for the w ole group is wonderfully good, coma erin the
fabsence of exact flow law data ,a~d th? fact that practically al are

products of cut and try oq empmm d=
??

as distina@shed from the
rational or scientific. In some cas~ t e resuks me so ve

7
good

as to lead to the belief that substantial constancy within a ew per
cent of actual constancy ?f proportions of air to fuel is within reach
and will be generally obtmnable in carburetors of considerable variety
as to form, as soon a+ flow Iaw data becqrnes avail-ableto desj ers.

rFurthermore, should It appear after a sermsof engine tesh on ifler-
ent mixtures that constancy of proportions is not desirable, but that
a certain rate of leaning or enriching is desirable as load or cd

Tvaries, there is equal ~omisethat it can be obtained. In short, t lere
$1is eveq reason @ b eve that t~e period -of pure invention where

wo?dermgl
T

essmg, and assum.mg conat]tute the only guides, a
period types of the youth of any new art, is about to give w-a to

?the second and permanent sta~ of designing where proved acts
and authentic data form the hams of ractice. Such a situation can
be most quickly brou

#abut& ma&.~t~eT~rnenta’ ‘etemi-nations recomqwnde ~ ,the a onchuo~ an gwmg tho results
the widest pwab~e pu~haty.

WMe propo,rtlona$ty control is-the prime consideration in any
carbure@r, it u n~t m.itself sufficmnt to make a good carburetor,
and whale proportlonahty must be con~oIled through suitable ar-
ran ements of ~properly formed and dunenaioned parts based on

%e.sta lished flow laws, there are certain other structural elements
necessary to. a practical carburetor. Finally there is reason ta be-
lieve that there musJ,be some +ixnents, of carburetor, design con-
cerned wd.h adaptabddy to a @ven engine or to defite operating
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conditions of a given en
Y

- e Ox to a gi~en fu~ that IIlay llOtt be
brought out by continirg t e study to proportions alone, or to steady
flow alone, or e-ren to any particular sort of @sating flow. These
are aIl matters worthy of careful consideration, but some-what in-
tangible and elusive in character, certainl at the present time. ‘

JPartly for this reason and partly because a the time available has
been consumed in reaching the point here reporte~ these matters
or the items concerned with them can not be given more than a brief
notice, which is included so that they be not forgo&n or their im-
portance minimized.

Next to proportionality cont~ol in basic importance in mixhme
making comes mixture quali

T
defined b~ wetness superheat and

pressure, or in general b its p ysical conddion. O&r things being
~equa~~mixtures having igher absolute pressures m the intake pas-

sages should develop mean effecti~e pr~es that are directly pro-
portional to the absolute pressure% and this is s matter of consid-
erable importance in aero engines or others where least -weight per
horsepower is a prime factor. Some cIasses of carburetors present
fied areas of air and mixture passages for the flow, vvhile others
increase the area as flow rate increases, and therefore should be cap-
able of de-doping higher mean effective ~ressures and more power
in -a @v= engine unless some other ~amable or factor neutmdizes
this possibili~. The importance of this mixture pressure factor in
mixture density is recognized in some of the atents which disclose
fans or blo-iversdriven from the engine and

+
%ced either before the

carburetor or between it and the @e. his arraggemd seems
to hare some possibilities -worth inmstigatigg, because the power to
pump the charge is far less than the promise of increased engine out-
put, though of course there must be a decrease of thermal efficiency.
Adding t~ such blowers or fans a barometric type of control of
deIivery pressure would seem to offer. a means of neutralizing the
effect of altitude on engine power vduch with aero engines may be
considerable.

Such moving parts as fan rotors in the path of the mixture make
excellent mixers or mixture homogenizers, and h~mogeneity of mix-
tmu-d~w?t matter of coordinate importance mth proportionality

r
. While with the mmdlpassages suited to small engines,

a stream 0. gaseom- fuel or of ~~ry
Y’

t gasoline may be relied upon
to automatmall m.LXwith the am an produce a reascmably homoge-

%neous mixture y the action of the header and mike pocket eddy
currents alone. This is not true with heavy gasoIines that can
cmly partially vapo~e in air at. atmospheric temperature, nor is }t
true with large engrqes developing sewral hundred ho~pomr m
a aingIe unit. The hea+ier the fuel and the Iarger the retake pas-
-, the. more ~por@t @o.mqs the matter of specifio d or
homogen

Y
means mvolmng =ther fixed or rotating parts. %n

tmvaporized “quid fuel must be distributed as qniforndy as possibl~
through the air in the form of the heist possible fog, and heavy
drops or vva~ stm+ms ?f liquid m@ be elimmated if any good effect

OflYper PpO*onAw ‘nq’’sti b ‘A.an a ternatme to such eilrrers or fie spray fog distributors
of unvaporized fuel throu h the air, the mixture may be heated to

%remo~e the Iiqui& or a I.ig t easily wqxa+ytble fuel may be substj.-
72s05°43.Doe.659,~6

--

.

“.
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tuted for the heavy. At the present time, in the absence of exact
data on the effects of any liquid in the mixture as to degree, and
relying on the established fact that much liquid not speciall treated

{with reference to fog making and air mixing produces very ad com-
bustion, it, is recommended thatifor aaro use at least nothin but

fthe lighter gasolin= of 76° Baum6 or better be used. Some o this
grade of gasoline w-~sobtained for the ~urpose of proportionality
tests from the berwan Oil Works of Tltusville? Pa., and its supe-
rior vaporization over the common fuel gasoline of the market is
proved by the larger drop in temperature observed and reported
m the tests as the mixture formed in the carburetor. While such
gasoline brings a higher pqice Jhan the common he~~ gmdel }he
excess is no! very much conmdermg.the superior vapomzm , quohtles,

Yand such Merences m cost M ex~t ?re matters of neg lglble im-
portance -for milita~ aero work on ths, od-prodycing ~untry.

The rmxture heating alternative to uamg s@iclently hght grades
of gasoline for making homo~neous dry mmtures or to spraying
means of distributing unvaporumd liquid through wet mixtures is
one that requires exact experimental te$s to determine its compara-
tive value. It is of importance only mth heavy fuels carrying con-
stituentsthat.will not vaporize without more heat than can be derived
from atmospheric air. While heaters for such mixtures are now
avaiIable, it is not poesible to say whether it is better fcm a giren
engine to use wet mixtures with stirrers or fog distributors or to dry
them by heat, starting with heav fuel; .or to do neither, but, on the

Jother hand, substitute light fu . Of courw+ in the absence of a
limit to supply and cost,-the last is cIearly the wise course. Any
heating of the mixture decreases its density just as does a reduction
of pressure, so heati

Y
must not be resorted to unless the gain from

its use exceeds the va ue of the ower lost, and this gain is almost
exclusively a gain in thermal A ciency due to better combustion,
with a corresponding improvement in lubrication and interior fouling
conditions over wet, cold mixtures. No better proof of the situation
is available than the two reIated established facts (a) that maximum
power and maximnm efEciency are not simultaneously obtainable
with any but dry mixtures, and (5) that the carbon monoxide and
the free oxygen m the exhaust can not both be brou ht to zero at the

fsame time, except -withdry mixtures. If therefore eavy fuels must
be used, which does not seem to be the case for aero service, it is
necessary to experimentally determine the best degree of wetness for
both ovrer and eficiency and the comparative en ‘ne performance
vvith & dmixtures made ry ~y mixture heaters. R ese me matters
of coordinate importance mth pro ortionality for which similar

fdata are re uired to establish the al owable or required range from
constan

F
!i there is an at all for best all-round engine perfomn-

ante. 1aken to etheq t e, results of such tests should lead to the
festablishment o spe.mfieationfor mixtures best suited for a given

engine with the same sort ~f precision that is now in general use in
the steam and vacuum spmfications for st.mmturbines Given such
mixture s edifications and the suitable basic scientific data on car-

{buretor p enomena, the carburetor desi~er may then follow the
same general methods used by the demgner of steam boilers or
condenser%

r

;.-.

,
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--As to pro ortionality itself, it must be assumed, p~ding experi-
$mental proo to the contra~, that en@ea require mmtruxs in con-

stant proportions because of the ohermcal nature of the reaction and
the thermodynamic re@rement t+d maximum power and efioie~cy
should result from mmtures leaving no unb~ed fuel and having
the highest calorifm power

&r
er pound of mmture. While among

carburetor and engine men e may be found o@nions that under
this or that condition the mixture must be rich, It is also true that
air measurements are practically unlmown among them, and there-
fore the proportions can not be lmowm Many such cases inv&-
gated have led to the conchsion that the meaning intended is rather
that the mixture must be made richer thn it was or than at other
times and not that it must depart from actual oonstancy.

There are some subsidiary problems of carburetor design worthy
of notice, even though time is not avaiIable for their investigation
at this time. The M group of these inckdw the several effects of
differences in the inertia of air and gasolin the eng@e-operating

%conditions that bring them into action, and t e correotme means to
be introduced to meet @terferences with proper en@e -ivor - .

9h’o matter ho-wmany cyhnders there maybe nor how lngh the ape ,
the flow through the - of a carburetor and throu

{ !?
the intake

header between it an. the relet valve per@ is not a stea y but a pul-
aating flow. There IS througl+out the nuxture makin w+d supply
system a series of more or ks mregular p 3resmre and v oc~~ waves,
and there must be some reflectional returns, and synchro+-ng heat
phenomena. Practicality nothing IS lmo.wn of these con&tzona es-
cept that they exist and that should the pulsations vary in amplitude
or eriodicity bad effects must follow, because in such a case the
difl&mce betvrem the inertm of air and gasoline p- through
its carburetor feed paseags or paasing through the mamfcdd pas-
sa es beyond the carburetor must cause a lag of flo~, positive ac-
fc eration producing a fuel lag and negative accderahon an air lag-

The natural period of oaeihtion of the fuel in its float chamber and
feed passage ma synchronize in beats with the mixture pulsations

i
&reducing perio “c pro~rtionality chan~ and the surgin sped

%actuations observed m some engines operating on wi e-open
throttle with a steady lead may be traced to such sources.

An sudden change of flow rate in the carburetor, whether pro-
11duce by a quick throttIe movement or by a ~hange of lead tor~e

without a throttle movement, must produce mmture proportion~hty
changw by inertial which, even thou h momentary, may yet last

%lon~ enou h to semously interfere wit operation or even stop the
fengine un er lead and thereby condemn as unserviceable an other-

wise perfectl good carburetor.
J

A sudden increase of flow rate will
tend to pro uce a Iean mixtur~ because the liquid fuel accelerates
more sIowly than the air, vrhde a sudden dec;ease of flow rate pro-
duces the reverse action~ the mixture enriching and m some msxs
the Iiquid flow continu

3
after air flow has stopped enough to

visibly” t!ip~ fud. NO y such actions as these are most com-
monl produced by quick movements of the throttIe, by means of

Kwhit the flow rate may be changed in a fraction of a second from
practicably zero to a very high maximum of several hundred feet
per second. Throttle closure M not so serious as throttle opening,
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becmlse nlixtunx
ignite even when

momentarily become rich instead of lean and do
very rich, bkcause also in extreme cases of sudden

cirndete closure the main fuel jet, which is tending to make the
mix{ure overrich, is thrown :omp]eti~ out of actio~ i~mrm~ modern
desi~ a low speed o? idbng jet bang brought mto action as’ an
alternate. It is on qumk throttling op@ng, suddenly demanding
more power, that

%&
test diflicult~ arises, because then the mixture

naturally tends to ome lean b inertia, and, having so low a flame
propagative rate, reduces ba

f’
c1-ties or com@etely misses fire in

extreme cases, the east evi~ effect being a lag m acceleration of the
engine. This has been met by the iutroductlon of the accelerating
cup, many forms and connections of vvhich are illustrated in this
report, some used in connection with idling jets and others inde-
pendent: The accelerating cu , so called, is a small chamber, usually

$shunt connected to the main uel passage and between the jet and
float chamber, so arranged th@ it fills on slow, steady running and
empties through the main or through a se mate nozzle -ivhenever

1’the acceleration conditions tend to make the ow through the regular
fueI charnels insutlicient,the ~el from the cu be~ng added tmcom-
pensate for the momentary mam jet lemums. %-hlle the accelerating
cup is the present solution of leanness due to inertia develo~ed on
accelerating the flow and the idling jet is in one sense the e mwdent

kfor a decreased flow, the latter aIso serves another useful nction,
that of refievin the main passages of the requirement 05muintuin-

~ing proportiona ity over the lovvwt ran~as of flow ram and both
are com aratively recent developments m this carburetor field, at

/’least so ar as adoption and use are concerned.
It is welI to point out here that neither the idling jet nor the

accelerating cup must be confused with the lifting tube, which is

$’
erhaps a stil~ more recent development forced into use by heavy
uels vvhich resist va orization and which at low flow rates will not

rise.with the air in i%e mixing passages; because the air velocity is
not great enough to overcome the

P
avity of the liquid. The lifting

tube is a small passage in paralle with the main one, and either a
part of it or quite separate, through vvkch the velocity is always
great enough to lift the fuel no matttwwhat the flow rate or throttle
position, and at high flow rates the lifting tube may remain in action
or go out. In any case the fuel passing up the lifting tube has come
from the main and not from a separate fuel nozzle, as is the case with
the idling. passagw.

Liquid inertia versus that of air or vapor also plays a part in the
mixture-distributing header or intake manifold between the car-
buretor and the several inlet-val~e ports whenever any unvaporized
liquid is present. This li uid will not turn at bends in the same pro-

%portionate way as does t e gaseous constituents, but the walls will
act like se arators, tending to collect the liquid in streams, which

\run alon t e surfaces where the mixture vekcity is least. Therefore
theader asign has become a part of the problem of carburetm de.

sign since heavy gasolinw began to replace the old and once uni-
versally used light on=

Another group of subsidiary design problems is concerned with
the supply of liquid to the metering nozzles and “involves the fuel
passag~ the float chamber, float, and float valve, and their design

-.

,
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vvith reference to tfiting or vibration on the one tid and to clo -
gin of small passages ~ith dirt or gum on the other. While

f
5

ear ureters are not ~romded with float chambe~ some hti.vingover-
flow chambers espeomlIy for stationary lar tractor use and a few
having diaphra

f
chambem or pressure Feeds without any fised

Ie-iel auxihiry amber at ti, it B neYerthek3 a fact that prac=ti-
cidly ti carburetms’nsed in transportation work have constant-leveI
chambers, float-val~e contro~ed, from which the metering fueI nozzle
takes its supply. Both the desi er of the carburetor and the riser

Eof the instrument a~e that e passages through which the ffovv
is to take pIace have a detite area and that the level in the float
chamber is at a dehite dieeance below the fueI-nozzle tip. Should
the fuel a-ages beeome clog

1 F
with solid matter, due to a fdure

to proper y flter the fuel or c ean out a loaded filter member or with
g matter that is now found occaziona~y to collect from the

el itsdf, it is clear that all cahdations and experimental perfec-
tion have suddenly been rendered nsdew. It is not sdlicient to as-
sume that these things wilLnot happen, but every carburetor should
be so constructed as to make it easy to clean out any of its pas-
saqes and viithout requiring the poking of wires into delicately
adpsted fine mete~~ orikkes, so that their area is changed and the
originaI proportionahty destroyed. For the same reason any fuel
TaIw.s must be so designed that %atterin or wearing of the seat or

rJ~ake is either impmaikde or immate - so far as proportionality
is concerned.

Perha~s aS common and serious LL mechanical interference with
proportlonalit as any iS the ~ariations in float chamber Ie-wI nor-

rlmaJly assume to be oonstant but @st ss often not. It is, easily os-
tible for the Ie-iel to &an

f
mlas much or more than the head p uc-

ing the fuel flow at. lo-iv ow rates, and if it does there must follo-iv
a ~ariation of pro ortions of a hundred per cent. Fortunate at the

1normal working ow rates the possibIe -rariation in float Ci amber
Ie-rel is a negIigi%Ie fractioR of the fuel flow head in most carbu-
retors, but in some of the% those in which the vacuum inoreass
least with fiow rate, the effect is,more serio~ and as there are car-
buretors that produce the most denss mixtures the matter is one.
of importance fide from leaky float Takes, or ~alws of inati-
ckut siz~, or ~alws operated with im ro er linkage to the floats; or ‘

$?having M motion in the Iinkage, a o vrhioh may be respon=bIe
for changes of Ie~eI that should not be arr@ted, and aII of which

1?me easily removable by good mechanica d
T

once they are reoog-
nizec$ there are some operatin conditions

3
at cxmse trouble of a

deeper seated kind more dil%c t to remo~e. These are tilting and
vibratio?, both of which are apt to be exaggerated to the Limit in
aero eugmes. b any but.an annular float chamber havin the meter-

%ing nozzle at the center, tilting changes the hydraulic ead on the
nozzIe and -when the fiovv inducing ~acuum is d at the nozzIe
ti~, this change of head by Win ma be an appreciable part of the

i %$w ole flo-ivhead and proportions “ty estroyed. This would seem to
be an argument in favor of the annular cwer the si&connected float
chamber and important in roportion m the vacuum at the fuel noz-

f’zle is Mw, though negfigib e when it is high, but for high capacity
light-weight engines the low vacuum has much in its favor as a

.—

.—
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means of securing high density mixtures. Howerer, the matter of
float chamber form and position mtiy be settled with reference to
tilting there remains the vibration interfenmce. Perfectly ood car-

tlmretors have been observed to o-rerflow their float chain ers and
spill as much gasoline as they used when vibrating under the shak-
ing influence of the engine tit some articular engine speed which

Yseemed to synchronize with the natura period of oscillation of either
the float itself or the f% Ii uid in the chamber. No adequ?t~ remedy

?for this arm to be mu-lab e nor for the overflow and dhng from
3’an excessively tilted chtqnber, whether concentric or si e attached,

but it seemsCIearthat tins is a mechanical problem worthy of study
the design of constant leye~ chambem that really maintain the levei
do not spiI1, in spite of tdting to any an#e met in service even ab-
normally, and quda independent of any vlbratiom

.
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PART IL

1.

By Gr&uza E. Lumx.-

CARBURETOR PATENTS OF THE UNITED STATES.

& the most fruitful source of informati~n, copies of all patents
on carburetors listed in the United States Patent Ofice have been
coIlected and later reda~ed for comparative study. The location
of these patents being a MEcuIt matter, in view of the present
05ciaI classification, the services of a atent attorney, 31r. A. L. Kent,

%of New York City, were eulisb+, an under his direction thOsearch
was conducted lists for the vamous subclasses prepared, and copies

Aof each one, a er ehinating du licat~ secured.
1& a fist step the following dnition of what vias vmnted was

submitted to Mr. Kent as a guide in his work:
Ii’or the purpose of this inqtdry a carburetor may be dedned as an ap@kuwe

to be attached to an Mernakombustton engine, adapted to receive ritr and
liquid fu~ and to deIi~er to the engine an erpbshe mktnre+

BY this dednitton alI a~plta~ that are not distbmtlg attachments are sx-
cIuded, but there Sslnduded e~erything that w+kes an esplcske mkture from
liquid fuel and air when attached to the suction or !make port of an internal-
combustion engine. More partkuMr4 are we concern@ though by no means
exduetvely, with that group of carburetor aRpMmes in whtch tbe suction of
the engine through some passage produces a reductton of pressure at a given
potnt and induces a flow of @soIfne by’ reason of that reduced prefsure. TM
CUM la often descrIk# as the jet carburetor, vacuum jet, snctton spray, etc.
Thts is tie clars In common use on present auto~obil~ motor boa~ aero-
@ane~ tractors, raflroad gasolfne mm and I@x!motivc@ and a considerable
number of SI?SOlinestationary angine&

The fore oing was Mer supplemented by more. @c instructions
%to disregar internal vaporizing devices; that is, those in -which the

fuel is vaporized in the engge cylinder or in a combustion chamber,
includin devices in which the fuel liquid is sprayed into the cylinder

%without sing previousl mixed with air, and devices in which a
%pump supplies the fuel “quid unmixed with air to the linder or

%other combusion chamber; and to list devices in which the el Ii uid
%nenters the linder or combustion chamber as a vapor, inch “ g

%those in whi the E uid is externally vaporized but interntiy mixed
1with a “part or aII o the air, devices in which a pump supplies the

liquid to a charge-forming detice, and carburetors and parts and
attachments for operating TV@ kerosene and other comparatively
heavy OikL

With this information, the procedure followed is given by W.
Kent, as f olIo-ivs:

I fist went o-ier with you the definition of subclasses in the two classes of
the Patent OfMe Claadllcation of ,Patents wbfch at the thue contatned most
of the carburetor patents; that is, class 4S,SSS,heatYng,and llkunbmting; and

n
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clam 12& internako~buation engines; and the followtn~ subclasses were se-
lected to be ordered cmmplete,namely:

In class 4S: Subdasaes144, 145, 14$ IQ 149,150, I.iKLl,150.2,150.8,151,Ill%
158, 154, 1541, 155, 155.1,155.2,15& 157, 158, 159, 160, 168, 164, 165, 106, 167,
168, 169, and 21!3

In CIMSHE: Subclasses119, 121, 131, and X32.
In order to be sure of getting all the Patents in these subclasses, and also

copies of patents cross-referenced tnto tlwae subclasses from other subclasses,
I had copies made of the subclass lists In the Publications Division of the
Patent Officeand then had these lfsts checked and completed from the bundles
of patents in the Patent OtIIcesearch room; and for each subclass I had the
cro~reference patents fn the bundles in the search room hated and then had
these crass-reference patent IIsta checked rmd.compIetedfrom cross-reference
lists in the Cla.WftcatIonDlvIsion of the Patent OfHce. The pntents fn the
above subcIaases were then ordered from these lists, excepting the cruss-
reference paten~ and a single list of cross-reference patents froLuthe several
subclasses was made up, eItmhxMug duplicates, and the patents on such list
were also ordered.

These patent&?,about 8,5&l in all, indudlng s&reraI hundred of the cross-
-referencepatents which were duplicates of patents belonging to the subclasses
and which are omttted from HA No. 2 above referred to, were, through the
courtesy of the Commfseionerof Patents, furnished by the Patent Officemlfhout
charge after the purpose for which they were wanted by YOUwas explainwl to
the commissioner, and with the underetamllng that they were to iJeobtained
only for such use.

I also had the following subdaeses in class M and various other classes
searched or esamined for the purpose of aclectlng carburetor patents such as
you were interested fn:

Class 60: Subclasses4,28,86, and 37 (searched).
Class 67: Various subdasees (examined).
Clam 108: Subclasses 67, 7.379, and 84 (searched). “
CIasa115: Subclass 18 (searched).
Class 122: Subclass 24 (searched).
class 128: Subclasses8, 4, 7 to l& 20, 21, 22, 25 to 29, 84 to 5!3,6!?to 09, 71,

7S,75,76,7% 79,82, 9% 97to 106, l@ 110 to 118,122 to 180, 188to lL”, 180, and
Ull (all except a few searched, and a number 0$ ,othersubcIaeseslooked fnto).

OlasaIZ6: SubcIaesea248 and 251 (searched).
Class 158: Subclas%w86 to 7S (searched).
Class 160: All three subclasses (examined).
Ulaas162: All three subclasses (examined).
Claas 280: Subclaaa18 (searched).
Olaea236: All subclasses (examined).
C1ass257: Subclass 52 (~arched).
Class 261: All subclasses (searched).
Most of the above subclasses.sveresearched through,each patent being looked

at. Some“subdasaeawere only esamined, or. looked into, sufficiently to decide
that they contained no patents of Merest. ln class 128, patents IIsted from
subdas9 29, oil engine%pump supply to air inIet, two cycle, were not ordered
or included in IIsts furnished to you, as they were sImiIar in the carburetors
shown to patents ordered from subchws 28, 011engines, ~ump supply to a[r
lnle~ four cycle, which 1 understood from you were not of interest to you.

Searching tbe above subclasses reauItedin the listing of some 2,500 paten@
snbstantIuIlyaIl from cIaaaes128 and 261. From these Ilatapatents contained
in the Ma of subclasws ordered complete and their cro&weference pntents
were stricken off and onIy those rema!ning were ordered and listed fn the
lists which I am furntebing you of the searched subclaesw

As I have already explalned to you, class 261, gas and Iiquld contact rlp-
paratu& is a new cIass which, although established some ttme ago with three
or four subchisses,has just recently anad since the patents in subclasses or-
dered for you compIete were obtained, been revised and =panded to Include,
in 122 subclass~ carburetors and other gas and Ilquid contact appmr!tus
selectti from various classes in which such apparatus might he found. The
oftldal definitionof We class is:

“Apparatus espedally adapted to produce an intimate contact betw+n
gases arid Hquidsto exchange properties or mutually modify conclltlon&

“NoTE.—Thisclass includes devlcea generalIy known as atr and gas washers,
afr molateners,carburetors,carbonators,jet condensers,cool- heater&and the
ltke, operat.lngby dire~ contact of the two flulde.”

,-
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At the time the new subclasses in thCsdaM were estabIlahsG a number of
subclasses in other classes were aboUsh@ frclnding the foIIowfng subclasses
fn cIass Q whtch were listed and ordered for You as above E@sineQ ~ eub-
CIasses145, 146, 14% 149, 150, lHI.I 1S02 160.% 151, m, m, 154! 164-L m,
Ui5& 1652, Itkl$157, M 169, 163, I&$ 165, 166, 16T, 168j and 169. Many of
the patents from these abollshed suMWses of cIsa946 were transferred ta the
newly est@lished snbclames of cIsa.s26L In sesrcbfng the snbcIassesof class
26L a Iarge number of the pdenta in the subclasses of class 4S ordered com-
pIete were found and listed, but ha~e been omitted from the Ust furnished Fon
of patents found in this cIass to avoid duplication, as above ~Mned.

I think that you have received a fairly complete set of carburetor patents of
the kind in which FOUwere interested but further exsmlnatfon end search
wouId undoubtedly resalt In adding a more or kas’ ameidersble namber of
paten@, although i%e PatentOllicesYstemof moawefermdns patents from
one subclass to another makes it cudte possible that the number of patents
rolssed may be comparatively emlaU.

Such yatents in thess lists as were found after examination to be
proportioning carburetor cases have been marked with an asterisk
[~]: Th~ cases lm~e been ~ecl,tied in accordance with the defi-
mt~on of the succeeding sections of thIS report, Part ~ and they
furnish material to ilh-wtrate the discussion of the characteristics

“of each of the new claws and subcla~ as reported in Part IV of
this m ort.

LThe “4s of carburetor patents here reported inchde:
List No. L—Patents in the subdasm ordered complet++arranged

according to classes and subclasses, and giving number, date, in=n-
tor’s name, and title of each patent belonging in each of the several
subclassesYand the nnmbers onIy of patents assigned as crm-ref -
erence ahmts to each subclw.

fList ~’o. 2.-Cross-reference patents from list No. 1, with patents
belonging ~ or regularly assigned to, the snbclass of list No. 1
omitted.

List No. ~.-selected patents from searched subcksea arranged
according to class and aubchs, with patents which appear in the
previous fists Oroitted.

List No. 4.-Selected cross-reference patents from the searched
subckusses,-withpatents which appear in either of the three previous
lists omitted.

A. List of subclasses of the United States Patent Office Clasaitl- “
cation of Patents ?l+ich were ordered complete or searched for car-
buretor patents, gmng the official cIasa and subclass numbers and
titles of subclasses ordered comp~ete, and ohs n~bers and titles
and subcka numbers of sukdam searohed:

1. Subclasses ordered complete.
2. Subclasses searched or examined.

B. Lists of United States patents obtained and examined:
List No. I.—Patents in the subclasses ordered complete, arran@

according to cIasses and subclasses, and gking number, date, m-
wmtor’s name, and title of each patent belonging in each of the
severaI subclasses,and the numbers only of patents assigned as cross-
-referencepatents to each subcla=

List No. 2.-Cross-reference patents from fist No. 1, with patents
beIonging in, or regularly assigned to, the subckwsea of M No. 1
omitted.

List No. 3.-Selected patents from searched subclwixes arranged
acco@in .to class and subclass, with patents which appear in the

Lpremous omitted

1..
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List No. 4,—SeIected cross-reference patents from the searched
subclasses,with patentswhich appear in @ther of the three previous
lists omitted.

L LISTOF SUBCLASSESOFTHE UNITED Smms PATENT OFFICECm-
SIFIGA~ONOFPATENTSWHICHWERB@Dt”m COWLETE ORSEARCHED

—.—

FOR CARWICETORPATENti, GIVINGT-m- “(3FfiCIAL GASS AND SuB-
--

.,-
cIAss NmrBERs AND TITLJZSOl?SDMXM?SE8ORDEREDCOMF’LETE,AND -“_”

hss NuMBERs ANDTITLESAND)%lBcI&3 hTmmxmsOF &JBChMEW3
SEARCHED.

1. Eubclaw?iz ordered complete:
Class 48, gas, heating and illnminating—

Subclass 14 carburetors.
Subclass 145, carburetors, regulating.
Subclaes la carburetors, series.
SubcIaes14 carburetors, heater,
Subclass 149, carburetors, heateri air.
SubcIaea150, carburetors, oil-feed.
Subclass 150.~ carburetor% oil-fe@ multiple-supply.
Subclass 150.2,carburetors, oil-feed, nmltIpl&jet.
Subclass 150.8,carburetors, oil-feed, multlple-jet, progreseiva
Subclass 16~ carbureto~ oil-fx float-valves.
Subclass 152, carburetor% ofl-feeG pump.
SubcIaaelm carburetors, oil-feed, rotary.
SubcIass154, carbureto~ oil-feed, spray.
Subclass 154.1,carburetor% oil-feed, suctton-controlledvalve
Subclass165, carburetors, atoruhers.
Subclass 156.1,carburetors, atomizers, constant-leveL
Subclass155.%carburetm%atomizers,constant-level,automathdllutiom
Subclass 15& carburetors, capilIary.
Subclass 157, carburetors, capillary, spiral-paesage.
Subclass 158, carburetors capillm’g, vertical-semen.
Subclass 168, carburetors, capillary, zigza&passage.
Subclass 160, carbureto~ gravity.
Subclass 168, carburetors+osmotic.
Subclass 164, carburetors, pivoted.
Subclnss 165, csrburetorq pivoted, revolv!ag.
Subclass 16!3,carburetors, submerged-blast.
Subclass 167, carburetors, submerged-blas$cdl.
Subclass 169, carburetors, surface.
Subclass 169, carburetors, surface, float.
Subclass 219, processes, carburetlng.

Class IX, internal-combustionengines-
Subclass 119, c3ar&forming devicw+
Subclass 121, charge-forming devi~ combined ofl and gas.
Subelasa131, charge-forming dev!cc% atomizers.
Subclass 1S2, charge-forming devices, atomizer%constant-leveL

2 b%bclaaws wurc~ed m’ examined:
Class 60, miscellaneous heat-engine plant&-

Subclasses+428, W and 87 (searched).
C?lass67, lllum!nating burners.

Various subclaws examined.
Clam 108, pump+

Subclasses67, 78, 79, and 84 (searehed).
CIas9115, marine propuMon- . .

Subclaas M (searched).
CIass 122, liquid heatem and vrqxmlzers-

Subclass 24 (searched).
Class-El?, lnternaI-combustionengines-

SubcIasses3, 4, 7 to I& 20, 21, 22”25 to 29, S4 to 69, 62 to 69, 71, 78,
75, 7t378, 79, 82, 82, 97 to 106, 108, 110 to 1U3 122 to 180, 18Sto 142,
M-O,and 191 (alI exeept R few searched)—
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Z &bbcIa88e8 searched or ezamineMontinmd.
Glass 126, stoves and furnaces-

SubdasseS 249 and Ml (searched).
Olass 158, liquid and gasaeons fuel burnera-

i%bdasaes 88 and 79 (searched).
Olass 160, steam and vacnum pmnps-

All three subclasses emunined.
Olass 162, injectors and ejeeto%

AU three Subclassesessmirled.
_ ~, air and gSS pUIll~

sdJciaSS ls (aaarrhed).
Oiam 236j damper%automatic

All subclasses examined.
CMsss257,heat exchange-

Subciassm (semched).
(llsss261jgas and liquid contact apparatas-
Aii Snbciseseasearched.

13. km OF U&mm STATES Pxmxm OBTMNED nm E~w.

LIST No. L

PATSKTS IN THE ~USOLASSES OED- oOMPIEl?&&SMVGlmAocosnnvG TO
Ciufxris m Smcmsfma, AND Grwaw Nmms% DATI%1mm-mm’s N- m
Trrm OF ~CH Pxmmr Bmmmnm m ~CH OFm S~ subclasses, AN-n
TEE h’uammss0- OFP-mm ASSIGIVEDAS @OSS—~ CEPA!CSIWSTO
EAOHsuBcLMs.

CIAss lza, mmRNAL-coMBu8TIoYENGmE&

S-O-SCZASS 119, CEAEOE-FOSMIIVQDEVI~.

S02,478. July 2!4 18W. Gaume. Gas engim
S96$26. Oct. 2U M&L HoPkins. Gas engine.
tM5,5iM3.Jnly M, MM. Lenoir. Gas engina
867,987. Aug. 9, 1887. Shaw. CumMnedgas and ofl engine+
407,fK& Ju& 80, 1669. Debouttetie & Msiandin. Appamtua for earbureting

460,285~ June 17, 1690. Ritchey. Preparation of gas for gas engines.
517,077. Mar. 27, 1894. Thayer. Gas ensine.
566,268. Aug. @ 1896. ToE Gas or petrolenm engine or motor.
682i509. Sepk 5, lE$9. Ayres. Carbmretingdevice for gas or explosive engines.
668X55. Dec 5, 1899. Taylor. Ooupling gas motors and gas Prodmem
644,922 Mar. 6, 1900. Johnson & Giliooly. Oarbureter.
657,662. SGPLU, 1900. La Roche. Controlling means for esplosive engines.
668,549. D= U WOO. Mathfeu. Carburetor.
678,126. Apr. 80, lWL Henderscn Carburetor.
‘%S0,115. Aug. tl 1901. BIomstrom Vaporizer for internakombustion engines.
%SSb~) Dec 10, lfWL Scott & Bonney. Vaporizing detice for ~hs[ve en-

606#0% .Apr. ~ 19022 McCormick & UiIler. Carbureting device for ex@osive
engines.

WW9. Mar. 14, 1905. Federson&Anderson.Feedvalvefor iwsolineengines.
Wl=tomay 9, 19(5. Gerdes. Means f’or regdattng the air feed to gas

%06&4. D= 5, liKE. Whebler. Carburetor for hydrocarbon motors.
‘%06.S22. Dec. 12, 1905. Millsrd. Carburetor.
S68,894. Oct. ~ 1907. Baastord. Explosive engine.
881@8. Mm. 10, 1908. JauberL PropnIsion of submarine boafa
*897,259. Ang. ~ 1908. WMon & Anderscm Method of earboreting air for

explosive emghzea.
924,926. June 15, 1909. Parker. Mnflier for mixers.
980,596. Aug. 10, 1909. Hanks. Carburetor jacket or caeing.

—.

.
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9Tl,971. Oct. 41910. @asedY & Purser. Charge-forml~ devkx for internal-
combustion engines.

978,118. Oct. @ UJ1O. Stockton. Gas engine.
1,006809. Oct. 24, 1911. Ulrlch & Rahr. Carburetor for Internal-eomlwetion

engines.
1,018,447. Feb. 27, 1812. Schenck. l’al~e ~echanlsm.
1,021,079. Mar. 26, 1912. Stewart. Mixing..q,ttqchmentfor carburetors.
1,022,027. Apr. 2, 1912. Ej’de &, Gage- ~drocarbon entine.
1,087,858. Sept. 10, 1912. M1chener. Internal<ombustlop engtne.
1,0S1,690. Jan. 28, lf)lll. CdwelL Internal-cmbustion engine.
l,075g~g@:WSept.9, 1918. Kendrdl. Controlll~g device for lnternrd-combnatlon

1,0S3,001. May 19,1914. FreschN &FreeclM. Motorfuel-supplyingnppnratus,
1,098,164. Mny 26, 1914. Mooney. Auxiliary gas generritor for eughes.
1.J05,592. July ~ 1914. Baesfor@ Explosir~_engine.
*1,105,687. Aug. 4, 1914. Ottawa Carburetor.
*1,112,257. Sept. 26, 1914. Brush. Mixture-supplyingapparatus for internal-

combuationengines.
l,EZt,197. Dec. 15, 1914. Schoo.~aker. Internrd-combustionengine,
lJ.M,114. Dee 20,” 1914. DlehI. Means for moistening the afr used in

explosion engines.
1,128,830. Feb. 16, 1(M5. Wharton. Economizer for interntd-comlmstlon

engines.
1,138,581. May 4+ 1915. SIiumaker. Charg&formlng device for tnterual-

combustion engines.
1,150,56Z “Aug. 17, 1915. Vase. Electrically-controlled vaporizer for inter~nl-

combustlon engines.
1,152,0S0. Aug. ~% 1915. Denney & Osbo~”” Alr-supplying attachment for

carburetors.
lJ70,76% Feb. ~ 1916. Vi’nlcII. Mixing device.

&088 reference patent8, cla88 Iii%, 8ubcla88 119.

240,994 497,046 602,820 673,18# 855,191
275,288

965,632 1,120,828
505,767 623,180 692,071 857,980 .1,018,955 lJ58,179

286,030 552,812 623,361 745,055 .868,281 I,030,8LW
870,258 563,548 ~g. 7~;l#. :_: .8E@W0 l,088,tW
876,688 664,155 “WW22 1,054,205
885,121 564,768 683:014 780;92.6
421,474

913,121 1,006,391
582,784 657,140 806,125_

450,081
92&756 1,098,446

583,094 060,a” W!@30 846,787 1,109,182

SUBCLASS 121, CHMK+EFOWINQDETICES;COMDINEDOILANDGA&

*574,188. Dec. 29, 188fi Underwood. Mixer for gas engi~
*658,594. Sept. 25, 1800. Sl]artIe& Miller. Gas engine.
*679,053 July 28, 1!301. Johnstom Vaportzer for explosive engines.
*7fy2,8f14,June 20, 1905, Grecu. Oil or gm3011Qeattachmentfor gas engines.
074.255. Nov. 1, 1910. Galuaha. Power plant.
1,1~~. SePL 2% 1914. .4twood. Compound lnductlon valve fur internal-

combustion engines.

Cro88-reference patenf8, Cla88 12s, 8?ltICk188121,

560,675 555378 685.115 618,757 645,044 7#1~ 1,021,079
408,807 ,555,717 587,627 632,859 679,880 ,

SUBCLASS 1S1,.CHARGEFORXDEVMM,ATOMEZER9.

.:

,

*695,060. Mar. 11, lW. Kra.stin. Vap@zer for hydrocarbon engfnes.
855J9L Mfw 28, 1007. Low. Hydrocarbon motor.
*856.688. June U+ 1907. Higgins, jr., Cfirburetor.
857,566. June 18, 1807. FranchettL Atomizing spray nozzle.
*858,586. July2, 1007. DurYea. Meansfor supplyingexplosivevaporsfor op-

eratingrock drllla.
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883,881. Apr. 7, 1908. Shanck. Gas generator for exploeive engines.
8!36,518.May 5, 1908. Johnston. F@ spray for internal-combustionmotors.
924J144 June 8, 1909. Durr. Apparatus for tnjectlng fuel into internal-com-

bustion motors.
960,057. May ~ 1910. !l?nrnbnl~jr. Means for feeding fluid fneL

“ *1,003,019. Sepk @ 1911 ‘iVebb. Gas engine.
IJ127,054 31aY2L 1912. Leflaiva Atomtzer for ffuid-fuel motors.
1,~713. June ~ 1012. GrinewezkL Ckrbureter for internal-combustion

motor=
1,069,84L Aug. 6, 1913. Lem~. pulverizer for oil engtnas.
l@94@75. Apr. ~ 1914. Ktser. Fuel atomizer.
lJ12,8’i7. ClckQ 1914 ‘iVtgeIiu Fuel fnjector.
L-. Oct. & 1914. TVfgelim Fuel injector.
lJ17@~~i Nov. 17, 1.9UL HeeseIman. Vaporkzer for internal-combustion en-

~lZ7T0. -29,1914 Lake. Fuel inlxtor for internal-combustionengines.
1.J30JY2!2.Mar. ~ lfU5. ~igdiue.. Fuel sprayer.
1,135,418. Apr. 18, 1915. Wigelfns. Gas motors.
1,142,623. June ~ 1915 Regenbogen. FneI Injector.
1,149,822. Aug. 10, 1915. Baker. Method of and apparatus for feeding liquid

fuel to tnternal-combustionenginesL
1,155X16. Se@ 28, 1915. PaseL FneMnjecUng device.
1,157~73. Oct. if), 1915. ~indeler. Fuel Injector.
1,157,305. Oct. 19, 1915. FrosL Pu.lv@zer for oiI euglms
1,157,315. Oct. l!i),1915. Lemp. Fuel injector.
1#33,059. -7, 1915. BelL C?srimretingdevice. .
1.J6Q64. Dec l% 1915. Brown. Fuel !njector.
I,ln787. Feb. 15, 1916. ?darrfs. Atomizer for Internrd-combustionengines.
1,18+4779.IL@ 30, 1916. Shaw. AeratLngfuel pump for exploaive motors.
l@,120. May 9,1916. Verhey. Internakombustion engine.
IJ89= ‘ July ~ 19N?. A?kew. Internakmolmstton engine.

153,952
225,778
223,54’7
23/3757
34)2,045
309$35
350?200
850.769
W31029

O’ro88-reference patent8, cha8 12S, wWa88 131.

500,477
5&&T23
507,!339
642410

583$82

60%831
612?268
61T,530
687,299
659,911
690,488
703,769
706.494
730,084

745,573
765,380
800,606

.Es
S63,516
867,605
8~.~9
8i8@2

876,237
9&_4E&

!WQ55
903J12
918,607
92222145

924.926

WJ,4S3
943.6s4
9+&@77
966,581
93!M25

l?%%%
l#60,053
1,088J11

l@Ot3585
l@3,995
l?lo1,271
U!W.37
WW40
1.14325S
l&50;562
1,161,0W

SUBCLASS 122, CHMIGE I?OB=13 DEVI~ ATOIQZEES,CONSTM’JTEZVEL.

* fi~,~~ ~ l% ~7, B- & ~~. G~~e motor.
*623,568. Apr. 25, 1399. Secor. Explosive engkw
● 633$i4. Sept. 19, 1893. Itiotk Taportrer ,for gas engines.
* 657,739. Sept. IL 1900. Ktltz. Vaporizer for petrcdeumengines.
* 63&267. SePt..I& 1900. Kennedy. Gasollne eni@nefueldl feeder.
* f371i743. Apr. 9, lmL -t= - ~d vaportamg device for expbsive

d7#?=JUlY 9. 1901. Webb. Fael-supply controller for h@romrbon en-
~nee. - -

* 631,382. Aug. 27, l!WL Westman. Feed cup for explcsive engtnes
● 711$022 Oct. 21, 19022 Leppo. (hrbnretor for ~losive engfnee.

IY?WWO.JUIY26, MM. ChamberlLn. Means for feedim the indmtIon mm-h
or fneI M-ets of fntcmd-combustion engine%

-— =-——-

*790$79. MsY’23, KW5. Mingst. CJarbnretorfor hydrocarbon engtm%
*301$.39. Oet 10, 1905. Moreland. Carbnretttngapparatus and feed therefor

for internakombnstlon engfnea
* 305.979. NOT.28. 1905. .MenEcs Carburetor.
* 817@l. Apr. 17:1906. ~tnt~ @rbtietor.

642,26L Jam 29, 1907. Smith bIeana for eontroUtngthe snpp4 of vapor
to internal-combustion engimes.

. .

—

—
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*887,370. May 1.2,1903.
* 896,558. Aug. 1S, 1803.
* 888,92U. Sept. 15, 1909.

903,479. Nov. 10, 1808.
* 906,880. Dec. 15, 1908.

TnM~L 14? W09.

AERONAUTICS.

W1nton & Anderson. Carburetor.
Ikngueniare. Air-met regulator for carburetors.
Pierson. Carbur@or.

Kemp. Safety carburetlng plant.
Winton & Andersou, Carburetor.
Charter. Float-controlled oil-supply device for gas “

1,047@6. Dec. 17, 1912. Twigg. Spa-regulating carburetor.
1,072,402. Sept. 2, 1913. Peregrine. Gas generator for explosive engines.

● 1,106,802. Aug. 11, 1914. Goldberg. Carburetor.
lJ66,560. Jm. 4, 1916. T!ce. Carburetor.

*
4

i

(hou,s-reference patents, Ch88 12S, 8ubcla88 192.

477,285 664$!00 747,264 323,742 m,632 831,338
M&& 677!2S3

“1,117,641
77W?2 S&J& 3&,622 9#61& 1,117,642

686,0%2 791,501. m,tw
564;699 686J01 786.712 839:707 SS6,627 968b
557,496 690,610 306,434 ~~
606,815

m,!259 961,152
696,146 806,460 907,933 975,706

622,881 733,626 810,435 849:633 m,281 Lo22,fti4
627,857 740,671 822,172 851,769 922,839 1,063$66

CLASS4S,GAS,HEATINGANDILLUMfNAmON.

, S~CLA6S144, ~BS.

49,526, Aug. 22, 1865. Irwin. Improved apparatusfor carbureting ah’.
56,949. June 26, 1366. —. Improved apparatusfor carburetlng air.
80,918. Aug. 11, 1868. Coons. Improwd carburetor.
94360. Aug. 81, 1869. Tlrrlli. Carburetor.
103,8W3 June 7, 1370. Boyl& Improvementin pneumat!c gas machhms.
105,56I. July 19, 1870. Foster & Qanater. ImpravemcmtIn gas apparatus for

raiIroads,etc,
107#33. Sept. 19, 1870. ~d~ Improvement in blowplpes.
115,793. June & 1871. Whitney. Imprcmementin apparatus for carburetlng

gee and elr.
130,004. July 30, 1872. AverelL Inwwement in carburetors.
~,~. ~ 24, ~~. Aver~L Improvementin @.rb~to~.
137,307. Apr. 1, 1873. Kromachroeder. ImprovementIn carburetors.
151,886. June 9, 1874. McFaddfn. Improvementin apparatus for carburethg

air and gas.
168,872. Aug. 4, 1874 Wheeler. Improvem~t in carbureting apparatus.
169,65S. Nov. 9, 1875. Randolph, Improvementin apparatusfor lighthg rail-

way cars.
181,544. Aug. 29, 137tl Tlrrfll. Improvement In carburetors.
257~7. May Z 1382. Shaler. Carburetor.
268$78, Dec 12, 1832 Tesate dn Motay & Ster, ProceAaand apparatus for

distributing liquid fuel in dtiea
342,445. May 25, 1886. Lawrente. Carburetors.
478,549. July 12, 1882. Bailey. Fuel-gas apparatus.
494442. Mar. 28, 1888. Ruthven. CarburetIrg apparatus,
527,76% Cct. 23, 1394. Eeckert & Rowland. Process and apparatusfor mak!ng ‘-”

560,$$% May W, 1896. Barker. Apparatus for carburethg air.
650.367. Mar 28.1800. Bouchaud-Praceia. ADnaratusfor carburetiu elr and

.

i,

“tranaporiing‘liquicW
-.

637,756. Dec. i? 1901. Kemp. Carburetor.
693,273. Feb. 11, 1902.

—

71&462. Dec. 23, 1W2.
760,296. May 17, 1904.
818,397. Apr. 17, 191M.
885,717. Aug. 11, 1003.
908,402, Dec. 29, 1903.
828.877. June 1.1909.
933;064. SepL f, 1909.
940,916. Nov. 23, m.

Jervfs. Carburetor.
Xainwarlng. Carburetor.

Anderson & IiMckson. Qasol!ne gas-makingmacblne.
Twg!greute r..Carburetor.
Boltenstern. G?asmachine.

—

Fox. H.lgh-pressurelighting and heating itiparatus. ‘- ‘“ ‘
Schmidt. Carbu@or.
Dennis Carbur@sd-air apparatus.
Alldredge SUPPIYtank and carburetor for gae plants.
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●l#OS,155. NOT.7, 191L Iber. Attachment for internid-cambustlon
1,028,397. Apr. 16, 1912. Rogers. Attachment for carburetor=
1,076,401. OCL21, 1918. Armstrong. Gas generator.

. *1,098,783. Jnne 2, 1914. Daimler. Carburetor.
KL105,OO3.July 2& 1914 Seeor. Carburetor.
*lJ23,876. JaIL 5, 1915. Hiddkon. Osrburetor.
1,152#8. Ag 91, 1915. Cornelim Charge-forraIngdevi~
1,161,243. Nov’.~ 1915. Olher. Gratity valve.
*L179.66L ADr.18.1916. Shakespeare& Schmidt. Ckmbnretor&
9,637he. Jfi Q I%& Bandolpk- Apparatus for lighting railway cars.

(Wo88-refercn&e patents, clma 48, subclass I&

sliscLAss 146, cAEsvzEross, EEQmLATn?a.

2-W9. May 31, 1859. 00VCL Carburetors.
27.100. 17eb.1A 1660. Laubach. Vapor burner.
34,557. Mar. % 1362. Bassett. Carburetor.
38,357. Apr. 2S, IS63. Gwynn. Carburetor.
42,469. Apr. 26i 1864. Grffi Improved apparatus for vaporizing hydro-

carbon Ifquklafor iIluminat@
M776. May 1A 1887. Laubac& Improved apparatus for cfwburetfng gas.
65.705. June lL 1887. Stev@= ImDrowd aDDaratusfor treatiwc ah? and

hydrocarbon”vapor for illuminating gas. ‘-
66$X37. June 25, 1867. Btwett. Apparatus for carburetiug and regulating

the flow of ~
66~ti ~J$ 9, 1867. Wood. &paratns for carbureting aSr and regulating

67216. Ju~ 30, 136’7. Ransom. Carbureting apparatns.
67,576. Aug. 6, 1887. Pe= Improved apparatus for carburettng afr.
67,S40. Aug. 20, 1807. Beacher. Improved vaIve for gas generators,
71,514. Nov. 2tZ 188’7. McDougall Portable gas apparatus and carburetor.
7!H325. k 3L 1S67. Earseman & Gray. CarburetQ coal gas
s3,147. Oct. 20, ls6EL Frank Improved machfne for carbm-etingafr. “
103,894. June 7, lS70. DaiIey. Carburetor.
104X42.—. ..
115,1822 lfay % 187L Edmonds. Improvement In apparatus for carbur-

etlng.
E25,104. Apr. ~ 1872. Holton. IYaprovementin carburetors.
141,886. Aug. 19, 1873. Olnqr. Gas apparatus for railway am.
149.111. Mar. 1.1874. Fish. Ammratus for carburetlu me and air.
1601822. l.lav 12. lS74. Ckw= - tirmcwement in carb~-ors.
153,53S. JuI~ 28: lS?4- Cohn. @bnreting gas machine.
104,825. June 22, lS75. Fish. Apparatus for carburetfng and purifying gas

Endair.
170,097. Nov. 16, 1875. McKlss Improvement in carburetors.
170,783. Dec. 7, 1875. Tasquez. Improvement In gas-generating apparatus.
204974. June l& ltlifl- Ebsrns. Apparatns for carbureting *.
224J576- Feb. 17, 1~. B@eyl. ~m~on of ~~ad W=
226,122. Mar. 30, 13S0. SmYers. Carburetfng apparatm.
238,818. fir. 15, lSSL WalmsIey. Carburetor.
Ml$5S. Feb. 3, lSS5. Sting. Gas machine.
353,4WtW~~v. 30, lW3. Plaes. AQparatus for lighthg and heating raihvay

.

* w%
563,799.
596.658.

and
=489.
02%321.
639,965.
0’73,542.
759,539.

JUIV3. lM33. Stubbers. Carburetor.
Fe6. 1~ 1896. VestaI & Ray. Gas generator.
July 1% 1896. Porter. Carburetor.
JarL% lS08. FeiL Apparatus for producing unfform mktures of ah
inflammable vapor.
Apr. 4, 1899. KelIy. Carburetor.
Apr. lS, LS99. LEUS. Carburetor.
Dec 26, 1S99. Doze. Carburetor.
?&y 7, MIOL Johneen. ApParatoa for making gas.
May 10, 1(WL lkmege. Carburetor.

,-

—
—
.-

1
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763,965. July 5, 1904. CoIbath. Carburetor. -
707,485. Aug. 16, 19(M, Merrege. Carburetor.
768,732. Aug. 30, 1004. Bruce. Carburetor.
783,776, July 4, 1805. FalHn. Carburetor.
828,284. ‘Aug. 7, 1006. Glasmm Carburetor.
841,779. Jan. 22, 1907. Hinman & W@man. Gas apparatuw
84Z846. Jan, 29, 1907. Carburetor air apparatus,
843,554. Feb. 6, 1007. Schrader. Carburetor.
848,963, Apr. a 1007. Busenben& Gm+manufacturfngaPParatns.
852,6S5. May 7, 1907. Speer. Carburetingapparatus.
854,604. May 21, 1007. Reichenbach. Carburetor.
860,334. Jnly 16, 1807. Schell. Carburetor,
883,171. Mar. 81, 1908. Colbath. Carburetor,
841,888. NOV.~, 1908. ~arIgsley. CarburetQ~,
944,482. Dec. 28, 1909. Elliott. Carburetor.
fk17,639. Jrm 25, 1910. Hill & V?estwuod. Carburetor.
847.717. Jan. 25. 1910. M!eville. Armaratus for the nroductlon of carbu-

reted air.
.-

949,140, Feb. 15, 1910. Becker. Automatic carburetlng machine.
953,606. Mar. 28, 1910. Grandjean. Carburetlnga~aratue.
959,850. May 24, 1910. Johnson. Carburetlngapparatu%
959,745. May 31, 1910. Hulee Regulator for gas-lightlng systems.
f)76,781. Nov. 22, 1910. Busch Apparatus for Rroductngcarbureted air.
1,022,45L Apr. 9, 1912. TVMtacr& Carburetor.
1,024,501( ?). Apr. 30, 1912. Dixon, Lighting apparatus.
l,064~, June 10, 191S, TVortman. CarburettngaPParatua.
1,080,471. Dec. 2, 1918. Okwn. Air-gas appw’atua.
1,082,070. Dec. 23, 1913. Cox. Air-gW. apparatna.
1,089,471, Mar. 10, 1914. Hunt & Peloufiet. Cvbuetor.
1,109,085. S&pL1, 1914. Schmidt. Carbnretlng apparatus.
lJ16,826. Nov. S, 1914. Ponarou= Carburetor.
ye ~29 SepL 18, 1866, Bassett.

—0

85,144
43264
40,934
60,0i6
60,887
52,87(3

%?%

0ros8-reference patente, c~asa 48,sulJcta88 146.

57,940
59,891
68,666

:Sg

q’332
84Wl

97,743.
102,784
103,036
161,392
221,680
224,592
262.981.,. .
385,616

440,486
500,772
531,780
606,321.
607,888
607S1813
618s08
6~020

672,507 951,500
6##g pig

.–L
9@%5

3%
8W%40

979,7t?l
882,400

855,094 1,017,672
850,825 1,027,240

1,027,456
1,050,922
1,070,304
l,lu8@l

auwuse 148, cnmsmcms, mmms.

47X8, Apr. 11, 1865. Simmons& IrMn. ImProwd apparatusfor carburetlng
air. -

54,132. Arm.241866. Drake. ImprovementIn apparatusfor carburetlngair.
82,859. Sept.22, f868. Slatter. Improvedcarburetor.
93817. July 6, 1869. Kelleg. lmProvedma @neratOr.
112,111.“Feb.!W 187i. 13e11.lrnwowmentin apparatusfor cartmetlnga[r~
113,S17.Arm.41871. Lutewltte. lmProwmentin amaratusfor carburethw

air andgas.
1.20,580, Nov. 7, 1871. Iawden. ImprovementIn portable ‘gas apparatus.
193,407. July 24, 1877, Hill. Apparatusfor manufacturing illuminating&me.
211,194. Jan. 7, 1879. Tnclieberry. Apparatm for carburetfng air.
221,942. Nov. 2S, 1879. Savage. Inqmvement in ~-a~r-~s anpa~t~ .
307,1322 Ott, 28, 18?34.Mayer. Apparatus for manufacturing gas.
324,177. Aug. 11, WM. Singer. Carburetor.
356,477. Jan, 25, 1887. JohnatoL Process and apparatus for manufacturing

?

.
,

1
●

. .

_. ._,

heathg WS.
870,936. Oct. 4, 1887. Drake. Carburetlng apparatu%
405,747. June 26, 1889. Snyde & Stephenson. Apparatus for carburetlng air

or gas.
457#03, Aug. 18, 1881. Vanorman. Carburetor.



AERONAUIZCS. 81

48+72L Oct. 18, lM12. Parris. Carbnreting apparatus.
50~778. July l% ~ Fontairi& Apparatus for carbureting air.
518,582. Apr. 2$1894 B1deIman. Apparatue for the manufacture of gas.
654@3. July ~ 18(X). Steek Carburetor.
65!3.476. Oct. 9, 1900. Hodder. Carburetor.
673,365. Apr. 30, 190L Hopkins. Carburetor.
647,S12. ?@ 9~ 190L 31eCormiek Carburetor.
690,68L Jan. 7, 1902 Van Der Mad& Apparatus for cerbureting air.
692255. Feb. ~ N02. DooIan. Carburetor.
7022637. June 17, 1902. Deringer. Carburetor. -
707@7. Aug. 26, li102. BetseL Carburetor.
714J17. NOV. 18, 19022 Steele. Gas-making appmam
71f3~7. Dec Id 1902. Harvey. Carburetor.
733,01L“July28,1903. Avery& Sin@. Appmatnafor earburetingair.
774@5. Nov.8, 1904. MaraMiL Apparatnsfor earbnretingair.
336.795. Nov. 27. 1906. Wri@k Cmbnretor.
84935. Feb. 17, 1907. Colbath. Carburetor.
~O14j133.Jan. 9 1912. Ducker. Carburetor.
1075,59& Oct.111913. were. Carburetorfor houaehcldand otheruses!.
L170,510.Feb.~ 191& Oarpenter.Gnasembber.
1,171,183.Feb. & 1918. Duck-ham.Verticalretort.
*lJ77,538. Mar. ~ 1916. Rober& Carburetor.
Re. 3,924. Apr. 19, 1870. lieiIy. Gasgenerator.
Re @M. Mayr, 18i22 BeiL Improvement in apparatnefor carbureting air.
Ii@ 11#30. July 10, 1894 Vanorman, Carburetor.

\

217m

50*l.
55,395.
@215.

6&777.

%%:
.

Cross-referencepatent8, claw 48,sutilaaaI@.

856+li6 488,489 576,499 7s0.355 942,s8?3 9@W

A’ubclaas 14S, carburetor, heater.

CM 3, H&. IMvk Improved apparatuafor esrbureting air.
June 5, 1866. T!irrflL Impro\-edgae apparatus.
Mar. 26, 1867. Clarke. Improved apparatus for earbureting air, etc.
Apr. ~ 1867. HaiL Improwd apparatus for eerburetIng gas and air.
JUIYltl 1867. Barker& GiiberL ImProTedapparatuafor earburettng
andgaa.
Aug. 9, 1869. Barker & Gilbert. Improved apparatus for carbureting

9&22. Aug. 8, 1869. Barker& Gilbert Improred appnratuafor earbureting

94.9&*. Sept. 21, 1869. Spang & Scheti Improved gas maehhw
l17,99S. Aug. ~ 187L Edgertom Improvement in metbode and ippsra@

for separating cfrtafn hydrocarbon vapors from U@ninatfng game.
127,031. May 2L 1872.- Daytom Imprcwementin apparatae for earbureting

air.
17@51. Mar. 1A MS. Porter & Grbes. Improvement in csrburetm.
175,827. Apr. lL 1876. Deeda. Improvement in air-gas m~
176,955. May Z m6. Haymaker. Impro~ementin carbureting w apparati
176,349. Feb. 26, ~tl. Porter & Grimes. Carburetor&
180,638. Aug ~ IS76. RandaIl & Boomer. Improvementin apparatmsfor au-

tomatically regrdating the temperatureof carburetors.
184+049. Nov. 7, 187tl OfeidL Improvement in automatic heat regnlatom

for gas machines.
211,308. JW 1+418T9. Pitica Iinprorement in thermostat for carburetor&
221,680. NOT. a 187i3. Jones. Impronment in air-carbureting apparatus

for railroad cars.
283,622 Nov. 20, la C@eirmd. Carburetor.
360,533. Apr. 5, 18S7. Langdon. Apparatna for making gae.
411W. OeL 1, lS!3. HamUn. (ha enricher.
~0,3~ Feb. ~, ~. s~~~. @b~etor.
4!?7,197. May ~ lS90. Shannon. Carburetor.
500,772. July 41893. Marcus Carburetlng apparatue.
ii22#18. July a MM. nest. Carburetor.
M6,413. Ang. ~ 139t3. Schrader. Carburetor.

728060-S. Dec. 559,64-=6

..-
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613,M7.
●638,529.
04:;g

6Kl:660:
%65,406.
*6M,11O.
*6’J6,23L
*705,02L
720,886.

*783,625.
*746,119.
749,76s.

*i62,707.
772678.

*778,LM8.
*781#636.
784S39.

*799,232.
*800,777.

AERONAUTICS.

October 25, 1898. Martenette. Carburetor.
Dec 5, 18$9. Vandusem Vaporizer for expbslve engines
Feb. 1S, 1000. Reg. Carburetor.
Sept.. la 1900. Rey. Carburetor.
Nov. la lfIOO. Griebel. Carburetor.
Jan. 8, 1601. ~orth. Carburetor.
Feb. 25, 1902. SansoIL Carburetor for explosive engines.
Mar. 23, 1902. FilleL Carbureting device for explosion engines,
JuIy 22, 1902. Bennett & Moorwood. Carburetor.
Feb. 10, 1903. E&2. Vaporizer for gasoline engtnes.
July 14, 1003. Clement. Carburetor for motor bicycles.
D= 8, 1003. Longuemnre et al. C@imetor for explosi~e motors.
Jan. 19, lMM ~ilsom Apparatus for producing carbureted air.
June 1% lMM. Grove. Carburetor for internal-combustionengtnee,
Oct. 18, 1904. ROebuck & McMillanq_Carburetor.
Jan. 3, 1905. Merritt. Carburetor.
Feb. 7, 1905. Cook, Carburetor for hydrocarbon eng!nes.
Mar, 14, PM& Studebaker. Carburetor.
Sept. M, 1905. Goaa& Carburetor.
OCL8, 1903. lVeetmhcotL Carburetor and vaporizer for ~loslon

engines. ‘.
842s70. Jan. 29, 1907. Bryant & Ti’atling, Carburetor.
846,680. Mar. 12, 1907. Mason & Sinclair, fhm machine.
857,064. June 18, 1907. Holgute. CarburetingJamp.
S94,389. July 28, 10Q8. tide. Carburetor for es@osion engines.
fKM#3s. Nov. 17, 1908. Hertzberg & Low. Fuel heater for explosive engines
906,548. Dec. M, 1008. McCkullw. Carburetor.
909,896. Jan. 19, 1009. Hertzberg & Low. Electrlc vaporizer for lnternal-

combnstion engines.
920,721.. May 4, 1909.

*954,P05. Apr. 12, 1910.
957,786. May 10, 1910.
g~,~. June 2$, 1910,

‘964,657. JuIy 19, 1910.
900,249. Apr. 25, 191L

slve ensdnfs

.—

Bradley. Grass burner for railway tracks.
Wolf. Carburetor.

IAv, TVohl& Hertzberg. Vaporizing de~ke.
Sanders. Carburetor:

Lamb. Vaporizer for Ix@rocarbon engines.
(larda & Hertzberg. Starting vaporizer for

i’

..:
explo.

1,o11,641-
*LOILME!I+.
%014,945.
*1,048,342.
*1,061,626.
Y1.065,640.
●1,065,948.
*l,0i2,875.
1,091,784.
1,095,5s5,
“M9t3,@S6.
1XX2,609.
1,1~478,
1,102’,489.
1.107,967.
1,109,025.
1,114,200.
1,117,414.
YI.,118,M6.
l,l~ol~~
“1,122,708.
1,128,998.
1,,129,794.
*1,M0,502.
*l?193,45z
*1,133,!YZ7.
1J34,366.
1.JS6,675.
1,1S7,219.
1,140,064.
1,141,570.

Dec 12, 1911. Paterson. Carburetor.
Jan. 9, 19U2. BIom. Oartm.retor.
Jan, la 1912. Brockhurst. Me&ns“for feedfng and mixing fluids.
Nov. 5, 191Z. Musgrave. Carburetors for gas engines
May 13, 1913. Mowbray. Carburetor.
June 24, 1918. Thompsan. l?uel-~apgrlzlngde~iee.
July L 1918. Lion. Carbmetor.
Sept. 9, 1913. Sammons. Carburetor mechanism.

Mar. 81, 1914. TVeber. Carburetor.
hfay 5, 1914, Crone, Mixing unit for fluidsi
June 2, #14. Hamilton. @burefZF.

July 7, 1914. whiting. Heater for g&seonsfuel.
July 7, 191A Crowder. Gaseous-fuelheater.
Aug. 18, 1914 Bum & Robinsun. “@rbtmetor.
Aug. 18, 1914. Knaak. Heater for internal-combustionengines.
Sept..1, 1914 Taylor. Fuel heater. .. . .
Oct. 20, 1914 Stewart. Throttle for. earbnretors.
Nov. 17, KIM. Manning.. FUel heater.
Nov. 24, 1914. Harroun. Carburetor.

Dec. % 1914. JVOIL Carburetor. .
DW 2P, 1914. Dull. Carburetor,

Feb. 1(3 1915. Mulvauey. Heater for gaseous fuel.
Feb. 23, 1915. Cummings. @fiu~eto!..
Mar. !Z 1915. Francisco. @rbure&r.
Mar. 30, 1915. Babbitt & Beaumont. Carburetor.
Mav 30, 1915. BennetL Carburetor.

Apr. 6, 1915. Barnes. Carburetor.
Apr. 20, 1915. Hntcbinso~ carburetor.
Apr. 27, 1915. Leake. Heater and attachment@’ motors.
May la 1915. Rakeatraw, Carburetor.
June 1, 1916. McCornack. Carburetor.

.
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1,142,824. June 15, 1615. Lund. Carburetor attachment
1J46,247. July 27, 1915. Moore. Carburetor.
1,150,115. Ang. 17, 1915. H- Carburetor.
lJ50,619. Aug. 17, 1915. PercfvaI & Pattersom Ker@me carburetor.
lj155,726. Oct. 5, 1915. Hemonn. Carburetor.
1,156$WZ Oct. M 1915. Diener. Carburetor.
1,15S,494 h’ov. 2, 1915. Harronn. Carburetor.
*1,158,933. Nov. 9, 1915. Gro’= Carburetor.
1M0,5S5. NoY. 16, 1916- Ediscm l?nel-supp~yingmeam
*L166.173. Dea 2231915. Biays. Carburetor.
*L167,457. Jan. ~ 191tl Wtierabam Carburetor.
*1,169340. JaIL25, l!316. Meara. CJarbnretor.
LU39,573. Jan. 25, 1916. SdmIts. Vaporizer.
*l,172,S97. Feb. ~ 1916. Schulz Carburetor.
~173#69. Feix 29, 1916. Vildte. Carburetor.
*1,176,S16. Mar. 2& 1916. Hampton de Fontdne+ Kerosene carburetor.
*1,177,940. Apr. 4. UX6. Ford. Carburetor.
*I,17S,530. Apr. W 1916. Lyth+ KIwviter, Kritch. Oarbnretor.
*~~n4. May 9, 1916. Schmidt- Carburetor.
1J89,797. July 4 MM. De@. Heater and miser for internakc@mstIon

engines.
l,lS7,975. June 13 lf)ltl. O’Connor. Carburetor.

9,967
12@5
13,010
67,78s
67!812
&2$S6
64,3s2
S0,404
80?93.8

2=
97,748

109.56s
127.031
141,96s

Urose-reference patenW, daea M, aubdam 148.

162s48 356,950 622,489
w,a9A 360w 629,581
167J70 367$36 639#36
16S,048 376#+lS 6#3!36!3

377,S07
2% 405.747 671.cM2

427;225 678,365
ii%% 435,s56 6i4$12
!M&?# *779 680$61

563,641 68W08
m’79G 564#2 692,255
309,467 FJ6s.tm 714JlT
320,46d 530,s93 71i5@s
348,917 620,536 7M.227
353,499 622@Os 737,79s

SuBcu.as 149, OAmmmroBs,

777S&3 LO16,741 1,12~724
=.984 1.017.760 1.lZ6.21S
842;846
843,554
890,8io
=726
S94656
!249,140
937,731
95%745
fm.m
fK6j385
m,tw
fKM.574

l@O&!29

Ea&TE& 4m.

1;022;41X2
l,036,s12

L-
.LcM9,a7
l,05ti760
lJ179,Ew
L079,W7
l,rk,m
1,1o5371
l@6$35
1,117,354
L119,476
lJ.2+706

iM3m2
L149,291
:~16g

lJ30&7
1,163,223
1,168,7s2
R= 1$19
Ee. 6#65

& 10,858

26,070. Nov. & 1859. Kitchen. Ap~sratus for heatfng hydrocarbon U@de.
47.237. Am. 11 1865. Irwin. ImrmovedDrocess for carburetlnrzah?.
53#S2. lfar. 27, 1868. Pond & ~~hardso-m Improved gas app~ratns.
67,639. Aug. 23, 18643. Rowley, S1oane et aL Improved apparatne for ear.

buretfng afr.
66@22. July 9, 1867. Pedrick ‘Improvement in carbnretfng air.
76$80. Apr. 2~ l&3& Barker. Improvementin apparatusfor carbnreting air.
79,667. July 7, IS6& MarshalL Improved alr carburetor.
96@7;~eticLti2@ 1869. Barbsxfn Improved machine for carbnreting atmos-

87.2S3. Nov. ~, 1869. Dnnderdale. Improved apparatus for carburetlng air.
110$46. Jan. 10, lS7L ~orlcs & Daniek Improvement fn apparatne and

proresses for generatlmgand burning vapor fueL
MO,1O5. Jme 17, 1873. WllMnsom Improvement W carburetors.
155,!374. CM 13, 1S74 RancL Improvement in carburetors
167,170- Aug. SL 1875. Harringtom Improvement in carburetors
187,415. Feb. 13, lS?7. Rand. Improvement In apparatns for carbureting air.
198J50. W ~ lSi7. Porter. Improvement in plastic jacket and condenser

for Carburetor
220,6S5. OcL 141879. TVeart. Improvementin mirburetingapparatus.
311,493. Feb. 3, 1885. James. Apparatus for generating gas.
403,839. MaY 23.+1889. Harvey. Furnace and apparatue for producing and

b-g gaseous vapors.
●53L77a J= 1, 1895. Oook Cexburetor.

—

—.
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638,320. ~pt. 19, 189!2.
672,854. Apr. 23, 1001.
*685,893. Nov. 5, 1901.
G!M,460. Dec. ~ 190L
*74L81O. Oct 20, 1903.

for oii enalnti
76S,801. Aug~30,‘1OO4.
831,874. Sept. 18, 1906,

ah. -

Inman, Carburetor.
::,,

GoldmnitlL Carburetor. K
Le Blom. Carburetor for explosive engines. .,.

UIark & ~thra~ Carburetor. *:
Mohier. Constant-level liquid-hydrocarbon vaporizer

~.
.i

Hooker. Carburetor.
~

Perrier. Apparatus for the production of carbureted :t
90tJ276. Dec ~ 190S. Peregrine. Apparatus for carburetlng air. j
*1,017,572. Feb. 18, 1912. Lumi. Attachment icy carburetors.

1-

:
1,065,819. June 24, 1913. Lion. Device for carbu.retingair.

.

1.068.285. JUIYL 1918. Lion. Device for carburet~ air.
x

l@91j521. Ma;. S1, 1914 Lund. Temperature tintr;ller for @mretor&”
1,113,382.. @k 13, 1914. Feller. Carburetor.
1,132,188.”‘mar. la 1915. MclGaen. Air’ heater ~6r carburetors.
IJ38,Q81. May 11, liM. Stone. Fuel economizer for internal-combustion

engines.
1,14L450. June 1, 1.815. Erickson. Deyice fm. supplying heated air to car-

buretors.
●L145,476. July 6, 1915. I?nlton. Carburetor.
Re. 2455. Jan. 15, 1867. Pond & Richardson. lrnprowd sari apparatus.

~r088-T’E@tWtCe p0t0)tt8, CkM8 .#8,8UbCla88149.

5~,@37 175,827 4S5,856 ‘728,4S7 li~&W &Oi0,449 l,132@0
90,486 221#42 478,549 742,820 1,0U”,641 1,072,375 1.158,404

100,080 254,243 505,700 911,967 1,013,083 1,107,967
122.031 809,467 500,888 ..921,934 1,046,844 1,109,022
162,848 370,936 .673,365 951.,501 1,0$4,106 l,120,128
166@2 427,225 714,117 961A31 1,064,866 1,125,339

sLmcrAss150, cKsalnmroEs,Qm FEEn.

~,422. Oct. 2, 1866.. Hutchinam. Impro~ed automatic feed for carburetor
6S$!31.”Aug. 27, 1367. Peacock Improy@ cnrb~ting appri:~t~.
8L5fKl Sept. 1, 1868. Brin. Approved apparatus for cafiureting ah’ and ap-

plying the same.
97,743. Dec. 7, 1S68. Springer. Improwd gas machine.
108,003. Oct. 41869. ChnPitL Improvement in apparatus for carbureting air

and gas
111,176. Jam X 1871. ChapiD. Improvement in apparatus for carbureting

air.
190,714. May 15, 1S77. Enggreti. Improvementin gas carburetors.
188,35S. Dec. 18, 1877. Chollar. Improvement in automatic feed regulntora

for carburetors.
212,502. Feb. 18, 1.879. R~. Improvement Iri feed regui@om for carim-

retors.
230,744 Aug. 8, 1880. Chace. Gas governor aS@re@lator for carburetors.
253,718. Feb. 1A lSSZ J@son. Oil-.Watribut.g.It@lankm for carbUretO~

&44X214. Dec. Z$ 1390. Addicks. Heater for drocarbon.liquids.
568,944 CCL 6, 1806. Griffen. Device for charging. hywocm’bon-ga$ gener-

ators.
679,018. ihtly 23, lfIOi. Fischer. Oil feed for carburetors.
‘772,79L Oct. 18, lfN34. Dow. Carburetor.
~82,670. June 20, 1805. Shaim Vaporizer or~tibti”etor for gas”engines.
810,087. Jan. 16, 1906. Sanders. Carburetor.
817,582. Apr. 10, 1006. Shies@ Carburetor. _
820,554. May 15, 1906. Coibath. Carburetor.
834,028. Oct. 23, 1906. Srdth. Carburetor.
835,745. Nov. U, 1906. Bouchaud-Praceiq. Auhmatic tipparatus for carbu-

retlng air and other gasw.
8,55,407. May m 1007. LoWvensteln. Carburetor. . _
866,587. Sept. 17, 1007. Johneom Gas rnachin%.
876,678. JrIn.1A lMI% Andrea. Carburetor.
*884,225 Juiy 28, 1803. O’A’eilL Esplosive e“drm

-.

,

—.

_ -.
1

.
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912@3S. Feb. IQ 1909. Grandjem OtI feed for carbureting aPparatn&
9UM57. ?dar. 2, 1909. Steward. Carburetor.
92!3165. July 27, 1909. @T!& Oarbnretor.
934,338. Sepk 141909. SteeL ?tleansfor supplying o!l to carburetors.
951,779. Mar. 81910. French. Carburetor.
975J56. Nov. a Mla PLi!plm Carburetor.
934.032. Feb. 14.1911. Semer. Oarbnretor.
l@3,0SL May M, 1913. mm Apparatus for the production of ah?gas.
*LIIO,lSL Sept. & 1914 Green. Automatic regdator of carburetors.
*1,133,872. ?&m.30, 1916. Manesa, Gas-engiueattachment.
*lJ37,135. Apr. 27, 1915L Hark Carburetor.
*1,163,39A D= 7, 1915. Corbett. Carburetor.
Re. 6$370. Jan. 2A lS7L Chapim Improvement in carburetors.

Cro88-reference patent8, cla88 @, Wbda88 150.

$zK$267 320,460 m3@74 763,790
11%353

923,877
33s,50s 775,s59 794?933 $Kg47s E%%

MwM p3wf& 777,390
169,034

949,140 962360
732,7SS %E

21L194
904,1E

75s,790 732s30 623362 Ei%z fmm
219;m

S’uSmAes 150.1, ~ES, O= Ff50, MGZ~ SUPPLY.

85

exphalve ‘663J25. Sepii ~ 190L Laurent & C’krgW Vaporbdng deviee for
engine9.

*664$362. Oct. ~ 1.90L Ahara. -Feederfor espl~fve engines.
‘756$’79. Apr. U 190+L McCadden. Carburetor for internakwdmstiom—
+wwok ~ w Parmimter. Carburetor for ZIosive engines.
7@1541. Aug. B, 1905. TVolgamott. Carburetor for gas englne&
*Sll$316. Feb. ~ 1906. OIaudeL Carburetor for I@rocarbon enginm.
*S7LXB. NOV.19, 1907. Memvh Gas-satnrathw devica
*S77$90. Jan. 28. 1906. Gerber & TVeilend. Vaporizer.
*907,953. Dee 29, 1906. Baverey. Carburetor for exphsion motor&
922,09S. May 2.5,Ux19. M%gner. Gasoline engin~
943@4. Dec. 2L 1909. Johnston. Taporkzer for internal-combustionenghms.
977$M6. Nov. 29, 1910. Blow. Carburetor.
9S2$326. Jan. 31j 1911. JobnstoR Mkdng vaIve for interns.kombuaffon en-

gine% -
W3,994. Feb. 14+191L Barrington. Carburetor.
*1,003,35L Se@ ~ lflll. Fultm Carburetor.
*1,013,759. Jan. 2, 1912. Ilreidag. Internal-mmbnstioa engine.
*M21,W.6. lfar. 26, 1912. Mowbray. HWrocarbon vaporfzer for tit=8l-@3m-

buation enginw
l@29,740. June @ 1912. Beck @bmretlng apparatnafor expIosive engines.
1,03S.730. Sept. 17, 1912. Moore & Brow= Engins
l@3,030. Nov. 5, 1912. Duls. Xoiatur+suppl@ng device for carbureted elr.
~i~ti322 Dee. 31. 191Z ‘iVfliams. Carburetor.

,.——.
*l,ot?2,333.
~,069,399.
*l#77,910.
●M34.15L
Wwm.
●1,095,3S4.
*1.095.62222
*11199%7.
*l@9&7.
*1,101.147.
*L102,722.
*1JO+4762.
W,1OS,1SL
*1,111,224.
*1,112,641.

Mar. A 1913. RumeIy. Carburetor.
May 2Q, 1913. Eiggins. Carburetor.
Aug. 5, 1913. Eckm Oarbnretor.
h’OV. ~ lg~ ~. Carburetor.
Jam la 191+L IreIand. Carburetor.
Jan. 27, 1914. Biachop. Blfnel carburetor.
~ & 1914. Oolktt. Carburetor.
May 6, 1914. Bruun. Carburetor.
June 9, 1914. Baverey. (%.rburetor.
June 9, 1914. Gentk Carburetor.
June 23, 191L Sawyer. Admfssion valve
JnIy 7, 1914. Cobb. Carburetor.
JuIy 2S, 1914. AMberg. Carburetor.
Aug. 25, 191A Kane. Carburetor.
Sept Z 1914. HamfIton. Carburetor.
OCLC 1914 lfoelIer. FInid roklng and regnlathw devi=

.6-

.—

—

—
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1,120,602. Dec. 8, 1914. timer. Carburetor.
●L121,651. Dec. 22, 1914. Mohier & Fry. Carbn@ing apparatus.
●1,124,724, Jan. IZ, 1915. Gentle. Carburetor.
*L182,580. Mar. 28, 1915. Hazen. Carburetor.
*1.187.188. Am. 27. 1915. Hart. carburetor. ‘-”
*l@@O. M~y 11; 1915. AMberg. Ckirburetor.
*1,141~8, June 1, 1915. Noyes. Liquid feeder for burne~ etc.
●~142,798. Juhe 15, 1915. Baker. Carburetor.
*1,148,96L June 22, 1915, Haynes. Carburetor.
*l,14fj,i?90. mu 15, 1915. Higgins Carburetor._
*1,150~. Aug. 17, 1915. Johnston & I@gene@er. Carburetor.
*1,150,224. Aug. 17, 1915, Podlesak Interriakombnstiori enghiea
*l_@I~ Aug.~~ 1915. ~vebb. c~buretor.
*1,158,4W Sept. 14, 1915. McOray. Carburetor,
●1,154,680. Se~L 28, 1915. Higgins. Carburetor.
*1.J55,407. Oct. 5, 1915. Dougan. Carburetor.
*1,157,~6. ()@. 19, ~l& Maing & Pelkgrinl. Carburetor.
*l,160,28ik “Nov. l% 191S. Bates. Carburetor.
*1,168,898, Dec. 7, 1915. Corbett. Carburetor.
*1,166,784. Jan. 4, 1916. Anderson. Carburetor.
*1,166,967. Jan. 4, 1916. Burger. Fuel-feed mechanism for internalmmbue-

tion entine9.
*l,l@788. ‘Jan. lS, 1916. Bucker. Carburetor.
*1,171,200. Feb. & 1916. Holley. Carburetor.
*1,172W. Feb. ~ 1916. Fontaine. Carburetor for keraseneand the like.
*l,176@0. Mar. 21, 1916. RadlofL Carburetor.
*1,177,688. Mar. 28, 1916. Roberts. Carburetor.
*1,179J!78. Apr. 11, 1916. Carithem. darb~etor. ‘
*1,188,22L May I& 1916. MiIler & Adnnmcm. Carburetor.
●1,188~. May 16, lQ16. G1llea. Carburetor,

489,818
675,720
Ml?$iio
598,911
625,&37
~9&59
66s;%s

Croa8-r@rence fMfent8, claat .#8,.subciu88150.1.

672,500 812,860 fkt+lfill 988,607 1,098,164 1,140,064
698,895 “817,721 06~152 W,&Ml 1,109,025 1,148,898
706,050 880,144 964,409 1,018,988 1,110,482 1,156,836
7~671. 852,272 976A87 1,022,027 L111,897 Ret12,822
778,M8A7,797 979,667 1,065,948 1,116,192
80L800 878,706 979,787 1,072875 IJ2S,898
807,891 906,788 t1841,9461,077,414 1.J88,627

i

i

BUBCLASS 160.2, C=!BURETOBS, OIL EEED, MULTIPLE J’El’.

498,678. May 80, 1898. Mulwy. Apparatue for carbureting air.
●616,974, Jam S, 1899. Riotte. Gas en@n& .:
716,578. M. 28, 1902. Nelk. Carburetor for explosive @in@”

—

*726,986, May 5, 1908. Peteler. Carburetor for gas engine.
*751$92. Feb. 2, 1904. Johanson. Mixer for gasoline engines.
*7fj2,zJ78.June 20, 1005, Brasier. Carburetor... i.
*826,485. June 12, 1906. Steinbrenner & Msyer. Carburetor for explosive

enginm
*867,859. Oct. 8, 1007. Weinat & Bogey. Carburetor.
*871,184. Nov. 19, 1907. Monnier & Dforin. Carburetor.
●891@!2. June28, 1908. Brennan. Carburetor“for explosiveengines.
*894,656.July 2ff 1~ Johnston. Carburetorfor Intergalambnstionen-

ginee, i
WW2,647.Mar.22, 1910. SchmW.z. Carburetor.
*978,602.Oct. 25, 1910. Williams. Carburetor. .
W77,818.Dec. 6, 1910. Marrder. Carburetor.

.
W79,008,Dec. 27, 1810. Wiliet. Carburetor.
985,256.Feb. 28, 1911. Frkch?nwald.Carburetor.

,
.

*986,700.Mar.14,1911, FogeL Carburetor. .;
*!W5,074.June18,191L McCarthy’.Priming‘attachmentfor earlmretora.
0995,919.June20,1911. Smitk Carburetor.
*997,929.July 11,1911. Meyer. Carburetor.
*Ll17,283. Nov. 17, 1914 Barker. Carburetor.
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Ei,l18,806. Nov. ~ 1914
*lJ48,03Z June lti, 1915.
‘VJ48.779. June 22.1916.

Re@lmnbach. (?arimretor. .
Unckks. Carburetor.
Pembroke. Carburetor.

*~147@. July 20; 191& Rekhenbaeh. Oarbuktfng devIc&
*1,15L989. Aug. 31, 191S. Baiass& Carburetor.
*1,168.435. NOV.2, 1916. ~~e. Carburetor.

. YL1611837.Nov. 16, 1915. Bnrnhsm. Carburetor.
*L167&’17. Jan. ~ MM. Reklwnbacb_ Carburetor.
Ktd7&267. 3Lir. 21, 1916. Barerey. Carburetor.

, ‘E4179,70L Apr. ltIg1916. Cash. Cnrlmretor.
WlJ80,152 Apr. IS, 1916. How= Carburetor.
*1,184,695. May 23, 1916. Cos~ Carburetor.
Z186,797. June @ 1916. Kfngston. Carburetor.

Crom-reference @ent8, class 43, 8uWW6 160.3.

50’4+723 696J46 842,261 938,894 lJ18J26 1,166,656 1~69,573
668,017 741$1o 3&2#i2 lJo6,238 1,13’@66 L168,7B2

su-sm.4ss160.s,CmmBmms, Orcm, krcmrmmJEr,Pscwmssrm.

*t?%4,134.W 18, 1900. DougilL Internakombustion enghw.
*674@& Miy 1+$l~L ~ Speed governor for e@osfve engines.
*766,07A Mar. 22, M Sturtevrmt. Double mburetors for e@osfve en-

gime%
*769,624. May 10, 13@L 31acMu.Ikfm Vaporfz-erfor hydrocarbon engines.
*S18$63. Apr. % 1906. Renauk Ctarbnretor.
*832,183. Oct. Z 1006. DmYea & Remington. Carburetor.
*832J84. CM Z 1906- DurY- & RemlngtorL Carburetor.
*85L75SL Apr. 30, 1907. KurkeL Carburetor.
%6S,437. JUIYZ 1907. Brook& Carburetor.
*871,&.O. Nov. 19, 190?. BoIM= Carburetor.
*S7L741. Nov. lfl, 1907. SturtevanL DoubIe carburetor for expbsfve engfnes.
*879,380. Feb. 18, lM18. Greuter. MuItiple carburetor.
*88L416. Mm. 10, 1908. Krebs. Carburetor.
‘%81.@O. Mar. 10, 1908. Horstmam Carburetor for tnternakombustion en-

gines.
‘%91,219. June 16, 1908. Xkn.ns. Carburetor.
*892#9. July 7, 1908. Brodertck. Carburetor.
%95,709. ATE.IL ISOS. Abernetlw. Carburetor for h~dromrbon engines
*898,494.
%98,495.
*!Xn3,604.
●901$46.
●907,767.
●91O.OI.8.

SetiL 15, 1908. ?UOoers.- Carburetor. -
sePt. M, 1908. ?doo=. C~buretir.
Oeti 6, 180S. SmslL Carburetor.
OcL 20, UM8. HoweIl. Carburetor.
~=29ti-~Duryea. Clsrburetor.

, . Prestw@h. Carburetor for Internakemnbnstion
anes.

WEOJ179.May u 1006. Morehcmse. Carburetor.
●

●927,21L JRIY~ 1909. Beanett. Carburetor.
*928,12L JUIY13, 1909. GoldbergL Osrburetor.
%t&@-. AU 31, 1909. Ham. CXmburetor.
%141,42& Nov. S4, 1909. LeonarcL Carburetor.
~612. Feb. 8, U31O.Krause. Ckmburetorfor combustion en@ne&
*~785. Apr. u U.31O.Oravem Carburetor.
WMS,476.May 17, 1910. Cook. Carburetor.
w3L48L June 14.1910.
●970;568. Sepk 20; 1910.
%m262. act. ls, 1910.
W6~. NOV.~ 1910.
%M’T.04ANov. 29.1910.
W79;700. ~ 3; ;g~o.
*982@7.
*982,428. Jan. 2%’191L.
%S9$07. Apr. 11, 191L
●989,515. Avr. u 191L
●993,770. May 30, mm

Carter. Carburetor.
Ftym Carburetor.

DanieL Cbrrburetor.
Gallagher. Carburetor.
Rebourg. Girburetor.
ProehL Carburetor.
Peres Carburetor.

Hugg’ins& Parker. Carburetor.
Simmons. Carburetor.

S~~ &~=uti~uretor.
.

—

●
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*998.123. Julr 18. 1.911. Scatfe. Carburetor.
*1,061$50.
*1$X32,698.
*1,002,700,
*1,006,130.
*1,006,M7.
*I,0M,41.L
*LO1O,O5L
*l,olo,06tl
*1,O1O,I16.
*1,011,694.
*1,011,696,
*1,011,960.
●1,014,55L
*1,O16,1O8.
*~018,262.
●1,021,547.
*1,022,702.
1,022,703.
*1$337,893.
●1,038,040.
*1,040,414
●l,040,619.
*l,041@L
*1,046,014.
*1,046,434
●1$)48,518.
●1,049,70S.
*1,051,041.
●1,661,835.
●1$68,148.
*1+365,912.
*1,065,Q77.
*1,009$17.
*l,072,78&
*lo73,179.
*l,074#574.
*1.074.675.

A~g. 29, lM1. Hart. Carburetor.
Sept. 5, 191L Jouffret & Ren4e. Carburetor.
Sept. 5, 191L Jouffret & Ren4e. Carburetor.
O& 17, 191L Rlotte. Vaporizer.
OCL17, 1911. Krete+ Carburetor.
Oct. 17, 1911. Scott. Carburetor.
Nov. 23, 1911. Hoffman. Carburetor.
Nov. a 191L Newcomb. Carburetor.
Nov. 2.&191L Carter. Carburetor.
Dec.. 12, 1911. ‘iVinton. Carburetor.
Dec. X2, 1911. Winton. Carburetor.
Dec. 19, 191L Ionkles. Carburetor.
Jan. 9, 1912. V7inton. Carburetor.
Jan. 30, 1912. Steinbrenner. Carburetor.
Feb. 20, 191.2. NeaL Carburetor for internal.combustionengines.
Mar. 26, 1912. ?dotslnger. Ozrburetor.
Apr. 9,1912. ItotW. Carburetor.

Apr. 9, 1912. Rothe. Carburetor.
Sepk 10, 1912. Romar@” Carburetor..
Sept. 10, 19120 V7ek.s. Carburetor.
Oct. 8, 1912. Rett@ Carburetor.
Oct. 8, 1.912. Carter. Carburetor.
Oct. M. 191Z. Kalev. Carburetor.
Dec 3, ‘1912. Ratcli-E. Carburetor.
Dec 10, 1912. Rd5e. Carburetor.
Dec 81, 1912. Fritz. Priming devkw for carburetoia
Jan. 7,-1913. Greuter. Carburetor.
Jan. 21, 1913. If’hlte. Carburetor.
May M, 1918. Gobbi. Carburetor.
May 27, 1913. Anderson. C@uret~.
June 24, 1918. BinoL Carburetor.
July L 1913. Smith. Carburetor.
Au~. l!2~”1918. Schultz. .Carburetor.
Sept. 9, 1913. Kaltenbach. Carburetor.

Sept. 16, lflltl. Sprun& Carburetor.
Sepk 30, 1913. Riotte. Carburetor.
sepk 80, 1918. Rtotte. Carburetor. _

*I1074;577. S@ 30, 1913. Smith. Carburetor.
*1,078W. Nov. 11, 1913. Htmmliurst& NicolaL Carbureting device.
●l,078,&S2. R’ov. 11, 10U3. Jangey. Carburetor.
l,0iQ,684. Nov. 26, 1913. Burchartz. Carburetor.
●1,080,118. Dec. 2, 1918. Monosmitb. Carburetor.
*2,080,815. Dec. 9, 1918. Everest. Carburetorfor .lnterna~~mbustlon en@=.
*l@88,09L Feb. 24, 1914. Raymond. Carburetor.
●1,088,089.--Mar. 9, 1914 Stamps. Carburetor.
*1,OS9,1O5.Mar 8, 1914 Beasom & Anderam. Carburetor.
*1,089,872. Afa#. a 1914. Baverey. Carburetor for Internal-comimation

gines,
*1,088,524. Mar. 10, 1914. Barrett & Wilson. Carburetor.
*1,080,047. Mar. 10, 1314. Goudard & Mennesson. Carburetor.
*1,090,208. Mar. 17, 1914 Heitger. Carburetor.
*l,093@48. Apr. 14.1914. McAndrewa. Carburetor.
*1,004,674. Apr. 2-S,1914. MUler & Adamson. Carburetor.
●1.089.293. June 9. 1914 Goldberg & Tillotson. Carburetor,
1,088,826.
*1,1OO,679.
*1,1OI,869.
*1,103,88O.
*1,1M,660.
1.106.182.
*l,l@24S.
●1,109,974.

June 9, ‘1914. Tatom. carburetor.
June 16, 1914. M@uire. C~rbUI’efQr..
June 80, 1914. McGulre. Carburetor.
July 21, 1914. Bennert. Carburetor..
July 21, 1914 Shoobrblge & Gunston=”

Aug. 4, 1914 Crouan. Cwburetor.
Aug. 25, 1914.
Sept. & 1!214

gtnes.
*1,112$74 Sept. 28, 1914.
*1-,11S21. Oct. 18, 1914,

Schebler. .Carburetor,
Fagard. Carburetmfir

Lbr!ngaton. Carburetor.
Krause Carburetor.

Carburetor.

intirnal-combustion

en-

“en-
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●lJ1.3,551. OCLM, MM. Grenter. Carburetor.
1,115,632. Nov. 3, 1914 Weiss. Device for regdattng aupplementa~suppIy of

fueI mlxtums and alr to internal-combustionengin~
51J16,022. Nov. S, 1914. Uramford. Carburetor.
•L~9,m6. D= 1, ~1~ E=. c~buretor.
~,120,1S3. k ~ 1914. Duff. Carburetor. .
*L~,lw w 8,1914. Dti ~h~etor.
*1,120,185. Dee 8, 1914. Dti Carburetor.
•L~,~ D= ~, 1914 B- C=buretor.
*lJ29,469. Jam 5, 1915. Bennett. carburetor.
●L~697. JaLL12, 1915. Carter. ZWedl~wdve operatfn~ mechanism for ti-

buretom
Kl,125@39. Jan. lfl, 1915. Coulter. Uarbnretor.
~,12a,36S. Jm. 19, 1915. Monosmith. Carburetor.
Kt.123,773. Feb. 16, 1915. Goldberg. Carburetor.
*1.130.350. BIsr. ~ 1915. Thompson. Carburetor.
●l,130,47& Mar. ~ 1915. Brush. Carburetor.
*1,130,490. Mar. ~ 1915. Delaunay-Belleville. Carburetor.
●l,130,iO0. Mar. 9, 1915. Bennett. Carburetor.
*lJ30$H1. Mar. 9, 1915. WWliams. carburetor.
*L133,0&L Mar. 30, 1915. ‘iVyman. Carburetor.
*l,134@42. Apr. 6, 1915. Beswm & Anderson. Carburetor.
K@l&211. Apr. 1% 1915. SchledeknwhL Gmbnretor.
●1,143,9S6. June ~ 1915. Muir. Carburetor.
KL,144.2 June ~ 1915. JulMsz. Carburetor.
*1.145.824. July 6. 1915. Udde. Carburetor.
*li46@. Jul; 18, 1915.
●lJ47,937. July 20, 1915.
*ly147,940. July 27, 1915.
●lJ.48,3itL JuIy 27, 1915.
*1,148,485. July 27, MM.
●lJ49J9L Au& 10, 1915.
*L15~77’& Au= 31, 1915.
W.1522031.Au. 31.1915.

Gardner. Vtstble carburetor.
Matr. Carburetor.
Grif6R Carburetor.
GraptR Carburetor.
Gallagher. Carburetor.
Richard. Carburetor.
Funderburk Carburetor.
LobdeIL Carburetor.

*L152:173. Au~. tl~.1915. Haugela Carburetor.
*1.153,487. Sepk l% 1915. Grefner. Carburetor.

. *1,1o%,457. Oct. 5, 19UZ W’etterhahu Carburetor.
●lJ56,0SA CM 12, MM. KtmmelL Carburetor.
●L157,146. Oct. 19, 1915. CarreL Preesure carburetor.
KlXR@9. Nov. Z 1915. Thuroh Carburetor.
●1,159,167. Nov. ~ 191.5. Breeze. Carburetor.
*I,159,85L Nov. 9, 1915. WXurdy. Carburetor.
*1,162,04L Nov. 30, 1915. Cnnninghan Carburetor.
*L182,XN3.Nov. 30, 1915. PoncL Carburetor.
•L16fL~. NOV.30, 1915. Buiu-. Carburetor.
*L1639. Dec. 7, 1915. Depp& Carburetor.
*1,164,66L Dec. 21, 1915. Muir. Carburetor.
*1,1.W159. Jan. 2($ 1915. DreaseL FIoatI= carburetor.
Yt.166,3@3.Dee 28, 1915. Arquembourg. Carburetor.
●LK38,513. Jan. 18, 19M. Ktngston. Carburetor.
*lJ69,616. Jan. 25, 1916. Carter. carburetor.
*Ll~0,348. Feb. L 1916. RMtttkx. Starting and idh+runnfngdevice for jet

carburetor&
●L170.416. Feb. 1, 1916. CIaudeL Carburetor.
~170.417. Feb. ~ 1916. Claudel. Carburetor.
W,171,074 Feb.& 1916. Stroud. Carburetor.
m172@l. Feb.15, 1916. Moran& Carburetor.
~.172,70L Feb.22,WM. Gardner. Carburetor.
*1,178,246. Feb. 29, 1916. Boettcher. Carburetor.
*1,175,536. Mar. 14 191& Longuemare. @rburetor.
*1,176,516- Mar. 21, 1916. BoyR Carburetor.
*1,176,627. Mar. 21, 1916.. Ver PIanck Carburetor.
*1,176,651. Mar. ~ 1916. Chatain. CXccburetor.
Kl177,624. Apr. & 1916. HiIL Carburetor.
KlJ78$32. Apr. 11, 1916. Augustfne. Fluid-mklng devk
*1,1’79,38L Apr. ~ 1916. Sunderman. Carburetor.

.——
.-

—
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*1,180,483. Apr. 25, 1916. Fogolin. Carburetor.
*lJ80,518. Apr. 25, 1916. Malatrom & Andersen. Carburetor.
*1,M0,976. Apr. 25, 1916. C’touckdey. Carburetor.
*1,181,128. May 2, 1916. Fritz. Automatic priming device for carburetors.
*1,183,019, May 16, 1916. McGuire. Carburetor.
*1,183$381,May 16, 1916. Krueger, Carburetor.
*1,183,1841.May 16, 1916. Funderburk. Combineddash adjustmentand primer

for carburetors.
*lJ83,222. May 1($ 1916. Miller. Carburetor.
*1,183,294. May I& 1916. Gllles. Carburetor.
~,188,587. May 16, 1916. Parkin. Carburetor.
*~183,678. May 18 1916. Roberteon. Carburetor,
*1,184~67, May 23, 1916. Smith. Carburetor.
*1,184,923. May 30, 1916. Carter. Carburetor.
*1,185,016. May SO,1916. Spiller, Carburetor.
El,185,492. May 30, 1916. Finch. Carburetor.
*1,180,573. July 11, 1916. Nedoma. Carburetor,
*Re, 12,611. Feb. 19,1807. SturtevanL Double carburetorfor erpbsive engines.
*Re. 13,680. June m 1818. Fritz. Priming device for carburetors.
*l@3,971. June 6, 1916. Baverey. Carburetor.
*L187,463. June 13, 1916. Merrtam. Carburetor.
*1,18S$90, June 27, 1916. Baverey. Carburetor.
*Re. 14+345, Jan, 11, 1916. Heftier. Carburetor.

Cro8&refereiace patenta, cla88 48, Wbclaat 160.S.

710,841 861#23 1,055,352 1,098,164 1,116!673 1,120,763 1,158,4%
~,261 991,152 1,069,502 1,107,849 1,119,078 1,145,138 1.J77,818
844@4 1,038,921 l,@6@ 1,115,951

8DBCLASB 161, CAESUEETORS, OIT, FESD, FIOAT VMVES.

46,728. Jam8, 1865. McDougall. Improved apparatus for carburet[ng gaees.
55#24, June 5, 1866, McDougall. Improv@. amxmatnsfor carburetlng air.
57,551. Aug. m 1866. MYer. Improred apparatusfor generating illuminating

m
59,142. OCt. 28, W36. Smith. Fwder for cqrburetore.
80,2~nd J~; 28, I&M. Boon& Perry.””Itiproved apparatii for carburetlng~

107,853. Oct. A 1868. Bartlett, Improvementin gas carburetors.
127,038. May 21, 1872. Ffsh. Improvement!q carburetors.
131,815. Oct. 1, 18’?2 Drake. Improvementin apparatus for carbureting alr

and gas.
140$88. July 22, 1873. Fischer. Improvem~t in carburetors.
l&4475. Aug. 2S, 1874 Grimes. Improvementin gfm-carbnretIngmachines.
156,142. Ott 20, 187+L Dillon. Improvementin gas machinesfor cari.mret[ng

air.
1S6,463. Nov. 8, 1874. Mar_@. Improvementjn carbure!mrs
168J84 Dec 29, 1874. Porter. Improvement in apparatus for carburetlng

air and gas.
160,690. Mar. 2, 18’75. Lockwood. ~provem~t in carburetors.
162,848. May 4i 1875. OfeldL Improvement In gas apparatus for carburet-

ins air.
164,3M-. June 15, lS75. Bean. Improvement In carburetors.
lm47& Aug. 10, 1875. Porter. Improvementin gas carburetors.
168,048. Sept. 2L 1876. Porter & Griroe& Improvement in air and gas car=

bnretoti
176J56. Apr. l& 1876. Wiggfn. lmrmowmentfn carbnretora.
176J56. Am. 18,1876. Wiggin. lmmovementin carburetors.
177,104.Mag9, 1876. Deeds, Immowment!n carburetors.
186S02. Jam16.1877. Boomer& Raniall. lmmovementin ms and ah!car.

. .

buretors.
188,645. Apr. 17, 1877. Palmer. Improvementin carburetors.
198#32. July 17, 1877. Drake. Improvementh carburetor.
183,91L Aug. 7, 1.877. Bangs. Improvement in carburetor.
183,~~5~&c. 25, 1.877. Merritt. Improvement in regulated valves for car.

b
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“199,055. Jan. ~ 187& (.%ay~ Improvement in feed regcdators for carburetors.
M9,78L Jan. 29, 1878. BradIey. Improwmwntin carburetors.
169,i323. Feb. 5, 1878. Nelon. Improvement in carbureting apparatus.
206,196. July ~ 1878. Porter. Oarbnretor.
207JIS6. Sept. 10, 1378. Miner. Improvementin carburetor.
2M,35L Mar. l& 1879. Roth. Improvement in carburetor,
222$2!2. D= !2&1879. HO~d, ~prOWZW!rltin @ earburetore.
226fi75. Apr. 27, 16S0. Pslmer. Gas carburetor.
293,$78. Nov. & 1830. Burrows. Carbureting apparatus.
24$4750. OcL ~ 138L Hnghee. Gaa arburetor.
2WJ746. July 8. 133L Jackson. Metrical carburetor.
28S$6S. Nov. 20, 1883. Saudersom Carburetor.
291$376. Jan. 8, 188+L Burrows. Apparatus for carbnreting air.
601,790. July 8, 1884. Bagger. Carburetor.
303,927. Aug. 19, 1884. Froh Carburetor.
803,836. Dec. 9, 133+L English. Apparatus for carbureting air or gaeea
912,2S9. Ii’eb.17, 1835. Palmer. Air or gas carburetor.
317,6W3.May 12j 1335. Symons. Gae carburetor.
836,378. Feb. 1(J MM. Bennett. Automatic gas generator.
840,22L Apr. 20, 18S6. Lawrence. Carburetor.
33F$311. Nov. 80, 1836. KeIler. Carburetor.
890,037. Sepk 2S, 1= Ruclile & ~~~e:rburetor.
393,152. Dec. 25, 1s98. Lawrence.
403377. May 1% 1339. Rogera & Wherry. ~buretor for gas engins.
427#25. May 6, 1390. (looper. Carburetor.
628@32. Nov. 6, l&34. Keller. Carburetor.
575,901. Jan. Xl 1&97. 31cKnighL Gaaolenc+gasmachin-
5SS,126. Xay 25, 1397. Ryder. Carburetor.
583s18. June L 1897. Redmcm. Carburetor.
536.923. July 20, 1897. Aldria Apparatus for manuf’actmring@a.
037,367. Aug. 10, 16%7. Shaver. Carburetor.
595,65S. Der. 141397. Seit% Carburetor.
603,43L May 8, I&B. Pinclmey. Carburetor.
607#38. July ~ l&18. smith. Uarbmretor.
607,689. July Xl 1698. Smith. Carburetor.
KL8,108. Jan. 24, 1399. Lamb. Carburetor.
623,726. Apr. 2CL1889. Lang& Carburetor.
628J93. May 30, 1899. SmalL Carburetor.
629,246. July la lS9!3. Gram Carburetor.
639,336. D= Ml,1899. -n. @rinrretor.
640,695. Jan. 21900. Parrott. Carbnretir.
64&320. Mar. 27, 1900. Seizer. Carburetor.
655,770. Sept u li300. Hedrick. C~bnretor.
663,683. Rec w 1900. RoYaL Carburetor.
6%,787. Nov. 5, 190L Myers. (carburetor.
~77& Dec 10, 190L @aenamyer. Carburetor.
6SS,Q3L Dec. 17, 190L Carter & !?tierleim Carburetor.
690#J3. Dec. SL 190L Legge. Carburetor.
697S07. Apr. 15, 1902. Eieetricalcondenser.
701,8W. June10, 1902. Keller. Girburetor.
70W54. AU 5, 1902. RobinaoILOarbnretor.
706,600.Aug. u 1902. Rush. Carburetor.
707,467. Aug.19,1902. Walther. Carburetor.
727,16L May5, lW3. Hand. Apparatusfor earburetinsair.
7=73. k ~ 1903. Sayre. Carburetor.
7!54774 Mar. E 1904 Jas. Carburetor.
8!M,33AAug. 14 190& Peteracm Carburetor.
~z~& ~ 2, ~. MO~~ C@mre~r.
844$96. Feb. 19, 1907. Colbam Carburetor.
871+480.Nov. 19, 1907. Cornisb. Carburetor.
885$32. Apr. 2& 1908. BreMln& Carburetor.
8s6,403. May t 19CR PuddingtoL Carburetor.
93L386. Aug. 17, 1909. Colbafi Carburetor.
954X8. Apr. 5, 1910. UoIbafi Automaticvalve for carbnretor~etc.
Re. ~$i~~ l!l 1676. Porter & Grimee. Improvementin air and gas

—
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Cro88-referenee @ent8, Cla68 48, 81@eia88161.

50,076 148,602 21L936 850,882 829,875
57,788 151,292 - 49s,165 %% 844,995 E%
57,812 16@l!27 %% 606,174- 720,485 ~li16 1,009,121
68,667 174,861 288,757 522,574 7*926 860,284 l,070,81M
86,104 176,849 245,448 6bfI+341‘ 766,965 870,052

108SB6 180,081 246,601 568,672
109,568

784),678 ~:$
183,884 . 262,991 675,901

126S94 198,781 28(1747 688/i_12-“ ;%,:% ooo:7il
165,020 2~974 808,877 706,557 951,501

S’0BCLA6B 162, ~USETOB, OIL FEED, PUMPS.

169,848. Nov. 9, 1876. Rand. Improvement“in carburetlng apparatue.
439,579. SePt. 15, 1891. . Har~eaves et aL Carburet.c!r.
57@49fL Feb. 2, 1897. Ransom. Gas !IPparatye..
622,008. Mar. !X, 1899. Kemp. Carburetor.
625,284. May 16, 1896. Egan. Carburetor.
64$780. Apr. 8, MOO, lVood. Carburetor.
665,568. Jan. ~ 190L Kemp, Gas-gegeratfngapparati”
670,689. Mar. 2$31901. Tenney. Carburetor.
689,004 llec. 17, 1901. Kemp. Carburetor.
69!3518. Feb. 4, 1902. Jacks. Carburetor.
712,809. Nov. % 1902. Johnacn Carburetor: ‘
79~li17. June ltl 1908. Spear. Carbureting.apparatus.
748A39. NoY. la 1906. Bower. Carburetor feed.. . .
745,489. Dec. 1, 1909. Goak. Carburetor.
7Q477. June 141904. Garde. Apparatus for earburetlng air,
780,S65, Jan. 17, M05. Kelley. Carburetor.. .
927,56!3. JUIY16, lP&L Laux. Carburetor.

#

●1,119,479. Dec. 1, 1914. Veeder, Carburetor.
*L149,829. Aug. 10, 1915. Baker & Swan. Apparatus for feeding”fuel to oll

engines.
*1,158,077. Sept. 7, 1916. NippeL Carburetor.
1,164,098. Dec. 14 1915. Houghton & HalL Carburetor.

Cro88-refwencepa fent8, da88 48, 8Uh?h188 162,

m6,659 673,542 785,011 881f14 “- ““”W&io : l,048,0@ l,ti,ll15
620,595 . ?14A14 ‘767,485. .841,779 1,022,461 1,0$0,471 1,166,665
625,084

SUB-S 168, CARB~OESj OIL FEEO, ROTABT.

49,4.48. Aug. 16, 1865. Sbnonda. Improved apparatue for carbureting air.
57,940, Sept 11, lsiltl. hfcAv9Y. Improved apparatus for carbureting air.
66,296. May 28, 1867. Steven& Improved apparatusfor carbureting air.
68,666. Sept 10, 1867. Stevens. Improved eomblnatlon apparatus for carbu-

ret~ngair.
82244. SePL 15, 186S. Plass. Improyed apparatus for carburet.hg air.
S5,972. Jan. 19, 1869. Steiner. Improved gas generator.
87,566. Mar. 9, 1869. Foster & Ganster. Improved gas a~paratus.
97,122. Nov. !2$,1868. Root & Custer. Improved portable gas apparatmeand

carburetor.
102,784. May 10, 1870. Doty. Improvement in gws generators.
127,86.6. May 2+31872. Pierson. Improvement in carburetors.
188,057. Dec. 17, 1872. Terry. Improvementin carburetors.
X18@9. Apr, 29, 1876. -Judd & DotY. Improvement in apparatus for car-

burettngair.
140,~~JuIy & I&W..Judd & Pieram Improvementin cm”buretfng’ama-

163,876.Aug,
%

1874. Wilsonet al. Improvementln carburetlngapparatus.
165,297,,Sept. , 1s74. Denny& Pierson. Inqwovementin air carburetors.
168,290. SePt.x 1875. Schtksler. Improvementin hydrocarbon-gasappa-

ratuai
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189,490. Apr. 10, 18i7.
183,034 Jufy 10, 1877.
206.4022 Juh 30.1878.
●24$,363. N&. 8; 188L.- 2?i5,268. AQr. 8, 1=.
280,747. July 9, l&33.

Paquette. Improvement in earburetora.
Pierson. Improvement in rarbureting machines.
Paqueffn. Im~rovementfn carbm!etfngapparatu&
JacImon. Metrkd carburetor.

Ransom. Apparatns for carbureting @w.
Jackson. Metrical regulator for disblbutimr hydm

carbon l~qutdto gas or air.
-.

\
308,877. k 9, 1813+LCapefand, Automatic hydrocarbon-feeding apparatus

for carburetor
\ 909,466. Dec. la 1884. Tw.kaon. Bucket for measuringwheels of carburetors.

\
368,660. Aug. ZJ 1887. Engllsh & Stubbers. Gas machine.
429,271. June ~ 1880. Hambleton. Apparatus for measuring and cakimreting

\

air or gas.
540,536. June ~ M!SE. Ccdeman, Gasofinegas machim

\
564/29. July ~ 1386. Kemp. Air-gas marhine.
632,377. Sept 5, IS99. Stanley. Carburetor.

)
683,751. Ott 1, 180L GUY. Carburetor.
691,9S5. Jan 2& 10022 Xtartenette. Carburetor.
6!X3860. 13’eb.~ 130!2. Kemp. Carburetor.

$ 738,604. Sepk 8, 1803. Carrtsslmoet aL Carbnreting apparatua
‘795X!& July 181905 Pool& Oarboreting machtm/

1 78f3719. Aug. 8, 18(5. Guy. Ofl feed for carburetors.
. 1J37,536. Apr. 27, 1915. Schmidt. Carbureting apparatns.

Re. 10,S58. July 17, 1883. PaqueIin. Carburettng apparatus.

Cross-reference gatentt, claaa .$3, subclaw 15S.

56J16 69,474 308,796 793,444 743,085 750,3fl

SUBFLMS 154, c4EBcElrroRS, Om mEo, -Y.

#

&lo9,085

46,976. Mar. 21+1365. Simonds. Improved apparatus for carbureting air.
48,38L June 27, 1865. Hafhsworth. Improved apparatus for carbureting air.
6L033. JaIL& 188i. TWlliams. Improved method of carburetlng gas.
2?4J76. Mar. 20, UM3. Cc@and. Carburetor.
iW3$X$lk$pra=z l&35. HfGWS. Apparatus for carbmreting and odorising

34S,917. Sept. 7, 1866. =ese. Carburetor to be used in the manufacture of
water gas.

404@3. June !$ 18S8. Paine. Oil burner.
~~~o. J~~y15, ~- ~greayes et N. Cmburetor.
534StU. Feb. m 1885. CornisL Carburetor.
55Q,776. D= 3, 18Wi. Bourgeois. Carburetor.
630.8SM Oti 3~ 1889. Kemp. Carburetor.
tR-5,172. July 3~ 1900. Olds & Hough. Carburetor.
6430,778.Oct. 30, 1900. Umbert. Mkrer and vaporizer for gas engines
6622024. Nov. 20, 1800. ReY. Car@retor.
662,51& Nov. 27, 1900. TVlnsche. Carburetor.
708,647. Sept. 23, 1902. Rosenberry. Carburetor.
714+41A Nov. 2S, 19022 Termey. Carburetor.
7~774. OcL 27, 1903. Chamberlain. Mixer for hydrocarbon engines.
742@0. Nov. S, 1!M3. Smftk Carburetor for explcsfon engines.
~178. Mar. 8, 1904. Weber. Carburetor.
840.708. Jam 8, 1807. Parrott. Carburetor.
843,682. Feb. 12, 1907. Norton. Device for generatinggas from wude. oiL
8522780. May 7, 1907. Ellis. Automatic gaadine-gas macblne.
88L43L Mar. 10, 1908. Meyers & HiekeY. Ap~aratne for carbtiting *.
906,940. Dee. 15, 1909. Schmitt & Neumann. Gas machine.
*l,l15,9al Nov. 8, 1914, Martin. Carburetor.
*1,118,076. Dec. ~ 1914, Frey. Carburetor.
~120,128. Dec. 8, 1914 Browns Carburetor.
*l,12Ct,573.Dec. & 1914. lVebber. Carburetor.
*lJ90,540. July ~ 1916. Gettelman. Carburetor.
Re. i4785. OCL22, 1867. StuarL Improvement in carburetfng gases.

—,
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Um?s-rejtwen.capatent8, cltkw @, bwbohm 16&

88,748 189,645 247,360 405,747
1%679 199,781

64fh780 7g2& 1,116J325
251,673 427,197 673,642

176,156 203,505 459,679 688,931
%% 56@29

931,386
176J395 206,402 712,803 957,731

SUBOLAM 154.1, OMWUREWRS, Om FEEO, BUCTIO?7-CWWSOLLZD VALVE.

●423,214. Mar.11, l&90. Butler. Hydr@arbon motor.
*498,447. May 60, M98. Bdfson. Carburetor.
*EiO0,401.June 27, 1893. Lehmanh. Mixing ~-alve for petroleum or other

motom
*669,828. Nov. 20, 1893. Rolfson. Carburetor.
●515,050. Feb. 20, 18!3& Hoyt. Carbureting“appsratnzfor gas or vapor en-

gtnes.
*556$369.Mar. 10, 1896. Sintz. Carburetor.. .
*667?53. SepL 8, 1806. Pmtt. VaporMer and mixer for gasoline”engihe9
*678,683. Mar. 9, 1807, l’regnrtha. ~apori~r.
*609,557. Aug. 23, 1898. Phelp& Vaporiaer for hydroctibon olIs~
*611,84L Sept. 27, 1868. Starr & Co@welL Mixer and vaporizer for ex-

pkwive engines.
*633,800.- Sepk 26, 1899. Casgrain. carburetor for exploeive engines.
*649,191. May 8, 1000. AlderSon. Carbureting and gas-mixing apparatu
*670,92Z Mar. 26, lflol. Olds. Carburetor.
*679,987. July 30, 190L Mafhieu. Ckmburetipgapparatusfor explosion mOtOR$
*680,572. Aug. 13, 1901. Dyer. Vaporizer for explosive engtnes.
*680,f16L Aug. 20, lW)l. Buthnn. Caqbvetor. for explosive engines.
*688,867. Dec. 10, 100L Tiegurtha. Vaporizer for gasoline en,gtncs.
*600,112. Dec. 81, 100L Kull. Carburetor or mixing valve for exploslve

engines.
*694,708. Mar. 4, 1002. White. VapmtZerfor explosi~e engtnw
*703$37. July 1, 1902. Ltzatte. Vapor.jzerfty exulosive.enginca.
*705,WM JulY”29, 1902. Graves. Osrburetor for exploslve engtnee.
*714,932. Dec. 2, 1WJ2,Wia”ma@ et al. Gmera.toror mixingvalve.
*715,3fM Dec. 9, 1902 Imguemaie. Carburetor for ex$osi~e en.jnes.
*717,000. Dec. 80, 1002 Heiir@d. Iptern@+@ibustion ty@ne or motor.
*7Z’,36Z Mar. fO, 1903. Davis. Carlmretor for gus engtnes.
*724,328. Mar. 31, 1903, PiverL MMng valve for exphsion engtnee.
*727,476. May 6, 1003. Starr & CogsweIL bftxer for explosive gasollu en-

gines.
*729,254 May m 1003. Bates. Carburettngdevice for explosive engtnes.
*730,608. June 9, 1903. Brush. carbureting device for internrd-combuetlon

eng1ne9.
*731,218. June 16, 1003. Perkb.w. Vaporizer for “interr&l-”mmbuetlonengina
*732,016. June 23, 1903. Uhlim llxplcd~e~lne governor.
*74L224. Oct. n, 1903. Clark. Carburetor for exnloslve entinw
*741;959. OCL20; Ulo3.
*746,833. Dec. 15, 1908.
*747?286. Dec. 15, 1603.
*760,673. May 24, 1904.
*761,392. May 91, 1304.
W91,162. May 60, 1905.
*806,079. Nov. 29, 1905.
*807,479. k 19, 1905.
*816,477. Mar. 27, MO&
*820,408. May 15, 1906.

engines.
*826,611L July Z% U306.
*826,787. July !24,lfI06.
%39,707. Dec. 25, 1$06.
*842,429. Jan. 29, 1907.
%48/426. Mar. 26, 1907.
*85(4223. Apr. 17, 1907.
●863,616. Aug. 13 1907.
●866,4m. S@.. lf, 1907.
“8T4730. Nova19, 1907.

Emery. Va ortzer for hydrocarbon engines.
Hennegin. !’ue~ re~ator for gasoline .motws.
Saris. Carburetor or liquid-fuel engines.
White & IXmyea. vgporlzer for exploslve engines.
Olds. Carburetor for exploslve engines..
Hayi.ws. Carburetor for eXplOSIOnen.gh!~s.
Gavelek. Ctibutettiti$o? hydrocarbon engi.n=.
Mason. Carburetor.
Kellog. Carburetor.
Carllua. Vaporizing device for interntikombuation

BriesL Carburetor,
Kemp. Carburetor.
Biehen. Carburetor.
Schuyler. Carburetor for explosion engines.
Anderson. Carburetor for gae.dl.neC@M9.
Hallett. Carburetor.
Downing, (Yarbm’etor.
Lewis. Carburetor.
McHardy. Carburetor.

—“.
.. . J
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i8WL21O.Jan. 7, UK@. MiIIer. Carburetor.
~. MaY q 190S. Sehebler. Carburetor.
WS8.26S. May 19, lfJO& Railer. Carburetor.
%90,099. June 9, lfJOS. Richardson. Carburetor.
*692,155. June SO,MI(IS. Hodges. Carburetor.
*S66~ Aug. ~ 19C8. Johnston. Carburetor.
W30S,206.Nov. 10, ISOS. Lauson. bUXlngml=
WXM,6S9.Nov. ~ 190S. Thompson. Cmtmretor.
-,490. Jau m 1909. TVcstaway. Carburetor.
~11~. Feb. 9, 1909. Fox. Carburetor.
*912,93S. Feb. 2S, 1909. Eckert. Carburetor.
*912,999. Feb. 2S, 1909. Eckerk Carburetor.
*913,3M. Feb. 23, 1609. SIaughter. Carburetor for cqdcd~ motors.
*915,694. Mar. 16, 1909. Lebmu. Carburetor.
*917.123. Apr. 6, if@. Piere Carburetor.
WXS$307.Apr. 20, 1909. Shmges. Carburetor.
*922374. May la 1909. TVrlght. IIlxer and vaporizer.
●9X$848. JuIy & 1909. CarlsoIL Carburetor. ..
●9S0,443. Aug. 10, 1909. Vaughan & Mmensie Carburetor.
W3S6,064 OciL5, 1909. V7estamy. Carburetor.
‘WSSfKM.Nov. Z 1909. RSPD. Carburetor.
-,S56. Nov. 9, 1909. Papanti. ~arburetor.
*641@6 Nov 30, 1909. Cooper. Carburetor.
%+SIL Dee 2& 1909. Nageborm Internakombustion engine
●94&6S2. Jam ~ 1910. Bassford- Carburetor.
*!XSJK7. Feb. 8, 1910. Kin@ury. Carburetor.
~50,429. Feb. 22, 1910. tiderson & Mot.. Carbmetor.
W51,002. ?&r. L 1910. GrotL (@tmretor.
●955,326. Mar. lS, 1910. Hagar. Carburetor.
*955,222. Apr. 10, 1910. Stocker. Ctwburetor.
955&18. Apr. 19, lf+lo. Park. Carburetor.
*955,956. Apr. 26, 1910. Enrds. Carburetor.
WM32@19.June 2% 1010. MllIer. Carburetor.
WKK$8UAJuly E 1910. Peterscm Carburetor.
*964,409. July 12, 1910. Ecketi Carburetor.
*964,S6L July 19, 1910. Ti@n. Carburetor.
*966SS1. Aug. 9, 1910. Brooke. Carburetor.
*9T@SS. Sept. 2i, 1910. Gulick Carburetor.
W_71@62- Oct. 4, 1910. Schebler. Carburetor.
%9.SS2 OcfL25, 1$10. Rotha Carburetor.
WX4J3S3.M 26, 1910. DanteL Carburetor.
!2i6tSS1. Nov. 29, 1910. Ivor. Carburetor.
*976$11. Nov. 29, I.91O. Petersen & PettiL Carburetor.
*978.0i6. Dec. 6, U31O. Tildem Carburetor.
%4787. M M 1910. Smith. Carburetor.
W178,fM7.Dec 20, 1910. Shaw. Carburetor.
%9,409. Dec 27, 1910. Barker. Carburetor.
%79,556. D= 27, I91O. Peterson. Usrbnretor.
●t!.Sl,S53. Jan. 17, 1911. Halladay. Carburetor.
%S+L109. Feb. 14 191L Sailer. Carburetor.
•HS~4- F*. Z M1l. TVIUtOLLCarburetor.
9S6572. ?&r. 14+191L Ivor. Carburetor.
WRS,502. Apr. % 191L Pe@ Carburetor.
%!S8,669. Apr. +4191L Pblnney. Carburetor.
W19S,096.MaY 2441911. NoYes. Gasand ltquid tier.
*99S,210. May 2S, 191L l’7e!ss. Carburetor.
●WL Tme & 191L Petemm Carburetor.
*96+195. June fl l!ML PrescotL Carburetor.
+S!?8. Jwie lS, 191L Swanberg. Generatorvalve for gasoline engim
W95,62S. June 20, 191L 3HUer. Carburetor.
‘W97,~7. July w 191L Rothe. Carburetor.
-,99S. July !25,191L Skinner. Cartmrettngapparatus.
●999,03S.July a 191L Hubbard. Motfr&fluld-suppIyvfdve.
*989,686. Aug. L lflll. Westaway. Carburetor.
Kl@O0,S98.Aug. M, 19H- Gentle. Carburetor.
Y@Ol@47. Aug. 29, 191L Hobbs. Carburetor.
Kt,O@lO1. Seph U+ 191L Gnuw Carburetor. .
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*l,004,00L SePt.a 191L
●1.007.659. Oct. 81, 191L

M?.RONAUTICS.

Shain. Carburetor for gas ,englma.
Rice. Carburetor.

*l@9iZ52. Nov. 21, 191L Mallo. Carburetor.
*1,O1O,OO3.Nov. 23, 1911. SchulZ. Carburetor.
*I,O1O,M4. Nov. 2S, 1911. Stewart. Carburetor.
*LO1O,185.NoY. a 191L Schulz. Carburetor.
●1,014,919. Jan. 9, 1912. I@Ier. Carburetor,
*1,014J382.Jan. 16, 1912. TVeld. Carburetor.
*1,016169. Jan. 30, 1912. NageL Carburetor.
LO19,800. Mar. 12, 1912. Kennedy. Cmbu@.tor.
●l,m”,270, MtM.U2,1912. Dung Carburetor.
●l@5,816. May7, 1912. Lofthouse& Booty. Carburetor.
1,027,769.May28, 1912. Robg. Carburetor.
*1,02W306.Junela 1912. Guthr!e. valve wechanlmufor carlm~ms.
●1,029,897.Jnnela 1912. Stewart...Carlnwetw. :
*1,030,848.June25, 191.2. Stmra.. Carburetor.
*l,09Z3417.July 9, 191Z Stewart. Carburetor.
*1,032,647,July 16, 1912. Eovier@. Cwbu~etor,
*1,033,130.July23,1912. UfMerwood& Hill.. Carburetor. “”
+1,036,536.Ati~. 2!7,1912. Atkins. Carburetoror mker for Internal-corn.

bustion engines.
*1,040,523. OCL8, 1912. Dock..” Carburetor:. “. .
*I,042$M7. Oct. 28, 1912. Long. Carburetor.
*l@4,314, N’ov. X2, 1912. Watson Carburetor.
*1,046,111. Dec. 8, 1912. S.@l@z Carburetw,
*1,046,141. Dec 3, 1912. Becker. Gaa-mlxbg Yalve for--etibslve engines.
*l@8,(L93. Dec. 24, 1912, Lavender. Carburetlng device.
*1+343,954.Dec. 91, 1912. George. C@rbtmetQr.
*1+049,818.Dec. 31+1912. IVmtaway. Carburetor.
*l,049,4i7. Jan. 7, 1913. Stewart Carburetor.
*1,049,887. Jan. 7, 1918. MSI’SL Carburetor.
*1,050,059. Jan. 7, 1913. Gould. Carburetor.
*l@l,440. Jan. 2S, 1918. Ostler. Carburetor.
*1,059,50L Apr. X!, 1919. Stelvart. Carbu_retQr.
*1,069,545. Apr. 29, I!X8. Gentle. Carburetor.
*l,061,fB2. May 13, 1913. Clementi Carburetor.
*1,063,030. -May 27 191S.. Hefc?elmrwn..Cdm’etor.
*l,064~8@. JUN l?, 1913. Stewart. Carburetor.
*1,066,0S0. July L 1918, Cale. Carburetor,....
*1,067,S5L July 15, 1918. La’Agne. Carburetor, ~ ~
*L067,623. July 15, 1913. Schulz. Carburetor.
*1,069,389. Aug. 5, 191.3. Conklfn, Carbure@r.
*1,071,008, Aug. 19, 1913. Drayton & lVoodroffe. @trburetor.
1,074,575. Sept- 30, 1913. Riott& Carburetor.
*1,077,256. h’ov. 4 19X3. Brush. Carburetor.
*1,078,418. Nov. IL 1918. CahilL Carburetor.
●1,078,590. Nov. 11, 1913. Muir. Carburetor.
*1,078,59L h’ov. 11, 1919. Muir. Carburetor.
*1,078,592. Nov. W 1913. Muir. Carburetor.
*1.079.?X7. Dec. 2. 1913. Morris. Carburetor.
*1,080,696. DSC.91-1919. Hngelet. Carburetor..
*l,0Sl,222. Dec. 9, 1913. Dtlrr, CarImreto&
*1+384,698.Jan. 20, 191A CahllL Carburetor.
●1,(N4,954, Jan, 20, 1914+ Nice Carburetor.
*1,M15,194. Jan. 27, 191A Russian & IQoble. Carburetor.
*1,086,359. Feb. 10, 1914 Faries. Carburetor.for gas and gasoltne en.glne&
*1,G97,187. Feb. 17, 1914, Schultz. Carburetor.
*L087,218. Feb. 17, 1914.
L089,231. Feb. 24, 1914

xl,~s,~~a Mar.91,191A
●1,095,402.May 5, 1914-
●1,097,787.May 2& 1914.
*I,103,864.JUIY 14, 1914,
*1,104,494.
*1,111,179.
*l,l12,64L
*lJ14,222.

Daltori & Conklin.. Carburetor.
Lawrenc& Carburetor for internalambustion en-

Reeder. Carb~tiF.
Jordam Carburetor.
Brewer & Jones. .Cwburetor.
Broi$h. Carburetor.

July 21:1914. Harnlll.. Carburetor,
Sept. 22, 1914. Pratt. Carburetor.
Oct. 6, 1914. MQeIler. Fluid mfxLngand regulating device.
OCL 20, 1914. Brigham. Carburetor.

—.
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*lJ15,95L
q120,128.
WC?O$97*
~120,578.
K@3,04Si
*1,124,911.
*LU?5.525.
*l;126;159..
*lJ26!24!3.
*IJ22,690.
*Lm,228.

ginee.
YLJ82J3S4.
*l@-gTo.
*lXK@89.
KLJ87.72i.
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Nov. q 1914, Mart@ Carburetor.
Dec & 1914. Brmrne. Carburetor.
@2. & 1914. ?@rtin. Carburetor.
Dec. & 191A V7ebber. Ck@mretor.
D= 29, 1914, ~aehburn. Chrbnretor.
Jan. 12, 1915. Johneton. Valve for gae enghm
Jan. l!il, 1915. Rathcock Carburetor.
JarL26, 1915. Dresel. FIoatless carburetor.
Jan. 2@ .1915. Mitcheu Carburetor.
Jan.,’‘i915. Beucus. Carburetor.
Mar. 2, 1915. ‘i’i%ltlng. Vaporizer for.. Internal-eombuation en-

Mar. ~ 1915. Heitger. C buretor.
%Apr. I& 1915. D~ea. Cax uretir.

Apr. ~ 1915. Harroum Carburetor.
lIaY 4+lfll!j. Ahernetlw. Carburetor for fnternaI-combustionen-

*=-- .-
*l@7,728, May ~ 1915. Abernethy. Carburetor for vaporizer for ~loelve

engina
●L188,204. May A 1915. Folberti Carburetor.
~~M,~A+ May ~ 1915. Smllie. Carburetor.

May 25, 1915, Iilotsinger. Proportioning device espeeialIY de
‘ ~~ for carburetor.

*L141,085. 31aY25, 1915. Kent. Carburetor.
~@72. J- & 1915. Speed. Carburetor.
*L145J354. JrdY 6, 1915. lVinMeY & Hati CMrimretor for hydrocarbon

motore. -
Kl,145,~ July 6, 1915.
●1J46,18L July la 191.5:
*1,147,672. July 20, 19L5.
*L149,908. Aug. 10, 1915.
*l,156,w2 Oct..12, 1915.
*1,158$X. CM a m5.
*1.J58,S59. Ckt 261915.
*L159!O05. ~~. 2. 1$~5.
‘ElJ59,029. Nov. Z 19U5.
●1,159,049. NOT.2, 1.fU5.
KL,16L374. hTov.28y1915.
*lJ65,tt59, Dec. ~ 1915.
*lJ67,422. Jan. IL 191tk
●1,168,782. Jan. @ 1916.
KL169,57& Jan 25, 1916.
~171,679. . Feb. 15, 1916.
*L17L716. Feb. 15, NH-6.
*L1-, F~< ~ 19~>
*L1’i2.595. Feb. 22. 1.91R

Smith. Carburetor,
Lippold. Carburetor,
BeII. Carburetor.
Goudard &-Menneasm Carburetor.

.Schebler. Carburetor,”
Smith. Carburetor.
AbeIL Carburetor.
Funderbnrk. Carburetor.
Hodges. Carburetor.
Kfrby. Carburetor.
Bjorklund. Carburetor.
MotsInger. Carburetor,
Park Carburetor. .“
Bucker. Carburetor.
Schultz. Carburetor.
VeIIguth. Carburetm,
Ham. Carburetor. .-

CoulombEL Carburetingmechaniemfor gas englnee.
Eeath & TaY1or. Carburetor.

*1;178$64 Apr. ~ “1916. Fahrn~. C%rlmretor.
●1,178,478. Apr. 4+lfl16. Sundermnm CaYbnretor.
●lXX@66. Apr. XL 1916. Meier. Carburetor.
*1,1’i9,5&3. Apr. la 1916. SchortL Carburetor.
●1,179,918. Apr. U 1916. HamilL Carburetor.
Kl@$58. May a 191& !L!jompeon& Arkenberg. Grburetor.
Kt,188,538. May la 1916. Collett. Carburetor.
●LM+V396, May ~ 1916. Costa. Carburetor.
●1,192,106. July 15, 1916. Pembrok& Carburetor.
lJ87@6. June 20, l!illtl. Kapp. Carburetor.
●Re. X$908 (orlg. 783AI02). Apr. 20, 1915. ShiPman. Carburetor.

Uro$a-reference gatent% claw 46, 8uTMa88 16#.1.

.

—-

!288@4 l@22,826 l@5,503 lJ16J_H8 1J80,950 JJ47,887 1.J68,178
975,696 L022,470 1,074,575 LU9,076 IXL157 1.J48347 ly167$!17
976,287 L088,050 l@2@7 1,119.078 1,188,904 LlM,@7 ~168,788
9i6@9 1,042,004 l@S6~ L180,850 LM83329 Ll~886 lJ7~’i62
995,919 L052,051 XLQ1,786 1,180,474 IJ40,000 lt162,680 Be. 18y5S0

1,020,198 l?061$93 L108!!245 Llso,w. L148!779 L164@l
72805”+ Dec. 559,W-7
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48,884. SepL 2, 1885. Terry. Improved apparatus for csrburetlng air.
68,481. Mar. 27, 18~ Pond & Richardsm Improved apparatus for

68,~m~~.’~ 1867, Stephenson. Improved apparatus for carbureting

MOOS. Ju~e 25, 1867. Bassett. carburetor.
146,458._Jan. 18, 1874. Jtingllng. Improvementin carburetor,
146,493. Jan, 18, 1874 Vasquez. lmpromnenj ~n carburetors.
22 S,547.June8, 1880. Maxim. Gasapparatw
.2S8,767.Mar.15, 1861. BraInard, carburetor.
272,848,Feb.27,1883. BilHn@. Apparatuefor.manufacturinggaa.
820,460.June28, 1885. Cc@and. Carburetor.
367,836. Aug. 9, lW7. ShaW. Hydrocarbonand gas-impulsefeeder for

car-

@
.

engines
429@6. Mar. 25, 1880. Bradley. Alr carburetor.
464,779. Dec. 8, 1881. Reichhobn & Machlet. Amaratus for and method of. .

malrlngfnei ga~
483,008.Sept.20,1692. iMendenhalL Apparatus for carburettngair.
486,877. Nov. 8, 188% Notemw, Apparat~ fog making @s. ”
496,078. May 80, 1883. Mulvey. Apparatus for carburetlng al.r.
608,174 Nov. Z 1888. Lawrence. Apparatus for carburetlng gw
576.108. Feb. ~ 1897. (Mbsun. Carburetor.
*6K@30. May 4, 1887. Alderson. Gas mixer, -
*593,911”.-“NOV.16 1887. Snow. Vaporizing carburetor and alr governor for

engines.
*657,743. Sept. ~ 1S00. Kiltsz Carburetor for gae engines.
.*666,623. Jan. 22, 190L Gebhart. Hydrocarbon va~rizer and mixer for

explosion engines.
677,852 July 9, 1901. Brown & Donnelly. Ctirburetor,
678@4. July 9, 1901. Pickles. Carburetor.
702,878. June 10, 1902 Roemlach & Orra Carburetor,
*705314 July ~ lfJ02. Blake, Carburetor.
‘706,050. Aug. 5, 1002. Hardy. Mixing valve for gas or gasoline englnc%
713,983. Nov. M, 1802. Heath. Carburetor for explosive engines.
W21,2M. l’eb. 24, 1903. Rousseau. Vapor feeder and throttle for gas engtnee.
*726,74L Apr. 21, lfW3. Miller. Fuel-feed rsgidator for exp~oslveengines.
*726,19L Apr. 2L 1603. Iteadl& Vaporizing.v.alve for exl?losl~eSn.@neS.
78t$157. AU. 11, 1903. same. AtornlzlPg.and..Wtmretingdeti~
76&7S11.May 8, IfKM. SIIningcarburetor.
*761,182 May S1, 1804. Bean. Mlxlng gnd va~oriz!ng device for motors
●770,558. Se@. 20, 1804. Clay. Carburetor fti exploatveengines
●798,486.. June 27, 190S. Ash, Carburetor for hydrocarbon englnea.
797,615. Aug. 22, 19G5. Schmitt, Carburetor.
*807,144.Dec @ 1605. Walker. Carburetor.
*817,721.Apr. 10,1906. Lewis. Carburetor.
●827,0!M.July81, 1006. GranL Carburetor.
w-%274 Au 7, 1906. Corrdsh Cmbure~Or..,
828,840.Aug.21, 190& Lanard. Carburetor,
*836,764 Nov.27,1906. Heath. Carburetor.
846,895.Mar.5, 1807. Busenbenz.Gas-marmi?actur@a3?ba!’@s.
*866,638.June11,1907. H@@m. Cwburetcy.. :
&57,180.June18; l!)07. Way. Carburetor.
861,75!3.July 30,1807. McCauna.carburetor.
W4,087. Aug.20,1807. Selley. Carburetor.
*867,604,CM 8, 1907. Rothe. Carburetor.
87&287.Feb.4, 1908. Levavasaeur.Carburetor. “““” ~
‘W6@4. Feb.lL 1~ Newbrough.Carlnwetorfor explosiveengtnes.
885.280.Am. 21, 180S. Von Dulons$ Amaratuefor the moductlonof geees

from h~drocfirbon.
----

890,970, June 16, 1908. Ddrr. Carbureting apparatus for explosive enginea.
886,422, Aug. l% 1908. Sylva. Carburetlng and ofl-separatingapparatus.
4xYS,012, Nov. 24, 18G’3. Spranger. Carburetor.
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907,126. Da 22! 190s.
W,46L Nov. 9, 1909.
9iM62. NOT.16.1909.

Broderiek Carburetor.
DMcsorL Oarbnretor.
NY& Carburetor.

~40. June @ 1910. ~ & Dick. Carburetor.
=,X6. AUG ~ 1910. TVeetaway. Wburetor.
W178,987.Oct. 25, 1910. Hair@. Carburetor.
*974,07& w ~ 19~ Kin@ton. @bwetor.
9S6,500. Feb. a 1911. Btm.lsrd. Clsrburetor.
*L~~ ~ ~~ 18fi NOYEZLVacuum fnel feeder and cr@~et.or.
Yi,(Rl,900. D= 161918. 17agerberg. Engine prbner.
l@@22. Tidy Z 1914. Rimmer et al. Carburetor.
lJ16$97. Nov. 24+l!ZL4. Dongherb. Means for eerb~- *.
=L127,120. Feb. ~ 1916. VeedW. Carburetor.
●lJ41,Z5S. Time 1+1915. NOYES Lk@d feeder for burn- etc
*1J56,282. SepL ~ UZt6. HagaF. tiburetor.
1,155,629. Oct. 5 1.91fi. ?&Adam Oerbu.retor.
K@38,749. Dee. ~ 1915. Gallagher. Carburetor.
*LM~~ WY w, 191f3. _o~ Wb@or.

,

l,lS7,626. June 20, 1916. I?renea Carburetor nozzle.
L18S,754. June 27, 1916. Geer et d. Fnel-on atomizer.
*Rs 18,111 (orfg. 836,68S). MaY~ 1910. Higgins. Carburetor. ..

cross-reference f.mtent6, eTa8848, 8ubcla8k 155.

@Sal 778,548 961@l 995,628 @Xl192
ZE 746,119 776,9ss %% 97%781 1,001$47 l,l16a26
626,821 750,764 798,776 SIllA81 mJH8 ISW7,688 1,141,25s
648,84)6 7Q707 646,6S0 921,w 97i190S Lo74@25 lJ57,146

sm3CLAes 155.1, -uEm-oI=, ATOWZE=, comTAN’r ImvEL.

%W242. Oet a 1899. LamberL Mixing device for gasoline engines.
*685J66. Oct. 17, 1699. Hay. Vaporizer for gas engines.
%44+566. Mar. 61900. AsMlceon. Internakombustion engine.
*649,324 May & 1900. knwueinare. Carburetor for explosive engin-
*6SlS?2. Aug. 27, 190L TVestman. Feed CUPfor =@eive engines.
*M%= Sepk 17, NL ~~ ~~tig d- for =@osfve w@=-
*690,969. JaR 1A I-902 O1@A Lkfofd-fael feed for ex?itosive enghws.
‘%98,77S. Feb. la 1902. BardweIL Carburetor for esploslve engines.
697,555. Apr. U, M02. Settergren ?Jker or vaporizer for K@rocarbonen-

gine%
●699.809.May 6. 1902. HamUtoR Carbnretlng detice for internal-combustion

W399y@=MaY 6, 1902. Duryea. Carburetor for explosive engtnes.
WJ22469. June 17, 1902. ParkIn. Carburetor for t=plosive engines
~i~; OctLV$ 1902. Schebkr. Carburetor.

hkm’.2& 19022 3forE Carburetor for erplosi~e motors
●TUkt8k Feb. & 1906. llessinger. Carburetor for internsl-combnslfon en-

gines.
WL9.586. Feb. ii 1908. Tntth?. Vmorhr or carburetor for evxosive engin=
*724,6-M, Apr. 7, 1908. Zimmerman. Vaporizer for gas engines,
*727$72 May @ 1908. Eingetom Carburetor for gasoline engines.
W29.467. May 2131808. lVhit& EIxplosfonengine
●780,649. June 9, 1908. Hedstrom. Carburetor for exploeive engines. I
~84t84S. July !2111908. GiI1. Carburetor for e?@osive engine=
●787,468. An& 23, 1908. Pearsom Vaporizer for esplosive engtnea.
~41,962. (lc.L X), 19(B. Grouvelle & Arquembour& RegnIatorfor carbure-

tors for esplosive engines
*745~ Nov. ~ lgos. Jenness. Ckmbnretorfbr gSSO1ti e-~
•7~~. DWZ~ =. B~ Carburetor for gas enghes.
~66,908. Apr. El 1904. Swain. Carburetor for gas engines.
●759,00L Ii@ 8, 1904. Mohkr. Carburetor for hydrocarbon engines.
*759396. May 10, 1904. Rutenber. Carburetor for hwlrocarbon engines.
v67,716. Aug. 16 1904. Ritchi& Oarbnretor.
*771@6. SepL 27, l$M4. Richard. Carburetor for expkwfon engines.
*i71JW. C)@. W M&L KingatoR Carburetor for gasollne @n=

—

—
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--- —--
—-
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*772,979. Oct. 25, 1904. Vaurs.. Carburetor for .Mw3rocarbjonengines,
*775,658. Nov. 22, 1004. BuMog & Sefbel. “-utirburetor for hydrocarbon en-

gtnes.
●776,406. Nov. 29, 1904. Lamb. Vapor@er,for h@rocarlmn engines.
●780,949. Jan. 2% 1905. IIukr. Carburetor for !lydrwarbon enginw~
*789,58’T.MaY 9, 1905. Grouvelle & Arquemboyrg. Atomizing @rburetor for

exnlosive enfdnes.
%9,749.
*791,80L
*79I,81O.
*794,502,
*794,927.
*794,95L
*795,357.
*797,972.
*802,088.
*804,025.
●81S,6S8.
‘%lt$,m.
* 816,846.
● 817,64L
● 817,903.
* 821,08L
* 823,608.
* 825,409.

● 825,754
* 826,531.
● 828X8,
* 829,845.
* 842,052.
* 846,908.
* 851,28S.
* 858,428.
* 8~46.
* 85%179.
* 859,719.
● 862,088.
* 8&$799.
* 864,11L
● 866,522.
* g7g,$g2,
* 876,800.
* 878,770.
* 881,279.
* 888,740.
* 8S6,626,
● ~527.
* 889,4~-
* 889,558.
● 890m.
● 898,685.
● 898,ML
* 000,098.
●4X)7,279.
* 907,t?81.
* 90S,764.
* 910,826.
● 911,158.
* 911,849.
* 918,954.
● 915,647.
* 920,28L
* 924,678.
* 926,089.
* 928,828.
* 980,724.

May ia 1905. MaxwelL Oarhxretor.for gas ewinw
T@e 6, I@Ri. Leinag. @rburetor @r hydrocarbon engtnes,
June ~ 1906. OIT. Carburetor.
July 1~ UM5. Eennebutte. Csrbq@r~ ..
JUIYM. 1905. C!riahman.carburetor.
Jilj 18:1905. Shaaf & ficy. Carburetor.
July 25, 1905. MaxweU. (larburetoj,
Aug. 22, 1005. IMoreland..Yaporizer for ex?losive engines.
Clct.17, 1905. Hagar. Carburetor for hydrocarbon engines
Nov. 7, 1905. Mintog. Carburetor for gas engines.
l?’eb. 27, 19~ Adams. Carburetor;
Mar. 20, 1906. Jotmston. C.qrburetorfor explosive en@nw
Anr.8.1906. Charron & Gfrardot. ~arburetorfor petroleummOtOrS.
Afiri 10, 1906, Harris.. Carburetor.
Apr. 17, 1906. Comstock. Carburetor.
May.22, 1906. Brennan. Carburetor.
June 19, 1906. h.falezieux. Carburetor for explosive engines.
July 10, 19@3. Sturtevant. Carburetor for gas engines.
July 10, 1806. Pearson. Va~orizer for hydrocarbon enghws.
July 24, 1906. Brlest. Ckmburetor.
Aug. 7, 1906. Menna Carburetor.
Aug. 21, 1~ Menus. Carburetor.
Jan. 22, 1907. Anderson. Carburetor.
Mar. 12, 1907. Brfldbeer. Carburetor.
Apr. X$ 1907. l?reeman. Carburetor for an ewlosive eU3hM.
May 1% 1907. Trebert Carburetor.
May 21, 1907. Smith. Carburetor.
May w 1907. Jewwss. Carburetor.
July 9, MI?. Andersm. Cuburetor.
July 80, 1807. Lcmgennecker. Carburetor.
Aug. 20, 1907, Maxvvell. Carburetor.
Aug. 20, 1907. Sickles. Carburetor:
sept. 10, 1907. Park. Carburetor.
Dee 10, 1907, Stoker. Carburetor.
Jan. 14”1908. Gundelach. Carburetor.
Feb. 11, 1908. Cahill Carburetor.
Mar. 10, 1.908. Allen. Carburetor for internal-combustionengines.
A~r. 7, 1908. Poppa. Spray carburetor.
May 5, 1908. hfarr, Gu’buretor.
May 5, 1W18. Marr. Carburetor.
June 2, 190S. Schneble. Carburetor for internalanlmatlon engines.
June 2, 1908. Thomas. Carburetor.
June 9, 1908. Maak & Munxert. Carburetor.
July 81, 1908. Wfllard. Carburetor.
SepL8, 1908. Heitiaer.CarlmretorL _
Oct.6, 1908. Heltger. Carburetor.
D= 22, 10W Perry. Carburetor”
Dec. 29, 1908. Relnekln& Carburetor.
Jan.5, 1909. Fosnot. Carburetorfor exnlosiveengines
Jm. 19,1909. Stevenson.Carburetor. ~
Feb. 2, 1909. Otis. Carburetor.
Feb.2, 1909, WeilancLCarburetor.
Feb.281909, Br@ese.Carburetor.
bfar.16,1909. Young. Carburetor.
MW 4, 1909. wktte. Carburetorfor internal-mbnstlonengines.
June15, 1909. Knickerboxer.Carburetor.
June22,1909. Warren. Carburetor.
July20,1909. Wln@n. Carburetor.
Aug.10,1809. Boore. Carburetor.
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* 982260. Aug. 24 U)09. ‘Watt. ficburetor.
*935.833. Oct.5. 1909. Bassford. Carburetor.
*986J.18. dct. 5; lfI09. mover. Carburetor.
*986,887. Oct. u m.
*937,528. Ott lil, 1909.
%L5,167. Jan. 10, 1910.
W4i,712. Jan. ~ M1O.
%50278. Feb. 22.1910.
•9~~ Apr. ~ 1910.
‘W54.030. Apr. 12, 1910.
●955,292. Apr. 10, 1910.
~57,976. Mfly 17, 1910.
W5SZS. May 17, I91O.
%58,897. 31ay % 1910.
%M30.601.June 7.1910.

Maybti Carburetor.
BhighL Carburetor.
HoIky. Carburetor.
Hendrkks. Carburetor.
Bmey. Carburetor.
‘iVolf. Carburetor.
Howirth. Carburetor.
Sickles @rburetor.
Lucas. Atomfzer and the I&e.
Howarth. Carburetor.
Snedeker. Carburetor.
Stewti t3arburetor.
Plein. Carburetor.
Tuerk Carburetor.
Mayer. Carburetor for
Oaunon. Carburetor.
V7altera. Carburetor.

loJ-

W60@17. June 7; 1910.
W69,187. W@ 5, Ullo.
%67.407. Aug. la 1910.
W7W5. CCL 25, 1910.
*976,822. Nov. a W1O.
*976,844 N70V.Z 1910. Chrietofferaon et aL Carburetor.
%q403. Nov. 22, 1910. Stitier. Vaporizer or carburetor.
W6,69L Nov. 22, I91O. Reichenbacb. Carburetor.
W17t?@18.Nov. 22, 1910. mefe. Carburetor.
●9i7,t?SL Dec. 6, 1910. Page. Carburetor.
●680,66& Jan. 8 lZUL paw. Cmbtior.
W63,24i. JaE 91, 191L MilIer. Carburetor.
%)86$4L Feb. 7, 191L Dawaon. Carburetor.
*f?8S,886. Feb. 7, 191L Pk4n. Carburetor.
*98t@l. Feb. 2$ 191L 31c=u@Y & Potter. Carburetor.
●985,999. Mar. 7, 1911. Harrts Carburetor.
WlSS,688.Apr. 4 191L Harrle. Carburetor.
~. Apr. % mu. M~@ & pott*- c~~e~~
,w.0+35. ~Y 28, 191L He~ger. C~~tor.
*993,097. May ~ 191L Noyes. Amterfoti-tbrottIeacarburetor.
*998.457. JUIY18, 191L Bingham. Carburetor.
KLOO0,45LAug. 15, 191L Stewmsm Carburetor.
*LOo0,018. Aug. 15, 191L Harris. Carburetor.
LO022458. Sept. 5, 1911. Sekow’al.w. Carburetor.
‘EU10!2,646.SepL L$191L Oonrad. Carburetor.
●1,005,491 OeL 10, 1.911 lTIImML Carburetor.
*LLX16,0S9.Ott 17, 191L EIlpplsley. Carburetor.
KLO07,729.NOV.7, I-ML POPPCLC=buretor for snkrnal-eombuationengin=
YLO13,565. Dec. @ 191L Brodr. Carburetor.
*1,012,781. Dec. 26, 191L ‘Ffntera Carburetor.
*1.019.708. Jan. Z 1912. ~efIand. Carburetor.
*1,014,188. Jam 9, 1912. Voorheea. Carburetor.
*1,0169251. Feb. 6, 19~. D@OIL c~~etor.
1,017,186. Feb. IS, 1912. StewarL Cerhuretor.
*Lo19#39. ?Jar. 5, 19~. ~el~h. ~rb~t~r.
*1,020,K18. h. 12,191S’. HamilL Carburetorfor Internakombuatfon engine&
*l,020q98L Mar. 19, 191Z Smith. Carburetor.
*l,028,4i0. Apr. 16, 1912. Bill & Underwood. Carburetor. $
*l@2249L May 1A 191Z. Browning. Carburetor.

.

~,01,~ my 28, 19X2. BarnarL Carburetor.
June A 1912. Hezdnger. Carburetor.

*~u,’rti June l& 1912. Damon. Apparatus for produc!ng an exploalve or
combustible mfrture of IfcmidfueI and ah.

*l@31,147. JUIYZ 1912. PIWIUILSPraY tirburetor.
*1,638.886. July 30, 1912. Qentla Crirburetor.
●1,036$OL Au 20, ~~ ~=. Carbwtor.
●1,M7,883. SePL % 19E NOYeS. Autd~~c ration for =b~e~~
KL@7S34. SePL 8, mu. ~n~ Cmburetor.
*1,088,804. SePt @ 1912. ‘iVarren. Carbmwtor.
*I,088,92L SePL 17, 1912. Marth. Carburetor.
~,042,077. CCLZ 1912. Brown. Clarbnrebm.

—.

.-

—
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● *l,042@M. OCL29, 1912. Roth. Carburetor.
*1,0~528. Oct. 29, 1912, Brown. (Jarburator.
*1,043,077. Nov. 5, 1912. Dock Carburetor.
●1,044,754. Nov. ltl, 1912. Cmlter. Carburetor.
*1,045,25L Nov. Xl 19X2. Bourne. Carburetor.
*1,045,613. Nov. 26, 1912. Roth. Carburetor.
*1,049,036. Dec. 91, 1912. Barstow & Bradford, Carburetor for internal-

combuation engines.
*1,052,05L Feb. ~ 191& Grimes, Carburetor.
*1,052,887. Feb. 4, 1918. Wtngfield. Carburetor for petrol motors.
*1,058,186. Feb. 11, 1913. Daellenbach. Carburetor.
*1,055,042. Mar. 4, 1918. Higgins. Carburetor.
*1.$157,506.Apr. ~ 1913. Stevens. Carburetor for Internal-combustioneng[nes.
*1,061,985. May 20, 191S. Erickson. Carburetor.
*l@64,627. June 10, 1918. Ensign. Vaporizer.
*l,064@!k June 10, 1918. Ensign. Carburetor.
l,064@& June 17, 1913. Stewo.rL Throttle for..carbureto!s.
●l@65,067. June 17, 1913. Namek. Carburetor.
*1,065,462. June 24, 191S. Milk. Carburetor.
●l@35,503. June 24, 1918. Byrom. Carburetor,
*1,066,608. July 8, 1918. Harris, Carburetor,
*1,067,4A9. July 15 1913. Steward. Carburetor.
*1,072,876. Sept. 2, 1913, Alden. Carburetor___
*1,072,492. Sept. 9, 1918. Pierson. Carburetor.
*1,072,565. SePt. 9, 1918. Brtiutlgam. Carburetor.
*l,074@5. OeL 7, 1913. Johnson et al. Carburetor.
*L06L208. Dec. 9, M13. Bull. Carburetor.
1,681,258.
●1$382,466.
*1,0W,003.
*l,036#26.
*Lo36J5fM.
*l;083j81.
*1$388,664
*1,088,974.
*l,090&09.
*1,081,426.
*1,082,953.
*1,085,10L
*LO85.51O.
*1;086282.
%(06$326.
*1,097,165.
*1,087,40L
*1,101,736.
*1,103,178.
*l?lo3,302.
●1,103,864.
●1.1OZ2OO.
*1;106;258.
*1,107,6W.
*1,107,7M.
●1.108.727.
*1;111,763.
il,l18~21.
*1.113.533.
Kl;l16@23.
*1,116,581.
*1,116,886.
*1.118.459.
*1;11S;917.
*I,118,919.
*1,119,18L
*I,119,82L
●l,120,763.
*l,120$45a
*l,121,630.

9. “Mm3.UIrich & Rahr. Carbutitor.
‘-tic-i3, i9i8. Lucas- Carburetorfor internal-cornbuat[onenglne&
Jan,20, 1914. Austin. Carburetor.
Feb. 3 1814. Sassano. Carburetor,
Feb. 10, 1914. Goldberg. Carburetor.
Feb. % 1914, Rayuond, Carburetor,
Feb. 24, 1914. Lamb, Vaporizer f~r internakombustion englne9
Mar. & MM. Dryadale.. Carburetor.
Mar. 17, 1914. Heitger, Carburetor.
Mar.”24, 1914. Davis. Carburetor.
Apr. 14, 1914. Sanborm Carburetor.
Apr. 28, 191=4,Gardner. Carburetor.
May 5, 1914 Miller. Carburetor.
May 32, 1914. lVinton. Carburetor.
May 12, 1914 Heftier. Carburetor.
May 19, 1914. Bucherer. S~ray carburetor. -

—

MfiY 19, 1814, Donndorf. Jet carburetor.
June 80, 1914. Whet. Carburetor.
July 14, 1914. Eiker. Carburetor.
July 14, 1914. Mekaner. Carburetor.
July 1% 1914. Howarth. Carburetor.
July 29,1914. Brown. Carburetor,
Aug. 4, 1914. Tucker& Wildlng. Carburetor,
Aug. 18, 1914. Norton. Carbureto77
Aug.181814. Shakespeare& Schmidt. Carburetor,
Aug. 2S, 1914, Ensign, yaporizer.
Se@ 29, 1914, Rogers. Oarburet&r.
Oct. 1.3,1914. Krause. Carburetor.
Oct. 1.3,1914. Barrett, Carburetor.
Nov.3, 1914. Crawford. Carburetor.
Nov. 10, 1914. Foulds. Carburetor.
Nov. 10, 1914. Bull. Carburetorfor internal-combustionSnglnw
Nov. 24 1914 Winkler. Selt-levelln~carburetor.
Dee. 1, i914. Bucker. Carburetor.. -
Dec. 1, 1914. Canda. Carburetor.
Dec. 1, 1914. Leduc. Carburetor.
Dec. ~ 1914 Gilliland & Sharpneck.
Dec. 15, 1914. Thomas. Carbure~or.
Dec. 15, 1914 Parkln. Carburetor,
Dec. 22, 1914 HolIey. Carburetor.

Carburetor.
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EL128,027. Dee. 29, 1914, Simonson. Carburetor.
-$55. Ju 5, 1915. T@. Carburetor.
●1,124,949. Jan. @ 1915. Raymond. Carburetor.
*l,125@l!l Jan. 19, 1915. Kebzer. Carburetor.
●1,X25,339. Jan. 19, 1915. Keizer. Carburetor.
*lJ25~40. Jan. 19, 1915. Kehwr. Carburetor.
*L126.127. Jan. 26. 1915. Swan. Carburetor.
lj27,!%6.
*lJ29,103.
*IJ29J29.
●lJ.30,98L
*lJ31@2.
*LE32!314
*1.133.75+L
*lh34321.
●l;15$3b-.
*l,130,046.
*L135315.
*l,135,5M.
*1S35,729.
~,137?238.
*l,137@17.
*lJ39J35L
Kl,140,07L
*IJ40J292.
$~~L

Z14Z783:
●I-.143.227.
%143.55
=;148$33.
*lJ48$!X3.
●1,149,035.
%149.743.

Feb. 2, 1915. Russell. Carburetor.
Feb. 23, 1915. Keller. Carburetor for explosive engbms.
Feb. 23, 1W5. Shakespeare & Schmldk Carburetor.
Mar. 9, 1915. Kingston. Carburetor,
Mar. 9, 1915. Beamer & Duffy. Carburetor.
Mar. Is 1915. Etker. Carburetor.
Mar. 30, 1915. Shortt. Carburetor.
Mar. 30, 1915. Sohon. carburetor.
Apr. 6, 1915. Bsrnw Carburetor.
Apr. @ 1915. Ottaway. Carburetor.
Apr. 1.3, 1915. OdeIL (hrburetor.
Apr. 13, 1915. Norton. Carburetor.
Apr. 13, 1915. Schoct Carburetor.
Apr. 27, 1915. Sherman. Carburetor.
Apr. 27, 1915. Edens. Carburetor.
May 18, 1915. Dayton. Carburetor.
May M, 1915. Rothe. Carburetor.
~ ~ 1915. AUen. Carburetor.
?Jay 25, 1915. Stamps. Carburetor.
May 25, 1915. Stamps Carburetor.
June 8, 1915. Perry. Carburetor.
June 15, 1915. Prescott. Carburetor.
June 15 1915. Co= Carburetor.
July 2i, 1915. Payne. Carburetor.
Aug. 9, 1915. Herdey. Carburetor.
Aug. 3, 191~ Dou& Carburetor.
Aug. 10, 1915. Epgland. Thermostatic conhoI for the valve of t!—

chburetor.-
WL150,782.A= 17, 1915. Lucas. &krburetorfor internakombustion engines.
●lJ51,159. Aug. 2A 1915. Brova Carburetor.
*1,15L2S6. Aug. 24, 19Ki. R.uwelL Carburetor.
●1.153.8SJLSeDt.2L 1915. Breath. Carburetor.
*li151~578.. Ati 3L”1915. Entz Carburetor.
●1,153,999. Sept. m 1915. Carpenter. Carburetor.
KL157,363. @t 19, 1915. Blomquist. Carburetor.
*1,157,507. Oct. 19, 1915. Cerr@. Carburetor.
*1.J57,54L Oct. 19, 1915. Huskieaon.Carburetor.
*1,160,662.Nov.16,1915. SlabY. Carburetor.
*1,161,437.Nov.28,1915. Beamerk DufPY.Carburetor.
*1.182.llL h’ov.30,1915. Simrwm. Carburetor.
*l@j5’76. NOV. W; 1915. Da~er & S1aby. Throttle vahe for carbgre&mg.
*1,163,5SL Dec. 7, 1915t Alley. Carburetor.
*1,163,749. Dec. 14, 1915. G1.GdIagher. Carburetor.
*L165.0S7. Dec 2L 1915. Fulton. Carburetor.
*iu15@4.
*1,169,483.
K!J7L235.
*1.173$78.
*1.173.762.
*I;174;529.
%177,395.
*1,178X27.
*L178296.
*1,179,663.
SL,180,939.
*L18L514.
*1.183J.25.
*li84;5’a.
●1,184373.
*lJ84@88.

Dee a 1915. Cadett. Carburetor.
Jam 25, 1916. Henley. Carburetor.
Feb. 4 1916. OIsen. Carburetor.
Feb. 29, 1916. Payton. Carburetor.
Feb. 29, 1916. Arquembourg. Carburetor.
31ar.7, 1918. Sykes. Carburetor.
Mar. 28, 1916. Dickk Carburetor.
Apr. ~ 1916. Bricken. Carburetor.
Apr. A 1916. Cahtll. Carburetor.
Apr. la 1916. Shakespeare& Sehmid. Carburetor.
Apr. 25, 1918. Ostenberg. Carburetor.
May 2, 1916. Eynon. Carburetor.
May la 1916. Shakespeare & Scbmid. Carburetor.
May 23, 1916. KusteL Carburetor.
May 30, 1918. Raymond. Carburetor.
May 30, 1916. Ste’iens. Carburetor.
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*1,184,889. May 80, 1916. Stevens. Carburetor.
*1,185,574. May 80, 1916. Allen. Carburetor.
1,188,976. June 13, 1916. I@rey. Carburetor.
1,186,588. June 18, 1916. LemorL Carburetor.
1,187,945. June 20; 1916. Br@gle. @r~wtor. ~~,.,
●1,190,7M. JnlY 11, 1916. Bottome Carburetcw,..
●L192,213. Jrdg 25, 1916. Mmb, Carburetor.

Cro8a-r6ference flatenh?, cla;a 48, wbelam 155.1. -

62,8W
722,986
733,625
073,877
978.076
9i9;700
984$332
984,109
985,670
986,572
%5,976

1.001,950
1,001,L-X39

741$1o
747!235
760,673

1,005,800
1.006.411
1;007;659
1008,155
Loll,960
1,018,164
1,018,776
1,029,897
1,033,443
1,038,262

807,479
862,674
SW,322

1,039,699
1,040,414
1,040,619
I@41@99
1,043,342
1,046,141
1,048,51s
3.@@,m
1,065,948
1,073,170.

907,123
9oq490
915,Q84

1,078,473
l@78,582”
1.C%4.028
l;asLJ;w
1,097,039
1,099,086
.ISC?5,003
1,106,~6
1,106,935
1,1U3,453

-.:954,905
.. -~59,@-6

..,pJJz&

m3i371
~la4,366
“1;141,570
~44,!200
l,~@,476
1,143,4%5
j 49,908

$1, so,li5

W34J357
Wt381

lJ51,989
1,152,173
1,153,436
1,153,487
1,155,457
1157,116
1,159,423
I,U33,223
1,165,914
1.J66,595

~~1~

9il,W2

l,li!8,734
1,16-1,457
lJ60,940
1,160,592
1,170,416
1,171,074
~,176:67

- BUBCLA6S 156.2, ~ORS, Al!OIHZEIIS, C0F!8TAl!?TLEVEL, AUTOMATIC DILUTIOK.

*656,197.Aug.21,1900, LumNre. Carburetorfor PetroIeumor otherengines.
*654,841.Jan.1, WO1. Duwea. Mixerfor explosiveengines.
*667,91O.Feb. Lo, lfIO1. Hatcher& Packard. Mixer rindvaporizerfor cx-

plos~veengfnes.
*713,146.Nov.11,1902. Poiver. Vaporizingeiwb-nre”toi.
*74+257. h’ov. 17, 1903. Sturtevant. Carburet~rfor explosionengines.
*774@79.Nov.1, 1904. Jager. Vaporizingcarburetorfor internal-combustion

en@r@a.
*733,902.”“Feb. 28, 1905. Shlpman. Carbureto~for explosiveengines.
w35,55S. Mar.21, 1905. Kreba. Oil en@ne.
*785,622.””Mm.21,1905. Lmguemare.”Carburetorfor M’drorarbonewines.
●790,178.May16,1905. Blehn. Carburetorfor ex?@sIveen@ne%
*791,447.June6, 1905. Breath. Atomizerfor .lrlternfll-comlmstlonengines.”””
*792,623.June20,M05. Sturtevant,Carburetorfor gas@rIeS.
*7f16,723.Aug.8, 1905. 13ewItt.Carburetor.
*799,791.Sept.19,1905. Hitchcock. Vaporizerfor hydrocarbonengines.
*800,647.Oct.8, 1005. Hatcher. Carburetor.
●802,216.Oct.17,1905. Johnstan: Carburetor‘for hydrocarbonengin~”
*806,830.Dec.12,1905.Packard. Mixerandvaporizerfor lwlrocarbonengines.
*810,792.JRn.23,1906. McIntosh. Carburetor.
*813,653.Feb. 27, 1906. Law’. Carburetor.
*320,533.. MaY15,lfI06. Languemare.Carburetorfor t@rocarbon eaginea
*822,681.June5,1906. Midclleton.Carburetorfor gasolineengines. .
*83L547. 8@ 25,1906. DUtiOP.Carburetorfor es~losireengIneR
*831,832.” SepL25,1006. Co~ Carburetorfor luxlrocsrbonengines.
*835,564.Nov.1.3,1906. ShaIn. VaPorlzeror.Carburetm.
*835,880.A’ov.ill, 1906. 014ment.Carburetor.
*838,0S5.D= u 1906. Cook. Carburetorfor esplosiveengines.
●840,204.Jan,1, 1907. Fran@st. Carburetor.
*344,894 Feb.19,1907. Renanlt. Cartguetor.
*848J70. Mar.2&1W7. Hedstrom. Carburetor.
*850,339,Apr.16,1007. Bowers. Carburetorfor gasollneengines.
*855,170.May28,1907. Gray. Carburetor.
*355,574,June4, 1907. Hembray’. Carburetor.
*856,958.June11,1907. Huber. Carburetorfor hydrocarhmendnes.
*857275. June18,1907. Gaither. Carburetor.
860,522.July16,19$7. Brown. Carburetor.
*860&8. Jnly28,1907. Bowers. Carburetor..
‘%60,908.July2ti1907. Enrico. Carburetorfor 011e@n=
*861,438.JUIY30,1907. Cuehmm. CarWretor.
*864,687,Aug.27,1907, Radcliffe, Vaporizer.
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*365,539.
●86a251.
*868X5.
‘W69.675.
*8io,oaT.
●875!716.
*876.287.

Sept. 10, 1907. Stewart. Carburetor.
OcL 15, 1807. Bol14e. Carburetor.
Oct. lFL 1907. Hartford. Carburetorfor Mernal-combustion engbee,
m 29, 1907. IVintom GasoIlne carburetor.
NOT.5, 1907. SchebIer. Crmburetpr. ,.
Jan. 7, 1908. Lmguemare. Carburetor for ~Iosive engines.
Jan. 7, 190S. TUUkrns. Carburetor.

S7’7,136. Jan. ~ 190S. Stewart. Carburetor.
‘%i8,411. Feb. % 19@. TVintom Carburetor for internek!ombustlon enghma.
*882.023. Mar. 17.1909. Sbatn. Vawrizer or carburetor for m endnea.
*886@ti. Apr. ~’ 1908. Speed. I@d-dre carburetor. - -
*88tJ760. May 5, 1908. Brueh Carbureting rnechaniamfor internalembua-

tion enghes.
*888AS7. May ~ lWR Gkrenter. Carburetor.
Wi8S,963. May 26, M(R DeIannay-BeUeville. Automatic carburetor for ex-

pIoatTemotors
%90.494 June 9.1908. Bm’on. Carburetor.

● ●896ii59. Aug. la 1008. tinguemare. Mr tnlet for e~tor.
%99,109. Sept. Z 190S. HeWger. Carburetor.
*900,73L OcL K!, 1.008. Heitger. Carburetor.
●91O,379. Jam 39, W09. Hedstiom. Carburetor.
*911tlW Feb. a 1909. AbeL @rbm’etor.
W1L692. Feb. 9, 1909. Andrew. Carburetor.
●912083. Feb. 9, 1909. .Daley. Carburetor for internal-combustSQnE@S.WS.
*916.103. Mar. Z$ 1909. Cartwrighk Carburetor for explmshe e@nes.
916.214 Mar. 29. 1!M9. Stewart Controller for carbnretor~

‘W26@EL June 29, 1909.
%r26,5fELJune 29, 1609.
*927,529. July 14, 1909..
*928.042 JUIYU-!,1009.
*!329,X0. JuIY27, 1909.
*929.327. JuIy 27, 1909.
●932J160. Aug. 31, U103.

Kaley. Carburetor. - -
Stewart. Carburetor.
Vilnton & Anderson. Carburetor.
‘iVinton & Anderson. Carburetor.
Pwry. Carburetor.
Barrington. Carburetor.
Goldberg. Carburetor.
Steyem C~b~tor.
Rink& Carburetor.
GrouveIle & @uembourg. Carburetor for titernal-

Rapp. Carburetor.
Slrnonson. Carburetor.

combustionengines.
●92.9$9L N-ov.2, 1909.
%42,977. w 1$1909.
*943.187. Des. 14, N09. lIiller. Carburetor.
~~~ ~. 14 lpog. Fer-n & Sheppy. ~buretor.
%k?4.048. M 2L 1909. W= Cwburetor.
●956,882. May 3, 1910. Bright. Carburetor.
●960.030. May 3L 1910. FaY & EUsworth Carburetor.
960,0S4- l!day91,1910. E’riedenwald& -. Amdliary air valve for charge-

.

.
.

forming “devices.
●96L590. June 1+ 1910. England. VaIve for carburetors and other apparatua.
W68,587. Aug. 30, 1910. Parkim Carburetor.
●970,916. Sept ~ 1910. Gerken. Carburetor for gas engines
%7M389. CCL 4 1010. Schebler. Carburetor.
q73.056. OCLB 1910. Mnder. Carburetor valve.
●973,755. Clct. ~ 1910. Carter. Carburetor.
w3m. CCL 25, 1910. Pierce- C=b~tir.
=6,558. NOV.2Z 1910. Daytom Ahwmntrwng mecha@em fqr carbnretore.
*9H,377. NOV..29,MI1O. Dongelly et aL ~Ple a~ h valve for e

burctora.
●981,156. JaR 10, 1911. Barker. Carburetor.
*@27~ F~. 14 ~ Kelly. Carburetor.
●$S3.670. Feb. ~. 191L GroureIIeet aL C!arbmstor.
*Mxv3$7.Apr. ~ 1911. Cutler. Carburetor.
‘%922280.31aYla 1911. Rueh. Vaportnerand separator.
W95,919.June20, 1911. SmitL Carburetor.
●985,9’i6. June 24),191J_.Maud. Carburetor.
WM3J397.JtdY% 1911. Swti Carburetor.
W36,981. July 41911. Folberth. Carburetor.
*997,169.JUIY& 191L ‘iWnton& Anderacm CM5mretor.

---
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●997,2$8.
*1,000,054.
*1,001,W39.
*1,003$!M.
l,oo4@3L
●1,055,300.
*1,006,0EKL
●1,006,66$L
*LO1O,7I4
●&o13,m2.
*1,0W26.
*1,018,164
*1.018.’7Wl
*1:018:776.
*1,019,128.
*1,019,160.
●1,020,0S9.
●1,022J?26.
*1,035,987.
*1,038,U5U.
*1,038,262.
*L03!3.699.
*ij34@w.
*1,041,480.
*1,042,(KW
●1,042,982.
*1,043,692.
*1.044.245.—,-——,——-.
*1,044,569.
*1,044,576,
*1$344,594.
●l@46,344
Kl,052,897.
*1,052,917.
*1,053,145.
*1,055,352.
*1,059$68.
*l,062,27&
*1,062,688,
*l,w446.
*L@37!502.
*1,069,67L
*1,071,858.
*L073,478.
*1,073,695.
*1,076,827.
*lto78,169.
*I,030,U36.
*1.080.O.M.
●i;oMj87.
*1,089,423.

Ju4 4+1911. Bower& CSarburetgT.
Aug. 8, 191L Ulrich. Carburetor.
Aug. 29, 191~. Maynard. Carburetor.
Sept.29, 191L DennM Carburetor.

Sept.29, 191L lver. Force-fe@3carbnmtor.
Oct. 10, 191L Pierce. Carburetor.
Oct. 17, 191L Ter Wear. Carburetor.
CM a 191L K@er. Crwb.ureter.
Dec. 5, 1911. Ziaek, Carburetor.
D&i”“26,191L Srmmond&Carburetor.
B’eb.20, 1912. ~ageborn. Carburetor.
Feb. 20, 1912. Chapin, Carburetor.
Feb. 27, 1912. Kerr. Carburetor.
Feb. 27; 1913. Plein. Carburetor.
Mar. 5, 1912. Bulock. Carburetor.
Mar. 5, 1.912. Ivor. Carburetor.
Mar. 12, 1912, Schulz. Carburetor.
Apr. 2, 1912. Namur. Carburetor.
Aug. 20, 1912. @dereon. Ccmbu.retor. ●

Sept. 10, 1912. lVfliS. Carburetor.
Sept. 10, 1912. Anetlce. Carbuwtor,.
Smt. 17.1912. IVilkfnaon. Carburetor.

.-

&“ 16,-1912.
g~. AL ;&z

Oct. 29:1912:
NOV.5, 1912:
NOV.U 1912.
NOV.18, 1912.
Nov. 19, 1912.
N; ;9,119$2.

Feb: L 191~
Feb. 11, 1918.
Feb. 18, 1918.
Mar. IL 1913.
Apr. 22, 1918.
May 20, 1913.
May 27.1913.
Jti 10, 1913.
July 15,“1913.
Aug. B, 1913.
Sent. 2.1918.

Kerns. Carburetor.
Kaley, Carburetor.
Fror. Carburetor.
Sliger. Carburetor.
Grath. Carburetor.
Reedy. Carburetor.
F’errln. Carbureto&
RusselL @rburetcm.
Stroud, Carburetor.

Stewart. Carburetor.
Dayton. Carburetor.

Heitger. Carburetor.’
Ball, Carburetor.
Pembroke. Carburetor.

Yohnson. Carburetor.
Conklin. Carburetor&
IWstIan. Carburetors.
Comst6ck. Carburetor.
Browne. Oarburetqr.
Brush, Carburetor.
Ball. Carburetor.

-.

Seit. la 1913. Olaudel. Carburetor.
Sept. 23, 1913. I@.rr. Carburetor,.
Oct. 28, 191S. Eaynes. Carburetor.
Nov. 11, 1913. Schretber. Carburetor.
Dec 2, 1918. PribiL Carburetor.
Dee. 9, “1919. MAver. Carburetor.
Feb. 8, 1914. Cehrmann. Carburetor.
Mar. 10, 1914 Mayer. Carburetor.
BIar.17, 1914. M&evit & Picker. Carburetor for internal-combus*l;OM-),558.

tlon enghuss. “ .
*1,092,282. Apr. 7, 1914. MIxaell. Carburetor:
*1,093,627. Apr. 21, 1914. Johnson. Carburetor.
;+~~~~ A r. 21, 1914. Wyman. Carburetor,

~y 5, 1!314. Johnson. Carburetor.
●lJ&,3X3: May 5, 1914. Huff, Carburetor.
●1,096,569. May X2,1914. Sharpneck. Oarbnretor.
•1,~,~~ June 9, ~lA Mnnden. @rburetor,
*1,104,675. July ~ 1914 FeIske. Carburetor!
●1,105,134. July 28, 1914. Hm.wmanu. Carburetor.
*1,106,I45. Aug. 4, 1914. Ha-zelton. Carburetor.
*1,1W3226. Aug. 4, 191A Lamb. Carburetor.
*1,106,8O!LAug. 11, 1914 Goldberg. Carburetor.
*l,Kt7,693. Aug. 18, 1914. Molfna. Carburetor,
*~107J349. Aug. 18, 1914 SchOfXL Carburetor.

. .



Kings, ‘~bnretor.
Georgenson. @arbnretor.
Blackert. Carburetor.
=aus.a Carburetor.
HOWELCarburetor.

Hartshorm Csrbureto..
Hmis. Carburetor.
IViidy. Spray carburetor.
Heltger. Carburetor.
13eitger. Carburetor.
Kent. Carburetor.

Goldberg. Carburetor.
R~ll. Carburetor.
Khgston. Carburetor.
Schrdte. Carburetor.
Jobnsom Carburetor.
Thomas. Carburetor.
PnrceiL Carburetor.
Prescott Carburetor.

‘~1,109,356. Sept. ~ 1914.
*l,llo,04L S@. s, 1914
lslo,482. Sepk 15, 1914.
*1.113.533,. Oct. 13s914
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Mycna Carburetor.
Christian. Carimretor.-
Coliier. carburetor.

Barrett Carburetor.

107

*1il15@3. - Nov. ~ ‘191& Hugueiet. Carburetor.
●l,l16,67S. Nov. 10, 1914 De CiairmonL Air-valve a@roI for carburetors.
*~119,078. Dec. ~ 1914. Goldberg. Carburetor.
Wl19.767. Dee. L 1914.

.

til’C@2. Feh- z 1916. Clark. Carburetor.
●lJ7&729. Mar. 21, 1916. F’ieehter. Carburetor.
●lJ77$18. Mar. 28, 1916. Goldberg. Carburetor.
*~179,S86. Apr. ~ lW16. Anderson. Carburetor.
*lJ80,iK9. Apr. ~, 1916. Dayton. Carburetor.
KL1M43S9.Apr. 20, 1916. Friend. CMrbnretor.
*1,183,137. May la 1916. Swarts. Carburetor.
lJ8@36. Jnne & 191t3. Bennett. Carburetor.
l,186,6&L June @ 1916. KlngstorL Carburetor. (TVMMrawn.)
‘@lJ86~. May 80, 1916. Atherton. Carburetor.
*Ee. 13,784 (or&. l$M7,WY2). Aug. 4 1914. Brown& Carburetor.
*Re. 18,837 (orig. 1,042,982). Dec ~ 1914. Sllger. Carburetor.

Croa8~eference @enf8, claa8 48, aubclaw 155S.

.

—.

—

—

961@2
955,956
978,8s5
N6$44
976,881
979,555

1,066,50s
lJ367,628
1,069!389
1,073,727
1+076309
IJ177m
l@78@3
1$178,690

881,653
~~
983s36

%%%
MOM47
lJr78,591
l@78,w.
L079J138
10S0,606
I-$381:58
l@4@22
l?084@3
l@4$54

1,006,130
Mavt21
Lolwt85
IJno,(M)3
l,ollJ341
LollJ160
IJ185,194
l@5,239
l@6r226
:CKJy;

1,095,402
L097,787
lso32164

1,017,760
1,020s0
1,0!22,702
;~:g

1.027.7tEl
~-~
lJl&!22
Lam3
1,120,573
l,120,m33
1.S2Zi,622
1,122,2-M
1,MX!,773

lJ130343
1,033,43
1,036,301
1036$36
1037?834
l@Ogi22
-m
lJ322
l,1841M2
1,135.20
1.135.639
ljii&36s
~187,135
l@7,72r

UM2,01T
l,(kP?+814
104&lll
Lo46;L4i
l?049,687
1.@51@0
1,13%2CM
1,139,914
ls40m
lJ41X9t3
1J4S,032
lJ46,172
1,147,672
l,149al

1,059,501
l,oerl,%-
l?064$167
l@35?831

1.J40Ji23
1,W134
1.J55$29
yl=

<168:435
,-

SUBOLAES156, cMmmcmmEs,(Xe~.

69,4’74. Nov. & 1866. Stevens. Improved apparatus for earburettng air.
60.670. Jan. L 1867. BassetL Improved caniikm materiai for fiili~ gas and

air carburetor
-—

64,%. Apr. 30, 1867. Porter.

66,066.. June % 1867. Baas@S.
8Lfii$ti S3@.@.&a~=B@k

Improved apparatus for carbureting gas and

Improvementin gas carburetors.
Apparatus for the manufacturing of heating

.—

●

—
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83,748. Nov. 9, 186S. TViliiams. Improvement In charging gmes with”vapors
of hydrocarbon liquids.

94,89S. Sept. 14, UX38. La Frog
~ji%~ a~paratm for carlmrethg air.

?oy~ apparatus for carbureting ah’.
96,842. Nov. 16, 1868. Shaler.
108,432. Oct. la 1870. Bartholf, Improve@egt i~ apparatus for carbureting

air and gases.
109,148, Nov. 8, 1870. Spang, IWprov~ent In apparatus for carburetlng air.
113,968. Apr. 25, 1871. Beers. Improvrmeqt in appnratnsfor carimreting air.
116,563. Juiy A 187L Coons. Im~rownent In carburetors for. gas and air.
142,545. Sept. 2, 187L Lockwood. Improm%.ient“in churburetors.
148,578. 31ar. 17, 1874. Sloper. Improvement in apparatus for carlmreting

air and gas.
156,513. Nov. 3, 1874. Vur & Judy. Improvementin gas carburetors.
15S,802.”Jan. 19, 1875. 3.f@iIL Improvement h gas carbureting machines
166.602. Aug. 10, 1875. Gearing, Iroproyernentin carbureting apparatus.
16&787. Oct. ~ 1875. Snow. Imprownent in carburetors..
169,034. Oct. 19, lt375. ~oilard. Improvement-in cfwburetors.
169,872. Nov. 9, 1875. Werni. Improvement.in carbureting apparatus.
180,061. JUIY18, 1876. PollaM. Imrmovementin.carburetors.
1S1.727. Aug. 29, 1876. Schmidt. Improvern@ in carburetors.
185,957. Jan. 2, 1877. Peacock & Bradley. Improvement in carburetor.
108,731. Dec. 25, 1877, MerrltL Improvement in carburetors.
203,505, May 7, 1878. Sloper. Improvement in carburetors.
208,702. May 14, 1878, Buell. Improvement@ apparatus for carbureting alr

nnd gas.
207,889. Sept. 10, IS78. Reid. Improvement in. carbureting apparatus,
208,076. OCL15, 1878. Reznor. Iinl!rovernfmtIn air carburetors,.
208,35L CM 28, 1878. Merritt, Improvement in purifier and regulator for

carburetor.
210.019. Nov. 19, 1878. Dou.@ertr. tiprti;~~;nt in-cirburettirti
QII,7~ Jam X, 1678. Kellw. Improvement in carburetors.
218,831. Apr. ~ 1879. Pew. Improvement in Carburetingapparatus for nir

and zas.~..
219,70S. Sept. 16, 1878., Flemlng. Improvement In carburetors,
220,00L Sepk 28, 1878. Trah.L Improvement In gns CSrtmretors.
.221”.948.Nw. 26, 1879. Wayland. Carburetor..
234,955. Nov. 30, 1880. Bpqmws. Cadmretlng appara~
236,158. Jan. 4, 18%1. Home & Miner. Appnratusfor carbnretlng ajr.
241,419. May 10, M61. ReynoMs. Apparatus for obtaining rm iiluminntlng

and heating gas.
246,601. Sept. 6, 188L Copeland. CarburetIngappnratus.
247,3!30. Sept. 80,,18!?L Morey. Carburetor.
25 L416. Dec. 27, @31 Crwvell. Carburetlng.appfmntus.
~,~~. Feb. 7, ~~2. Hnbe@!ck, ~rb~etor.
~56,74L Apr. ls, 1!382. Reynolds. Ckt.s-genefatlngappnrat~o
261,~2LeAug. 1, 18S2. Ives. Means for producing the oxyhydrogen blowplpe

292,622. jam 28, 1884. Billinge. Apparatus for producing gas.
3M507. Sept. 2, 18S4. 12illenbeck, Gas nmcbine.
S97,63L Feb. 12, 1888. Caraiey. Vaporiwr.
388.225.. Feb. 18, 1889. Bury & Bldelman, Carburetor.
420,591. Feb. ~ 1890. Damon. Carburetor,
450,09L Apr. 7, 188L lVoolley. T’apor!zer for gns en8ines.
476,709, June 7, 1882. ‘Weaver. Carburetor and purifier.
4S6,442. Nov. 22, 1882. Enos. Carburetor.
493,882. Mar. Z$ 1883. P“ontaine. Armaratusfor carbureting air.
566,415.. Au& 20, 1896. Schroeder. Carburetor.
580,640. Sept. 28, 1887. Byrne. Carburetor.
6.W,586,” Mar. 7, 1888. Henderson. Carburetor.
(!30,2’76. May 22, 19M). Robinson. carburetor.
660,125. Oct. 23, 1800. Schimdt. Um’buretor.
@3,688. Dec II, 1900. Lathsm. Carburetor.
669,317, Mar. 5, 1001. Brown. Carburetor.
708,86& Sept. 30, 1802. Bouchaud-Pracefq. Carburetor.
716,716. Dec. 23, 1902, J~ney’. Gas generator.
720,485. Feb. 10, 1803. Robinson. Carburetor.
721~. Feb. 24, UW8. Wolff. Carburetor.
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763,074. June .~ 1904. Rutirwm Carburetor.
765,108. July 12, 19&L Seeder. Carburetor. .
7i2,55L Ott 18, M&l. Akescm Grbwetor.
774,486. Nov. ~ 1904 Marshall. Carburetor. .
775,869. Nov. 22, 1904. RueseiL Means for carbnreting air.
782,619. Feb. E& 1905, Mc@.sl& Portnble earbnretor.
794,988. July l&.1905. Honion. Carburetor.
818,397. Ayr. 17, 1906. Tresenreuter.~rbnretor.
825,386. ?ulg 10, 1906. ?@.2armtck Gmburetir.
889,540.Dec.25,1906. Berg. B1owpipeap~arams
843,028. Feb.a 1007. Mueller. carburetor.
64i,362. liar. 19, 1907. Paris. Appsratas for manufacture of gas.
=M6. MaY 7, 1907. Akeson & Andersom Carburetor.
856,654 June ~ 1907. McCormick & ~er. Carburetor.
860,334 July 1~ liW7. Schell. Carburetor.
885X5. Apr. 21j 190& Iaewenstein. Carburetor.
SSS190. May lfl, 1909 Odeil. Carburetor for h@ocarbo n @es.
91OX. Jan. 19, 1909. Keep. Carburetor.
9~456. Feb. ~ 1909. Ber&and & Goubiilon. Carburetor.
93&i67. S@. .1A 1909. Steel. Carburetor.
942,503. Dee. 7, 1909. Jaco& Carburetor for hydrocarbon engines.
976.76L Dee. 27. U31O. Hanvood. Carburetor.
98@2. Web.2S: 191L Ashusen. Carburetor.
685,515. Feb. 28, 191L Dormsn. Carburetor.
~~~ 3fay 7, 1912. TViliiams. Carburetor.

iwlsol
3gy&7.

1$182,865:
l$S9,M)L
IOW37S0.
l@7,089.
l@5@7L
lJ46@25.
L152$15.
L167J?90.
“m=
*m,125. -.-” -,--
*1,UM,156. July m 1916. Ciglia & Peiieffer.””Suction intensMy@ carburetor.
*IJ9L322. July 18, 1916. Lamb. Carburetor.
lJ91$Xt7. July ~ 19Mi. Spiers. Carburetor.
lie. 6,004 (orig. 142,545). Aug. ~ 1874. ~ood. Carburetor.

JulY ~, 1912. 310rrls& Merritt. Carburetor.
May 20, 1918. M~ers. Carburetor.
Sept. 2& 1913. Atwood. Carburetor.
Oct. ~ 1918. Patterson & Percival. Carburetor.
Dec. 30, MM. Goociyem. carburetor.
Mar. 10, 1914 Ruthven. Carburetor.
May l$i; lfI14. Pond. Carburetor.
May 19, 1914. MiiIer. Carburetor.
July 28j 1914 Omer. Carburetor.
July 13, 1915. Sandem. Carburetor.
Sepk ‘r, l!alti. Huszilr. Carburetor.
J- ~ ltll~ GIover. Carburetor.
July 41916. Imkacsevics & TerrilL Carburetor.
Jnlv & MM. Luicacsevics. Carburetor.

Cm.su-re@mes patenf.s,claw H, wbciasa lS6.

57,639 m715 210,717 42TJ$7 ssm3i W3,ml l@M@l
65s6 1$4? =4S22 429,426 697,807 8s%780 lX109,121
66@38 242&9 ~~ 706@2
67,216

854@4 3-,024,501
167:160 249,1tW 71Z808 S&lS84 l?0605!5

79,900 169,423 288X@?3 6EZ791 76S,068
81#30 y7N:

886,403 M89,m
7R678 WM57 IJ375,59S

87,556 2E 2% 788,422
89336

983@64 l@76AOl
17pTg 83t1574 5&6,658 793,776 96L779 l,NMJWO

Be.3&9 340,221 508,393 810,~
192,8!39 3i8,647

964J65 1,105,160
622.222 818,i96 978$40 k173A69

115:182 193,9U 403,3i7 635,456 817,592 982,490
183,957 204@8 4233E19 662,92?2 844@96 “989,980

auSfIL&es 157, CAImmEr ORS, cbHCGABr, SPmAL PASSAOE.

15=. Se@ a ‘1856. Vsrney. Hydrocarbon-vapor lamp.
20,534 June 15, 1858. Absterdam. APpsratas for m~fiChU’hW gas.
46,77L Mar. 1% 1865 Bassett Imprcwed appsmatusfor carbur@ng air. .
84@2L Nov. 10, 1868. Thompson. Improved gas machine.
91,~imJtimne~ 1869. AlaoP. ~Proved apparatus for manuf@nr@ iiiu-

-.

.-

b

—
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IZ3,689. Feb. 6, 1872. WWkinsoII, Improvementin carburetor&
126,188. Apr. 110,1872 Orose. Improvement in carburetors.
149,766. Apr. 141874. Palmer. Improvement in carburetors.
160,410. Mar. 2, 1875, Fergueon, Improvement in carburetors or hydrocm

bon dlffusere.
168$28. May I& 18715. Reed. Improvement in gas carburetors.
172,074, Jam 11, 1876. Barbarln & Roberts. Improvement In carburetors.
184J!20. Nov. 7, 1876. De St. Aub!n. Improvement h carburetors,
224,592. Feb. 17, 1880. Heywood & Boelden. Cmburetlng apparatus.
288,020. Feb. 22, 1881. Anthony & FroaL Apparatus for produchw lllumlnat-

hg gee or tipor.
-.

2S8,6$6. Mar. 1, 188L Guthrie, Carburetor.
261,01L July 11, 1882. Matthews & Holt. Gas mach!ne.
286,865. Oct. 16, 1888. Taylor. Gas machine.
641,789. May 1-1,1886. Fagan. ~drocarbon-vapor stove.
975,065. Dec. 20, 1887. DudIey. Carburetor.
885,98-4. July 10, 1888. Ives Caturator for the production of vapor blow-

pipe flames.
675,566. June ~ 1901. Lawremm Carburetor.
686,966. May l& 1902. Mangh Carburetor.
780,676. Jan. 24, 1905. Lawrence. Carburetor.
788,418, Aug. 28, 1905. Johnson. Carburetor.
668,116. -25, 1806. Oompton. Carburetor.
980,169. Apr. 18, 191L OleeL Carburetor..
I&. S,124 (orig. 46,771). Sept. 15, 186& BassetL Improvement in apparatus

for carburet.lngair or gases,

UroM-re@m.ce Potenta, Clasa48, aubclaas 157.

55,324 170,097 886,984 741317/T 767,485 8S3,171 1,025,658
115,988 188,282 501,778 759,588 788,160 068,941 Re. 4,476
156#142 %676

sUscIAsB 168, cMmmEroRs, CAPILUBY, VEItTICKC SCBEEN,

46,482. Feb. 14, 1865. Buckland. Improwd apparatusfor carburetlnga!r.
48,706. July 11, 1SS6. Blrc~ard. Improvedapparatusfor carbnretlngair.
49,705. Sept. 5, 1865. Boynton. Improved gaeIlght multlplter.
58,798. Apr. 10, 1866. Falrbsnke. Improved apparatus for carbureting air.
55,778. June 1(1,I&Xl Messenger. Improved apparatus for carbureting ah,

57,=%% ~’$~ 4, 1866. DMne. Immovedamaratusfor carbmetlugair.
57,729. Sel?L4, 1856. Johnston, lIUWOVtiapparatus for carburetlng gas.
57,81.2. Septi 4, 186tl lVorr@L Improved apparatus for carburethvg gas.
68@9, Sept. 28, 1866. Boynton. Improved apparatnx for carburetlng gaa
68,861. CICLla 186fL‘ McQrearY. Improvedapparatusfor earburetlngair.
60,857. Jan.1, 1867. Burri@e. Imwovedapparatusforcharginggas or air

with hydrocarbon vapor.
61,809. Jan. 22, 1867. Boynton. Improved ,apparatna for carburetlng gas

and atr.
69,62L Ott Q 1867. Boynton. Improved ti81igM multiplier.
70,512. Nov. 5, 1867. Boynton, ImB.rovementin carb.ure@g gases and air.
78@i May $?&1868. Ch!kla, Improved gas apparatu&
81~tiug. la 1868. IVoodward. Improvement fn apparatus for carbu-

90,445. hf”ay26, M@. Groat. Improved gas machine.
1WL274. Mar. 1, 1870. Dunderdale. Ixnmcwl. wburetc!r.
107,262. Sept. 18, 1870. Hyde. Improvement in apparatus for carbureting

air and gas.
112#26.-Feb. 21, 1871. Fisher. Imptivemeit” in “apparatus for carburetlng

and generating gas.
127.408. June 4, 1872. Fisher. Imm’ovementin ~rburetors.
128;856. June 26, 1872 Braun. Irnmovement in carburetor

● 129,666. hdy 16, 1872
185,806. Feb. IL 1878.
147,244. Feb. 10, 1874

Hyde. Imp~ovement“in carburetors.
Holmes. Imprmement in carburetlng apparatus.
Davey & Glrlewol& Improvement in carburetor&
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148,602. Mar. 17, 1874. Fisher & Dnrby. Improvement in carbnreting a~-
Pnratus.

156,822. Nov. 10, 1874 Reed. Improvement In gas carbureto~
164@A?. June I& 1875. CaIdviell. Improvement in machines for manufac-

turing vapor gas.
172,144. Jan. ~ 1876. MsreditL Improvement in carburetors.
17($425. Apr. 25, 187& CaIdweIL Improvement in gas carburetor
19936L JnIy ~ 1877. Sir& Improvement in apparatns for carbnretfng gas.
205~1. Tme ~ 187& Morehouee. Improvement in earburetor~
.W,505. OeL 29, 18’78. Otten & Kiuber. Improvement in apparatus for car-

bureting illuminating gas.
216J91. June ~ 1879. Keller. Improvement in gna carburetors.
219,5!M. Sept. 16 UK9. hforehouse Improvement in carbnretora.
220$!35. C)eL~ 1H9. Bean. Imprcmementin earburetora.
228@0. Jm llL 1880. De lVitt. Oarburetora.
226,820. Apr. 20, U!SO. Ferguson. Gas carburetor.
237,752. Feb. IFAlSSL KeIIer. Gae carburetor.
259,92L T@e 20, 1882, Reznor. Air eerbnretor.
268,910. D= ~ lS82, Lacy. Carburetor.
2iS,629. May 29, 1883. Frost, Apparatue for producing illuminating gas or

vapor.
2S6@5. Oct. 9, 1898. Weston. Apparatus for increasing the Uluminatfng

power of gas.
800,757. June 24.1884 Bok Gne amaratrm
3U2J86.
sEk&574.
359.5s5.

~g

440;-4S<
457,484
473,498.

. 499,635.
5olJ54.
515m.
522574

ZE
5S?3,094.
564J8W!.

m
620,496.
626s76.

E:rr:
@36A83.
678,493.
680q941
699,%7.
n7,444
725,148.
726.67L
750?311.
763,851.
778,682.
777220.
778@6.
783,648.
796,657.
8olJM4.
820,036.
827,&i3.
~~:

@l&

Feb. 10: lM5. Butler. App-fiatus for carbureting air and ga&
Dec 21+188& O’Connor. Carburetor.
Mar. 15, 1887. WeiL Carburetor.
July 19, 1887. HickeL Gas corbnretor. .
May 15, 188S. Marks. Carburetor.
July L 16!30. Keller. Carburetor.
Nov. m 1800. IAWA Carburetor.
Aug. ~ 1891. Sfringfellow. Appmatus for the manufacture of gas.
Apr. ~ 1892. Clrnttenden. Carburetor.
June 13,1898. lielkr. Carburetor.
JtIIY11, 1808. MrCrorY & Houze. ~bnretor.
17elh20, l&M. Cabri4-Gardlen. Carburetor.
July ~ 1804. Burrows. Carburetor.
Jnly 17, 18fKL C$lsrke& GrifPen. Apparatus for coxbmwting air.
NOV. n 1895. callehw. Carburetor.
Ang. 8~ 1897. Orzgerod. Carburetor.
Sept 2& 1897. Ladd. Method of and appnratus for manufacturing

F’eb. m 1899. Rave&. Oarbnretor.
May 80, 18#3. Logan. Carburetor.
Sepk 19, 1899. Lewis & Bailey. (Mrbmetor.
Nov. 18, 1900. Jeffery. Carburetor.
Jam 22, 1901. WIMnsorL Carburetor.
July Is 100L .Jackson. Carburetor.
Aug. 20, 1901. Sargent. @rburetor.
May & 19022 Ti’flktneonet d. @rbnretor.
Dec 80, 1902. NageL Carburetor.
Apr. l% 1903. Rutlrren. Carburetor.
Apr. X4 1908. Ckmrner. Vawrizer for QImsive engines.
Jan. 261904 Severance. Carburetor.
July 19, 190& A- & Smith. Carburetor.
Nov. L lflO+L Severanc= Carburetor.
Dec 18, 1904 Patee. Carburetor for explcshe engines.
Dee 27, lfWL bewensteh. Uarbu.retor.
Feb. 2S, l!X5. Severance et al. Carburetor.
Aug. Si 1905. Boekovem Carburetor.
Ock 31905. Persons. Oarbnretor for hydrocarba engines.
~ ~ 1906. Bufch. Carburetor.
July 8L 1906. Lawrm@A Carburetor.
OCL2, 1906. Hooper. Carburetor.
Feb. 5, 1907. Severan@?. Carburetor.
Aug. m 1907. 00s. Carburetor.

— —— __ .—— _

—

.—
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887,017. May 5, 190& .Puddington, Carburetor.
982,490. Jan. M 1911. 33aymo(I. Carburetor.
1,011,244 Da 12, 19110 Puddingtom. Car@retOrt . .
1,046,658. Dee, 10, 1912, Ituthvem Carburetor.
1,068,000. June 8, 1918. W’hitacre. Carburetor.
1,06S,881. June 17, 1918. Rnb@y. Carburetor.
L070,514. Aug. 19, 1918, Myers. Carburetor.
1.JW4718. Apr. ~ 1914. Myws. Clarl.mretor.
1J04,427. JUIY21, 191A Kmdfdl. ApPn@@s for .carburetlng air.
1,118,861. A’ov. 10, 1914 IVtlsom Carburetor.
L157,6S8, Oct. 19, UN.& Rubesky. Carburetor.
R= 2,S75 (4S,705). Oct. 16 1.fW8.Boynton. ~mproverntit-hiapfiratue for c-ar-

bureting gae+
Re. 2,876 (58208), Ock 16 1S80. libytitorii~rntirbved ajparatus for cnrlmret-

ing gas.
Cro88+wfer6nce patcnta, C~n88 48, Wbcla8a 158.

8%720 115,798 177,908 207,8S8 451,086” i302,518
85,884 12.M21 190,673

S5L779
226,&T14 .#o#& 784,772

45729 182J.82 191,881 ;~g.
970,761

779,006
“WT90

804,085
46?770 18s,118 182,825 -, gg~,g~ 1,~,471
48,881 140,98s 198,884. 695,658. 848,554
lM,182 163,585 197,944 628725 857180*R ~~lw W’w

107,748 177,191 206,908 424S364 , 3

susor.Aes 159, CARBIJSETORS,QAHLLAH, ZIGZAG PASSAGE.

26,458. Dec. 18; 1859. Bronson. Hydrocarbon-va~r apparatns.
4!3,586. Aug. 22, 1865. bfllle. Improved apparatus for carburetIng air.
66,508. JUIY17, 1866. ViMght. Improved apparatus for carbureting grw
(!4,417. Dec. 11, 1866. PlckerLng. Improvw apparatus for charging air with

gaaolIne.
S8,780, Nov. 8, MtlS. Richa@. Improved apparatus”for cnrburetlng aLr.
S4814 Dec. & 1868. Foster & (kmster. Improved apparatus for Ilhmdnatlng

ra!lroad cars, steamers, etc.
92,685. July 18, 1S68. Nichols. Impro~ti”@3i@or ftij. air”.andgas.
NJ8@3, Aug. M, 1870. Millward. Improvementin earl.mretlngapparatus.
114,588. MaY 2, 1871. ShuQnds. Gas machine.
126,024 Apr. 28, lS72. Coleman. Imp!ovemWt @ gas cubaretom.
181J57. Sept. 10, 1872. FeII. Improvemed @L@rburetlgg lllum@thg gns,
148.426. Oct. 7.1878. 810ner. Immovemen~n nortable EM machbms.
145%
151,625.
167,582.
181,606,
208,871.
20s,458.
21471.L

Dec 2, 1878. Stimone. improvement in carburetors.
June 2, 1674 Ruthveh. Improvementin carburetor%
SePL 7, 1875. TVestcotL Impro~ernentin carburetors.
Aug. 29, 1876. Geisenberger. Improvementin carburetor
May 7, 187S. Reed. Improvement-in carburetors.
May 7, 1878. Hughes. Improvement fn carburetors.
Apr. 22, 1879. Ruthven. Im~rovementin carburetors and regulators.
June 29, 1880. Westinghouse. Carburetor.
Aug. 24, 1880. West. Apparatus for carbureting ah’ or gases for illu-

229;846.
281,685.

minating purposes.
281,108. July 10, 1888. Mills. Carburetor. .__,
812,886. I?eb. 24. 1885. Frost. Carburetor.
Sli;:;

8~1~9:
%56!2S7.
85@4:

427.487:
688;401.
710#80.
712J68.
780,627.
756$81.
778,679.

.
Apr. 14, 1885. Detwiler. Gas generator,
Oct. 18, 1885. Stubbers. Automatic .gw machin~
May 4, 1888. lVolford. Carburetor..
Jan. la I&37. Stanour. Carburetor.
Mar. 2Z 1887, SumerwelL Carburetor.
July 5, 1837, Huber. GkuH$enerathwmachtne.
May 6, UWO. Tibbets. carburetor.
Sept 24, 190L Houze. Carburetor.-”

—

Sept.80, 1902. Marks. Carburetor for erpbslve engines.
Oct. 28, 1002. TVrlght. Carburetor.
June 9, 1908. Ekser. Carbnrgtor.
Apr. 5, 1904. Lawrence. Carburetor.
Nov. L 180& Sale & Hong. Carburetor,

.-



78S,790. Feb. 28, 1905.
817Jil& Apr. 1~ M&3.
818F2. Apr. 17, 1906.
s38.71fl. Dec la lsoo.

AERONAUTICS.

KLine. Gaa-enrichtngmachine
Brovrm Carburetor.
Verret & PaImer. Carbm’etor.
KelIe~. Carburetor.

113

96@15. July @ 1910. Kell~y. Carburetor.
975,6S5. Nov. 15, 1910. PotthaaL Carburetor.”
1,050~. Jan. 14 lSIS. Woodvrorth. Carburetor.
~075$96. Ock l% 191S. Boatwright OfI burner.
l,10&070. Aug. ~ lS14. Andres. Carburetor.
416+4225. Dec l% IS15. Rodriguea & Schmitt. Carburetor.

iWo88-reference ~atent8, cZU88 @, 8ubcla88 159.

X31815
. L~475

164$60
1=048

Re. ‘6@5i

50.250. Oct. 9.

221,6S0 S5w9s 725,148 7TS,682 S20,0S6 959$50
2SlJ376 SSEJ52 76s,W15 780m- s20&i4
327,ss1 $2SM 765&5 78s,648 8t?3J54 &%F4
SS6~8 54CL536 787,7s2 SOT,lsl a5XB2 l,075gW8

61,84L Jan. ~ 1866. Loveless. ‘hpror~- apparatus for csrb~tfng ati.
522fkMMFZ~~ ohamberlfn. Improved apparatus for carbureting gas

55$50. June 26 lk Brown. Improved apparatus for carburetfng afr.-
~071ilm~Ei, 1867. Ba.sett. Improvement in the manufacture of illumk

SS.026. Oct. lS, 186S. Bassett. Improwmwntin sss generators.
177,909. Muy. 2& 18i6. lWUams. Improvement in gas-making apparatus.
S97,255?li~p.~=39. Stnbbera. Gmdlne apparatus for illuminating and

4!l@4. Feb. 18, h. Holllngaworth. Apparatus for vaporizing liquid
hydrocarbon and supplyfng the ~apoqsto burners

44S,655. W. 2% 1S91.. HolIfu@worth. Vapor stov~
451.050. Apr. ~ 18SL Holllngsworth. Starter for vapor stoves,
454.014. June 9, 180L Marsh. Vapor store.
456,5;Oho~uly m 189L Davfs. 4paratue for vziporldng and feeding hydro-

470,756.
4ZX9.
479,315.
4S$J.28L
483,05L
4.s9,4i7.
490,cEEi.
490,655.
4ao.656.
49s.1s6.
525!SSL
5~~-
528,is5.
541,6S0.
555.4S6.
555,450.
670,482.
609,SSS.
6408S2.
T20,f16&
7s8,144.
SS4614.
9&i$3io.
952241!L

47W

—

.-

.—

Xar. 15,1S922HoIllngsworti Vaporetovs.
Mar.~ 1892. Hollingeworth Yaporstow..
July 19,18922 Stockatrcm Vaporato~a
Au= 9, 18922RuppeL Vaporstiwa
SepL.%, 1SS2 l?llck. Vaporatom.
Jan.10,18SS. HoIlln&aworti Vaporstove.
Jan.17,I&M. Romoser. Vaporstove.
Jan. 8L 189S. HolIlngsworth. Vapor stow.
Jam S1, l&Xl HollIngsworti Vapor atoms.
Mar. 7, 189S. Sayers. GasoIin+burner att.achmenk
SePLA 18f14. Clampany. Vapor burner.
Sept. ~ 18$M Lindemanm Vapor-burrdngapparatns.
Nov. ~ 18S4. Palmer & Munro. GaaoIinestov~
June 25, 18S5. Goergem New-process vnpor burner.
Feb. ~, lS06. Davis. Evaporator burner or stov~
?Mb.20, 1806. Johnson. Vapor stoye.
NOV.S, 1S96. Hntcldns. Gasolfne sto~e.
A= ~ l= Brovrm Ck.soIinestov~
Jan. 9, MOO. !13Mwer. Carburetor.
Feb. 17, 190S. Rife & Oarper. Carburetor.
Sept. 15, lSOS. BIackford. GaaoIineburner.
OCLSO,lS06. Gray. Carburetor.
Dec. m 1909. Beet. Hydrocarbon burner.
Mar. 15, 1910. Blaclitord. GaaoIineburner.

Cro8a+-@wencepatenta, cla8a 48, 8ubc~aa8 160.

187,415 490,415 Soi,n?l —
72XH’’-S. Doe. 559,W-2—8
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iWJBCLA8B168, CASBUBETOBS, OSMOTIC.

286,433. Jan. 11, 188L Hoard, Carburetor.
291,128. Jan. ~ 1884. Baker. Carburetor.
533$!75. Jan. 29, M95. Collet .&Merichenskl; Carburetor.
625,0?34.May 16, 189P. Brown & Dixon. C@mretor.
671,052. Apr. 2, 1.901. Kurz. Carburetor.

.

8T3BCLA9S 164, OnBuREmss, FnwrED.

66,0~ June 25, 1867. BassetL Improvement”in carburetlng gas.w+
78.600. June 2, 1868. Malcolm. Improved apparatus for generatl.nggas.
169,423. Nov. 2, 1S75. Cm@. Procem and apparatus for enriching gae or alr

with a dtinite and ~gulated percentage of hydrocarbon vapor.
1.8E,667,Mar. 20, 1877. Pierce & Smiley. Carburetor,
191,789. June 12, 1877. lVlnn. Improvement”in gas and air carburetors.
192@9. Jone 26, 1877. VUnn. Improvementin gas and alr mrburetwa.
204,~13.ti~gy28,1878. Dusenberry&‘iVinn. Improvementfn gasandaIrcar-

~863. M~r.11, 1884. Glairtng& Lehmafi~ Carburetor.
R&6,878. Jan.25,1876, Covel. Improvement~nrmw?ssesand apparatusfor

manufacturinglllumtnatinggas.

SUB324SS165, CARB~SS, PIVOTED,REVOLVING.

12,535. Mar. 19, 1855. Cuningham. Benzole vapor apparatus,
13,010. June 5, 1865. McDougall. Hydrocarbon-vaporapprmatus.
35,144. May 6, 1862. Drak Improved wmmratusfor carburcting ah!. *
43264. June 21+1864. Simonds, Improved apparatus for carbonizing alr for

illuminating purposes.
44@0. SepL Q 1864. Archer. ImprovementTtgapparatusfor carbureting air,
44,560. Oct. ~ 1864. Slmonds. Improved apparutus for carbonizing air fur

Illumbmtlngpurpoe=
60,076. Sept. 19, 1865. htCAVOy.Improwl apparatusfor csrburetlng rdr.
50,103. SepL X$ 1865, Drennan, Improved apparatus for carbureting air,
50,675. Oct. 81, 1665. Bassett. Improved apparatusfor carlmretingair. “ ““
50,905. Nov. 14, 186S. Chase. Improve~.app~!atus for c.a?NWeting.air.
50,987. Nov. 14, 1865. Chase. Improved apparatus for carbureting air.
51,946. Jan. 9, 1.866. Hntcldnaon & MCAVOY.Improved apparatus for carl.m-

reting air.
52,087. Jan. 9, 18M. Spenc& Improv@ apparatus for earburetlng air,
53,504. Mar. 27, 1866. Thompson. Improvti”iippnratus Tor ciu’buretingair.
57,164. Aug. 14, 1866. McAvoY. Improve3 apparatus for earburetlngair.
57,442. Aug. 21, 1866. McDonald. Improved apparatusfor carhreting air.

%
57,5 . Aug. 28, l&36. Mfhan. Improved apparatusforcarburethg air.
57,7 Sept. 4,1866. Spence. Improv6d apparatw for @arburetlngair.

—.

61,739. Feb. 5, 1867. Hutchinson & McAvoY. Improwl apparatus for carbu-
retbg afr.

61,&37. Feb. 5, 1867. Spence. Improved gas”a parrdu&
L ‘63,667. Apr. 9, 1867. Stevens. Improved math e for earbureth@ air to pro-

duce fndammable gas.
64,982. Apr. 30, 1867. Thompson. Improved gas genqrator and carburetor.
76,114. Mar. 81, 1868. Stratton. Improved appsratus for carbureting ah’.
76,1.82. Mar, 81, 1868. Ganster. Improved apparatusfor generating lllumlnnt-

78#O? ?u%e16, 1868. G%nster.Immovemeiith the manufactureof illnml-
natlng gas.

81,282. Aug. 18, 1868. Van der Weyd& Improved apparatusfor the manufae-
tura of illuminating gas.

81,786.‘ Sept. 1, 1.868. Bessdt. Improved prcicmsand materials for eerbnret.
Ing @lee.

82,786. Qct. 6, 1868. Baneroft. Improved gas macblns
84,!341. M 16, 1868. Fostw & Ganster. Improved portable gas apparatu
85,104. Dee. 22, MM.” Lawler & Gibson. Improved gas machlu
87.299. Feb. 23, 1866. Schwlppel. Improved machine for making gas from—.

volatile oils;
90Jli9. May 18, 1869. Har& Improved gas machine.
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97s Nov. 30, lS69. Dimderdalc Improved ri$paratuafor producing illu-”
minflting gas.

100,060. Feb. ~ 1S70. Snodgrass. Improved portable gas generator.
103,036. May 17, lS70. Fogarty. Improved ~ generator.
M4J20. June l% 1670. DougIas. Improved hydrocarbon vapor macblne for

imlmhlating pmpoaea.
10S493’7.Nov. L 1870. Richard. Improvement in gas ap~tUS.
109.66S. Nov. ~ 1670. Van Houten Improvement ti gas m@ine.
XtO&M. Nov. 14 lS7L Mclltllen. Imprownent In gas mashhes.
132025. Oct. 8. 1S72. Rid. Immovernentin carburetors
135@20. Jan. A, lEW8. Vfi IiOUt{L-” Imprcwementin machines for carburet-

ing air.
151,392. may 2q 1874.
11M,15U JuIy @ 1675.
166,427. Aug. 8, I-675.

retors.
16i,81L Sepk 14 1S75.
169,105. OCL a 1S75.
1S!459S.Sepk~ 1676.
1$7,687.Feb. 20, X377.
1~946. NOV.6, 1677.
KXE?70.Dec. 16, 1677.
~6,879. J~e 2+ 1~~.

223,682. Jan. X?, ISSO.
226.59L Apr. ~ 1SS0.
244,367. JuIy 19, l&3L

air.

Horn!ng. Improvement In Carburetor&
Gray & Luaby. Improvement in air carburetors.
Stomlm. Improvement in automatic rotary carbu-

WestcotL Impro~ement fu carburetors.
Hymns. Improvement in carburetors.
P&me. Improvement in carburetors.

Paquette. Improvement in carburetor.
Stratton. Improvement in carburetors.
Bosert. hprovement fn carbureto=
blotitt. Improvement h afr-carburethg apparatus.
DewftL Carburetor.
Vi’right. Carburetor.
Hoard & ~ggin. Apparatus for carbnreting gas or

249,163. Nov. & 13SL De TVitL Rotary carburetor.
251.&26. M 20, 13SL TVinn. Carburetor cylinder for alr-gaa macbinea.
2tEl,65L Aug. 15, 16S2. De WltL Carburetor.
262,99L Aug. 22, 16%2. Smithet aL Carburetor.
264A06. SerL~ 1SS2. 17ralLCarburemwmnmrati
2z,002. Feb.6, 1893. V@eux. Amwatus for ~~ucfng current9of pure or

carburet~ air.
321,959. July 14 MM. Frti. Gas machfne
326,664 Nov.w 16S5. MNeti Carburetor.
350Ji62. OCL5, 1665. MerrMLCarburetor. ‘
356.07L Jan. 11, 1SS7. HYama. Amaratusfor treatmentof na.@raIW.
356.950. Feb. 1, H. Mcii~ Carburetor.
36(W4O.Mar.29,1SS7. Ordonezy Pen= Gasgenmator.
395,616. Jan. 1, 1669. Dylws+ Carburetor.
531.760. Jan. 1, 169Z cook Carburetor.
639,77S.May !2L 1$X5. Lawrence. Carburetor.
583,264 Nov.9, 1697. Spacke. Carburetor.
666.32L Dec.2S,1397. BulleY. Gas-sxnemtfngmachhm
6&W4S. 31aYa 169S. Van Vri@ancL Carburetor.
6KvW2. JaR 17, 1689. BradIeY. Carburetor.
6W.K12 Aug.16,1699. Van ‘Wesland. Carburetor.
649@X5.May 15, 1600. Herhagen& Van Gkdc. Carburetor.
672,507. Apr. ~ 1(MIL Johnson. Carburetor.
OSS.~ Dec 10, 190L GJJhIer.Carburetor.
69tllST&n&=. Z 1902. Page & Wood. 011 atomizer and mixer for vapor

711,429. Ott. 141902. Leckbaml. Carburetor.
743,0s5. Nov. 8, 1903. KaMe. Oarbureting aPParatus.
779,906. JarL10, 19(5. BurcL Carburetor.
SOl,606. Oct. 10, 1905. Pkard. Carbureted-air machfm
S66.115. Sept. 17, 1907. Dock. Vaporizer.
86SS05. Apr. 29, 1906. AvereU. Carburetor.
90~. Oct. 18, 190& GranmtllIer. Carburetor.
934$SL SePL 21, lfW9. Munger. Carburetor.
642Q8L Dec. 7, 16C’9. XIcGuIre& Hammlck Carburetor.
969,04L Sept. @ 1910. Co= Carburetor.
1,009,629. Nov. 21, #lL BardilL Carburetor.
lJ44,477. June 29, 1913. KelIogg. carbureto~
ls16&71& Ott- M S.915. shores. Carburetor.

-.

.—



116 AEEONAUTIOS.

Re, 1$19 (9Jlt37). Aug. 80, 185S Drake. Be@l-vapor apparatus.
Re. 2,069 (45,456). Sept.%; 1864. Mc.kyoy & Hutchheon. Improved apparatus

for carbureting air.

Cro88-reference pak-nt8, cla88 &, 8ubcla88 165.

543116 82,244 1S3.S76 692,860 840,7(LS 1,12.9,876 1,137,63S
57*O Ms,?tm 189,420 T54.774 1,064,273 1,137,288

SUBOLAES 166, CAEBUIU!XOR9, SUSMESOED BUST.

43,848. Aug. 2& 1864. MCAVOS.Improverneiitin apparatus for carlmreting
air.

45~CH3.Nov. 22, 1S64. McAvoy. Improved apparatus for carlmretlng air.
45,5+3!ADSC. 20, MM. St.weti Improved apparatus fur vaporizing and

aeratkg volatile h@rocarbon. -
46,230. Feb. 7, 1865. Terry. Improved apparatus for carlmreting air.
47,272. Apr. 18, 1865. Bassett. Improved ap~ratu$ for carburetlng air.
47,679. May 9, 1865. Dunscomb. Improved q~~tus for .cgrJu:et!og air.

\ 5LI.28. Nov. 28,”1885. Bfckford. Improved apparatus for carburethw nlr.
52,8i6. Feb. 27, 1866. Myer. Impro~”edmachtnefor charging ah! with hydro-

carbon vapors.
53,848. .Apr. 10, 186M Love@a. Impro~ed a-@ratus for carbureting air.

?57,738. SePt.4, 1866. LIPPS. Improved barre for petroleuu etc.
58,471. Oct.;2, 1866. Patterson: Improved a~ratus for cmWm@lng air, etc.
58,727. Oct. 9, 1866. HutchinsOn. Improved appnratusfor geuerathw sLeum.
59,446. Nov. 6, 1866. Pease. Improvementin carburetors.
~,~. Fe~ ~. 1%7. R~d. Im~royementin the ~nuf~cture of illu~nat..,

tug gas. ‘ “
62S34. Feb. X4 1867. Rand. Improvementin.apparatus for carhuretlngair.
66,041. June 25, 18@i’. Rand. Improved method of making illuminatinggas.
66,749. JulY 16, 1867. Springer & WDonald. ImDrOWdaPPurr!tusfur car-

bureting rdr.
67,971. Aug. 20, 1867. Fraser. Improved carJmretingapparatus.
74SW- Feb. 4, 1868. Prichard. Improvementin gas machinqs,
75,468. Mar. 10, 18@S. Sangster. Improvement in macMneYfor carlmreting

m.
76,460. Mar. 10, 1868. Sangster. .Improw?dm$chiqefor carbnrctlng air.
78,048. June 28, 1868. AriPkbY. Improved carburetor.
79,2f10. June 28, 1868. Willoughby. Improrw carburetor.
80.404, July 28, 1868. Graham. Improral gas uuichhw.
83,944. Oct. 20, 186!3. TVain, Improved gas machine.
834.9. Oct. 27, 1808. Stebbins. Improved portable gas apparatus.
84,2S9. Nov. 24, 1868. Kitche& Improved portable gas appw’mus.
!M,012. May 11, 1868. Mbz Improved carburetor.
95,412. Oct. 5, 1868. Barbarin. Imprcwed apparatus for crmbureting air

and gas.
96,074. Oct. 26, 1869. Barbarin. Improved apparatus for carburettug air,
97,285. Nov. 80, 1869.” Eberts & Fanning. Irnprowxl gw mnchine for car-

bureting air;
w462. Jan. A 1870. Bail. Improvti gas ~ch!ge.
128,189;”-June ls, lS72. @.ariw. Improvement in apparatus for the manu-

facture of gas from ok
146,082. Dec 30, 1S73. hman. Imprcrrementin carburetors.
150,449. May 5, 1874, Ti’heeler. Improvementin gas machinesor carburetors.
155,606. SePt.15, 1874. McHenry. ImprovementIn carburetor
155,155. Seih 2Z 1874. Harrb@on. Impro~ernentin carburetws.
157,78L Dec 15, 1874. Bean. Improvementin carburetors for gas and atr.
157,86L Dec. 15, 1874 NeedIsa. Inipfovement “ifi- air-+mrlmrstlng gas ma.

. —

chime.
164,558. June 15, 1875. Henderson. Imprwwment@ carburetors.
165,050. June 29, 1875. AIlen. Improvement in carbur@om.
165,882 July !20,1875. Plerc& Improvement in crmbu~tms,
166,508. Aug. 10, 1875. Daachbach. Igmrovewent in Carhuretora.
173,838. Feb. 22, 1876. Forbes. Improvement in carburetors.
174,054. Feb. 29, 1876. AIIem Im!?roveinent “-in carburetors.



.

18G359. JllIy25, 18-76.
181,826. *PL 5, ~6.
163,007.JUIY10, 18’i7.
~W3. Aug. ~ 1877.~$~. J= ~, ~78m

corbn.retingair.
2.03,579. llfay 14+1878.
26L507. JUIY l& 1882.
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M3.iillen & Minor. hnprwement in carburetors.
Edgar. Improvement3n carbnretora
Iamb. Apparatusfor Carburetingair.
Shemrd. Improvementin carburetors.
WolIe & Munyon. Improvementin ammratosfor” “

Battey. Improvementin carburetors.
Wlttamer. Amaratusfor the manufactureof iUmnL

mting g-a “
278,852 Ma. @ 18fB. Judd. Gas macblne.
~~L J~e ~ ~ ~ Appmati for the manuftictilreOf ti gWi.
ZWM5S. May 6, 1884. Beek Carburetor.
302450. JUlY 22. 188A VaIentine. ARParatue for carbm Md _

‘ fmnacs- “
307,042 Ott ~ 1884. Herzog. pr~ of and apparatus for obtaining

iI1urainatlnggas.
827,98L CCL@ 1885. Mdrns. Carburetor.
380.177. ADr. 6. 18S6. HerlehY & llcGinnis. Natmxd-gae carburetor.

876.248.
3i7,607.
382,=-.
414.370.
415;978.
437,454.
474X38.
434$49.
4SS.88L
490,8i2.
49.3165.
51X137.
505,700.

air.
EU,950:
527,085.
527,639.
54#&

67i%i7.
5a&&

m@38i
~’

BJ-ay6 1887. Staub&. Gas machine.
—

Jan. 10, 1888. Idhammer. ~Carburetor.
Feb. 7, 1838. Foster. Carburetor.
May & 18S8. - Carburetor.
NoY. 5, 188% Blackmore= Tinner’s soldering appsratna.
Nov. !2G1889. Regain Carburetor for gas engines.
SepL 80, 1860. Ranney. Carburetor.
May 17, 1892 Lrunber-L Carburetor.
Oct. 23, 18922 CHngmu Carburetor.
Dec 27, 186Z FaUey. Carburetor.
Jan. z?L1863. Ime. Apparatus for carbureting gas or air.
Mar. 7, 1893. Irgens. Apparatus for ~rbmeti~ air.
Aug. 26, 1863. Savill. Carburetor.
Sept. 2f3 ltW3. Cernish. Process of and apparatus for carbureting

Jan, Z 1894. Hibb& Prc@w of and appmatns for ctwburetingair.
Oct. 9, 1894. Spragne & Gutbrie. Carburetor.
OCL16, 1894. TVestcott. Carburetor.
Aug. 20, 1865. AldrictL Apparatus for carbureting air.
Apr. 28, 1896. Parr & Avery. Carburetor.
SepL 29, MM. Gamed. Machine for generating gas.
CJCL@ 1896. HenIeim Incandescent oil Iightin&
CCL@ 1896. Ingraharn. Carburetor.
Dec 8, l&96. Staeck Carburetor.
Jan. 19, 1897. Ckmnish. Carburetor.
m. 9, 1897. MitchelL Gas-generatingmachine.
Aug. 17, 1897. ~=c~w~~o~
Oct. 2t3 189i. -
NOT. IQ 1897. C)liver.. Gas maw”. f
Feb. L 1898. SanM. Gas generator.
Mar. & 1898. Grey. Apparatus for making gas.
July 19, 1868. Bailey. Process of and apparatus for heating crude607,417.

oil in fiufncturfng gas and LubricatingoiL
610,159. Aug. 30, 18!3S. Speer. Carburetor.
61.5,098. Nov. 29, 1898. McIn@re. Internal separator.
61!U8L Feb. 141899. CornisIL Carburetor.
620,595. Mar. 7, 1899. LippitL Carburetor.
620,646. Mar. 7, 1899. FilIeY. Carburetor.
628@9. JuIY11, 1S99. SteeI& Carburetor.
639,481. Dec. 19, 1899. TVopeti Carburetor.
643,208. Feb. 18, 1900. EhsseIL Carburetor.
645.4S5. Mar. m 1900. 3fcAlUster. Carburetor.
654,378. July 2+ 1600. BarckdaIL Carburetor.
656,409. Aug. 2L 1900. Laraway & IIouser. Carburetor.
659,687. Oct. 16, 1930. Ray. Carburetor for ~losive enghes.
66Z304 h’ov. 20, 1600. Reenstierna. Carhnretor.

. 66-L457. Dec 25, 1960. Bennett Carburetor.
67L042 Apr. Z 190L Bsrckdall & TVoodwsrd. Carburetor.

—

–i

.
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673,798.
6i3,i99.
676,054
677,305.
679,019.
688,814.

22
707,973.
710,646.
718,36L
723,487.
725,366,
749,315.
750,438.
755,167.
757,935.
777,908.
781,701.
7Q78&
7f@786.
S05,138.
~~,753.
&17,218.
829,882.
826,936,
829,375
8434;::

913:733:
920,51L
932,478.
932,871.
938,01L
947,357,
950.825.
951;501.
!x&cM&

W8:mi
989.348.
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May 7, 1901. Kempshall. Carburetor.
May 7, lWL ReenXierna. Carburetor.
June 11, 1901. Thomas. Carburetor.
Jnne 25, 190L Arnold. Carburetor.
JuIy Xl, 190L Fischer. Carburetor.
Dec 17, 190L Andreson. Carburetor.
Apr. 29, 1902. Honk. Carburetor.
July & 1902. Head & Dovey. Carburetor.
Aug. 20, 1902. Leckband. Carburetor.
Oct. 7, 1902. Willtame. Carburetor.
JaIL U lfi03, Lackband. Apparatus for carburethg air.
Mar. 24, 1903. Richards. Crmburetingdevice for explosive engines.
Apr. 141903. Renstrom, Acetylene-gas generator.
Jan. 12, 1904 Mooers. Carbureting device for erploslve engines.
Jan, 26, 1904. CkmnlsL Carburetor.
Mar, 22, 1904. Phfllpps. Carburetor.
Apr. 19, 1004. Lackhart. ~arburetor.
Dec. 20, WM. Lothammer. Carburetor.
Feb. 7, 1.905. Walther. Carburetor.
Feb. .141906. Mohr. Carburetor.
July ~ 1905. Helmle. Carburetor.
N’ov.21, 1905. Hwrlck & Lohrmtm.““Carburetor.
Feb. 13, 1006. Emma. Carburetorfor hydrocarbone@neS.
Apr. 10, 1~ Brown, Carbur&tor.
June @ 1906. Akwon. Carburetor.
Jrdy 2A 3.906. Hinds, Carburetor.
Aug. 21, WOO. Garvey. Air car!urelo},
Jam L 1907. Dawson. GM generator.
Aug. 6, 1907, Peregrine. Carburetor.
Mar. 2, 1909. Kenworthy. Gas gegerator.
May 4, 1909. Wood. Carburetor.
Aug. 31, Ml@. Laus. Carburetor.
Aug. 31, liN9, Kemvorthy, Carburetor.
Oct. 2f$ 1909. M@ille. Carburetor.
Jam 25, 1910, Steward. Carburetor.
Mar, 1, 1910. Pill, Carbnretlng apparatus.
Mar. 8, 1910. Hancock & Arnold. Gas generator.”
Apr. 26, 1910. Dawaon. Carburethw apPnratus.
Aug. 2, 1910. Bustard. ‘Carburetor.
Apr. 4, 1911. Stein. Carburetor.
Arm. l& 191L Kenm. Carburetor.

989,980. Air. ~, 191L Kem~. Carburetor.
994,574. June 6, 1911 Cm. Carburetor.
995$82. June 20, 1911. Lowry. Hydrocarbon l~ghtingsystem
1,002,791. Sept. 5, 1911. Voigt. Carburetor.
1,004,829. Sept. 26, 1911. Winter. Clarburetlngapparatus.
l,008,1ZL Nov. 21, 1911. Weiwoda, Carburetor.
I$I!27,340.May 21, 1918. Johnston. Carburetor.
1,027,456. May 28, 1912. Wind. Carburetor.
1,043,691. Nov. 5, 1912. Grandjean. Carburetor.
1,057,254. Mar. 25, 1918. W.Uu3rews. Carburetor.
1,058,407. Apr. 8, 1913. CandllsL Carburetor.
1,069,069. July 29, 1913. Kemp. Carburetor.
1,069,835. Aug. 5, 191Ei. Johnson. Carburetor.
1,070,394. Aug. 19, 1913. Booth. Carburetor.
ZU13,789. July 14, 1914. Macey. Carburetor.
1,105,160. July 23, 1914. Sanders. Carburetor.
1,109,777. Sept. S 1914, Mtlller. Carburetor.
lJ5tW24. Oct. 19, 1915. Nichols. Carhretoi.
Re. 8,892 (95,412). Mar. 22, 1870. Barbarin. Improvement in apparatus for

carbureting ah’ and gas.
Re. 6J376(67,971). Apr. 19, IS75. Frmer. hProvement in ~b~ting am

Re. 6y&’/fkl28). May 18, 1875. Bickford. Improvement in apparatus for
carbureting air.

Re. 18,498. Dec. 17, 1912. Bustard. Carburetor.
lJ91,097. July 11, 1916. Spiers. Carbuetor.
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=45%
3s,s57
42M9
55,395
57,551
63,511

66,777
6’7!216
7fM35
73,mo
80,263
EE&59
96,073
97,2.83

105,I.9O

CkOwreferenee patentq alaw 48, wbclaiw

107$53 lss@37 512,270 646$22
llo,w 221,!M2 515,440 65+6S.6
116,563 233,97S 518gi82 657,770
l17,99s 306,4s5 E4M 65s,020

307J32 mlJ+t30 659,476
%% 8~493
130,164 324s77 %$E E%
lS&160 356,477 Ww 674?s12
142,545 360Jki4 5i6,499 6i9,01s
1.50,327 370,936 536@3 mm
151,557 m,431 6s9,460
156,463 “ g=” 607& 690,303
164J325 607,339“ 690,631
167,170 435:s56 613,167 ~~
175,827 457@3 S25w
176,935 ~~~1 =*
178,8i3 493,992 639,336

z%
705,021

166.

70&454
707,467
707s7
71q227
745,489
749.7(R3
71@!!
772,551
m?’4m3
81721s

%%
WW95
S53JP6
860,522
87L430
S37;017

90W43
912?463
629,135

Y*%
953,606
940,916
947,639
fEil,590

1$105,491
L014S33
LW594
lJl@22
L065,S19
l@9L73=l
1,095,510-
1,107,4s9

SUSCUSS167,C~S& m~ SLke’r,Wm.

56,029. SepL 29, M&i. Pond& Richardson. Improved apparatusfor carburat-
ing air.

l143M. May ~ lS7L IUorks. Improvementin carburetors for air and gas.
200,56S. Feb. 19, lS78. Reed. Imprcwementin csrbureto~
290,49L D= ~ 18.S3. SneL Means for fticflitating the passage of oiI

through pipes and raakhg ilhminating gas+
308,796. Dec. ~ I&W Ransom. Gas mnchln~
31442. Mar. 2% N3Ki. AIIender. Hydrocarbon-gas machine.
451~. Apr. ~ lS9L BradIey. Grass burner for ralIway tracks
50’2,7SL Aug. 8, 13W. Smith. Carburetor.
615,100. Nov. 29, MS&L ParrotL Carburetor.
632fi76. Sept. 5, 1S99. Stanley. Carburetor.
7=2 June 141904. Bennett& Uoorwood. Carburetor for motor cars.
773J122. OcL 25,190A Hinman. Carburetor.
S=KW83.Apr. 2, 1907. l’hterm Carburetor.
~,060. SepL S, 1907. RockweIL Carburetor.
89JJZ3. Aug. 4 190S. KetteL Cerbureting apparatus.

-.
—-.
.—

Cro88~eterence patents, claa8 #3, &ubclaa8 167.

53,4s1 1Q290 m5J33S
67,576

e459 640,695 7W1.233 10022791
272* 53&536

SUSCIASS 10s, oAEBm3Eros q f3CBFA.lm.

2+!O0. May 3~ 1859. CoveL H@rocarbon-vapor apparatus.
27,470. Mar. m lS60. Pease. HydmcarM n-vapor apparatus.
46$022 Feb. 7, 1865. ~C.ATOy. Improwedapparatus for carbnreting afr.
47,256. Apr. 11, 1865. Irwin. Improved apparatns for ca,rburetingair.
47,550. May Z lS65. Hurd. Smprcmd apparatus for carburettug air.
53$79. Apr. 17, 1886. Hogan. Improved apparatusfor carburetfng gas.
53,559. OCL~ 1366. Stevens. Improved apparatusfor carburatingair.
SL-ti Jam& 18f37. Gilmt et al. Improvementin apparatusfor carburettng

61,656i6’”~~m 20, 1367. DougIas & WaIto& Improved apperatue for carburet-

64J56. Ap~.23,18137. Simonds. Impro~ed apparatusfor carburetfng a!r.
66,037. Sept. 17, 1367. Spence. Improved hydrocarbon-vapor machim
70~. Nov. 12, 1367. Cozzens & Jones. Improved azmratns for carburek

s9,w~ May 5, 1369. H. Johnson. Improvedapmratnefor carburetingslr

.

—— .—

..

—

or gas.
91J213. June 15 lS69~ CmaL Improved mmburetor.
93=. Aug. 3, 1S66. DFer. Improved gas carburetor.
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96,364. h’ov. 2,1869. Tlffan~, Improvedapparatusfor carburetlngandaPply-
ing air for llghtlngand heating.

99,274. Jan.25,1870, Spence&Toweler; Imp-firedhpparatusfor earlmetlng
air.

105,S78.July12,18i0. Simonds. Improvement“~nearburet[ngapparatus.
105,994,Ang.2, 1870. Spews. Improvement~tiapp~ratus-forcarburetln~air.
114’709. May9, 187L Rex. Improvementin a~paratuefor carbnretlngair.
114,787.May16,187L Fitts. ImprovementIn apparatusfor earburetb]gair.
125,W5. Mar. 26, 1872. Reznor. Improved apparatusfor. carburetlng air.
161,163. May 1.9,1874. Paliner. Improvement in carburetors.
160,799. Mar. 151875. Vougt. Improvementin apparatusfor the produtiori

of gas from hydrocarbon liqutd.
174,073. Feb. 29, 1876. Gray. Improremen~in carburetors.
M3,884. CM 81, 1876. Bangs. Impro~ementin gas carburetor~
219,1158.SepL 2, 1879. Jackson. Improvement In carburetors.●

284,055. Nov. 2, 1880. Ormsby. Carburethg apparatus.
234,108. Nov. ~ 18W. Ruthven. Carbureting tipparatus.
238J4L Feb. 22, 1881, McKenaie & Mason. Carbureto~
X5,448. Aw. 9, 188L Callahan. Carburetor.
288,952. Nov. 20,‘1.8W. MtilIeF. Combined “@Mengine and carburetlng nppa-

~bbeta. Apparntuafor carburetor ga&
Elder. Carburetor.
I?iesm Apparatus for oxygenating and carlnn’et!ng

Brunner. Carburetor.
Grist. Vaporizer for gas motors.
Lee et aL Compoaitlon,process of, and apparatnsfor

ratue,
302,442, July 22, 1884, Strong. Carburetor. __ ~
336,508. Jan. 5, 1.886. English. Carburetor.
347@3& A= 1’7,1836.
409,570. Aug. 20, 1889.
438~m. July 26, 1890.

545,048.’ Aug. 27,1896.
545,125. Aug. 27, 1896.
614@0. NOV.16, 1898.

making gas.
070,433. Mar. ~ lf)O1. Powers Carburetor.
671,376. Apr. 2, 19(LL Gallrther. Carburetor.
677,767Gn~Ily 2, 100I, Jeffery. Eydroearbon apraylng device for gasollne

682.903. Sept. 17, 1901, Bland, V~poriser for exploslve engtnea.
%83,110. SepL 24, 1901. Felbaum Mhing and va~rbing device for ex-

plosive enghmk
693,462. Feb. la 1902. Titu& Combined earbnretor and gasollne regulator.
727,635. May 12, 1903. Jeffery. Carburetor.
742,452. Oct. 27, 1003. De Ldtte. Carburetor.
758,002. May 8, 1904. Dickinsxm. Vaporizer for esploslre engines.
774,798. Nov. 15, 1904. Thompson. Carburetor.
*775,614. Nov. 22, 1004. Swain. Carburetor for explosive enghee.
777,390. Dec. 13, lf104. O’Shea. Carburetor.
790,025. MaY 16, 1906. Bennett. Air carburetor.
792,158. June 13, M05. Olda. Vaporkdng deviee for explosire engines.
*8S7,984. Dec. U., 1906. VaiL Vaporizer for internal-combustionenglnea.
853,LUlaMay 14,1907, Bovvleaet al. Apparatusfor extracting gas from gaso-

*857,11L June 18, 1007, Riw Vaporizer for ~ en@nes.
S7!2,5@j. ~c, 3, 1~. ~~ Cmburetor.
*88633. Apr. 28, 1008. Wayrynen. Carburetor.
915,132. Mar. 16, 1909. Warstler. Carburetor.
916,463. Mar. 30, 1909. I.aoby. Carburetor.
%317,264.Apr. 6, 1909. De Thay. Carburetor.
951,926. Mar. 15, 1910. Van Buren. Carburetor.
957,781. May 10, 1910. Brady. Carburetor.
961,42S. June 14, 1910. Sturtevant, Carburetor:
975,038. Nov. 8, 1910. Hockman. Carburetor.
979,907. Dec. 27, 1910. White. Carburetor.
1,108,O3L Aug. 18, 1!314. Oliver, Carbimetfti iqiparatua.
*1,11O,453. Se@ 15, 1914. Monosmith. Carburetor. .
1,136,997. Apr. 27, 1916. Bennett. Carburetor.
*1,141,796. June 1, 1915. Hertaog. Carburetor.
1,146,441. July 13, 1916. Oliver. Carburetingapparatus,“”
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●1,183,864. May 23, 1916. Gardn@r. Carburetor.
R~ ~~ (27,~70). Mm. 10, l= pea~- Hydrocarbon vapor apparatus.
R& S,225 (46,602). Dec. 8, 1868, MIs. lkuproved apparatmsfor carburettng

atr.
I@. &754 (91~13). NOV. .23, 1875. Austfn. Improvement tn automatic feed

and tiSOr@iOll carburetors

C’ro88-reference pstents, cla88 -#& 8UbC~a88168.

24.108
47@S6
50,250
522M6
55,950
63,215
~$:

68:067
66.071
70:014
7225

79.667

Ul;175
~~,)39

Re. 5,*-
148,111
M3,588

Re. 6,070
160,690

162,848
163323
176,348
184,W8
189,72i
W0,714
19s9s,g

198,828
203,458
211?184
213J!51

226,122
238$18
248,750
26WWI

P&
8EZ230
s53,311
378X28
390;067
4273
500,772

587,887 ~~ 8WJ,158
620,486 8i6,6iS 1,050,322
620?586 885,230 Llof),w’
&2!W08 964@7 1,121W69
6722854 851JiOl l,125?36s
701* 9i3$82 U57$63
706,600 9i6,322
7X4336 976,781
73S.&34 976.88s
737;738 888;697
742,820 888S4S
748,i68 990,848

S~S 109,CSUEETOM, SUSFAC& FLOAT.

28,549. Tune 6, 1860. AshCroft. Apparatus for naphthalfzing gases.
44.8SS. Nov. L 1864. CMtorne. Improved spparatus for csrbureting aLr.
59,473. Nov. & 1866. Stev- Improred apparatus for carbnreting air.
59,8!3L Nov. 27, 1866. Frank Improved apparatus for carbureting air.
6L91S. Feb. 12, 18W. Pierce Inmrowal apparatus for carburettng gas.
66,937. Jnly 29, 1867. Pi- Improved apparatus for carbureting gas.
69.4S9. O& L 1S67. Rtchsrdson & Pond. Improremeht in genemting gas

from hydrocarbon Liquids.
7L665. Dee S, 1867. Thompson & HaIL Smprowd carburettng apparatus.
73,073. Jan. 7,WM8. Bterce Improved apparatus for carburettng.
S3~9. Oct. 20, 1886. Bassett. Impioved apparatus for the manufacture of

illuminating gas.
&$332. Nov. 2+ H. Wood. Improwd apparatus for carburettng ah.
87,1822 Feb. Z$ 1869. PatrIe. Improved apparatus for charging alr tith hy-

drocarbon vapors.
104716. June 2& l&70. Dupas & Barbarih. Improvement in apparatus for

carburettng atr.
105.180. July 12, 1870. Galagher. Improvement in gas machines.
113,147. Mar. m 187L Dupas & Bsrb@n. Improvement fn carbnreting ma-

Ch!nes.
115,0W June Oi187L Bloomtleld.’ Improvement in the manufacture of pneu-

matic gaa.
l18,S02. Aug. ~ 187L Thrill. Improvementin apparatusfor carburetbg alr

and gas.
131@0. Sept. 10, 1872. Butler. Improvement in carburettng attachments for

gas burners.
ML369. Sept. 17, 1872. OfeIdt. Imprrmment in carburetors.
181.948. Oct. 8, 1872. Daytom Improvementtn carburetors for ah and gas.
136,228. Feb. 28, 1878. Elston. Improtiment in carburetors
141,968. Aug. 19, 1878. Tan Honten. Improvement in apparatus for carbu-

retfngtlii.
143,a= Oct. 7, 1873. MclItllmL Improvement in carburetor”
144$56. Nov. 23, 1873. Musgrave. Improwment in carbureto=
146,818. Jan. 13 1874. Carr. Impronment in csrbnreto=
1472.56. Feb. 10, 1874. Gray. ~rov~ent m c~b~tors.
162,523. Apr. 27, 1875. Bfckford. Improvement in carburetors.
162,54.3. Apr. 27, 1875. Foster. Impro~ementin carbureting gas machines.
17L75L Jan. % 1876. ‘i’i’tggfn. Improvement in’ carburetors
178,873. Jan. 20, 16i6. Stewart. Improvement h carbureto~.
182,345.uSept. 19, 1876. B~ckford. Improvemat fn csrom-etora.
lPO.4W. MaY 8, 1877. Ctingman. Improvement in floats for carburetors.
186@4. OctL23, 18i7. Meredith. Improvement In carburetors.
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211,176. JarL 7, 1879. Ofeldt, Improvement In carburetors.
223,763. Jan, 20, 1880. Sanders. Carbureting ap~aratus.
225,435. Mar. 9, 1.880. Strong. Apparatus for enriching and economtalngcoal

227,t$~~ May 18, 1880. Soule. Carburetor,
230,656; Aug. 8, 3.880. Radkey. Carburetor.
244,434. July 19, 1881. Clingman. Carburetor,
251,678. Dec. 27, 188L BWry. Carburetor..
254J?43. Feb. 2?3,1882. SmaIL Carburetor.
306,33L Oct. ~, 1884 Gardner et al. Gas machine.
306@5. Oct. 1A 1884. Hartfeldt. Gaa generator.
S08,467. Dec. lt$ 1884 James. Apparatus for enr~chlngcoal gas.
855,594. Jan. 4, 1887. Daimler. Apparatus for Impregnatingair with h@o-

carbon vapor.
962J97. May !3, 1887. Bennett. Carimrethtgapparatus.
3i0,149. Sept. 20, 1887. Leede. Carburetor,
371.,OW Oct. ~ 1887. coll~ns. Carburetor.
423,257. Mar. 11, 1800. Huber. Carburetor.
433485. Aug. 5, 1880. Smith. Carburetor._
475,972. May 8~ 1892. 13adlmn. .Carlmretorq
528,377. Oct. 30, 13W. Moncur.. Carburetor.
543,611. July 30, X395. CMngman. Carburetor.
546,815. Sept. 24, 1895. Haln. Carburetor.
557,086. Mar. 24, 1805. Schroeder. Gns enricher.
562,214. June lfi 1896. BUHOW, VaPor-@ aPParatuK
W6@30. Jan. 4, 188tl lVel@. Process of and apparatus for generating g=
6W,531.” Aug. 2, 1893. Stephenson. Carburetor.
622,803. Apr. 1~ 1.898. Kem~. Carburetor.
629,581. July 25, 1889. bfartenetie. Carburetor.
638,557. Dec. 5, l@9. Car’y. Carburetor.
642,187. Jan. 30, 1900. Welch. Carbureting apparatus.
643,397. Feb. 13, 1900. Broiehgane. Carburetor.
649,435. May 15, 1800. Carter & Zierlein. Carburetor.
653,534. July 10, 1900. Sheerer. Carburetor.
656,485. Aug. 21, 1000. Anderson. Carburetor.
&59A38. Oct. 9, 1000. Egan, Carburetor.
660,743. Jan. & 1901, Kerm Carburetor.
668,157. Afar. 5, 1001. Carter & Z1erleln, Carburetor.
708,826. Sept. 9, 1902. Paul & GundIack. Carburetor.
712,150. Oct. 28, 1902. Parrett, Carburetor.
733,49& July 1+$1903. Afaurer. Carburetor.
742,533. Oct. 27, 1903. Wnlther. Carburetor.
744,877. Nov. ~ lfI03. Parrott. Carburetor,
773331. Oct. 25, 1904. Smith. Carburetor$.
T76@2. Dec. ~ 1804. Prod. Carburetor.
782,@30. Feb. 21, 190S. Moehn. Carburetlng apparatus.
816267. Mar. 27, 1906. SteeL Carbureting apparatus.
819,074. May 1, 1806. Monroe. Gae-generatingmachine.
887,230. May 12, 1908. Rtfe. Carburetor,
851,500. Mar. 8, 1910. Brown. Carburetor.
1,049,273. Dec. 81, 1912. Ruthven. Carburetor.
1,055,89L Mar. 11, 1913. Dcmdney. Carbureting apparatus.
1,0(%102. June 10, 1913. Smith& KeIver. Carlmretor.
1,141,276.June1, 1915. Smith. carburetor.
1,155,184.Se@ X+ 1915. Wfnger. Carburetor.
Re,1,o24 (2S,549). Aug. 14, 1860. &lwroft. Improvementin apparatusfor

naphthaliainggases.
Re.2jj~(4#83). May 22, 1866. Odiorne. Improvedapparatusfor carbu-

.

&088-f19@l’67W f.IUtent8, Ch18848, aubckw 169.

——

149,060 317,197 661,660 88W03 947,689 950,s25 l,lltlm
26’7,833 317,686 787,615 840,016

. ,
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SUBcI&as 210, P20CESSES, cAEmIsmma.

~~~=ti~ 1863. Shnonds & Warner. Improvement in treathw gas for

50,385. Ok 10, 1865. Pond. Improvement in the mannfactare of ffluminat-
ing gas.

50,49L OCL17, 1865. Pond. Improved apparatns for carburetlng a!r.
55,859. Jnne 5, 1866. Pond & Richardson. Improvemmt in generathg and

i3uppIg!ngillumfnathg gas.
, ~~O~~&g~=1867. Bassett. Improvement in the manufacture of fi-

67,796. Aug. 13, 18k7. Pedrick Improved proces for treating petroleum
100,534. Mar. 8, IWO. Lawrence. Improvement in carbnreting air.
In= SCpt.~ 1870. Kfdder. Improvement in corbureting apparatus.
110,427. De& 27, lSK1. Boynton. Mprovement fn tie methods of producing

illnmfnating gas.
!XB,357. Jnne I 1880. JacksoL Prwess of carburetlng gas and air.
377,735. Feb. l% 18S3. Bidehnan. process of carbnrethg air.
422,797. Feb. ~ U390. Holl!ngsworth. Process of va~rizing M@d hydro-

carbons and snpplying the vapor to bnrners.
425#7T. Apr. 15, 1890. Hanford. process of carbureting air or gas.
46i,266. JaIL19, lS922 Strfngfellow. Procws of mnnufactming gas.
483,489. SepL 27, 1892. Bidehnam Mannfactnre of gas.
487,617. D= a 1892. Griffes & Olarka process of carbnreting air.
499,463. June 13, 1893. TrLharm Method of making gas.
579,415. Mar. 23, 1S97. Van Norman. Manufacture of carbnreted-air gaa
58$49. Jnne I.& 1897. Gr~em Process of carburettgg gas.
645,425. Mar. m 1900. M@JMster. Process of carbureting.
656@4. Aug 21j 1900. Shearer. Process of carbnretlng air or ga%
678,973. July m 190L North. Process of making carbnreted atr.
721,957. Mar. 9, 1903. KnenseL process of prodncing combustible fltid
W9,767. Jan. 19, 1904 V7flsoLL Process of Prodmlng cmbureted air.
S55,094 May =, 1907. Bnsenbenz Gas-mannfactnreprocea&
S65@24. SePL10, 1907. Ziegler. Proceea for me manufacture of lllnmlnating

and heattng gas.
885,095. Apr. 2L 1908. SOIOmOILMethd of producinggasfrom aIcohoL
97s. Dec.231910. Clutter.Methodof and apparatusfor malrlngSW.
~019,430. Mar.5, 1912. Dawscm Methodof carburetingatr.
l@42,567. Oct.29, 1912. KuenseL Procea9for Producingcombnstile gas.
1,189$39. May23, 1.916.WhlMseY. Vaporlzfngwocess.

Woswefarence patenta, 0ia68 #3, *ubcla88 229,

2$57 Il!iM68 266,S78 *779
ti7E

590,893 614400
l&3,323 349,211 596~ lJ09,777

2% l14?7+M 169,423 35@477 L%
72,U.8 117$98 206J96

607,4L7 L160,782

LIST No. 2

@Oaa-REFEEENCEpA~ F20MhST No. L wITH PA-S %UJIWINCfIN, on
BEQULAELYASSIQKED‘rq m su’mGMaEsoPIJsT No.lohm?rEo.

8,433.OeL M lS5L Warner. LamPfor bnrnhwvapor of lwnm~etc.
9$67. Aug.90,1653. Drake. BenmlPalm apparatn=
W,720. Mar.W, 186L KendalL Amaratnsfor naPhthaLiaing~
32J22. Apr.30, 166L @mnne. Alvmratrmfor naphtiallzlnggas.
36,984 JrdY29, 186Z Bassett. ImmcwementIn apparatusfor 2arbnrct-

4&~%g=. 14 lW8. Basstt. Improvementof burnersfor carbnretedair.
47,9843.Mrwo30, 1865 Saliabury. Iroprowclapparatnsfor the manufactme

of gas.
66,11a:d~#-7&plS66. Stevens. Irmrovementin treatinggas for ilhxnlnation

62#56. Alar.12,1887. Kidd. Carburetor. .

..

.

.-—

.-

—

—

—



124 AERONAUTICS,

70,014. Ock 22, 1867. Peas& Improved carburetor for locomotive heads
I!ghts.

72,118. Dec. 10, 1887. Terry. Improvement in manufacturing illuminating

73,9L%%&”JarL28, 1868. Jenkins, Improved carbureted-air lamp.
76,5S5. Apr. 7, 1868. Sloam Improved apparatus for generating gns.
84,234. Nov. 17, 1868. Verstraet. Improvementin hydrocarbon burners.
89,5W Apr. 27, 1869. Wood. Improvement in lamps.
90,43& May 26, 1869. DunderdaIe. Improv@ent in ciwbureti”rs.

—

107,743. Sept. 27, 1870. Whitney. Improvement in gas-carbonizing attach-
ments for lights.

110,005. Dec.“18,1870. B“rown. Improvement in gaslighta
11+4358.Biay 2, 1871. Simonds. Improvement in gas mnchlnes,
11%744. May 16, 1871. Ambnhl. Improvement in apparatus for carbureting

hydrogen gas.
l15,88S.- June M, 1871. S1oper. Improvement in apparatus for cart.mretlng

air.
119,663. Ott, S, 1871. Springer. Improvement.in 3SSmachines.
128@l. June 25, 1872. bfyer. Improvementin apparatusfor the manufacture

of illuminating grm
130,164. Aug. & 1872 Symes. Improvementin apparatusfor the manufticture

of gas.
182,132. Ott M, 1872. Ball. ImproI-ementiri ~rburetlng gas lamPs.
1s3,118, Nov. 19, 1872. P@ Improvement in.cartmrethg Ia.mps.
138,160. “Apr.22, 187g. Wand. Improvement in gas generators.
188,715. May 6, 1873. THden. Improvement in gas machine.
143,534, O* 7, 1873. Sh@er. Improvementi~ ,qtrburetor~
149,060. Mar. 31, 1874. RemadelL Improvement in” “the manufacture of

wood @a.
151,557. June 2, 1874. Blnghmn. Improvement in the manufacture of hydro-

M3,t%2~‘~~i. 11, 3.S74 Havws. Improvement.in gas-carburctlng machines.
156,172. Oct. 20,-1874. tllney. Improvement in processes and a~paratns fur

the manufacture of illuminating gas.
163,323.- May 18, 1875. M@@. Improvement.1Pwe manufacture of gas.
163,535. May18,1875. Sheler. Improvement in carburetor&
167,150. Aug. 31, 1875. Bail. Vapor burner.
168,910. CM 19, 1875. Marks. Improvement In carburetor~
177,191. May 9, 1876. Ball. Improvement in lam~
189,727. Apr. 17, 1877. Greenou@. Apparatus for producing lllum!nating gas. .
190,673. May 15, 1877. DoPP. Improvementin hydrocarbon liquld attncbments

for ims burners.
191,881.-Mm 29.1877.
192,825.

Snwmler. Improvement In oI1-E&Jbnrners.

air.
194.121.

‘ gas.
187,844.
206,899.
210,717.
218,351.
!225.778.
“i22-8;547.
238,757.
240;984
242.379.
249;i60.
255,307.

Jnlj 1~ 1877. =WiIter. Improvementin smiiu!atusfor carbnretlng

Aug.1A 1877. Austin. Improvement in lamPs for burning naphtha

Dec 11, 1877. Palmer. Improvement in carbureting lamps,
Aug. IS, 1878. BalL. @p;oTernSa~ in carbureting lampw
DEW.10, 1878. Sloane. Impfcwement~ carburetgm for cam
Mar. 18, 1879. Roth. Improvtienf ifi .carburetora.
Mar. 23, 1880. Wittig & Heest ‘Gas eriglne.
June 8, 1880. khxim. Gas apparatus.
Mar. 15, M&l.. Bm.iw@ Carbgreto!.
May 8, 188L” Uaurn6. Gas engine.
May 81, 18-8L IJha]er. Carburetor.
Nov. 8, 1881. Crocker. Cooking apparatus.’
Jan, 17, 1882. ~agan. Del’ice for burning alr and hydrocarbon

261,~1~’.ug. 1+1882. LitchfleM & Henshaw. Burning and carburetlng air,
267,933. Nov. 21, 1882. RamsdelLAPPsmtusfor manufacturingwoodgas.
275,238.Apr.8, 1883. Marmm Vaporizer.
278,281.MaY28,18$3. S~aler. Carburetor.
284,873. SePt.4, 1S!33:Brough, Carburetor.
286,030.Oct.2, 1883. Marcus, Gasen@q
802,045.Ju& 15,1884. SPteLGasengtna

..
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30S,693. D= 2, 1634. Paquelin et aL Veterinary cauterize.
309#35. Dec.30, lSS4. E@ve &De Braom Carbureted-airengine.
~W12. Feb. 17,=. ROY. CaUtert?z@aPPllllltUS.
317,19i. May 5, Wi5. RamsdelI. Apparatus for rnimnfacturinggas from wood.
336,572. Feb. a lSS6. Leede. Automatic carbureting lamp.
330,574. Feb. a 13S6. Leede. Automatic carbureting lamp.
S49m Sept. 1+ l&36. CottrelL Method of and amaratus for carburet.ing

and raking ga%
350200. Ott- 5. 1SS0. Humea H@rocarbon vamr ensdne.
950”~ Oct. 5; 1336. Merritt C-mburetor. - -
*350,769. Ott U 1328. Ragot & Smyera PetroIemn and gna motor.”
35t$4ii6=-~ ~=. Johnston _ of and apparatusfor manufacturing

360,9&L Apr. @ lSS7. AvereIL Procw,s of and apparatus for generating
llhuninating gas.

37025S. SepL 30, 13.S7. Holt & CroSey. Gas motor engtmz
876.62S. Jan. 17. 13S3. DrdmIer. Endn+drlven vehicle.
9i@347. Feb. m l&SS. Bennett. W-bureting lamp.
979,129. Mar. & lSS3. Sanders. Car motor.
3S2iJ2L June 26, lSM. King& Brown. Carburetor. I
w029. July 10, 16S9. ??rieslmmm Motor @e operated by the combustion

of Uquid hydrocarbon
403,367. May 1% 1639. Parker. Gas or gaadlne engine.
421,474. Feb. 15, lS90. Bechfield & Schmid. Gas engine.
423,S67. Mar. U+ 1600. Young. (lwlmretlng street Iamp.

. 423,393. Mar.’~ 1690. ROT. Cauterizing apparatus.
424+654. Apr. 1, 13W. McClelland et al- Taper stove.
429,426. June 81690. Dmrson. Csrburetlng apparatus.
435,856. Sep~ 2, 1390. Parker. Carburetor.
*439,61.3.IYov.41390. Dkderfchs Vapor engine.
451,036. Apr. 23, lWL Frost. Carburetor and attachmentfor lamps connected

therewith.
*477.295. June 2L lS92. Charter. ~ me.
4S@A. Dec.20, @)2. Roy. Thermocaut=r.
439,762. Jan. 10, 1S93. Ruthrem Gas cooldng apparatus. .
490.415. JaIL24 1S93. Reid et d. Lamp.
467,04S. July 16, 1SSS Durand. Carbureted-ab!engine.,- 500,4i7. June 27, 13W. WWkle. Valve for hydrwarbon engines.
*5M’i23. Sept. Q 1393. Gray. JZ@rocarbon eugine.
505,767. Sept. 26, lS93. Irgene. Gas or peboleruu engine.
507,669. Nov. 7, lW3. Brtlnler. Petroleum motor.
512,270. Jan. 9, 160+L B1akeley. Apparatus for manufacturing gas.
515.440. Feb. 27. 1% 31cGarrier. Carburetor.
@79L May 7,”1395. B.dchardt. Carburetor for thermoeaumrs.
541,441. June 151395 Lee. Thermocauter.
*542$343. July 2, lSW. Charter. Gwwrnor for gas engines.
W410. July 9, l&95. Griftln. Liquid-h@ro&bon motor.
543.6S9. CICL29. 1.395. TWmcMmr. Thermocauter.
*5Q939.
%50,675.
55!4312.
55-1713.
pQ&

%5wi.
555.373.
*557,496.
562,S07.
*56W4L
563$4%
5MJ55.
5W’M3.
563,017.
574?6M
575,720.
562,073.

Nov. 19, 1695. Seek htne hmhwcarbonmotor.
Dec S, 1393. Colborne. Gas or vapor engine.

Dec. 31+UWi. Battey. Motor for bky~
JarL7, lS36. Prieatman.. Hydrocarbon eagina
Feb. + 13P6. Woodard. Taper store.
Feb. ltl, lM16. Johnson. Gas generator or vaporizer.
Mar. & 1396. Weinman et al. Gas engine.

Feb. 25, 1696. Henroid-ScJmelz-er. Petroleum motor.
Mar. S~ 1396. Dursea. Engine or motor. “

Jone 161396. Lames. Gas engine.
July 7, MOO. AIIman Taporizer for oll engines.

July 7, LS96. BodeLL Gas or oiI engine.
July 14 lSW3. Millet Velocipede.
July 29, lS36. Swain. Gas or oil engine
Sept.W, 1306. c’unlmw Oil and gas motor engine.
Jan. 5, 1397. Lames. Gas-engine attachment
Jan. 26, 1397. Ledent. Gas englm.
May A U3+7. Mead. Gas or oiI engine.

.._.
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583,082.
*585,U5.
*587,627.
&32,7f#4,
593,034.
566,536.
602,820.
*fKM,sl&
609,031.
612,25&
*6M,757.
617,530.

AERONAUTIC% .

June-8, 1897. Davis. Gasoline and gas engine,
June 22, 1897. Miller. Gas engine.
Aug. 9, 1897. Willlams. Gas engin~

Nov. 2, 1897. Manchester. Gas or oil motor engine.
NOV.2, 1697. Spacke Gas .agine..
Jan. A 1898. Park. (Mmblnedgasoline blowpipe and burner.
Apr. X4 18fN3 Beck. Gas engine.
June 141888. DuI’Yea. GSSeI@B

.

Aug. 30, 189!3. Ptik6r. Carburetor.
Oct. Il. 1868. Mead. Gas or oil engine.
Nov. 8,”1898. Carnell. Gas engine,

Jan. 10, 18W. Howard. Direct con~erslon of energy of fuel and an
expansion medium into power.

620,496. J?eb. 28, 1899. Ftiven@z. @_b6retor~ “.
~622,8!3L Apr. 11, lflf)tl. Graef. Gus engine.
62S,100. Apr. 18, 1869. Stoddard. Expbsiye engine.
62.3.36L Apr. I& 1899. Frew. Oscillating gas or steam engfne.
*625,887, May 30, 1899. Lair. Engine.
6~7)~~90June 21),1W9C Steele. Automobile ~ehlele,
*$.7,857. June 27,.1899, =oL Gas engine
628,222. JUIY4, 1899. HewltL Vapor blowpipe
●632,859. Sept. 12, 1899. Walrath. Exploslve engine.
68WJ!3fI.Sept. 12, 1899. A@IWS.Gas engine..
638,014. Sept. 12, 1809. LaYson. Motor vebtcle.
635,456. Ott- 24, 18?39. Wood & Eddy. Gasoline lamp.
(337,299. NTov.21, ~, Strong. Oil-vaporiz@4 devke for gas enghms. ●

*645,044” Mar. ~ IWO. Otto. Gas en~u. .-
%57,140. Sept. % WOO. Starr & Cogewell. Exploslve gas eng!ne,
6S9,911. Oct. 16, 13Q0. Barnard. Gas engine.
*660,482.Oct. W 10CW.Bates. Rotary explosi~e engin~
662.922’- Dec. 4, 1000. Dudley. Branding ire%
*064@0. Dec. 18, 1000. White. Gasoline engirm
668,952. Feb. 26, 1901. C!araon. Desulphuriz@ COPPSmatte.
672,500. Apr. 23, 1001. Van Duzen. T’aporlzing device for crudwil explosive

engines. ~
673,138. Apr. 30, 1901. Miller. GoYernfng d&vicefor exploslve engines.
●677,283.- June 25, lWL Secor. Oil-few de~lce for exphsive motors.
679.Olg. JiulYZ3, 190L Fi@er. Oil feed fo~carburetors.
079,389. July 30, 100L McCall. Governor for exploslve engines. ~
*688,092. Nov. 5, 1901.Lear. Vaporizer for gasoline engines,
●686.1OL Nov. 5, 100L Maybach. Itegulatlondevice for exploslon motors.
660,486. Jan. 7, 1902. Tomlinson. Apparatusfor the vaporization combustio%

and utilization of hydrocarbon oils.
*69O,61O.Jan. 7, 1002, Richardson. Hydrocarbon engine
692,07L Jan. 23, M@!. Pugh. Explosive en@_ne.
692,860. Feb. 11, 1002. Kemp. Carburetor.
*696.146. Mar. 25, 1902. Riott& Mixing or spraying device.
098,895. Apr. 29, 1902. Beck.. Conffnuoua-combustionturbine.
*703,769. July 1, 1902. De lfmg. Motor vehfcle.
706,42. Aug. 5, 1002. IVlrschimg. Thermocauter.
*700.494 Aug. 5, 1902, Mlnogue. ?dotke-powr engine.

*710fi4L OCL7, 1002. Brush. Mixing valre for gas or gasollne engin$a.
*726,986. May 5; 1003. Peteler. Carburetor for gas engines. ‘•
*730,084. June 2, 1903. Boulfues. Gas or vapor engine.
793,444, July 14, 1003. ITaehburne. Carburetor.
789+772. July 28, 1903. Strowger. Carbureting Inmp.
737,738. Sept. 1, 1908. Hitchcock. Vapor generator.
‘740,571. Oct. (L 1903. Joranson. Gas engine.
745,055. Nov. 24, 1603. Harris. lhplosi~e engine.
745,578. Dec. 31903. Demi. Apparatus for supplying explosive engines with

explosive mixtures.
747,190. Dec. 16, lIXM. Krauss. Motor vrheelfor bicycles or other vehicles.
*747,264. Dec. 15, 1908. Sturtevant. Carburetor for explosion englnee.
750,764 Jan. 26, 1604. Harmany. Carburetor.
759,510. Mar. 1, 1904. Murdock. GSEenghm
758,790, May a 1904. Snell. Carburetor.

.-
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734X247.May 17, 1904. Ftanney. Carburetor.
767,732 Aug. Itl 1904 BromIey. @Kr@dw operathg m~ fOr

valves
76W363. Aug. 23, l!MM. AIaton. Csrbnretfng Iamp.
~72@0. Oct. U IiXl& McGee. Carburetor for gasoiine engines.
773,543. Nov. L 1904. Cimce. Oil burner.
788,422. Apr. 25, 1905. Reichenbach. S@f-carbnretlng lamp.
790,325. May 2% 1905. Stelle. E@oshe engine.
i791,wL J~e ~ 1905. RiduIrd. ~ Or eXPIOSione@e-
●79&712. Aug. /3 1905. Fergmwt & Sheppy. Oarbnretor for hydrocarbon

engines.
800.696. Oct. ~ 1905. Drummond. Inteaakombnstion engimsa
801,390. Oct. 10, lW5. Low. Hydrocarbon motor.
●806,12.& Dec. 5, lSKEi.FarwelI. Rotary erpbsive engine-
W6,460. Dec. 5, 1905. Bucldin. Spraying devim
80i.131. Dee 12, 1905. Sale. Cs.rbnretor.
80i,39L Dec @ WM. Low. Hydrocarbon motor.
807$335. Dec. M, 1905. Lyon. Ornde-off engine.
*810,485. Jam 23, 1906. Reynolds. Rotary explosive engine.
81Z860. Feb. 20, 1906. Low. Hydrocarbon motor.
813.KH. Feb. 27, 1906. Holgate. Carburetor.
816+549. Mar. 2i, 1906. Heckert. Gas engine.
●822XZ MaY29, 1006. Welcome. Internakombnation engine
~~,749. J~e lg, 1~ S-dt. c~~t~r~ntrol ~ for motor

iehicks.
S30,74. Sepk 41906. FraRtz. E@csiFe engine.
●832,532. Oct. 2, 1906. CarIaon& Shimpf. Carburetor.
●846,47L Mar. 12, 1007. Hobart. E- governor for 011engin=
s46,679. Mar. @ 1307. Mmwn& SincIatr. Carburetor.
●849,5X3. Apr. 9, 19W. Gaetk Carburetor.
W-$ 80, IW’7. H- Governlag means for Internakombnstion

*855,582. inne ~ 1907. MiUer. Speed-eonbdling mechardsm for explosive
motors.

*3622574. July ~ 19(K. Dalkranian. Carburetor.
8k17,603.Oct. 8, 1907. Rothe. Fuel-valve controller for hydrocarbon engines.
8W.’i87. Oct. 6, 1907. Colemam Engine starter.
~,M1. o~~ la 1~- ~w. ~~rbon motor.
*572,336. Dee 8, 1907. Gibbs. Internakombnation engfne.
S72,41919~ ~ 1907. Herbst. Cha.rg+forming@rice for internal-combustion

W8,706. l?~. IL 1908. ~ersom Carburetor.
g$jg,~~. ~. 3L 1903. Sabath& Internal-combustionengine.
89L322. June 23, 190S. Brennam Carburetor for e@osive engines.
W!Z726. July 7, 1908. HoIgat& Carburetor.
‘8fM@6. July 28, 1308. JOhnStOL Carburetor for fnternal-combustion en-

plosion engine.
~~6fiWYV. 17, 1908. De Ro6s. Vaporking device for Intecnidombustion

●904,W8. “Nov.W W@. Carlin. Ckubnretor.
*904@55. Nov. ~ 190S. Enrico. Chrbnretor for internekcmimation engines.
906,783. llec 15,1908. Du Bri& Appara@ for SUPPIYIWfnel ta gas engin=
●W8J12. Dee. 2!3,1908. Longnecker. IIdetil-COInbu~On eI@w.
909,553. Jan. @ 190fl DaeIlenbach. Internal<ombustion engine.
913J2L Feb. 241909. Frayer. Val~e control.
62L93+L May IS, 1909. Willard- Apparatus for producing w from llqnid

“hydrocdlom
●922,145. May @ W0!3. Howartb. Carburetor.
‘922,388. May u, I-909. Brons. ~ drocdmn engins
&213,756.JmY 61909. LOW. ~ for SUPPIY@ ~ to hYdr~~n moto~
W,939. July 27, 1909. Charter. Chargeforming device for gas engines. *
%30,4S3. Aug. 10, 1909. Kershaw. Carburetor and IIke device for mixing

gas or vapor and elr.
W31,389. Aug. 17, 1909. Crook. Internakombustion engina
942263. DW 7,1909. McInti. APP-tUS for ~ gas.

.—
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946,7S7. Jan. 1S,1910. Riotte. Pr@re-regulated gas valve for engines.
94S,744. Feb. 8, 1910. Shearer. Carburetor.
x939,066. May 24, 1910. . Cittaway. Carburetor.
*961,152, June 14, 1910. Morse. Internal-combustionengine.
066,53L Aug. 9 1810. M@arty. Device for @ternating atomizer pressures,
973,240. Oct. I.& 1910. llorchebenf A Lanneau. Carburetlng lamp,
●973<602, Oct. 25, 1910. Williams. Carburetor.
W75,686. Nov. I& 1910. Koontz. Carburetor..
*875,796. Nov. 15, 1910. ILidcliffe. InternaJ-@mbnstionengtne.
‘976,237. Nov. 22, 1910. IVestmacott. Carburetor and vaporizer for internal-

cornbustion engines.
97&w. NOV. 29, 1910. Kemp. Carbureting appartitus.
*977,813. Dec.”~ 1910. Marrder. Carburemr.
879,667. Dee 27, 1916. HarDster. Vaporizer for internal<ombustlon engtnea,
878.787. Dec. 27, 1910. Noyes. Mixer for gases and llquids.
*979,808. Dec. 27, 1910. Vi’tllet. Carburetor.
830,946. Jan. 10, 1911. Heermans. Interna@wmbustionen@”ne.”
982,825T Jan. 81, 1911. Johnston. Mtxing yah-e fur hydrocarbon engin=
*98S,S07. Feb. 7, 1911. Perkins, Internal-~ombustlonengine.
894,985. June 18, 1911. Deprez & R!chlr. Carburetor.
1,004,661. M 8, 1911. Knapp: Purifying .apparatue for ncetNene gas.
●1,018,955, Jan. 9, 1912. Roberta. Carburetor.
*1,017,750. Feb. 20, 1912. Hanchett. Mixer for grweousfuel.
1,028,402. Apr. lQ 1912. Whiting. Bfixer for gaseous fuel.
1,025,814. lfrw 7, 1912. Lemp. Fuel-supply system for explosive en~nes.
1,030,388. June 23, 1912. Cross. Motiw=flntd mixer for hlternal<ombustlou

engtnes.
1,036,812. Aug. 27, 1912. I@nonson. Separa:or and volatitlzer.
1,038s00. Sept. 10, 1912. Crone. Combined.vuwrizer and priming pump.
1,054205. Feb. 25, 1918. fllmer & Kunxe. Internal-comlmst!onengine.
1,056,760. Mar. 18, 1918. WatL Gas rrdxerand. heater for explmive ednek
●1,060,053. Apr. 28, 1913, Winkler. Carburetor.
1,064,106. June 10, 1918. Stewart. AuxU1aryair SUPNY nwans for internal-

combustion engines.
1,066,391. July L 1913. Von Elcken. producer of inert gases.
●L089.502. Aug. 5, 1913. Wadsworth. Priming de- for inter@~mbUQtiOn

engines. -
1,070,449. Aug. 19, 19J.3. Green et ali Air-admLsslonregulator. -
1,077,414. Nov. 41913. Marsh. CooUngdevice for an engina
*l@79,9W. Nov. 25, 1918. Hazelton. Gas--fuel miser.
l,0&Z,007. Dec. 23, 1913. Brhsh. Gas-mixture producer.
1,083,111. Dec 30, 1913. MacConaghy. Expl&ion motor.
*1,0WE8. Jan. 13, 191A Pierca Carburetor.
1,096,585. May 12, 1914. Yost & Jahnke. Divided-spray injection engine.
I,0$KL445. June 9, 1914. Jaubert. Method of running internal-eombuetion

engines.
*1,099,995, June 161914, Page & Selclon, Carburetor.
1,101,271. June 2%,1914. Gentzen. Method of Introducing fuel into internal- ,

combustion engines.
1,106,995. Aug. 11, 1914. Freer. Vaporizer and carburetor.
*1,1G9,192. Sept. 1, 1914. Wright. Internal-combustion engine.
1.111,620. Sept. 22, 1914. Sheerly. Auxiliary air inlet and prhuer for lnternal-

~mbnstion engIn*
*lJll,&37. Sepi=28, 1814. Harrold. ?Jixlng valve for explosive enginea.
*1,116,192. NOV. 3, 1914. WWon. VaWrlzlW de~~ce.
1,117,354. Nov. 17, 1914. Erkkson. Gasifyhg devlcs for liquld fuel.
*1,117,641. Nov. 17. 1914. CcWe. Internal-combustionengine.
●1,117,642. Nov. 17, 1914 Cottle. InternaLcombWtion engine.
1,120,828. Dec. M, lfU4. Lowry. FueLsupply system and sturter for ~plosion

engines.
1,1.2L706. Jan. 12, 1915. Conwell & Little. Heater for gnseoue fueI.
*l,125,W5. Jan. 19, 1915. Hathcock. Carburetor.
*1,181,157. Mar. 9, 1915, Percival & Patterson. Kerosene-gas generator.
*1,131,371. Mar. 9, 1915. Hatfield. Fuel-mixing.device for internal-combna-

tion engines.
1,182,420, Mar, 16, 1915, Anderwm. Heater “for gaseous fluids.

.
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*1.J30,1?8S.Apr. 20, 1915. Biker. Regulating means for internal-combustion
engines.

1,142+10. June 8, 1916. Kramer. Fuel pulverizer for internal-combustion
engine9

*1,143$)92. June 15, 1916. Unckles. Car6uFetor.
lMW5f3. June ~ MM DunhaLu. Ina@rator for lnternukombnation swims.
*lJ43,779. June 22, 1915. Pembroke. Carburetor.
*1,151,9S9. Aug. ~ 1915. BaIassa. Carburetor.
L158,179. Oct. 26, 1915. Olerh Interndwombustlon .engtne workfng with

coke-men and other gasa
*I,15S,435. Nov. z 1915. Bourns Carburetor.
*lJ130,837. h’ov. 16 1915. Burnhnm. Carburetor.
lJO0,&3T. Nov. la 1915. HO11OWSY.Means for treattng kerosene or the like

for use in hydrocarbon engines.
lJOl,095. NOY.X$ 1915. Westinghouse. InternaI-combustioneng!ne.
L1OS,65O.M 2& 1915. Entz. Carburetor heater.
L105,914. Dee. 28, 1915. Shaw. Fhx+prew.ntionmennefor fnternal-combustim

engin=
z167z17. Jan. 41910. ~chenbach Cku’buretor.
*1,176,267. Mar. 2A 1916. Baverw. Carburetor.
Re. %476 (l15,!3SS). July M, lS71. S1oper. Improvement in apparatus for

carburettngair.
R& 12,$32. Ma. ~ 1905. Jacob. —.

LIST NO. 3.

ssLEcTEnPATENTS FSOM SEABCESDsUSCLMSES hTUNmn AccosnrN(ITOOrASS
A~n S~SS, WF1’HPATSN~SWEICH ~ IN TEE PEl!XIoUStiTS
o Mrrrsn.

CLASS 12% INTEKWLCOMBUSTION ENUNES.

SUBCLASS 8, ~Tma ~.

32@30. Sept. 15, lSS5. James. Apparatus for mnnufactur~ nstng
nishing motive power by aid of air and h~drocarbon oiIs.

049,ma. MaY 15, 1900. Woodward & BarckdalL Esplcsi-ie engire

022,431.
023,41a
%47,533.
6WWI.
729,6s2.
790,344.
S32$J92.

sm3crAss4, ImrmNAL C036BUSTIOXANnnmnl PsEs~

Feb. 28. 1SS9. EEenhuth. Exolosive en@ne for vehicles.

and for-

May 23; lS93. ReveL UarbAed a!r o; other fluld pressure engine
Apr. 17, lfHXL Scott Explosion engine+
June @ 1900. Dawsom Interal-combustion motor.
June 2, 1903. Osborne. Motor.
May ~ 1905. CIark. Vahwgear mechardsm.
Oct. 9, 190+3.Bush. Motor.

SUBCLASSr, muc~.

*l@W33. July 29, 1912. Whfte & Durye& Internal-combustion power
hammer.

*l$M3@15. Ju4 23, 191Z Whtte & Dnry- Power devica

Susomss s, mm.

795,8S9. Aug. Z 1005. B!IRnghurat Internal-combustionturblnei
1,000,4L7. Oct. 17,UU1. SnUhn. Rotary compoundexplmive engk

SUBCLASS9, ROT= 13fPAOT.

S53,UX May 7, 1907. schamL Turbine
S77,194. Jan. 21, 190S. HoIzwarth. (WStnrbln=
1.KK13,000.Tune 3, 1913. Duryea & Whit& Internal-combustiontooL
~187,293. June 13, 1916. l?aurot TorMm

72s03”-s. Doe 559,6+2 9

●

—

.
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SUBOLASS 10, ROTAsY BEAcrIolV.

364,866, June 14, 3.8S7. Seigneuret. Reaction wheeL
.

SUBCU@S18,EOTABYEOTATIRQABUTkfE~T.

868@i8. Oct. 22, K-)07. MacKasle. Rotary engine,
883,363. Mar. 81, 1968. “Walker. Rotary explosive engine.
lJ77,380. Mar. 28, 1916, Carpenter. Rotary explosive enghm.

833,107.
930,601.

W#g
*.

SUSCLASS 1S, EOTASY,SWIIWIN13ABUTMltl?T.

Oct. 9, 1908. Akerberg. Rotary eng!ne,
Aug. 10, 1969. IIasparek. Rotary Internakombustlon motor.

SUSCLASS16, Iio’l%SY,SLLOIIW PISTON.

July 14+1842. Wigmora Q.a8moto!..engl.n=
Sept.-lq M@. blcOahon. Combination ah! and vapor”motor.

●

SUBCLASS18, oscILLATmGPIs’roN.

l,080@72, D= 2, 1913. Fletcher. Engim

SWBCLASS20, STEM COIWESTIBLE

1,162,423. Nov. 30, 1915. Wentworth. Internal~mimation engine.

suscmsa 22, IIvrsmvAL~kCBOSTIONANDAm.

30,70L Nov. 20, M60. Wilcox. Air engine.
R& 1,942. Apr. 25, ~5. Wflcox, Improvement in hot-ah engine.

SUSOLASS26, WATEB~ HYDSOC_lV.

49346. Aug 8, 1865. Hugo% Improvement fti”~s engin6a.
691,s46. Ott 19; 1897. W-hew. QW .ewiw_..
597,860. Jam 25, 1898. RoMs. Explosion engin~
●819,299. May 1, 1006. Marks. Mixing and cornbinhwd.evkwfor gas”engines.
861,411. July 30, 1007. Weiss, Inteniakombustion engine.
W17,283. A r. 6, 1909. l?ros~ Internal-combustionengin.a
l$10&,825.~v. 14,1911. Holroyd. Apparatus for generating products of

combustion.
*1,077,881..Nov. 4, 1913. Higgins. Piocesmof rnixifig fuel for cmburetore.
*1J48,166. JUIY17, 1915. HarringtorL Explosion engine and method of

crating the same.

SUBCLASS2S,OILEJSGIKE,PUMPSUPPLYTOAm I~EW,~UB-OYOLE.

349,869. SepL 21, 1S46. Spiel. Petroleum agd gas engine.
849,464. SepL 21, 1886. Spiel. Gas engin~
303,127. Nov. 20, 188& SPieL Petrolenm engine.
426,337. ARr. 2!2,1890. Sintz. Gas engine.
602,266. July 25, 18W. HOW” Gas engine,
527,635. Oct. 16, 1864. VOIL Gag engiqe.
●532314. Jan. 8, 1895. Charter. Gas engine. ‘
543,81& JUIY30, 1895. VW@& Gr@er@.w.
570,500. Nov. 8, 1896. Prouty. Gasoline and vapor engi”~
574,610. Jan. 5, 1897. Joranaom Gas engine.
684,960. June 22, 1897. Quas~ Explosive eggig+
!58Q61. June 22, 1897. Quimt. Gas engine.
5$7,926. Jan. 11, 1898. Qwist. Gas engig~ ...
607W8. July 26, 18W Quaet. Gaiiengin%,

.

612,756. Oct. 18, 1898. Ostenber . Gti enghki” . . ; .
624,975. May 16, 1899. Q=i~

8= ..$nei -- ~

626~5. June 6, 1899. Froelich. Speed regulator for explostve engines.
6@5,714, Jan, 8, 1901. Zimmerman, Sped regulator for explosire engines.
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67~615. Apr. 26, 190L Doorenbos. (3ss or gasoUne enghm
OW$W. Mar. 11, 1902. Davis. Erphsive engine
71S,51L Jan. M, 1903. Ostenherg. Erpbsioq en@ne.-
S5S,022- Jnne ~ 1.907. Podlesak Fuel feeding device for internakombuaticm

motork

2S9,69L
239,6922
295,7SL
331,079.
~l~lo.
334$34L
3i6~12.
3i8@S.
425J16.
544Xi66.
5S3399.
*59S,9S6.
615,766.
64S,914.
649,12z
tW3$lS0.
70L140.
‘i36@7.
7543@&
770$72.
S05,774
S73JM0.
S6L1S9.
S94.56s.
S99,186.
WiMi97.

SUSCLASS 84, OIL mGIIVES, EXTEZ?IAL P~(l

Dec41ss3. Nseh. Gasengfna .

W ~ M% h’nsh. Gss engine.
Mar. 25, 1% Maxfm. Gas “engba
NoP. 24, 13S5. Nash. Ek@osivevapor engbm
Nov. 24 lW. Nash. Wc@osiw+vapor engln~
Jan. @ lS66. Nssh. Method of operatbg .expIosl%vawm englnea
Jan. 10, lSSS. Shanck. GSSengine.
Feb. 2~ lt?SS. Lfet & Kosako~ PetroIeum motor.
Apr. 8, lSfM). VaIentfne& Grigg. Gas enghw.
Ang. 19, 1695. Mead. Gas or oiI engine.
May 25, lS97. LewbL Gas or vapor engine.
Feb. 15, lS9S. Gere. Combustibh+vaporengfne.

Dec 13, lS9S. VansWde. Gss engina
May & 1900. Bertheau. Vanorizer for wXroIemn motors.
&I&~~~ti Allen. Ro~- engine. -

May 27,1902.
Aug. l% 1903.
Apr. 12, l!31M
Sept. 27, 1904.
Nov. 28, 1905.
Dec. 1?, 1907.
Mar. 10, N30S.
July m NOS.
sepL 22, 190S.
Jan. 19, 1909.”

bustion engines.

StewsrL Gas engine.
Briggs. Hydrocarbon-cdl engfne.
WUkInsom InternaI-combusffonengine.
Den!80n. Vaporizer for explosive enghea.
SUmleim E@osIve eugine.
B1aledelL Internskcunbustfon engim
OIifL Internakornbustion engin~
Laach & Gerber. ExpIoeive engine.
Avery. Gas engfne.
RabsiIber. kternslambustIon engine.
Hetiber~ Esternsl electricalvaporker for eom-

909,900. Jan. 19, 1909. Hertzberg et aL EIectrfcrdlyheated starting vaporizer
for internal-combustionengines.

961,5S1. June 1~”1910. Bowen. Exploslve englna
971,6S2. OeL ~ 1910. Low. IikonomIzer.
974$3S7. OeL 25, 1910. Low. Oharge-formingarrangementfor m in internal-

combustion engines and turbines.
975,0WL Nov. ~ 1910. IVhtte. Method of operating gas engines and apparutns

therefor.
977,S47. Dec. @ 1910. Wright. InternaI-comhueffon enghe.
l,~KIS. Sepi219, 191L Eabsllber. Internakombnstion engfne.
1,006,24 Oct. 17, 1911. Low & Hertzberg. Erphaive engfne.
1.026,87L May ~ 19LZ Lake. Internfd-combustionengfne.
~060.053. Apr. 29, 1913. VHnkIer. Carburetor.
*l,12S,95tL Feb. la 1915. DuryerL Internakombuetfon englrE
1,135,0S3. Apr. 13, 1915. Waite. Interm&combuMon engine.
L13SJ324. May II+ 1915. WiKs. Internal-combustionengfna
1,102,003. Aug. 3L 1915. ButIer. Gss producer for exp~osiveeng!nesL

sUEcLMs 85, OILErmmms,Ercmuxu vAFomznv&

3i7.S66. Feb. 14 1SSS. SpieL Pefroleum engine.
369,569.. Mar. EZ lS69. ScMItz. Petroleum engine
412,22S. OcL 8, 1SS9. Altmann & Knppermann. Petrcdenmmotor.
425,909. Apr. 15, lSW. Eoo& Petroleum engine.
4247k~ 27, IWO. Taverner. Engine or motor operated by expbsive

%37,507. Sept. 30, lSW. Otto. Petroleum or on motor @n~
*440,4&$. Nov. ~ lSW. LIndley & Brovrett. IJ@d hydrocarbon motor

engine.
453,446. June Z lS9L Llndner. Hydrocarbon engine

“%W1. Sept. 6, lS92. Sehumm. Ofl motor engin~

-L

—

—.

—
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511,651. Dec. 26, 1893. Roots. Petroleum or. Ik@d hy’dro~rbon e~ine.
518,151. Am. 10, 1864. I@ight. Vaporizerfor hydrocarbonmotors.
524,945,Aug.21,1894. Knight. Hydrocarbonmotor.
54+4879.Aug.20,1805. Beet. Gasenginemd generator.
549,677.Nov.12,18fM.Mayer. Vaporengine.
552,688. Jan. 7, lSM. Carter. Petrolewnoil .agfne.
*565,033. Aug. 4, 1S86. Robinson. Gas or oil engine.
*566@3. Aug. 18, l% Barker. Vaporizer for oil engine%
*578,034. Mar. 2, 1897. Bomborn. Vaporizer for petroleum engtnes.
582,271. May 11, 1897. Dawson. Oil or gas engine.
589,108. Aug.81,I.SW....Wordsworth..Jokm WOrlwdW lw-lrocarbonor other

-.-”
6M4107. Mar. 1, 1888. W&man & Holroyd. Hydrocarbon motor.
600,974. Mar. 22, 1888. W&man & Holroyd. “Hydrocarbonmotor.
633,819. Sept. 19, 1899. Inman. Carburetor.
668,773. Feb. 26, 1801. Hauacm Vaporizer for esploslve engines. -
*700,295. May 20, 1002. Bertheau. Four-stroke petroleum motor.
●725,191. Apr. 14,-1903. AllaoP. Petroleum engine.
●722,878. May 26, 1908. CundaIL 011engine.
733,417. July 14 1803. Nicholson. Internal-cumbuztionengine.
750,451. Jan, 26, 1804. Grank Vaporizer for gas engine.
773,245. Oct. 25, 1904. Cappell. Coiling motors.
*860,6LT0.July 23, 1907. Brady. Valve gear for internal-eombustlon engtnea.
●651,853. Mar. ~ 1910. Weller. Gas engine. .
1,135,082. Apr. 13, 1916. Waita Internal-combustionengine.
1,135,083. Apr. 18, 1915. Waite. Internal-combustionengine.
~157,X7. BeIlem & Bregeras. Internalembustlon engine
Re. 11,683. Oct. 12, 1867. Gas engine and generator.

SUaCLASS 62, MULTIPLE CYLINDER

*1,128,717. Feb. 16, 1915. Ottaway, Carburetor.
1,159,985. Nov. 9, 1915. Orlopp. Fuel cmmection for internal-combustionen-

gines.

SUSC~S 78, TWO-OYC@ItlMB-CO~PBESSION~A~K CMR

*I,08(M19. May 19, 1914. Ahlberg. Internal<ombustlon ~ne.
*1,102,O25.June 30, 1914. Ellis. Fuel injector for explosion engtnee.
*1,139,364, May 11, 1816. Obergfell. Internal-combustion eng~ne.

8UBOLASS 76, FOEB-CYCLE SOAVENQINa.

1,146,864 July 20, 1915. GibsoR Internal-combustionengtne.

SUBCLASS 98, Smzn BEQUZATORS, MANUAUY controlled.

*775,103. Nov. 15, 1904. Duryea. Internal-combustionengine.
●872,138. Nov. 26, 1907. Mayer. Valve gear.
062,248. June 21, 1910. RockwelL Mechanism for feeding ftxeL
*8$8$55. July 18, 191.1. Lee. . Carburetor for internal+ombuetion engines.
1020,S79. Mar. lZ 1912. Wdwoda. Throttle valve for carburetors.
*l@9,6S5, June 18, 1912. Huff. Controlling mechanismfor motor veMclea.

SUBCLASS 99, SPEED BEQULATOBS, CO?dBIKEO TYPES.

368@l. Aug. ltl 1887. Baldwin Gas engtge. .
~138,S31. May 11, 1915. Baker et al. Internakombtxst[on engtne.
*1.J58,864. Sept. 1A 1915. Warner. Internalambuatlon engine.
l,186i13~ June 6, l!316. Purdy. Control system for internalambustlon en-

SUBCLASS 100, SPEBD BBGULATOES, CHM VOLTIME PEOPO~ON VABYIIWL

408,683. Aug. 18, 1S89. Baldwin. Gas engtne,
*862,674. Au. & 1907. Memhwer. Carburetor.
*985,703. Feb. !2&1811. Podlesak. I.nterna.kwmbustlonengine,
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*I,oIS$g~. Jan. 9, 1912. Podlesak Mixture-producing and speed-governing
dev~cefor gas engin=

●I,MA June 10, 191S. WCS. Method of regniating and con~oiifng tie
mire motion in exphefve motors.

S17M!LASS 101, SPEED REI==LATOM, C!@MBGE VAEYLKG AND OMITITKQ.

WW3131. Mar.4 19LM. liuteL Re?miat@ device for engines.

a-oBab4as 102, ~ EEGmAmM, ELJmrsIcul.

*727.wi. 31SY lZ l%M. APP1e iZiectrfc governor for gas engines
1,0S9,47S. Mar. 10, 1914. K@ey. lkplosion motor.

susaAas 108, SPIXnlwmlLmoRs,Pri’EmfA’rro.

%26J20. May 30, lS99. WintorL E@osive engine.
063sss. Dee 4 lW. moL s- w-nor for aIo~~e en@=
762,965. June 2L I& TVashburne. Feed mechanism for eqhsive engines.
7s2z44. Feb. 14, 1905. ~do~ Go=nor for =@o~on =@=
lJ42sL9. June& 1915. Zie@=. Governing and throttling device for internal-

combuation engines.

S-oBcxAss 104, SPEsn EEG_OZATOESjSUPPLY ~, REGULLTIIT~

906,022. Dec.SylMN. Heaaeimann. Fuelpumpofr reveraibIeinternai+mmbue-

~017~!nL%~y ~ 1912. Rigby. Method of governing internakombustion
engines.

1,067,424. JuiY15, 1912. Ham.W. FaeI P-UP for interti-combustion engines.
LN%2.90. Dee. 2& 1915. LemP. Fuel pump.

l,075@5. OCL14 191S. ElkiR Carburetor.
1,0S3,493. Jan. ~ lill~ CMsL Esplosion motor.
l@9,462. Mar. 10, 1914. CrisL Expkwion motor.
lJ07,109. Aug. U, lMA Peaslea Carburetor.
*lJ44@9. June 29, 1916. Kane. C?arburatinginternai-comhuaifonengines.

SUSCZAGS 10s, ~G.

●S62tl’70. Mar. 17, lWS. ScbmidL Carburetor.
*SS9,0S2. May 2(4 190S. McCiintock Combined carburetor and governor for

internakombuaffon emgines.
*l,lRi,lL”. JniY 2E4Ull& Wger. Internaiaunbuation enghm
1,130,10S. Mar. 21915. E’humm Throtie vaive for carbureto=
●lJ49A97. Aug. 10, 1915. Riker. Regniating means for internal<ombustion

engines.

SUSCIASS 112, SUPPLY-VAL~ BEGTLCAT’5G.

●599,876. Feb. 22, lS9S. WTdt& Gas-engineattachment

~S 11?, AUTOIUITCULY CONTRO- IGIVEKUVGDETTCES.

lJOg@Z D= l% 1915. Royce. Controiiing device for the electrical ignition
systems of internal-combustionengines.

!M6@75. Apr. 17, lS6S. Quick Tramway Iocomotiv=
400,SM. Apr. 2, lSS9. Humes. E@drocarbm@ed air engirw
407,f16L Juiy 80, 1SS9. XWNett. Combined gas engine and carburetor.
%73,762 DISC2!3 IS96. -N=. GSS-n~
*657,766. Se@ 11+WOO. Jeaaen. Carburetor for explosive engfma
*67WOL May 1% UML Eckhard. Miser and vaporiaer for gas cmgines.

—
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*6V$285. June 11, 1901. Van Duze~ SPraYIDgnnd vaporizingdevice for
crude-cdlexplosive engines.

W59,00L May 3, 1904. hfohler. @rbnretor for hydrocartwuenglnest
766,530. Aug. 2, 1604. Saitsbury. Amaratusfor ~eneratlmof w
776,982.Dec.6,1904. A.@erscm Garburetingapparatusfor exdoslveeuglnes.
854,006.May21,1907. Levering Gasengine.
862,877.Aug. a 1907. Bacon, Explosiveengine.
900,088. Oct.6, 1908. — Gasengine.
916,899.Apr.6, 1909. Chambem Air heaterfor gasolineengines.
920,167.May~ 1009. McIntyre. Internel@rnbustlonengine.
946,239. Jan.11,1910. .Lmvet al.” Internal-cornbumionen.@ne.
967,117.Aug. 9, 1910. Duran& Wane for coolingthe cWn~ersof internal-

combustionen@ne&
$68@02 Aug.23,1910. Utz Induction”cimiiiitfor eipios!onengines.
971,034 Sept.27, 1910. Fuller. Air intakefor carburetors.
9Z3547. Oct.11,1910. Law. Gasengine.
986,357.Mar.7, 1911, Bullert. Hot-ah intake.
990,741.Apr.X5,1911. Jacob& P’uelfeedh.wmeansfor explosive engines.
*994@58.June6, 1911. ReIciwnbach.Clarburetingsystem.
998,124 July18,1911. Scripps- Intakeman!fold.
1$132,937.July la 1912. Pierce. Uarlmretor_heatw.
1,035,614 Aug.l% 1912. rJo~ et aL Vaporizing device for explosive engines.
1,048,576. Dec. 8~ 1912. Page. Heating device for carbureturm
1,050,6!25.Jan. 14, 191S. Dortch. Internai-combustionengine.
*1,067,W6. July 22, 1918. EsnauIt et al. Device for heating the carburetor

of combustionenginesand more particularly for flylng-macMneengtnea.
1,078,919. Nov. la 1913. HaIi. Internal-combustionengine.
1,083,673. Ja~ 6, 1914. Eilis, Internal-combustionengtne.
1,093,756. Apr. 21, 1914 Beaaley. Device for heat!ng charges for erplosive

erwh=s.-T. — .
1,099,271. June 9, 191A Sykora InternaI-combustionengine.
1,099,S42. June 9, 1914. Cobb. bfanifold cor!etfuction for e-xpbsive engines.
1,W9,862. Jnne 9, 1914 Schroder. Method of operating interntii-coruiwstion

engines and preheating device therefor. _
1,101,865. June 23, 1914. Weaver. Fuel heater for Internalembustionen-

gines.
*1,1OI,913,
*1,103A5L
*1,105,O17.
1,108,452.
●1,106,88L
1,109,628.
1,110,724.

fueia.
Ll12.589.
1;124,157.
1,124,916.
1,125,446.

June 30, 1914 Fay. Internal-co~bustion engine.
JUIY14, 1914. Thorney. Combustion engine.
July 28, 1914. Baaaford. Expletive engfne.

Aug. IL 1914. Ittner. Gasoline vaporizer.
Aug. 11, 1914. Marnyrtma. Internakmnbustion engine.

Sepk 1, 1914. Hailett. Rotary valve for explosive engines.
Sept. 15, 1914. Stew’m% Carbureting means for use with heavy

Oct. d 1914. Aebmusen. Internakorobusthm engine,
Jan. 5, 1915. Low. Internal-combustionengtne using liquid fuel.
Jan. 12, 1915. Knudson. Manifold for internal-comhuetionengines.
Jan. 19, 1915. Beasiey. Device for heating charges for explosive

engines.
1,131,016. Mar. 9, 1916. Thornton eb al. Air-heating device for esplosive en-

gins
1,18S,712. Mar. 30, 1915. Doyle. Caoling @em.
*1,183,845. Mar. 80, 1915. Farnsworth. EXploshOeengine.
1,134,667. Apr. 6, 1915. Brooke. Internal-combustionengine.
1,135,074. Apr. I& 1915. Taylor et al. Explcisionengine.
1,185,113. ADr. @ 1915. Hitchcock. Vapor heater for internal-combustion

engines.
*1,137,057. Apr. 27, 1915. Haiilday. Heavy+fl carbureting system for inter-

nakombnstlon engines.
L1+WWO. June & 191& Gfiesbwh. VaDorizerfor int&maLcombustkmen.

~nes.
1,149,710. Aug. 10, 1915. Beck. Heaw-oil carburetorfor explosivee~ines.
L15L503. Aug. 24, 1915. WWmuith. Apparatusfor heatingthe combustible

chnrges of intermd-mmbnstionengines.
1,152,744. Sept. 7, 1915. McNutt. Revaporize for fnternal-mmbuattonen-

gtnes,
1,159,446.Nov.9, 1915. ~atte, Carburetor.



lJ60,192. Nov. 161915.
L168&~&Ralq 1916.

.
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NeIsom Carburetor warmer.
Pope. FneHteatLngapparatus for internaI~mbus-

1,170,337. Feb. L 19M. Robluson et aL A3r heater for carburetors
*lJ71J45. Feb. ~ 1915. Laths. Carburetor.
lJ7&226. Apr. ~ 1916. StranbeL Fnel-heatingdevice for internal-combustion

engines.
~178,972. Apr. m 1916. Tracy. Ohmg+forming device for internaLcom-

bustion engines.
lJ80,176. Apr. @ 1916. Moreton. CarburetLngapparatus.
1,190,129. July ~ 1916. DnBois Carburetor heater.
*1,190,592. July L 19M3. Roraback. Manifold for gas engines:

emscm$s 128, ~-FOBMllW ~CES, QOm-OHO~~.

371,849. OcL @ 1887. Ltster et al. Pe&oIeum motor.
897,517. Feb. m 18S3. Prhsstman. Method of working hydrocnrbureted air

engines.
509,462 Nov. 28, 1893. C@@. Carburetor for gas engines.
*=283. Dec 8L 1895. Roth. Generator for gns engines.
68CJ387.Apr. U4 1897. Ellis. Explosi~e engine.
*583,608. June 1, 1897. Raymond. Gas engirm
*596@19. Jan. ~ 1398. Guyer. Gas engiria
*614J14 Nov. 15, 1898. Iefebra OiI or sircdIermotor.
638,440. Dec. 5, lW9. Brlllie. CombinW distributor and reguhtor for ~-

plosive engines.
%59,095. Oct. 2, 1900. Oisem Gasoline engfne.
W71,714 Apr. 9, 190L Wolf& Governing devfce for gaadine engines.
_ NOV.~ ~L S@arIM. Speed regnlator for axplosf~eengines.
~OW.26. Sept. 161902. Vanduzen, Vaporizing device for exphsive engines.
722J17L Mar. 17, 1903. Bnrger. Gas engine
~22@2 Mar. 17, 1903. Bnrg=. Valve for ~ engines.
*Z29~77. ?@’ 26, 1903. Melster et aL CambInedgowrnor and gas and air

mher for exphsive er@-
731,99999n~~me!2& 1908. Hngnn. Carburetor and governor for hydrcmmbon

Wk@2L J.nlyn 1903. -lM Fuel governor for oil engines.
*735,483. Aug. ~ 1903. Hydrocsdwn mixer and regulator for engines.
W79,490. Jan. 10, 1906. Mcliaig. 31ising apparatus for explosion or gasoline

=u@=.
V8!247L Feb. l% 19W. Sterne et aL Internal-combustion@e.
*7SS,748. May ~ 19CKLBauer. Gas and ,oil engina
W94192. July 11, 1905. SeaL Internal-combustionengine.
806,512. Dee, 5, 1903. AbreJmm Carburetor for.h@rocaxbcm engines.
869$16. Aug. 20, 1907. GronwsJleet eL Speed regulator for internal-combus-

tion engines.
%76319. Jan. 1% U308. Brother& Charge forming device for internal ccnn- “

bustion engines
~W5,698. Apr. m lWS. FrcaL Internnkombustion er@n=
904J160. Nov. 2+$1908. HukIe. Carburetor and mixer.
W35218. Apr. 19, 1910. SmitlL Carburetor.
970,422. Sept. 18, M1O. Davis. Carburetor for internaladmstlon engin=
l@76,635. OCL141913. EIkin Wrburetor.
*1,076#68. Ott !21,1913. Carpenter. Carburetor regulating merhanism.
*l,123,H18. Jan. 5, 1916. FarrelL Carburetor.
lJ33,679. Mar. 30, 1915. Taylor. Governor for iuternal-combnetlonengine.
*l,151@i6. Aug. 2+ 1915. Bingaman. Carburetor.
●1,M4,680. Sept. 21, 1915. Merriam et aL Carburetor.
*lJ55,CfM. Sept. 23, 1916. Podlesak. hlixtumreducing device and speed gov-

ernor.
1,170,199. Feb. 1, 1916. Ver P1anck Goverrdng mechanism for internal-

cmubusttonengines.

SU8CtASS124,~-~E1411?~ D~CES, aDToMAmCDILUTION.

642,87L Feb. “C WOO. New. HetivY4il engin~
W51,434 Feb. 2, MM. A’apieret aL @rburetor for petrol motors.
823J85. June U MOO. Miller. Air VaIvefor gns engines.

●
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*881,832. Sept. 25, 1908. Cotlin. Carburetor for Iwdrqwrbon engines.
%38,085. Dec. 11, 1906. Cook. Carburetor for explosive engines.
*844,894. Feb. 19, 1007. Renault. Carburetor.
S71,861. NoY.19, 1W7. Relneklng. Air intake_wlator for carburetor.
878,077. Feb. 4, 1908. Imnguemati
891,9S6. ~une80,1808. Sordanetet al. Carburetor.
894,* Ju~ ~, 1~ ~I~ek@ u ln~fie andr~lator for c~buretor&
906,039.Dec.8, 190S. Le PIsIL AntomatIcdoubleatr inlet-forcarburetors.
938,649.Nov.9, 1808. ReineMn&Reedair-ln@.ke.regulatorfor curburetom
943.886.Dec.21,1909. Relneking.Reedair-intakeregulatorfor carburetor
*897,282.July 4 1911. Bowere. Clmburetor.
~050,230.Jan.14, 1918. AubeW. Auxilfaryair inIetdevicefor Mernal-com-

bustion engines.
1,086,112.Feb.8, 1914. Wlnkler. Mix@ re@ator.
1,038,802,Feb.24,1914. Scudder. Automaticair valvefor SS8manifolds.
1,117,676.Nov.17,1914 Johnson. Automaticcarburetorab!mPPIYregulator.
1,117,993.Nov.a 1914. Fra!der. Automaticvalw
1,142,194.Jnne 8, 1915. Morgan. Auxillam valve for internal-combuetioII

enfdnest
IJ4Z779. June a 1915. Umbarger. Uae-cavingappliance.
*1,143,230. June 15, 1916. Root. AWcontrolled_@wice for gas engines.
~168al~=Jan. @ 1916. Kelfter. AuxiIiary valve for internal-combustion

1,171,457. Feb. 15, 1916. Oldham. Air controller for explosive engines
●lJ89,786. July A 1916. Byrnes. Thermostatic-control device for explosive

engines.

SUBCLASS 125, CH==TORMIKG DEVICES, OIL Il?TFStEIZKXG.

870,242. Sept. Xl 1837. ~harter. Gas awtna

SUBOLASS 126, CHABO>FOEUdIliQ DEVICF& MOVABLE CABRIES.

550,410. Nov, 26, 18fH. Hardina. Gas generatir. 1
712.42. Nov. 4, M02. Jeffery. Carburetor for exploslve engines.
1,184,779. May 80, lllltl Shaw. Aerating fuel pump for explosivemotors.

eUBCLAM127,CHABGE-FWMI!TO DEVICES, MGLTIPIE OZ SUPPLY.

●1,1O?S,O16.JnIy 28, 1914. Baaeford. Explosive agige.
*1,11O,438.Sept. 15, 1914. Gore. titernakombuation engine.
1,115,967. NOT.8, 1914. Papenbrok, Attachmentfor explosive englnea
1,121,135. Dee, 15, 1914. Schmld. Internakombustlon engine.
1180,168. Apr. l& 1816. Marhmke. Fuel-injecting device for internal-com-

bustion engines.

suBcLiss 128, CHASQE-FOBMINQ DEVICES, COltSTA??T OIL SUPPLY.

666,666. Jan. 8 lPO1. Solomon. ~as engine,
670,945. Apr. 2, 1001. Ash. Vaporizing device for gas entines.
731,001. June 16, 1003. Williams. Explosive engtne.
1,188,838. JUIY +$ 1016. &Mew. Internakombuatton engine.

SUBCLASS 129, OHAEGl+FOEIHKQ DEVICES, 7ALVE-CO~TSO_ OXL

*41~~. D= 24, 1~. Kort@. ~utoma~c y~ye and igniter for gas engtnes.
●688@32. Feb. 8, 18fJ3 Wintom Explosive engine.
●748,980. Jan, & 1904. Segner. Feed regulator for gasoline engines
*796.273. July 25, 190S. Esener. Carburetor.
*8M,392. Oct. 15, If)Oi. Allaop. Petroleum engfne.
*877,753. Jan. 28,”lfI08. Ash. Gas engine.
●887,422. Nay 12, 1803. Power. Mfxlng valve for internal-combustionengines.

SUBCLASS 180, OHABQBFOBMINQ DEVICES, VALVE-C!ONTBOLLEDOIL FOSXTIVELY-
OPEBATED.

*517,344. Mar. 27, 1894. Lambert. Carburetor.
731,647. June 29, 1903. Uorne et al. Carburetor for erplm~onmotors.
~*~~e&JulY 81s 1~. UoodSPeed. Valve gear !or internal+ombustionm.
lWi9,178, Nov. Z 1915. Cook Injector.

●

—
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SVBOIASS ltW,C~-FOBMING DEVICES, OILAIVAFOBATIIW.

89,4+ft3. Aug. ~ 1882. Kratm Improvementsin gas er@nea.
S21,0i& Nov. 24, 1685. Nash. ‘Ex@miw+vapor engine.
635.462. Feb. ~ lMi6. Lencdr. (WSma
480,565. Aug. 9, 1892. Weatherhogg. Petroleum or similar engim
677.lS9. Feb. 16, 18B7. Lewk Vapor engim
606,M14.June Z!&Mfk3. Bonton. Explosive engine.
●@S.288. OCt.~ =. ~dli. Carburetor.
‘i8@76. Mar.1~- 1905. Hiltecher. Carburetor for gas engin=
785,S08. Mar. .2S,1905. Keating. Carburetor for hydrocarbon englnea.
*844@0. Feb. 19,1907. Smith. Carburetor.
*85S,046. Jnne 25, 1907. Wsterndorp. Vaporizer for e@osive englnea.
8kk3@3. Oct. 15, 1907. Bates. GeneratingoiI gas for expkwive engin~
=9,659. Feb. la 100S. Low. Hydrocarbon motor.
9%!+59!3.Sept. a 1909. Flink Apparatus for vaporizing hydrocarbon OHS.
lJ10,807. Sept. 15, 19M. Lucke. Vaporizer for lnternakombustion engines.
lJll,140. Sept, 22,1914 Deering. Gas-generatingsystem
lJ~M~~ =W2, 1915. Hormold. Canbined fnel and cooling system for v-

.

sUsaAss 184, ~FOEMINQ DEVICES+0D3CVKPOBAT13W, SUB~ Am SUFPLY.

499,597. June 13 189S. Salomon. Carburetor.
tlU&62 Jan. 30, 1900. Probert Vaportzer for gas engines.

S~S 185, ~-FOSMIK@ DEVICES, EsrEzma Om FIIM.

406,540. July9, 1S33. Schlftz. H@roearbon -e.
65L017. June 5, 1000. lfarne. Carburetor
685,504. Oct. 29, 19(IL BoIe et d. Carburetor.
‘W47,62S. Jan. 25, 1910. Brady. Ihternal-combustionengine.
lJ86~ May 30, 1916. ManIey. Interdal+ombustion engbm

200,970. Mar. 5, 1878. Brady. Improvemat in gas engines.
496,751. Xay 2, 18Wi. Schumm. Apparatua for supplying ott or other liquids

under pressure.
509,860. Nov. ~ l&X. Seek H@m2arbon motor.
645,458. Mar. 18, lfXIO. —. OfL-distilbutingmeans for oiI engln~
&55,47@.J~e ~, 1~. ~ad~~ et ~L ~losi~e a-
6S6287. NOT. I-2, 100L Grenter. Feed mechanksmfor gasoline or like en-

817,6@#sApr. 10,1906. Rcseau et al. Oil engine.
%+9,048. Apr. 241907. Cable. Fnel f- for hydroembon engines.
8%52222 June 9, 100S. MacFasM& Charg~supplyfng means for lnternalam-

bmtion engines. -
09S,625. SePt. 7,1009. MCCartey. Fuel feeder for lnternakombustion engine.
97S$!30. Ok Xi, 1910. Rammen. ADsIMrY Uquid hydrocarbon tank for tnter-

nal-c!ombustlonengine.
997,136. JulF 4, W1l. Johnston. Device for snPPIying ofl to internal-eombus-

tlon en.gine~
l,002262& Sepk 5, 1911. Bait-r. Tnternal-combustionengine.
LO11,93L Dec 19, 191L Farqnharson. Force-feed earbnretor.
1,0S6A2A AU 20, lf)l$i. Bellem et aL Pump feAiing mechankm for internal-

&xn.bustiohengines.
1,049315. Jam 7, 191S. Day et aL Start@ mechardamfor k&rnal-combns-

tion engines.
l$KJ5,762. MaY 5, 1914. TVinton. Fuel-suPPIY system for automobil-
* 1.lC+3,11tf. Auf$ A 1914. Schneider. Charg~form~g detice for titer@-

—

...—

—

.—

eornbustionengines.
ltlUL975. Ott-a 191-4 BuslL Oil-dlatributingmechanism.
1,104@4. Sept. 28, 1915. Lascha Fuel-supply system for engines.
1.J89,0W. June 27, 1916. GrunwaId. Pumpfng appara-
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SUBCLASS187, CH~13~-FOB~IN@DEVXCES,OIL_IIiO, SECI?EOCATIliO.

6W,266. May 22, 1900.. McDrM. Feed fo~ explosion engines,
664,98L Jan, 1, 190L Thornton et al. Oil-feeding device for explosion en-

gines.
722,43L Mar. 10, 1903. Packard. Hydrcc~bcn motor.
88W02. Mm. ~ IfMM. BoY1er. Carburetor for esPhslon engines.

BUO-0 188, Ctl_FCIllfI~Q “DWICUl;Oh FSEO1~O,tiABY.

5S0,444. @’, 13, 1397. Baker. Gas engine.
62tJ840. June 18, 1899. MacCalhnu. Apparatus for Injecting fuel into com-

bustion chambers of internal-combustionengines.
770,731. Sepk 27, 1904. Anderson. Feed valve for explosive engines.
1,177$216.Mar. m 1916. Summers. Carb~tor.
1,180,334. Apr. 25, 1916. Summers. Carburetor.
lJ88,572, June 27, 1916. Summers. Carburetor.

Susms 189, cHAEOS-FC~~ DEYICES,~PS.

774,034 Nov. 1, 1904 BrtlIie. Fuel-feedingMechanismfor l~ternal-comlmetlon
motors.

l,0HJ131. Dec. 19, 1911. ‘Farquharson. Foicef’eed carburetor.

8USCLMS140, CH~E-~E?dI~O DE~CES,OC_I’70XCCNTSOL

970,429. SeptL13, 1910. Davis. Carburetor for internal-combustionengin~

SUSCLA8S141, C-OE-FOIZMIIKl=-, MIXINODEVICES.

650,736. May 29, 1900. Sutton. Esploslve engine.
* 765,098. Mar. 22, W04. Wright. Vaporizer for hydrocarbon engines,
* 868,707. Oct. 22, 1907. Schneider. Carburetor.
948,402. Feb. 8, 1910. Preston. Vaporizing and mixing devim
● 970g51. Sept. IS, 1910. .bfartha. InternsJSmbustion engine.
1,012,380. M 19, 1911. hose. Mixer for fnternal-combustionengines.
Lo3:h~i1k:nlY 9, 1912. Westliway. Mixer for internal-combustionengines or

1,05L369, Jan. 21, 1918. “Heath. Charg+mffing device for gas engine%
1,103,93L July 21, 1914. Bennett. Intake man!fgld.

SUSCLASS14%,CH-B=MINO D_CES, SAFXTYDEYICES.

434,695. Aug. 19, 1890. Barrett et aL (3ss or vapor endne attachment,”
928,710. July 20, 1909. SvageIL Carburetor.

SUSCLASS 180, CC?KSU~ MIXYUES SUPPLY STAETINO DSVICES.

392,597. Mar. M, 1908. Walker. Starting device for internal-combustion en-
gines.

S!32,544 JUIY 7, 1908. Odenbrett. Engine st?rter.
920,515. May 4, 1009. Nagora, Starting device for explosive engines.
92MM. May 1$, 1909. Ja@kscm. Auxiliary starting device for automobll=
960,600. June 7, 1910. Pagelsen. Starting device for explosive engines,
069,815. SePt. N?, 1910. Walker. Starting device for lntwnal<ombustion

-.

engines.
983S68. Jan.S1, 191L Sackrlder. Starter for lnternakombustlon engines.
935,011. Feb. 2~ 191L Daniels et al. Gas-enginestarter.
8Q0,195. Apr. 16 191L Bunt. Engine starter.
1,000,595.Aug. 15, 1911. Gibbon. Startingdevice for !nternrd-combustion

engines.
q,014,988. Jan. 16, 1912. Hlnkleg. Carburetor.
●1$339,229.Sept.2+$1912. Walker. Carburetor.
1,05U.22. 7an.2L 1913. Krayer, Meansfor supplyingexpIosfvemixture to

explosive engines.
1,161,5S6. May 13, 1918. l?uhrer. Gasc!ine engine Strtrt=.
1,080,77S. De& 9, 191& Myers. Engine starter.
1,081,584. Dec. 16, 1913. Prfming attachment for esploshe engines.
1,083,792. Mar. 8, 1914. Perkins. Explosive engine priming mechanism.
1,1OO,O9LJune 16, 1914 Pennlngton. Engfne starter.
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~102,09L June SO, 1914. ShockIey et al. StartLngmechardsmfor $nternaI-
Combustionengines.

lJ~475. Ju~ 7, 191A Cochran. Means for creating and suppIyingerploatve
mixture to esphstve engines.

lJ17,14L Nov. 10, 1914. Smith. Ex@osive mtxture heater and diluter.
1,157,866. M ~ 1915. Higgins. Carburetor.
l,16@57. D= l% 1915. Kaufmmm Primer.

CLASS 261, GAS AND LIQUID CONTAC1’ AFPABATUS.

SUBCLASS 10, WITH -ma OB Coormx% nwJmoH.usQmG.

856,656. May 141907. Stewart. Gasfder.

SUSOLASS 1!2,WITHHEA=@ OBCOOLIIS~,HEA-&

660,954. OcL 90, 1900. Hayes. Fuel vnmmtzerand tier for crmlodve en-
ginesand other uses.

0T2&00. Apr. 28, 190L V~ Dmzen. Vaporizing device for crude oSIexphx+ive
engines.

W6W395. JUIY 14 ~ Charron & Gerardot. Pukerlzing ezrbmetor for
petroIemnmotors.

*817,03L Apr. 9, 1906. Dorman Carburetorfor Sxploshe motors and engtmi
909~n jJ~ 1909. Hertzber& Ekternal electz’ical vaporizer for combus-

%6S,953. Feb. X& 190L Dawsan. WmcnMng devire for esplosi~e engines.
*Re. 12,S22. Feb. ~ 1905. Dawaom Tapmizing device for expkmtveengines.

auaoLAas 15, TvrrH nTIIvG @ C!Oorim(l, mMl!uxq IZQm.

%tM$W3. Nov. 141905. Enrtco. Carburetor for exploston motors.

SmBaAss 26, ELum nrmxmumolf, PTMPIIW, AUTOMATIC 00IKTBOL. “

270,927. Jnm.23,16S3. Brayton. Eegnlating the suppIyof otl to vapor engines

SU13CLA8S8S, FLUIO DIS~ 0!S, Vtivrm

WW4516.May60, 191L Gent@ C~uretor.
9$@O16.June 20, 191L Helne. Carburetorand rellef valve for esplosWe

englnw
SUBCLASS41,== D~li, VffiVZD,~ =, ~~

WCLS,658.Apr. 2+31906. Renatdt. Carburetor.
S~S 44,~ DIS=UTIOX,TALVED,=~ VALVES,CO~ .

WIL91S. Feb.9, lflOL Haynesand AppenscmCarburetlwdevicefor explo-
slve engines.

SUSCLASS60,=~ DIS~ OX,VALm, m~m VALW9,CO=OIXO,LIQ~
niqwrrHm.ammrr.

W87M. Dec. % 1901. Kraatew Fuel-mixingand char~ntrolling appa-
ratusfor hydrocarbonexploslveengtn=

W70,25L Sept. lS4 1910. Marthn. InternaI-combustionengine.
*lJl@22. Ott-20, 191A Bh@am Carburetor.

~~s 51, ~DID DIS~ ox, v~~, ~~ VM.~, CONN?KTED, uQ~
Irl-Km!, wlma GAS tm’rLEr.

%27,S72 June 20, lS89. Wintom Fuel feeder or regnlator for explosive
engines.

WiSW2$6.CM W 1699. Chnda. Carburetor.
666,2S7. Nov. lZ 1901. Greuter. Feed mechardsmfor gaaoltneor like engtn~
*66S,707. Oct. 22, 1907. Schneider. Carburetor.
W(W67L Dee. 15, W06. Abernethy. Carburetor for esphslve enghws.

.-.
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SUBCLASS 54, FLUID DLSTIUDbTIOIV, VfiVED, MULT_ VALVES GAS”DY-PMS.

S91,S88. June 80, 190% Jordanet et al. Carburetor.

SUBCLASS 59, PLUID D~ ON, VALVSD, ICULTG?LE VALVES, LIQUID IKLZT, WITH
@Aa namr.

676,424. June & 1901. Stnrtevant. Carburetor for efilosive engink,

SUSCLASS 62, PLUID DISTBIBUTION, VUVED, 00NTACI? SPACE.

*811,887. Jan. 80, 1906. ~bbard. Vaporfzer.

SUBOLASS M, FZUID DISTIUSUTIOIV, VALVED, GAS OUTLET.

‘781@31. June 16, lfX36. TVillianw. Explosive engine.

SUBCLASS 67, FLUID DISTStISUTION, VALVED, LIQUID IN~, PLUSAL

‘%39@44. Feb. 4, 1902 Harris. carburetor for esplosive ‘engines.

SUBCLASS 69, FLUID DISTBDUTION, VALVBD, LIQ~ INLET, PL- SZOAT AND
MANUAL

*844,900. Feb. Ml,1907. Smith. Carburetor.

sUSCLMS S1, CONTACT DEVICES, M2CIPBOOATING.

862,866. Aug. & 1807. !l!Ygm’d. Vibrative liquid atomizer and mtxer.

SUnCLASS 84, CONTACT DEW2ES, E@ATINcI, IMHZLER

610,040. Aug. 80, I&M. Ford. Carburetor.
1,114,764. Ock H, 1914 Hopkins. F1uid-fuelfeeder.

SUiCLASS 104, CONTAOT DEVIC2W,POROUS S=S, SUBFACE CONTACT, CAPl_LLAllY
FEED.

89,448. Au& ~ 1868. Kratze. Improvement in gas engtnes.

SUSCLMS 106, ~NTACI’ DETUXS, POROUS SHEET, GAS tiW, CONTBO1.

S88,606. Mar. 1A 1911. Svagel & Paddeld. Carburetor for gas and gasdlne
engines.

CLASSS0,MISCELLANEOUS EBAT-ENGINE PLANTS.

SUSCLASS 4, ROT2JtYW“QIKE

1.185,882. June 6, 1916. Casro. Fluid miser arid power generator for rotary
engine.

SUBCLASS86, COMBUSfiOP?PBOW~8 fiti.

1,024,079. Apr. m 1912. Jennings. Internal-combustiongenerator.

LIST NO. 4.

. S=cmm Choes-Rmmmwn PATBNTS mo~ THE SWC- Su’soussM, wrm
PATENTS ,WHICH hm~ nv J3rrrma OF THE T- PREVIOUS IJISTS Owmzw,

8Xi97. Mw 25,1844. Perry. Gasengin~.
4,800. Ott 7, 1846. Perry. Gasengine.
168@8.’ O& 11,1875. Daimler. AIr and gas engbm
18S,885.Sepk !25,1.S77. Dreckmann. Gas engines,
258,884.Jnne @ 18.82 Burritt. Gas motor engin=
260,518. JUIY~ 1882. VWrnore. Gas motor engine.
801,00S. June % 1884, Rachholz. Gas engine
822@6Z. July 14, 1886. Nash. CaoMned fuel converter and gas engin~
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881@). Nov.%) =. ~sfh hkthod of O@atblg gas en@n&
338,638. Jan. 5, 1886. Delamare et aL Gns engine.
33W225. AQr. a 18S8. Sintz. Gas engine.
340,453. Apr. 20, 1836. Nash. Gas engln~
347,469. Aug. 17, 18S6. Clark Gas engim
847,650. Aug. 17, 13S6. Smith. Gas engine.
388,775. May 29, lM!. Sintz. Gas engine.
402,549. Apr. 30, 1339. WIlcoZ Gas or air engine.
414J78. OCL29, 13S9. Stevens. Combined gas and compressed afr engbm
415,446. Nov. 19, 18!39. Charter. Hydrocarbon or gas engine.
*417,924. Dec. 2A 1889. Kort@. Method of automatic ignltlon in gas en-

gilms.
422,478. Feb. @ 1890. Bnker. Gas engine.
424,000. ?&m.25, 189& Hibbard. EOtaU i3eS-a
●483$W6. Aug. 5, 18P0. Otto. Motor engine worked by oil vapor.
*438,8o7. Aug. 5, 1890. Otto. Motor ew?3ne.worked by OUvaRor.
436,986. SepL .ZJ 1390. INsenhuth. Bsploah engine.
489p2. Ociz ~ IWO. Shanek. Gas engine.
439,702. Nov. 4+1690. Stuart. P*olenm engine or motor.
*448,W6. Mar. 17, 189L Tanduzen. Gas or gasollne engfne.
451@L ?@ 5, lS91. Lewkik Gas engina
455,838. July 7, lS9L Oharter. Gns engina
*456,264. JuIy 21, 189L CofEeldet aL Gas engine.
460,070. SePt. 22, M9L Hobbs. Rotary gas engine.
*482,X32. SeQt.tJ 16922 Schumm. Gas or ofI motor engfm
498,7(P3.May 30j 1S93. Walls. Gas engine.
506,817. Oct. 17, M33. Hobbs. Gas engine.
511X35. Dec. m 1693. Lewis. Gas engina
51L355. Jan. Z 181W Mann. EIectrohydrocarbon engiqe.
522,71.2. Wy 10, 1894. Hirsch Gas enghm
*522,5U.. July 2% 139& @rnpell. Oil engim
522,65L Se@ 4 1394. GranL Gas W@.
●525,857. SepL u 1894 LkGeorga. Gas enghm.
582,099. Jan. ~ 1895. Robinson. Gas or va~r and ab! _ and spraying

deviti
%3~00. Jan- 8, 1895. Robinscm Vaporizing end igpition devtce.
532,4X2. Jan. a 1835. Bilbault. Gaa or pemohrn engine
*5W354. Feb. M, 1395. V7eber. Gas engine.
586@9. Mar. 19, 13$M. GiL Gas engfne.
537,253. Apr. 9, 1895. Van 5dt. Gas engbm
*53’7,370. Apr. 9, lS95. V?ellsk Gas engine.
‘%39,710. May 2L 13Q5. Sintz. Gns engb~
544778. June m 1895. Mead. Gas engln= .
548,094. JOIY28, 1895. HoPk5ns. Motor for bk!yel=
●548,922. OeL 29, 1896. Norman- Gas and 011engine.
560,168. Nov. 19, lW5. Durand. Oompresaed-airmotor.
550266. NOV.26, 1S95. FroeIich. Gas engbm
*5W,45L Nov. 26, 1695. Lanaonet al. Gas engine.
%50,785. Dec. 8, 1895. Friend. H@rocarbon motor.
555,373. Feb. ~ lS%6. Hen.riod-Schwelzer. Pwolerun motor.
500,149. 3.tay12, 18W1. Rober. Vapor ertgfne.
562a0. Tune Ml 1396. Max. Pe&oIeum motor.
563s49. July 7,1390. Baker. G-asengin~
564,570. JnlY2L 1696. Al- Oil engine.
564.577. July 21, lS96. Althmw Oil engine.
56tg786. Au&IL 1S98. Olds et aL. Gas or vapor engim “
569,580. Oct. 13, 1896. W!nter. Gsa mgine.
571i53& Nov. 17, X396. ~ Gas enghm
%74,188. D= 29, 18$Xl Underwood. MI= for 8ss en-
574,535. Jan- 5, 1897. Grobmann. Gas engi-
!579,554 Mar. ~ 1837. Bhm. Gas motor.
582JOS. May ~ 1897. WIntom Explosive engine,
*584@43. Jnne 161887. BoI14e. Motor vehieIe.
*588,4X3. Aug. 17, 1697. Pace Oombnstlonengin~
*595,043. D= 7, 1397. Ohsse. Gas engine.
%95,552. Dec. 14 I.&37. Banki et al. Geaoline motor.
*596@9. Jam% 1898. Gnyer. Gas engine.
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697,889. Jan. 18, 1898. Bulifs. Gasoline engine.
598,025. Jan, m 1898. Sirmirk Gas engine,
569,285. Feb. 15, 1898. Hider. I!h@mive engln~”
*599,975, Feb. 22, 1868. White. Gas engine.
*599,976. Feb. 22, 189S. White. Gas-engineattachment,
WO0,147. Mar. 8, 1898. HaIvorson. Explosive engine.
602,556, Apr. 19, 1898. Dayle. Gas or gasoline engine.
608,S18. MaYS, 1898. Clover. Ofl gas motor.
*608,986. May 10, 1898. Henrlod. Exploslve engtn~
*608,968. Aug. 8, 1898. Morava. Gas or oil motor for bicycles.
*61O,46O.Sept. 6, 1898. PetroL Self-propelling carriaga
615,978. Dec. U!, 1898. Fiekling. Internal+mmbuationmotor.
617,022. Jan. S, 1899. Irgens et aL Means for converting heat into-motoric

force.
618,972. Feb. 7, 1899. Alsop. Gas engines.
*619,776. Feb. 21, 1899. Murray. Gas engine.
620,602. Mar. 7, 1899. Masim. Explosive engine.
622,798. Nov. 11, U199. Fagerstrom. Regulating device”for petroleummotor.
028,567, Apr. 25, l&139.Secor. Speed regulator for explosive enginea.
‘%24,6!34. May 9, 1899. WilklnsoR Motir&WVer mechanism.
*626J2L May 80, 1890. lVinton. Speed reguiator for explosive engim
●627,219. June 20, 1890. Wooif. Air and gas engin~
*627,859. June 20, 1899. Steele. Automobilevehicle.

.

68Z474. Sept. 5, 18!39. Sangster. Motar41rivenvehicle.
*662,917. Se@ 12, 1869. Dallenbach. Explosive engine.
*685,218. Oct. 17, 1889. Winton. Oil valve for gasoline engine,
*686,048. Ock 81, 1899. Korsmeyer, C?aeolineor gaa engine.
688,881. Dec. 6, 1899. Grant Motorvehicle.
W40,894.Jan.2, 1900. @Ws. GSEengine.
●640,674.Jan.2, 1900; Lewis Explosive~ne.
640,890.Jan,9, 1900. Elsenburth.Afr anclgasengine.
641,727.Jan.23,1900. Robertsonet aL Gasolineengina
652,544.June20,1000. .Miller.Gasengine.
*658,127.Sept.181900. Simmonds,Gasorf@oline engine
*658,867.Sept.25,1900. 13ayneset td. Explosive engine.
6t?0,129. OCL28, 1900. Standish. Rotaryex@x+fvemotor.
602.169.Nov.20,1000. Gender, Engineoperattiby fluidunderDreasura
667,908. Feb. Q 190L Hatcher. Speed regnlator for explosive engine.
*670,803. Mtir, 26, 100L Mc3fahon. Gas eg&lne ●.
678,109. Apr. 80, 1901. Brourier. Gas engine.
678,110. Apr. 80, 1901. Bronder. Motor vehicle.
681,287. Aug. 27, 19(U. Worth. Speed regulator for explosive enginw.
‘%82,600. SePt- lZ MU Duryea. E@osive engine for motor vehicl&
*682,682.

~
ept. 17, MlOl. Hafelflnger. Motor.bicycl&

*684,011. ct. 8, 1001. Valentynowim “Explosive engine
686,722. Ott 29, 1901. Mm’rcIer. Rotary explosive engine.
*660,481. Jan. 7,’1902. Sweet. Explosive engine.
702,374. June 10, 1002. McCall, Air superheateror carburetor.
708,511.July1, 1602. Wood. Oii vaporengine.
706,711.Aug.W 1W2. Andres. Multi@?-cWnderexplosiveengine.
707,798.Aug.2& 1902. WKaig. Gasolineengine.
714,859.Nov.25, 1902. Andermnet al. OombhWlonhot-ah“andgas enginw
728,844.Mar.81, 1908. Dingma~ Gasen@m.
724,763.Apr.7, 1908. WaIlmann. Means for vaporizing water.
729,9S4 June 2, 1903. Wallmanu. Compoundinternal-combustion engine.
737,069. Aug. 25, 190S. Brown Engine vrorked by oil vapor or gaa
7-41,82A Oct. 20, 1908. Pehr&son. Gas@e eggble.,.
742.799. Oct. 27, 1903. Ostergren.. Internal-cmnbustlon“~fi~
*746,701. Dec. IS.. 7.903. ~Ibbard. E@osive engine.
748,569. Dec. 29, 1908. Klocksiem, Valve gear for hydrocarbon traction en-

gtnw.
757,682 Apr. 19.1904. Palmer. Ex@dve entine. “-
759,011. May & 1904. POster. GOSgeI?e~atOr.fOr eXPIOSiveefi~ne~
W30,833. May 17, 1904. Harflenbrook et aL Valve gear for esplosive engine.
763,089. June 2L l!MM. Bates. Oil-gas generp!o?. .__.
762.779. June 28, 1904. Mnrlittt Rotary =plosive motor.
●765,814 JUIYM 1904 OkamberHm Ex@osh’e engine.

●
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772,181. CM. ~ 1904 OlandeL Apparatus for the manufacture of gas.
775,248. Nov. 15, 190-L Laaeh. ExpIosive engfne.
77&SOQ Dee. ~ 1904. Rochow. Esplcmfve engine.
7K!,~n.~Dee. a 1904. -eraon. Carbureting apparatus for eccplmive en-

*77Q54. k 20, 1904. Smeder. Gas engine.
7WX Apr.11,1905. Yomg. BotsrYcarburetor.
795,422. July25,1905. Thomson. M&mafor preventingpoundingin internrd-

combuation engine.
796,6t?8. Aug. & 1905. Vi’wtendorp. Explosion en-
801S27. Oct. 17, 1905. Smith. Fuekmking devfce for gas engi~
*84XW+9. M. 5, 1W5. Hayes. Device for vaporizing Ifquidsi
●M@760. D= 5, 1905. Van de Putte. ~ecting and mkhw device for hydroc-

arbon motom
809,45L Jan. 9, 1906. KyIe et aL Dcmbh+actlngexpIosive engha
●8UL87L Feb. ltl 1906. Seam. Spxd regdator for exploefve engtne.
W16,109. Mar. 27, 1906. Lutz Explcdve engine.
S28@3. June U, 1906. Ells. Valve gear for exploshe engine.
W25,53L JUIY10, 1906. FranquiaL Ooniroller for motor vehkles.
828,652. Aug. l% 1906. Trhdder. Internal-combustionengine for li@d com-

bustible.
*W5,778. Nov. @ 1906. Brady. Internakombustion engfne.
*846.424 k. 5. l!W7. Underwood. Internal-combustionendn~
848@7. Mar. a 1907. Thomacn 011or gas engine. -
848,89L Apr. 2, lfiV7. Ford. Spew7 controller and regulator for explosive en-

gfnea.
849,578. Apr. 9, 1907. ShadalL Motor for rock drilIa and sim.ikartools.
*m760. June ~ 1907. Bense. Combustion engine.
857,780. June 25, lW7. Goodspeed. Intermd-eombuationengine.
~78. JI@ 30.1907. May@. Speed-regnlatlngdevice for antomob~ea.
862,977. Aug. & 1907. Baecm Exploaive angina
*866,0022Sept. 17, 1907. DaWnbzmh. Inteznal-combustionengine
86S@18. Oct. 15,1907. Low, et aL H@rocerbon motor.
*~=9. D- a 1907. Baird. Carburetor.
=~~ Jan. 7, ~ LfLW1= Internd-combustion engim
S77,780. Jan. m 19WL Pahner. ExpIoatveengine.
878,982. Feb. m 1908. Brady. Vaporfzlng devke for MernaI-combuatlon

engines.
*=9JEW Feb. 25, 1908. lkCIUntocIL Crude-otIengim
890,WM.Mar. 3,1908. Wood. Gas engine.
%821’70. Mar. 17, U+08. Schmidk Carburetor.
SS2A139.Mar. 2+$1908. Frick~ et SL Mk!ng vaITefor esplosh engin+
8!?8,519. May 5, 1908. Knickerbocker. Internel-combustioneng!ne.
Wlt3760. ?Jay 5, 190S. BrIMI. Oarburdlng meehanimgfor !mternrd-combustion

engtnea.
*899,022 MaY 26. 1908. McOIfntock Combfned carburetor and governor for

~nternalembustlon engine.
8XK260. June 2, K108. PoolesX et aL l?nel-feeding deYiW for interndam-

buation hydrocarbon motors.
889,529. Jnne 2, 19US. Jeffery. speed-controlling mechanismfor automobile.
‘%9L064 June 16, 1908. Heathcc@ et aL Engfne governor.
●802,50L July 7, 190tL OogswelL titer@-Combustion ?R@E
WW30. SePLa lfKkS.Laka Gas engbe.
908,902. Nov. 17, 1908. Simmons. Combustionengine.
904.267. Nov. 17, lSXM. Korting, et al. Ex@osion petmleum engina
907@9. Dec. 29, 1908. Reev~ et aL Batanced Proportlonlmgvalve for ex-

phafve engine.
909,917. Jan. 19, 1909. Low. EIecMmlIY operated atmting vaporiaer for com-

bustion engtnes.
922,009. Xay 18, 1909. MarqnardL Gasoline engine.
9!24.488.June tl U109. Manuel Fuel feeder.
922,79S. June 22, 1909. Atl.dna- Internakombustion @or.
923,709. Sept.7,1909. IIIy. Misfng attachmentfor Internakombueaionengines.
933,907. SepL1%1909. I1lY. Combustionpressuregenerator,mixer, and engtne.
942$370. Dec 7, 1909. Htggina. Internakombtion motor.
SkM,SW.Dee 28, 1909. Hunter. Carburetor.
9q780. Jan. M, 1910. JchnatoL Internakombuation engine.
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f)61.05U
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Mar. 15,1910. Higgins. Metl@ of otirating oil engine9
June 7, IWO.” Abbott, Gee engine.

W@10. July 12, 1910. Fox. Heater for cfiburetor.
870,937. Sept. 20, 1910. blerret~ et aL Inteinal-comhistlon engine.
979,667. Dec. 27, 1910. Harpster. Vaporkr for internal-combustioneng[rm
080,026. Apr. 11, 1911. Murphy. Fuel injector for internaLcombustIonen3trIe9
*991,029.May2, 1911. Scott Internal.combu,stIonengine.
*994,687.June6, 1911. Nageborn. Cerbur.etor?.
*1,017,750.July1.8,191L Scripp&Intakemanifold.
1,016,372.Feb.20,1912. HanchetLMixerfor gaseous fueL
~1,022,808.Apr.9, 1912. Troutt. Intern’al-combustionenghm,
1,024JW6.Apr.28,1912. Willoughby.Aerophme-enginecontrollingmechantam.
*MIMA25.May1%1912. Bart~eL Carburetor.
1,031245. July21,19S2. Chaptn. Internal-comlmstIonengine.
1,050,779.Zan.14,1918. Miller. Internal@mbustIonengine.
*1,054,726.Mar.4, 1918. Whiteet al. Powerdevice.
1,058,59LApr.8,1918, JacksoL Methodandal]paratuaf~r oneratlng~etroIeum

explosive engines.
1,059,967. Apr. 29, 1918. Babbitt. Stwim-sn plied carburetor.

““8”--” - ‘-~O@7tM July ~ 191& Vogt. Internakcom ustionengine.
1,066,936. July & 1913.” McKenzie. Means for supplying liquid fuel to fn-

ternal-combustionengines.
*l@8,195. July 22, 1913. White et al. Pow6r service.
1,068,W0. July 29, 191& Westaway. l’aporlzlng valve.
l@70,139. Aug. 12, 1918. Kessler. 13xplosive engine,
l,079,&78. Nov. 25, 1918. Peterson, lnternd-combustion engine.
1,079,950. Dsc ~ 191S. Norton. Vaporizing attachment
1,081,226, Dec. 9, 1913. Fuchs. Fuel gasifler for internal-combustion engine,
1085,425, Jan. 27, 1914. Hok et al. E1ectrlcalprimer.
1,086,634 Feb. 10, 1914. Wrighk EWdrocarbonengine.
3.@6~~G4.Mar. 8, 191& Wadsworth. Fuel-feed system for eti~nes with

1,093,558. “Apr.141914. Eberk. Process of supplylng fueIa which Ignite with
dirncultyto internal-eomlmstionengine.

2,006,056. May ~ lWt4, Ray. Valve for explosive engines.
1,102,912. July”7, 191A Harriggto~ Igternal~rubus~on motor.
1,104,066. July 28, 1914. Ckothers. Intermii-combustionengine,
1,105,047. July ~ 1914. Thomson. Oil engine.
lJ07,103. Aug..~ 1914 Peaalea Carburetor.
*1,1OT,836.Aug. 18,1914. Westenderp,, Hydrocarbonengine.
1,111$35. Sept.22;1914 Walden. Fnel-oildeliverysystemfor motorveh~cles.
l,112J24 Sept.29,1914. Dunton. Fluid.pressnremeansfor forcingfuel into

internal-combuat~onengtnes.
1,~650. DEW22, 1914. Knesera. Internal-combustionengfne,
*1,12.3,717.Feb.16 1915. Ottoway. Carlmretor.
*1,130,915,Mar. 9, 1915. Mansbridgeand Nash. Vaporizingattachment
1,184,684.Apr.& 1915. Kramer, Internal-combustionen@ne,
*1+144,549.June29,1915. Kane, Carburetorfor Mernal-combustionengines,
1,146,435.July 13, 1915. McVickar. Internal-combustionengine.
l,147,19& July20,1915. Sheppard. Primer.
1,149,206.Aug. 10, 1615, Scott & Shermm Charge-formingdevice for ex-

plosive engines.
~149,82L Aug. 10, 1915. Baker, Method of and apparatus for delivering

liquid fuel to ofl engines.
●lj149,597. Aug. 10, MM. Riker. Regnlatlngmeansfor internal-combustion

engtnes.
3J59aW~=Nov. 9, 1915. Orlopp. Fuel connectionfor Internal-combustion

lJ63,758. Dec 14,1915. Kahlenberg.Gasengtna
1,166Z!0. Dec.26,1915. Lamp. Fuelpump.
lS6&42L Jan 18, 1916. Riker. ControlIingmeansfor internal-combust~on

engine.
1,178,105, Feb. z 1916. Internal-combustionengine.
Re. 10,95L Ju4 31, 1868. Delamarre-Dehouttevell. Gas engfne.
*Re, U77& Sept, a 1699, Pac& Combustionengine.
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REPORT NO.IL
PART III.

NEW CLASSIFICATION AND ASSIGBIMELW OF
CABBURETOBS.

By C~ E. Luomz.

(A) NEW CLASSIFICATI(3NOF CARBURETORSOF THE PROPOR
TIONINGFLOW TYPE ON A RATIONAL BASIS OF SIMILARITIES
AND DIFFERENCES,BOTH OF STRUCTURALAND FUNCTIONAL .
OPERATIONS. .

These cases ap~ea.ring in the four officiaI lists of carburetor patents
that upon emmmation are found to ke proportioning-flow car-
buretors are marked with an asterisk [*J and these are rearranged
here accmdhg to the new basis of cldation, which rovides 15
classes and 61 Subclasses The distinction between one & se and an-
other is indicated in Table I, which servee as a general guide to the
following list of definitions of the new enemd classesand the several

L$subcksea under ea~ In general the ‘stinction between the chsses
is based on the constancy or vaiiabilit of the area of the fuel and

f?air flow passa~ with reference to ow rate. by such passa~
that does not automat.ica~y ~ary with flow rate is regarded aa fixed,

. even thou h a manmd adpstment is provided” in tlus case the area
E h“is adjusta ly fixed. . It is necesmy for the con tlon of variable area

that the passage be provided with a regulating valve which graduates
the area with reference to flow, and such a vaIre acting ~ or con-
nected to, a throttle, is

T
arded as automati~ as vd as when ind~

pendent of the throttle an actuated automatically by the flow itself.

T-m I.-Gufde to new claatiflcotiun of proportfona%g-jfow carburetor.

Cle8s. S@ckses. Fuel Met. m Met.

1.~LZ,L6, Lo . . . . . . . . Fised, wSth_s@mire... F&d.
::::::: . . . . . . . . . . . . . . . . . . . . . . . . msedfIompwlp............ ....- Fix@ w~ ~- M*
a. . ....

&
2..1,a.a,a.a,a.%8.s---- M@e,&md.. . ................. .. E

4. . . . . . 4.1- . . . . . . . . . .. .. .. . . . . . . ..dO. . . . ..___ .._.. _-._.._
‘,pti

6. . . . . . 6.&6& 63 . . ..__.._ Mdtipie, w .. . . . . . . . . . . . . . . . . . . G
6 &l, 6.2,6S, 6.&6.5,6.6.. .._dO.. . . . .. . . . . . .__________ &&&:*z. . . . . .
7. . . . . . 7J*m 73,7-4,~~..-.- -* H . . . . . . . . . . . . . . . . . . . . . . Shltille VfuaM4 with Ie@emg

8. . . . . . 8J,%.Z,83, a4, 83, S.& ..-..da . . . . . . . . . . . . . . . . . . . . . ..- 3@tfp~, verfabIe ww ~~

9. . . .. . 9.1,92,9.3,9.%8.6..._ Multipk+axed .. . . . ._________ sigiiy~ ~~ -~ .

10. ..-. llu, 10.9 103, 10.4, . . . ..da .- . . ..-.. -.--.. --.----—. ix%, Vtu-lehlewithIegoleuog
I&a,Id, 10.7,Ioa

verfebla with regulating Sfn@4,&d.
-$%.

11. . . . .. ILI, 11~ lL8, ILL-.. 4~:e$:t;=.==. IKll#:bkM.

&. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Multiple,axed.

722°4. Doe. 659, W2—10 145
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T- 1.—Uuid6to new claatillcation of groportiontng-llow carbzbretor8--CoMl.

-EuE=-I ““
Ak inlet.

12. . . . . . 12.1,12.2 12.8,12.4, Single+eVedable With Iegldeting 6tI@<8 variablewithregniattng
126,12.6,127.

12 ml, 12.2 U.& UL4, . . . ..do .. . . . . . . . . . . . . . . . . . . . . . . . . . . Am##, WfabIe with ~t~
“...-. 12.6,18.~

8@leGewariebla with re@ating Sin@&. variable with mf@ating
14. . . . . . 14.1,X2. . . . . . . . . . . . . .

\

W&#j variabk wkthredatti lfu&Ipp, variabIe withn@atiM
15. . .... 15.1,16.2. . . . . . . . . . . . . . mtabtithermostatically.. . . . . . . V~a~ermu3tatbmliy, baro-

1 I I

PROPORTIONINGFLOW CARBURETOR&NEW CLASSES AND
SUBCLASSES.

NEW CLAas1.—CARBURETORS,PROPOE1’ION~”GPLOW,FIXEDALRANDI’UEL
INLETS,PERIODICFUELVALVE.

Includes all cases of a single fuel inlet with a fuel wd-re opened
each suction stroke withou

9
raduation of movement; sin le or

?double air inlet with a sin-alary operatgd valve or no air va ve at
all. Both the air and the fuel passages are of constant arm when
o en. Normally designed for ~ressure supplies of fuel and for
fs o-w speed engin~ more parhcularly those of the hit-and-miss

governed stationary type, but not to the exclusion of others. Fixed
area does not exclude manually ad .usted air or fuel openings or the
valves to make such adjustments L mae they do not change flow
area with flow rate.

New m.dckw l.1-~t?ctidal?y operated @cZ ?.w?ve, 8h@e a??
Wet.-The engine vaIve gear operates the fuel val-re with, or with- “
out, an air M+ valve, in synchrqniqn with the engine inlet ~alve, by
direct mechanical movement or mdmectly as, for example, by mak- “
i
3

eIectrkal cuntacts to enerqize a solenoid.
ew 8ubchz38 l.i?+%gle am h.?et wt”tl. au.tom..ah”c valve, fuel hdet

h 8eat.4ingle air inIet fitted with an automatic valve eked by
gravity or a spri~ and opened by the air flow or vacuum of disk,
swing or other ty e, Iifting substantially the same amount and ex-

Yposing the fueI in et completely, each time it lifts. The vacuum be-
yond the air valve has little or no influence on the fuel k-w.

ilTew8U5CZOX81.3—8hgZ4 air Wet au$orruztti due, fuel hkt be-
ymwL-The lifting resistance of the automatic valve results in a
vacuum beyond it, which directly influencw fuel flow.

firew 8wb’ekz88 l.~—~oubh air hk?t primary and 8econ&.ty:-Air
enters at two points, the pri~ry directly sweeping the ~mt of
fuel inlet and exerting its veloaty head influence on fuel OW,the
secondary entering elsewhere and normally through a manually ad-
justable opening.

ilrewcZa88Uatilhwet0r8 proporthdng j?vw, metem’
‘%

fuc?z pump,,#
a;r mu.$or driven.-All types of air motor operatwdby t e alr that 1s
being drawn into the engine by its lston suction, drning directly a
fuel pump, when the air motor an/’the fuel ~mp are e~ivalent to
two volume meters, the former dri~ing fhe atter. Exc uding fuel
pumps operated by pressure pulsations of the air as not essentially
related to the volume of air passing, and also all engine-driv~n fuel
pumps with air fans or compresaom as not essentially proportioning.
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New eZa.883-Carbu4Tbr8, proporh%rkzkg @O, apktkg, 8hgk
—

#xed @eZ and aiy 7hZet8.-U cases of fueI anti air inlets not pro-
tided with graduating valY~ but allowing manual adjustmen=
where the fuel enters onIy because of a depression of air pressure
caused by the air flow as a result of the air ~elocity head, or of the
entranm resistance or both. ~ingle inletfor air includ- a series —

of holes as uiwdent to a slot when aII the air flows and acts in the
same way. % uel inlets are single emm when branched or of several
oritlces~If all are located in the same vacuum and act to

F
her. In

all casw “aspirating” implia that the fuel is taken mm a cup
normaIIy, but not always of constant le~el type, open to the atmc+

.—

phere, he lewd in which is bdo-iv that of the fuel inlet. The ar-
-—

rangement is alway? such that there is no fuel flow until the flow
of wca~a~wyof P=~e ?’fiefi’’o”fle’hew &ubck+?83J— weZznlet at am thrd.—ti passages more or
I= regularly ta ring toward a minimum area ~tion or throat

g

&and Iater ex an “ g, of -which the venti tube is the type form,
Y

. .

and often ca led in the less perfect fo~ “choke” or u strangle’1
tu~ -with the fuel inIet at or nesm the throat. Such paasa~es may
be curved as vreII as strai t. ~cmrnally the reduction of pressure

Pinducing fuel flow is Who y due to air velocity head, and not at all
—

to entrance resistan~ but not excIusfT~y SO.
;Ve w whclaee M+Air gukk or 8a#Us.—~fter or doring entranc~

the air is @ded so as to s-weepthe point of fd entrance to produce
—

an air witod y he-ad~acu.m eflect on fuel flow, positi~ely or nega-
tively, if such posdwe action tends othertie to become too tigorous.

.

i%’ewsubclizmt%%Rotatz-ng fuel spreader, air drz”txm..-MoTementi
of the air causes an air motur, usually constructed Iike a fan to rotate,
and the fuel is dischnr ed directly on the vanes or on a separate
pkde driven by them % he rotation may aid in fuel discharge by
centrifugal action, but the fud flow is primarily due to the vacuum
at the outlet., otherwise the osw would come under class 2.

l~ew w.bclczm3..#-T&Ze jet and throat relation.-% asssp
norma~y tapered to form a throat and the fuel inlet Iota& at the
end of a nozzla Either air throat or fuel nozzle may be fied in

E
osition mhi.le the other moves under the influence of the air flow,
ut without changing the flow area of either the air or the

fuel pmsa e. The e.fkt is to change the whit-y head at the fuel
8outlet vi flow, usually automaticaUy, from what it would be if

the fuel outlet remained at a fixed point with reference to the throat.
Zlrewaubckw 8L~ariuble float cluznzik pre88ure.-PueI is taken

from a cIosed cup or chamber, fitted with a valve, float, or diaphragm
controlled for leveI, but the pressure on the chamber, instead of
being cor@ant atmospheric or other-wk+ is varied, sometimes in-
creased to induce a greater fmd flow, and sometimes decreased in re-
tard an excess fuel flow. In some cases a end air flow through
this chamber is used ta sec~ the pressure COIliXOI desired, but this
is not considered as air flow m the ordinary semsebecause the quan-.
titv is ne @ible-

%?aXew c 8 .+(XZ?’5WM%W8,
{

roportdk.ing flow a8P”ra#in.g, w“ng.%
@eZ, mzE@e m-r hknh?, hot $zed.—Two or more air inlets, aII

&ed or ad@ably fixed in area, which can be cwped in two -iva~s.
YThe first grouping is into primsq and secon ary, the former m-

—
—
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eluding all air that sweeps the fuel inlet and adds by its velocity
head some vacuum to induce fuel flow to the entrance resistance of
both primary and seccmda

?’
air j secondary air being that which enters

beyond or b -passes the uel relet, andj therefo~ has little or no
iaspirating e ect on the fuel by its velcaty head. Cases of this sort

are classed hen The second ~ouping is into plain and mixed flow
air passages, each with its own udet, and such cases are ckased under
subcl- AL I

A’ew eubckme ~.1-itfixed flow .—Part of the air, usually a small
amount, enters the fuel passage, relieving the vacuum otherwb
acting on the fuel at that point ~d thereby affecting its flow. Be-
yond the point of air entrance mto the fuel passage both this air
and the fuel move together to the fuel inle~ constituting mixed flow.
This mixed-flow ai~ entrance maybe mtiye throu h the whole range

%of the carburetor-flow rates or only during t e high-flow m%
peri-i. em,continuous or intermitted.L.

New das8 6—Carhuretor8 proportioti
T

flow, a8pkthf7, 9n.uU@.e
@Z, 8@#t? cu=r?h.?@%,both +Wdi—)?uel in ets are multiple when they
are differently situated for fuel flow at different heights above the
level of the constant level chamber in regiogs of equal ~acuum, or
at the same hei hts @ regions of different vacuum, or both, re ard-

f 7less of the num er of actual orifices. Being fixed, they are wit lout
valves for ~aduating or regtiatin flow} though stop valves ma be

? rpresent, or manually adjusted va w.s oi periodic o~enin m ves,
?as in class 1. All the fuel inlets need n~t-work contmqous y; some

ma-y act intermittent .at some ~articular flow rate.
JA’ew.8ubCta-88fd— aa”nfuel, zn~et, with supplementary Mgh-apecd

jet.-One or more of the fuel ndets act throughout the whole range
of air flow or mixing-chamber vacuum, while another one or set of
fuel inlets vdi come into action when I.he -mcuu.mis high, due to
hi h rates of air flow, and is therefore i@ermittent,

%ew &c~a88 6.11-hfain fuel in-?t?t, tith 8U @??n&nfary id%ng
K@t.-The su~plementarv jet acts on~y when the t rottle is closed and

M out of action when the throttle is wide open or the air-flow rate
high. The main fuel inlet acts throughout the entire range of air-
flow rates except perhaps on closed thitittle, when it may go out of
action, bein~ replaced by the idling jet.

iVewm.bc~mg6.3—Fuel 8tandpipe.s.-li tube with holes at different
heights above the level in the con@ant level chamber serves as the
fuel inlet, or there may be Xparate tubes with outlets placed corre-
spondingly. Incmmse of vacuum in the mixing chamber, due to
increaaed air flo-iv mmsesthe fuel to rist.to succ.~vely new and high
orifices, the fuel ~o-ivincreasing correspondingly.

iVew cZk.386—(7arWetor8, proportioning @w, aap%zthuj nudii le
fuel and nwl%ple a~r hI.kt8, ??oth fbed.-~iore than one fiuel in et,
differently situated for flow, and more thmnone air in~etalso different
in position or action, the several inlets a~ig coritinuously, or inter-
mittently by succession or alternation.

New eubchzw ~.1—hu.bie ca?bu?’etor~pr re88ive, by” th~@tZe.—
zTwo cmnplete carburetors each with its ,own xed fuel and am relets,

into action%y the ~
one workm throu bout the y-hole range, the other being brought

rottle as it approaclm full open position.
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New 8u3cZa886.%Xul.-pk carihiretw, progre8tire, by thrOttZe.—
Iifore than tvm ccnnpletecarburetors, each with its own fied tiel and
air idets, one always in action and the others brought in su-vely
as the throttIe is opened.

il’8W 8UWa88 17./?-D 0UbZ8 carburetor, pr0gre88ire, by I.*acWm—

Two complete carburetors as in cks 6.1, but the second brought into
action b th~ vacuum act~ on a iston, m or diaphragm when

1? %the air own the hit becomes hig enough to result in a vacuum in
excess of a redetermined -due.

Lfi’ew tic 8 $+UuZtiple CWhiretor, pfY?gre8~l”ef@ uamwm—
310re than.two complete carburetors, each with its own fixed air and
fuel inlets, one always in action and the others brought in successively
by the vacuum.

New eu5cZm86.6-ilft%wd @w.—Part of the air enters one or more
of the fuel assages thereby affecting the fuel flow. This mixed flow

%aotion may e ecmtiuous or intermittent and ma affect all the fuel
illinlets or only one. ‘PThenintermittent, the rqixed ow may act on one

of the maimfuel jets to modify its flow at
?

h rates, O? at low rates
due to closed throttle may act as a .:t, ::= oth. 73vo fuel inlets,
side by- side, are muItiple when one L

r
fueI only vvhile the

other chscharges fuel and air, ewn though e jets are m the same
vacuum because this vacuum does not aet equally in producing -
fud flovv in both.

il’ew whc.km 6.6-lh.eZ standpipe.-K1u1tip1e orifices in a stand-

F
ipe at different lere~ or mukiple ~assagcs with outiets at different
eds coming successively into action as the vacuum increase% re-

ceiving primary air from one or one set of air inlets, secondary air
entering beyond from others.

~ao claw T—Garbure@P8 pr~mthdng flcn.o, Q.8@rati- , dngk
fined W% and tingle air infe.t unth reguktinq va.?ve.— A %&d fuel
inlet is associated with one air inlet provided with avalve for graduat-
ing the air-i&t am as flow &an e% so that for any gi~en flow rate

3the vacuum acti ~ cm the fuel .
%

et and inducing fuel flow is not
the same as it vvo d be with a fixed air irdet. The vacuum is, there- .
fore, not mereIy the result of a given rate of air flow, but depends
just as much or more, on the air-idet area as regulated by the air
valve. This air val~e may be actuated in any vra or be of any form>
each type combination instituting a subqk h ere may be more
than one fuel idet, but if aII are so located as to work si.milarly aS
to fuel flow versus air -racuum they must be regarded as a nmHii-
branched single inle$ eren if supphd with different fue~ so far as
pro~rtioning is wncerned.

il ew eu6c.k.s~7J—Jhel Wet i5e.5weenthrottkwon$roged air wzlce
and tlu=ottZe.-k the throttIe or mixture outlet valve is mowd the
air-idet valve mows with i$ thereby controlling to some cdent the
vacuum between them which acts on the fuel flow. The connection
may be by simple Iinkage or b speeial cams to secure any desired

irelati~e change in the areas of t e air inIet and the throttle outlet.
i$’ew 8wbch88 y>~u.el i?det at or before &r va.k? which act8 ae a

tiirottk.-PIacing the fueI inlet in the air entran% fuel flow is
induced direly, or substantially @ by the veloci~ head of the air,
and thk veIoci@ head is regu@ed &y the air valve. In such _
no separate throttle is necessa~; the air va~re itself maybe regarded
as the throttIe and cakl such instead of am valve.

.-

-—

,
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New 8uMa.ii8 7.3—Fd Wet b.etmew au.tomatie air valve and

throttU.—Air enters thrcmgh an automatic air. valve pf any form,

f
o ened by the vacuum against a spring or ~vlty closm load: and

%t e vacuum which acts on the fuel inlet- IS controlled y the size
form and loading of this automatic valre. The automatic air-inlet
valve may close the air entrance completely or there may be some
fixed air inletg nearby. If the air from such bed air inlet moves
with the air from the automatic valv~ the effect is substantially
the same as if all the air entered through the automatic valve, which
still is the controlling element in the fqel-flo~ vacuum. 1~’hen part
of the air enters through a fixed and part through am automatic
valved inle$ one actin

&
as primary and the other as secondary air,

the case falls under su lass 8.2.
Hew mbclaw 7+17uel inletewe t b air entering through auto-

f?!nun% w-r wz2ve.—This subclass di ers rom the last in the position
of the fuel inlet with relation to the air inlet. llere the fuel inlet
is so located as to be directly swept by the entetig air, fuel flow
being largely de endent on the air-velocity hetid. Normally the

fautomatio air va ves of this subclass are but li htly loaded or the
flead does not increase fast enough with flow an there is insufficient

air+ntrance resistance to alone produce t}le vacuum required to
draw enough fuel. TheI automatic -ralve need not completely c~ose
the air inlet; there may be tied. ajq inl+s neaqby; but no combinw
t~on that c~uld be re arded as chvtile mto prunary and secondary

9am is pernnsible in t le subclass,
New 8u8cZa387&-TariabZe float chader pres8uTe.—FueI is taken

from a.closed cham~r fit~edwith a le@ control valve} but the pres
sure iu the chamber ISvaried by connection to th~ carburetor interior
to control the flow of fuel from thesin le fixed relet, in addition to

%such control as might be available wit the variable air inlet. ~
small air flow through the float chamber used solely to secure the
desired pressure cmthe surface of the fuel is not regarded as air flow
in the general sense.

New. Gl~8 8~arbureto?’8, ~oportiming @w, mpirating 8ingte

@ed fud mdet, mutiipik ai~ anZet8, valved or Regulation.-he air
{enters at more than one point, the entrance ocations being such that

their aid does not act th? same in inducing fuel flow. The difference
may be that corresponding to primary versus seeondary air or mnin
versus mixed-flow air. At-1east one of the air Nets has a regulating
-valve.O crated automatically or .by the throttle, and the others may

S?be fix or themselves fitted with regulating valves.
New subcZa.m8~—Z’wo air Wetq fixed primary, throttle cmtroUed

8econdwy Te wZating aiT watve.-~ +ed air passage carries a fixed
Lfuel jet and yond it seconda~ air IS admitted through a ort con-

!trolled directl by the throttle ]tself or by a se arate valre inked to
the throttle. % ihe secoridtry air may enter at a throttIe positions or
be cut off when throttle is nearly closed.

New M&3kz88. 8&-Two ah’ ide~8, $ived p?+?wry, aUtO??MtiC 8ec-

ondary regukting a% vaZve.—To the mixtura formed from the fixed
fuel and primary air inlets secondary air is added throu h an auto-

‘?matic valve, which opens when the vacuum exceeds its c osing load.
The automatic valve need not -completdy close the secondary air
inlet. There may be fixed inlets near by, but it does control the final
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vacuum and total amount after it”opens. Shnihdy the primary air
ma? leave more than one ofica

i} ew 8ubck98 8.3—Two & &&?t8,t’Oth w&% Tt3@!ktin# Wh181 0n8

aubnui% t?w other throttle mntroZZed.-Primary air may enter

through the automatic and the secondary air through the throttlG
ecmtroIIed valve or vice versa. As in other cases, the reguhking air
valve need not completely close the air Met it corkro~ and may be
of multioriflce form.

~ew swbokw 8..4-Two air &de~8, bo.fh. with au.to?n.at%%?guh.t~
Both primRry and secondary air enter through automatic‘va.z’ue8.—

val-rw, which may be entixely separate and similar cm different in
form, size, or loading, or there ma . be one ordinary automatic WYre,

&with a linkage connection contro another valve entirely d.iEer-
cmt. In aH cases it is the vacmun that controk not only the whole
air but the relati~e amounts of prima

Y
and secondary, either di-

rectiy or indirectly automatimdly and in ependent of the throttle.
fi’ew 8uZMZa388.5-Two m“~Wet8, both with throt.tkwn.troZZed

There may be three val-rs two for air inlet andregwku%g wzZve8.—
a third acting as throttle, or onl tvio, the two air irdets motig to

gether and acting as throttIe; gut in both cases the prim~ and
s@condary air are controlled m ratio as -well as total quantity by
mechanically operated valves acting as throttle or connected to it.

~ew 8ubChz.ss8.6—Zixed flom.-pati of the air ~ters the fi~

gel ~eii either contirmoudy or intermittently. The oth~r air
aasa e affecting the fuel flow and emerging vvith the fuel from the

stream, or main air, may enter in any of the wa~ approp~ate h
the class, throu h one or more inlets with regulating valves. lXor-
mdly the miA -flow air inlet has no ~al~e except as a liquid seaI
may act as a stop val-re, but a regulating val-re may be added.

iVew claw Uarlkretor8, proportioning ow, aqird”ng, muiltiple
u?f?awd fuel ~n.kt8, sh’qh tir ~rdet ~:th reg at~ng GaZw.—A series of

fwd idets without regtdat.in mdms are so disposed as to be acted
Kupon differently by the air w “chenters throu h a.aingle valve regu-

lating the air-$et area. %The fuel inlets may 0 kated in the same
Position or vacuum re@on and arranged to be brought into action
successively as the air-relet area increases, or they may be arranged
at different levels in the same chamber, to be brought into action as
the vacuum causes the level to rise, or they may be located in different
places in the chamber where the vacuum is different.

lVew 8uZx2Zass $lJ-l%d &def8 aet pr re3sively with em”ng of
3 Ytingle awtonudti akklet mgutihg 0 *e.—Air enters t rough a

port controlled by an automatic vaIv~ spring or gravit loaded~usu-
$ally the former, and opened b the vacuum. As the e dive sue of

Jthe air idet increases, the fu inlets are brought into action succes-
sively as the air sweeps past an inc

“7
number. Fuel flow is

induced primarily b the air-dot@ hea ~ast each fuel inlet in
c1turn, though not es usively so, and the fuel m.letsare located at or

before the air hdet.
~tno subcZiw89&FueZ bZet8 act progre88+ueZy wWb openhg of

m“ngZe throttZe-cotiroZZed atiinlet Peguk%ng mzlre, or a2”rvalve aet-
k.g ~ throttZk.-Instead of movin automatically, as in the last snb-

?class! the air vaIve is here control ed by the throttle or is itself the
throttle, otherwim there is no diflerenc~

—
—

.

.-

.-,-
.
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i’?ew8wbcZ.m89.S—Fud 8taaw?pipe.-Single tubes with holes, or a
series of tubes with outlets, successiwily highqr, arranged in a cham-
ber supplied with air from -an air idet having a regulating valve,
either automatic or throttle controlled.

New 8U&Zk88 $+Two fU8Z hk%, one ??ul.?k a?l.d O?W ti%~.-~
main fixed fuel irdet is disposed between the automatic valved air
inletznd the throttle: with a sup knentary fuel inlet locakd so as

tto be brought into action when t e throttle is closed, or nearly so.
Two fuel idete maybe $milarJy arranged for ~he mai? a?d supple-
mental low speed or idhng action, associated -iwth an am-ml@ regu-
lating valve, throttle controlled, or acting as throttle in whmh cas+i

i!one or both of the. fuel inlets may be at or in front Q the air.
fi7ew 8ubc7a889.6—Tilting u64 cha.mh, radiutly di8p08ed fuei

(3{nJets.-Either the float chain er itdf or a supplemental chamber
connectml with it, in vvhich the fuel level is under control, lies
wholly within the air passage, and arranged to be tilted or pmtially
rotated so as to bring into action Successively a serk of fuel inlets
disposed about its axIs. The tilting ~s accomplished by a connection
with the throttle, and the chamber ltself may act as air-regulating
valve, or as both throttle and air valve.

lVew ci!u8810—CarWetor8, proportion.hg jh, a+rd”ng fnmlti-

r
ple xed fw.d h.tet8 w;th ah Met81 vai?ved for regddon.-~ulti k,

T
l!’ap ied as ter, to fuel inlek imphes that the several inlets shal be

at east in part subjected to different fuel flow conditions, and either
regularl , intermittently, or successivsl have imposed u on them more

L T Jor less “fferent conditions; mer: mu tiplic~ty of or- ces is not in-
t~nded. The term m~lt+ple apphed to ai~ relets has a similar ?ig-
rufican:e, the sqeral am relets edher act differently at the same tlmet
or act m qucc~on or alternately. At least one of the air inlets has
a regulating relet .valve, controlled by the throttle or acting as
throttle, or automatic, and all the inlets maybe aimihdy valved.

New 8UbC1tM8 Io.1—afah fuel Wet, with 8u~pkmWa?’y h@h-
qeed jet.—Two fuel irdets, both fixed, one the mam or }ow-speed jet,
acting c~nstantl~, and the other a su p~ementary or. high-speed ~etl
brought mto act~on at lngh-flow rates y the vacuum, by the o enm
of a secondqy automatic air valve. $mnml]ythenmin jet is~cat$
in a fixed am inlet and there is an autcurydic secondary air wdve,
through other air-inlet arrangements are included, provided one at
least has a regulatin vake.

~’f?W tt?.4bCh8 ~~ L Main fwd h.?d, w;th eupp7.e@ary Ming
jet.—Two fuel Mets, both fixed, one the main or high-s ed jet acting

Yconstantly except erhaps at low rqtes or. c~osedthrott e, the other a*
Fsupplementary id mg “et braought mto action by the throttle in its

Aclosed or nearly close posutlon and normaHy replacing the main
jets for low-flow rate9. In all cases them is more than one air inlet
and at least one of them has an ~utomatici xegulqting valve; the nor-
mal case is that of one fixed primary or mam mr and an automatic
secondary.

New 8U6CkZi8 Io.$—Mu?tipz# CaTb8tOT, pTogre88ive, by throttle,
with z%L&vidual izufonun%o air-idet regdqi%ng va.he8.-’ho or more
fixed fuel idets, each heated in a separate air passa~ supplied
through an automatic air-irdet valve, -brought into action. in succes-
sion by the throttk The automatic am-in~et valves may or may not
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completely close the air idets, but even if there are nearby &d air
irdets, the automatic val-res control the air flow and the vacuum at
the fuel outlet when they open. There may be a secondary air inlet
for each jet or a common one for all or none at alL

lVeto 8ubclas8 l&#.-MuW@ carburetor Progreaeire 6Y vacuq

i%IS subclasswith {ndiw2haZ automu.ttia.w+-kt mgdafmg vaZve8.—
is aidar to the Iast, except that the progressive ac -

9
of the S3V-

eral eimiIar members is controlled by an automatic v V% vacuum
mod, at their outlets. ~

fvew eubc.lx.s~10&Fu.e2 dad ●pe.-Fuel rises with increase of
?vacuum succe.asiveIy higher ou eta in a singb standpipe or in

separate tubes, located in a tied rirqary air p-, secondary air
fentering through an automatic va ve m a se arate air-i.det passage.

lv@WNL3C7U38 ~~.$-~k%?d jfOW 1.—Part oft e air enters one or more
of the fuel passages affecting the fuel flow in it and ma “

%
it a

mixed fiow passage, either steadily or intermittently, the fueI “ ewise
flowing from its several inlets either steadily or intermittently.
‘When the action of the air into a mixed flow passage, or that of the
fuel through an inlet, is intermitten~ this may be due to throttle
position or to vacuum cmboth.

NW CZOX8~f-(?dN.4Telh?, fWOpOPttih.$7@W, a8@W#~~ &?@6

&

or muWpZe wel Wets with regulating wloe8% m“ Z% or mu.?tipk jhed

air &Jet.- %ixed air inlets are associated mth el inlets rovided
e?with fuel-regdatin valves in sny number, from one fix

%
air and

one reguIated varia le fuel upward. The fuel-reg@ating vah may
be actuated by a throttle connection or by the vacuum or by the air
flow directly.

if’ew 8uZwZa.98IllAingZe fueEnZet vaZve9 tli=ottZe cmtioZZed.—

To a fixed air p- e the aingle frd idet is connected in any of the
-ways aIready claA ed for freed fuel Me% but hexe the fuel inlet
is provided with a regulating vah-e connected to and moving with
the throffle, m, that fueI flow no longer varies rimarily as a result

t?of a change in the air vacuum, but ales direc y as a resdt of the
area made am-dable for its flow by the fueI-regulating vak A
secondary fixed air paseage may be resx=~

$2iVew 8uMa88 llJ?-fMngZ6 fuel in t, independently contToZJed &y

air flow m mzcuum.--One fuel inlet with a graduating wd~e dir@y
actuated by the vacuum or by the air flow. acting b impact on a

i?moving member or lifting a flovv vake, vwthout a ec “
%

the air
inlet area up to the point of fuel inlet. There may be a ed sec-
ondary air aesage.

fiVe~ awbca.as113—%tied flow.-one or more fuel irdets, at least
one -mth a fuel reguIatin valve actuated in an vvay. Two or more

f rair inle~ at @t one o which enters the fue
$’

asge. affecting its
flow and maLung it from that point on-a mixed ow passage.

~e?ll 0k?8 ~~(ZTh%?hT8 pTOjM?%2~i~ fOW, a8fIiT&”~, L%@?

fueZ and air hkts, Zmth w“t~ Te@dhg m71ve8.-l3egcdating valves
are provided to conbxd the areas of both the singIe air .gnd fpel
inlet% so proportionality becomes as much a matter of the @ative
areas of two variable inlets as of the vacuum at the fuel inlet that
resuk from the air flow.

lWw 8ubci!a88X?J—7dved el Wet hyond a+ ini?d wah6 acting

Ras thTOttkf fud uak COWh’O ed by in”~m.Zva—A direct COIllleCtiOll

.—

.-

—
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between the fuel and the air inlet va.he controls the totaI quantity
of air and fuel and the ratio by inlet areas alone. The fuel inlet IS
in a region where the vacuum is that due to the air flow through
the restricted valved .inleti

i~rew8ubc?k? l.i?.GVaJved fwet idet ~etwet?n a;T ;?det wdve and
tlwottk, both fuel and m“r vaZv& controZZed by the throttle.-~y
using R throttle in addition to an air valve the vaccmn between them
is under control and by it the fuel flow also, independent of such

ifuel flow contro as results directly from the fuel regulating valve
linked to both throttle and air valve,_. .-

il’ew subcZa.88lg,3—PaZved fueZ Wet, at or k Tent” o~ ai~ v~ve

—

altw%i~ ae throttlf, fueZ Ivalve controZZed ily a“r v ve.—hcatin the
ffueI m-let a$ or m front of the air valve opening relieves it o the

vacuum beyond, and the fuel flow is normally though not exchwively
the resdt of am velocity head at the entrance, the fuel area being
graduated to correct excesses or defkiencies of fuel flow otherwise
present.

brew e@c2i#8 Ifi+vahed f?id ik.k.?$ between aw%??krtio air hdct
waive and throtth, fu+?l vaZv8 con#roUed @ til.rottle.~ir entrance
through an automatic ralve redts in a limited variation of vacuum
at the point of fuel inlet affecting fuel flow which is also subject
to the variations of fuel inlet area redting lrom the control of the
fuel valve by the throttle. The automatic air inIet valve may or
may not close thg irdet com@etely~but it controls the air flow and
vacuum ewm if some fixed aIr inlets ara located nearby.

fiT&w8ubc.?.a88 A%6-Pahd fud hdet ~etween auhri.d?-o air-idi?t
vahe and t)bottk, fweZ valve controZ7edby autonuztio air va.he.-h
in the last case the fuel inlet is subjected to the entrance resistance
of the air assin the automatic ~alve and the fuel flow is the result,

F
t%” %artly of ISan partly of the change in the fuel inlet area as re -

Fated b the fuel valve which is here actuated by automatic va ve.
$Norma y both air and fuel are primarily controlled in quantity and

proportion by the two relative and comected valved o enin rather,
$’rthan by any material vacuum change though not ex umv y. The

automatic air val-m need not com leteiy close the air inlet.
iNew 8wi$cZa881$.6-TTaZved fu.e Met, 6etween a!T Wet waZve and

tkx%?e, fuel va.Zve twn.troZZed independently by vacuum or air @w.-

The air inlet valve may be either sort, automatic or mechanicaHy
connected to throttle, but the fuel valve is controlled independently
of the air valve or throttle, by the ~cuum directly, or by flow valves
beyond it or by air im act on mown members.

Pew 824bch82i?.7– + ‘?l.uarz”a.ZJefloat c mtjer re8ewre.-1n addition
fto the use of a fuel inlet with a regulating va re associated with an

air inlet similarly provided with a regulatm~ valve, fuel flow is sub-
jected to the further control of the pr~ure m a closed float chamber
which is varied by a connection to the vacuum chamber of the car-
buretor. Any air that flows through the float chamber as art of

fthe means of pressure cuntrol on the fuel surface is disregar ed.
N(W CkW8 ~tii3ThiT8@?l?, $l?Y)f?& JbW, (28Phldi , &

% ?’ T’fU4Z d v?2Uh%p~ &P ?kk%%, hth WX%hpeg “~ VdVe8.–i OITUll~y,
two air inlets, ohe primary and the other secondary, are associated
with a single fuel inlet having a regulating valv~ but there may be
more air inle.k
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Pew eu3cZae8 13.1-FaZved @Z inlet, fixed prinuzry a&, l?imedor
valved secondary m-rinlet, throttle amd~ol of fuePin& viilve and of

The changes in vacuum at the fuel inlet sup-8econda~ air valve.—

plied with primary air from the fixed air inlet, even as modided by
a fied or throttle-controHed Eecondary air, are not reIied u on to

Lcontrol fuel flow, but a fuel-reguktig valve actuated by the t ottle
is added.

New ewbc.?im8l~>~alved fuel ide:, ?dved pr’haiy and 8e00n&
ary air hlete, throtth control of both w lnlete and ueMI.Z.Ct wzZre.—

U1/Variation of two air-inlet areas and the fuel-- et area with the
throttle subjects both air and fueI flow to the control of mechanically
related inlet and throttle outlet area% and the vacuum at the fueX
outlet still remains as a factor.

l~ew 8ubcZa.s818J?-Talved fuel &Jet, fhed @
T

and .throttz..
eOn.troZZeo?w70ndiuy izz”rinh%, fuel valve controZZed

z
the IxLcuum

or m“rflow h.dependtm.tly.-l?uehdet area is depen ent upon the
vacuum or air-flow conditions independent of the throttle or of the
thrott.le-contrdkd secondary air.

New ewbckes 13..J-TaZced ud ;nlet, fixed prinuzy and uwknndo
/valved 8econdary a@ hlete, u8Z vdce cotioZZed by the i%rottZe.—

Fuel-inlet area is dependent upon the mixture-outlet area by the
throttle connection and is inde endent of the air-inlet areas, the
vacuum at the fuel idet being, %owever, directly dependent on the
air idets.

New 8UZMZOS8l~k~a.l~~ed ueZ inlet, fkced primary and anitmuztio

vaiked 9econ41my air &det8, k el wzlve contmdled @ tlw autmn.atlo

The throttle is independent. FueKnlet areatiecondary air uaZze.—
is related to the movement or entrance area of the automatic second-
ary valve.

New eubcb8 l&&~atved fuel irdet imz?vedprhnqt and 8econdary
k!air, both automatic, fu.d vaZoe contro ed by one or both automatic

air-inlet m.Zw8.-The two air-tiet automatic valves mny be ti-
~e endent or consist of two ports controlled by one vahe, and the
J ets need not be completely closed by the automatio valve so long
as they control the flow and the resulting vacuum.

New clam 1.J~artkretor8, proportioning )%x0, aspirating, mnJZ-
t;pk ~u.el and aa”r~7tlef8, both wit% Yeguk.ting vaZre8.-T’wo or more
fuel relets ea:h difTerently situated or Mkrent in action are asso-
ciated with two or more fuel inlets each acting differently with
respect to fiow>and at least one of the fuel and one of the air inlets is
provided with a regulating valve, though alI may be so e tipped.

INew 8U3Ck88 I.#J-Two fuel hzetsl one fixed main an one V(lhld

2
euppZemmtq “ Lepeed jet, two imr inlets, one fixed ~=n:~
em valved aeo qy.—A two-jet

73
e of carburetor i

high-speed jet
T

into action WI $the opening o the secondary
air wdve automatlca y or brought in b the vacuum due to hi~h-

{flow rates. However brought @ the hig -speed jet is provided mth
a regdating valve.

New eubcke l@-MuZh”pk carburetors, progrew+ve b throttle
J(or vaouum.-l%o or more complete carburetors, each wi its own

fuel and air inlet, both with regulating valves, and brought ~cces-
sively into action by either the throttle or the vacuum. There maybe
a common secondary air inIet at their outlets, throttle controlled or
automatic.
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New C2&?8 ~&&z&wetor8, roportioning @09 a8pkth.gf tkvvn.o-
batatio 02’ twrom.etti @?LtTOI?.— emity corrections for air or fuel, and

for vis@sit of fuel to compensate for Changw in temperature of
1either} or c anges in absolute pressure of the former by actuating

their tit valves or by restoring the original value of ~e variabl~
~eu) eubch2x8ld2—T-8tdo oontroZe.-Aut.omatic means of

keeping a omstant temperature of air cmfuel or both or of actuating
the reguktin wolves ta compensate for temperature changes

&ivew 8utY? 8 ~6>~ar0m#ric con..t?’o~8.-Automatic meana of
keepin the absolute pressure of the air supply conetant or of actu-

Esting t e air-inlet valves to compensate far -ramations.

(R} Assignment to the new CIaEWMand subclasses of ali United States
patents for “proportioning-flow” type carburetors found in the
oilkial lists of Part II (A), (B), (C) and (D), constipatinga new list
of all United States patents codamin proportioning-flowcarburetors

w%arranged according to the new dss “ cation,

Unitecl Rtates patenta.

Prasautomclal—

IMant No.
[-

yf#j%:_a%J
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614JM...................
6X’,36Q.................. .
W,W. ................... -
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13W,048

K
649,191
057,14
65&lm
658307
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B....................
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iiizii
H?$%....................J

CIu9. Subchs

MO
149
%
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y

E
m
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m

. . . . . . . . .
m
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m
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l!:
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ml
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15#1

148
154I
m
144
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15LI
M-&l

164.1

&i
L54.1

Preuentomcial-

~atentNo.

E

class.

New clam1,CMburetorapro-

myJ%o~rf&f

%?%:::::::::::::::::::
71!&em. . . . . . . . . . .. . . . . . . .

E%::::::::::::::::::
781.192.. . . . . . . . . . . . .. . . . . .

L. . . . . . . . . . . . . . . . . . .

976;4C9!mLC7a

l;iw%
I,0W,2!I
l,021&l..................l

....................
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;::::::::::::::::::

....................
....................
.....................
....................
,....................
....................
.....................
....................
....................
L...................
....................
.............. .....
....................
.............. .....
....................
....................
.....................
....................
.............. .....
n .. . . . . . . . . . . . . . . . .
K1.. . . . . . . . . . . .. . . . .
u . . . . . . . . .. . . . . . . . .

.—
En&Ima.

Ii%I

%.1
.........

1s4.1
1s5
M. 1

.........
14S
I&4.I

i%
1%1

1!!. 1

%::
L!&1

...... ...

.........
lM. 2
150.I
156
154!1
W-M
1s4.1
144.1

.........
l.% 1
KM.1
184.1
154.1

. . . . . . . . .
16s.1
154.1
~: ~

1s4:1
. . . . . . . . .

134.1
154.1
154.1
1s4.I
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UnitedStates Patents-Continued.
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?7n~tt7dHtatc8 patent8--Contlnued.
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UnitedNate+7patenh+(kmtfnued.

I Prwmtdickl&

PatalltNo.

t

C3am.

L.. . . . . . . . . . . . . . . . . .
L.. . . . . . . . . . . . . . . . . .
I. . . . . . . . . . . . . . . . . . . .

w7&:::::::::::::::::::
Sljn .. . . . . . . . . . . . . . . . . ..l

&4!
4$—

c. $!
322
48

8M#a3.. . . . . . . . . . . . . . .. . . . ’49
8.w#99.. . . . . . . . . . . . . . . . . . . 4a
W,’JW...... . . . . . . . . . . . . . .
8s7&’E...... . . . . . . . . . . . . . . fi
Wq8’4 a. . . .. . . . . . . . . . . . . . a

E%::::::::::::::::::: ;
Fa&6m .. . . . . . . .. . . . . . . . 4a
W&w. .. . . . . . . . . . . . . . . . . . ~
$%$%5.... . . . . . . . . . . . . . . . . ~

%&:::::::::::::::::::: 48
Wow... . . . . . . . . . . . . . . . . .
9W,781.. . . . . . . . . . . .. . . . . . . z
W7m. .. . . . . . .. . . . . . . . . . . 49
912@2.. . . . . . . . . . .. . . . . . . . 46

%+%:::::::::::::::;:: ~

.. . . . . . . . . . . . . . . . . . .
. . . . . .. . . . . . . . . . . ..- ~
832&3.. . . . . . . . . . . . . . . . . . .
942Jfn.. . . . . . . . .. . . . . . . . . . 48
O&& .. . . . . . . . . . . . . . . . . 4s

, .. . . . . . . . . . . . . . . . . . .
%

%%%::::::::::::::::::: g

BE::::::::::::::::::: 4.9
9T7&7.. . . . . . . . . . . . . . . . .. .
970/?36.. . . . . . . . . . . . . . . . . . . :
V61,1m..... . . . . . . . . . . . . . .
W@70. . . .. . . . . . . .. . . . . . . . 48
W7m .. . . . . . . . .. . . . . . . . . .

~gg::;::;::::::::;::: ~

1:013:032:::::::::::::::::: 4s
1,016321.. . . . . . . . .. . . . . . . .
1,017,760... . . . . . . .. . . . . . . . C. R.?
l@8,n6. .. . . . . . . . . . . . . . . . 48
IJ335,987.. .. . . . . . . .. . . . . . 48

i&$%::::::::::::::::::
4s
49

l,048@2.. . .. . . . . . . . . . . . . . 4.9
1JM9+?Q2.. . . . . . . .. . . . . . . . 4s
1J344JJKI. . . . . . . . . . . . . . . . . %

:Ghm::::::::::::::::::

%&k::::::::::::::::: ~
lbJM8 .. . . . . . . . . . . . . . . . .
l@3,622.. . . . . . . . . . . . . . . . . 46

;%%:::::::::::::::::: 2
l@&640.. . . . . . . . . . . . . . . . .
lfxs,w. .. . . . . . . . . . . . . . . . %

)gg&.:::::::::::::::: . . . . . ..

I:CM9:8W:::::::::::::::::: 48
I,53e,671.. . . . . . .. . . . . . . . . . 48
I,On&s... . . . . . . . . . . . . . . . 48
I,On/r&.. . . . . . . .. . . . . . . . .
l,070@’ . . . . . . . . . . . . . . . . . . fi
lp78Ja .. . . . . . . . . . . . . . . . . 4a
I,07q766.. . . . . . . . . . . . . . . . .
l,079&36.. . . . . . . . . . . . . . . . . c. R*

360.9
. . . . . . . . .

ma
363.!7

.........
124
166.2
ma
166.2
16h2

E.:
166.2

l%. 1
365.2
MS.2

E;
U&l
166.2
1.35.1
165..2
156.1
lE&2
16h2
ma
15s.2
M&a
166,2
W.2
M&l
166.2
IM
M&a

W
160.2
156.2

W
350.2
166.2
3.66.2

E:
.. . . . . .. .

366.2
365.2
166.2
Ma
Ma
166,%
166.2
l.&s
lE&.2
16b.2
165.2
M6.2
146
166.a
lm.!z
146
142
IM.2

.. . . . . .. .
322
1E43.1
Mb.2
lfi 2
M6#2
166.2
lm. 2
M&a

.. . . . . . . .

“/FromltomcM-

ClmJsa!z,twodrhlkib, fixed
prlmrg,automatfo smnd-
w_pu#nKah dv@-

g?%?%::::::::::::::::::
, > ------------------

:f%gk:::::::::::::::

:;%%::::::::::::::::::
lpJ&2w... . . . . . . . . . . . . . . .
lfM,n4 .. . . . . . . . . . . ..-._
1J04,976.. . . . . . . . . . . . . . . . .
1,106,142.. . . . . . . . . . . . . . . . .
I,106.116.. . . . .. . . . . . . . . . . .
I,106J46.. . . . . . . . . . . . . . . . .
I,M3,&u.. . . . . . . . . . . . . .. . .
1,107,W8.. . . . . . . . . . .. . . . . .
l,IctR&.6.. . . . . . . . . . .. . . . . .
1,1E$267. . . . . . .. . . . . . . . . .

;$:$%:::::::::::::::::
ljxm@3... . .. . . . . . . . . . . . .
1,1W$16.. . . . . . . . . . . . . . . . .
1,121J71 . . . . . . . . . . . . . . . . .
l,E!d,462.. . . . . . . . . . . . .. .. .
lJ86J41b.. . . . . . . . . . . . . . .. .
l,m~ .. . . . . . . . . . . . . ..-.
Llw,w. . .. . . . . . . . . . . . . . .

*
;187J86..................
J8e#04.. . . . . . . . . . . . . . . . .1J40,064..................

l,141Js3.. . . . . . . . . . . . .. . . .
1,142,7SS.. . . . . . .. . . . . . . . .
1J42,W2..... . . . . . . . . . . . . .
IJopI .. . . . . . . . . . . . . . . . .
1,145,12s.. . . . . . . . . . . . . . . . .
1,14?!4463.. . . . . . . . . . . . . . .
lJ6D&119.. .. . . . . . . . . . . . . . .
lJ&5&2 .. . . . . . . . . . . . . . . . .
1,166,149.. . . . . . . . .. . . .. . . .
l,l&3,4a6.. . . . . . . . . . . . . . . . .
1,166* .. . . .. . . . . . .. . ..-.
I,M+576........ . . . . . . . .. .

j%$%::::::::::::::::::
1,171J45.. . . . . . . . . . .. . . . . .
ly2@2. . .. . . . . . . .. . . . . ..
1J72,422.. . . . .. .. . . . . . . . . .
1,176,723. . . . . . . . . . . . . . . . .
y&8JL........... . . . . . .

k7’03&6.K-i+kk&’iiiit&
bothwIthrognlatingv83vw,
one automatic 4ho other
Wc4t.1-ded:

d+%i%if$x“w wiiii&.
Iwthwtthautomuuo mgu-
14tingWlvw

.. . . . . . . . . . . . . . . . . . .~#.!!

790:172.
a16/330.

%$% .. . . . . . . . . . . . . . . . .
924697 .. . . . . . . . . . . . . . . . .
lJLk,675.. . . . . . . . . . . . . . . . . >

.. ....................
....................
....................
....................

1,141$?s. . . . . . . . . . . . .. . . .
l,169&4. . . . . . . . . . . . . . . . . .
l,lfJ3,127. . . . . .. . . .. . . . . . . .

WwcM18.&two alrinkt$
M.h whh ttmltle.cwb
tr0ncdregu3&t@VWW9:

714J07.. . . . . . . . . . . . . . . . . . .
n6.4@3.. . . . . . . . . . . . . . . . . . .1

3ubclaal

Itw.9

%:
165.9
lm 2
166.!4

g;

1E6.9
106
126
166.2

1%9
15$2

166,2
15h1
W. .2

.. . . . . . . .

.. . . . . . . .
14s
15h1

.. . . . . . . .
m
ml
16g1

14.9
166.2
lw.1
160.2
w. 1
M6.2
166.9
148

% 2
lm.2

w
M&!4
166.2
122
Isa 1
M&2
IS5.2
165.2
160.2

M&l

166.‘J
148
3M.2
M&2
1652
162
l!K2
148
Im.1
166
148
lm.2

ml
M.6.l
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UflitedNtate8 patettt8dntinmd.

Pre#eJltof%cid— I-t ofEeiaI— .-

PatentNo.

I class I dMfL9s.Melese.

Newcks8.6, twodrhIets,
both With tbrottle-ael-
poqegrO@llatblgval~

.
.. . . . . . . . . . . . . . . . . . .
L. . . . . . . . . . . . . . . . . . . . .
L.. . . . . . . . . . . . . . . .
I. . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . .
.. . . . . . . . . . . . . . . . .

!%%%’%%’%!%%
Wftl&$r.i-1, Ydmd kc

C!.B
.. . . . .

z
4s
49
40

$
12a
4a

.........

.........
llu.1
M6
14s
153.1
16a.1
M&l

100
M&l

164.1
18a
IEd.1
154.1
ma
165.1

lml
Q

w
ma
ma
ma
18J.3
m
ma
ma
lm3

%:

ma
ml
IKL3

- %
um.a
m3
ma
Ia&I
xm.3
ma
150.1
ma

ma
ma

E&l
ma
ma

m.a
m.a
ma
ma
nila
ma

4a
48
49
4a
48
49

4a
48
48
4s
48
43
49
48
48
4a
43
4a
48
48
4s
49
4s

,:
48
48
4s
49

M
4s
48
43
49

49
4s
49
49
89
48
4s
4s
48
49

ti

“:

4s
4s
48

4a
4a

151s
lm. a
ma
M&l
m
ma

m?ioo-.. ................l
IJ)i4?s6
I+299JM

..
n....... .........
u 1..................

Im%m. ................- ‘[. . 1

Nel%&Yti;-z-Gi -G-

%idg% J%’p-w

.-

M18
Im 2

g;

g;

m. 8
m2
MI
WL2
lba.a
w. 2
m. 1
IW.8
15S.2
16a.2
I&i.1

~;

IRIS

%$
9i8/51
P!23-l#’Aj
1J141,4S
1*,48
I@8&9.
I&qos3.
IJ?30JWL
l@oJrJ

;&&

1%
I,U8,
1,134,
l,-
I,la9,423.

y%%:
J

mX.%&.JXfXiGI-t-c
with suppIflllEnky H@
Jet:

I,C66$62
1,104$30
I,158,4s7
Llfmwl.

...................

....... . . . . . .......

.. ..................

................ ....1%
48

$!
48

43

~
4a
48
4s
48
48
4s
48
48

4a
4s
48
49
4a
4a
48
4a

~
4s

!

48
4a

4a
48
48

g

48
4s
4s
4s

1
L. . . . . .._.. ___ . . .
. . . . . . . . . . . . . . . . . . .
.. . . . . . . . . . . . . . . . . .

. . . . . . . . .._ —..
.. . . . . . . . . . . . . . . . .

70-
1708, ------------------ tm................-.

M. . . . . . . . . . . . . . . . . .
.. . . . . . . . . . . . . . . . .
.. . . . . . . . . . . . . . .
.. . . . . . . . . . . . . . . .

m...................
..................I.................. I

m -
l,7&-
1,77
Wan::::::::::::::::::I

............. .....
Y“”-----------”-..................

..........------

1---------------
;477::::::z::::-ifi~b:::::::::::::::::l.

1JW376......... . . . . . . . . . 1{
. 1

g#+4:::::::::::::::::..................
Ne%%.%:i,-i&i ‘~O”&-&i-

SWx%%%%

ti&’w+-%&% ‘i*#:
. . .. .. . . . .. . . . . . . . . .

mm
8?l~
9s3216.
1+110,051
IJCL3J79
I@m&24

:$$%%4::::::::::1::::
lJLQ!KLI. . . . . . . . . . . . . . . . . .
p&!l&..._____. . . .

Ne%%%

:@pm7 . . . . . . . . . . . ..__.
New @ 9.4&&%.eJ.el@

&4s4W
1,0f6,1(k

~M&y__ka

f@I InIe&
1

Ffl%-”-”””--”-------”
1.074m

155.2
160-s
ms
lams
Iao.11

i

.. .. ...............

..................
..................
..................I

L............._.-..
L.---------- . . . . . . .
i. . .-. ---_. _...
-l . . . . . . . . . . . . . . .._
2. . . . . . . . . --------
4. . . . . . . . . . . . . . . . .#

tqe.ffa- inlet,rqdathg I
ltiL8
14KL8

%:

g;

la 8
m. 8
UK1.1
Iao.s
16M

1
..............--...........................................................................................
1 . . . . . . . . . . . . . . . . . .
IL. . . . . . . . . . . . . . . . . .
)1. . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . .
!3. . . . . . . . . . . . . . . . . .

—
L....________
~, fuektandpfpes:
1. . . . . . .. . .._

1...................
-B. . . . . . . . . . . . . .-J

IECL8
M&a

.4-. . . . . . . . . . . . . . ...1

lE&8
lso.3
14s

W....................I
l?ofo,llm.... . . . . . . . . . . . . .

Nsf%m%wwn”&%ii&l-&~y ‘“

1*,( ““-”----------------

77..................
q- ...........-----
..................

irwzk::::::::::::::::

13W;6Z1.IMSC
,ae. .................l
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Unites ~tates patenta—continued.

\ “Re6entom2fnl-

N~em&.e, mixed flow—
..................
..................
..................

mttle C6ntroud: I
....................
.. ..................
....................
....................
....................
....................
.. ..................

......... .........
%:::::::::::::::::
n’.. . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . .

r or vabutum -1
............... .....
.....................
.....................

..................

..................

............. .....

..................

... ...............

...................

3f$ km with IegnIating I

................... .

....................

.. ..................

.. ..................
Lo::::::::::::::::::
;l . . . . . . . . . .. . . . . . . .
%.. . . . . . . . . . . . . . . . .
m.. . . . . . . . . . . . . . . . .
n. . . . . . . . . . . . . . . . . . . .

VBIVW
548,922.

I
8W,707.

:$ji$.
l:o@5
1,W,!39
1,123,87
1,155,45

~e$;m%ms..:i . .. . .ti

fnletbeycold&fIdet Vslve,
aetfnga9tbrottle,fueIvslva
cunwno&dby * valve:

w&m.”-. -”. . ..”--.. ”---

87 a34:
7$

&@%

&J

751$L.3:
n5+m.
TF4,4W.
‘ml 10.

+-
WJ;$

81@3.
838,7tM.

s%”.. ””--------------
S9Q42fL:::::::::::::::::::

....................

....................

....... .............

........... .........

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................
[f....................

....................

............... .....

subcIw

La

155.

m.
168
W
155.

.... ...!
150.
1s0.
ML
lb&

165
148
154.

L&L

M
M&
ml.
lm.

M&

........

........
w
U&

,.......
UK
156

144
........

L%

Ma
........
ii!

........
m
w
ma
L6J

188
m
L55.
l%)
165

........
w.
1:

........
m
L50

\ ReEa71tomdnl-
l%taiNo. —

Clsse.

Km Cke 121 valved fnd
Met beyond ahrdet valve,
Sethgae throttle, fudvelve
cmbOnl~by afr vaLve-

. . . . . . . . . . . . . . . . . . .
a.. . . . . . . . . . . . . . . . . . .
9.. . . . . . . . . . . . . . . . . . .

;::;::::;;::::::::::
8.. . . . . . . . . . . . . . . . . . .
: . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . .
a.. . . . . . . . . . . . . . . . . . .
8.. . . . . . . . . . . .. . . . . . .
9.. . . . . . . . . . . . . . . . . . .
8.. . . . . . . . . . . . . . . . . . .
8.. . . . . . . . . . . . . . . . . . .

9. . . . . . . . . . . . . . . . . .
m. . . . . . . . . . . . . . . . . .
5. . . . . . . . . . . . . . . . . .
5. . . . . . . . . . . . . . . . . .
B. . . . . . . . . . . . . . . . . .
9. . . . . . . . . . . .. . . . . .
i . . . . . . . . . . . . . . . . . .
6. . . . . . . . . . . . . . . . . .
3. . . . . . . . . . . . . . . . . .
i. . . . . . . . . . . . . . . . . . .
1. . . . . . . . . . . . . . . . . .
k. . . . . . . . . . . . . . . . . .
3. . . . . . . . . . . . . . . . . .
5. . . . . . . . . . . . . . . . . .
5. . . . . . . . . . . . . . . . . .

Contfnu
9coj4slL
911,14

%J~

% %

3$:

i%;:
Ws,tw
W9m
l,0d0,618
l#oc%o19
1,0111,’X5
1~4,94.5
l$l%,7za
1)W+399
l+sm,wt
l+?W,W$
1,107,7U
l,m7@n

$g

l;n’a;m
1,M3,M. . . . . . . . . . . . . . . . . .
l,ls4J41. . . . . . . . . . . . . . . . . .
1,1W,124.. . . . . . . . . . . . . . . .

New Ob LX?, VsMOd fud
bllethtwW@,LFbdet Y8ke
W thrOti~both ftld and
s~+~ oontdled by t&e

7Eo,d...... . . . . . . . . . . . . . .
795*7

FB:;
881,081
827@4
848,42$

%5
‘aLo,w
(na,lu
Wf,tae
%

‘m&m
W8,N7

EJR~L

l,C.W’4W
ld,m
}ol}~

i%!w
l,om,kw
1,U3S,W43

;&;&
l,c62@7
1,C86,037
l,~4wa
l,U78@3
l,mo~
I,(W&m
1,:05W. . . . . . . . . . . . . . . ...1

7....................
9....................
3....................
1....................
4.. . . . . . . . ..- . . . . . . . .
5.. . . . . . . . . . . . . . . . . . .
L . . . . . . . . . . . . . . . . . . .
D....................
1....................
B....................
5....................
B....................
a...................
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REPORT NO.
PART IV.

11.

STRUCTURAL CHARACk!ERISTICS AND I?UNCTIONAL
OPERATION OF EACH OF THE MEW CLASSES AND SUB- /
CLASSES OF PROPORTIONING-FLOW CARBURETORS.

By C~ES IL Lu~

GEWIFUL.
.

Carbureto~, as devices or appIiancea for making a euitable explosive
mixture of am with a -roIatile liquid fuel, were not created with any
definite cIas idw of the mixture requirements of the engine or c)f
the mixture-making characteristics of the various physical principles
of functional operation and the meohanicd limitations on the execu-
tion of each. M the time -when oiI refining began to produce the
hght petrole+ distilktes, no? so gen@cally c-d as g@inez in
any quantity mternal-combusslon engines were m operation, using
manufactured ilhnninating gas and natural gas as fueL Sometl@
was Imcmn of these engines through the familiarity of ~ and the
means of making explosive mixtures of such gases and air as the
working fluid for their operation -were understood. Most of these
e4@s ~=e smau; au were stationary and operated at constant
speed; and practicably au if not quite SO,were governed by hit-a.nd-
mias appkmces, according to which the quantit of fueI and air per

5suction stroke is constant when any is taken at a ~and no graduation
of the charge per stroke with load. under such circumstances the
mixer and proportioner could be of the simplest concdirable sort—
no more than two holw., one throu h which the

3 F
S conld flOWand

the othcxrfor the air, vmth a manu adjustment or the size or area
of one or both to secure the desired working pqortiom ~aually
the gas supply came to the eng@e under ressure-vvhatev~ pressure
existed in the mains of the city or in & e natural-gas ihstributing
pipes+m it is natural that a periodic operating vaIve shotid be
udd$d to the gas connection m gas would not flow out except during

T
e suction, the gas val~e being opened during the suction stroke,

ei er automatically by the suction or mechanically from the valve
gear by a direct connection to the main Wet valve motiom ~djust-
ment of pro ortiona~~ of gas to air and its maintenance under such

fconditions o use is no more difEcult than for steady, ~ontinuous fIow,
.—

and two opening+ the relative area of which is manuaIIy ad”ustable,
will quite accurately fix the proportions, whether a periodic k el stop
mlve be added or not. The roportions will be maintained m long
as the gas prwmre does not o%ange, a con@ion met by the addition
of a ga5preesure governor to the system.

169



170 AERONAU!CICW..

This situation is most significant, because it explains not only the
origin of one large class of early engine carbumto~ but aIso the
trend of development from this

T
oup of carburetors n-matneces-

mrily have been strongly influence by the nature of the stati. This
influence of the early carburetor, dtmgned to yplace the as mixer
and pro~rtioner of early hit-and-miss

F ‘*ne ‘0 ‘ake “ “ ‘r-responchng gasoline engine, has been oubly strong on the rest of
the art because such engines are still in use and others have ap-
peared for which the same sort of carburetor or “gasoline mixer”
u e ually adapted. Ehuih, for example, is the case with the small

?sing e cylinder two-cycle kmat engine, -where a constant ch~rge per
stroke is taken and the speed is normally consttint and snnplicity
and cheapness in all parts are more imporhmt than high efficiency
or light welgh~er horse ower.

/’Assuming a $rade o gasofine such that the amount that air
could support m comb@ion w~uld -immediately vapori?e when
mixed with it, a grade eayly obtained m the early. oil refimng days,
then feedin and roportIoning such a fuel ta its am involv= no d~f-
ferent pro#lem i%an had aheady been scdved for gaseous fueL
Therefore, there appeared

P“ar? ‘h&“= ‘f c~umtors’no-w often called ‘(m~xers,” w ch mvo red at ~rst~suppl of gaso-
line under pressure maintained by an elevated timk, a el valre

li
eriodically opening with the engine suction valve to sto the fuel

Yow between suctio~ a mm.udly adjusted restricting ~a Ye in the
gasoline line, ahva s open for securing the desired proportions, and

iarran ed so that t e gasohne could m. mto the. air in any way at
Eall w en it did flow. The variations in structural form that this

sim le arrangement can take are somewhat surprisin as reyealed
?-l %by t e cases under class 1 and its subclasses, horn whit practmally

all later schemes and qmdern practice in gasoline proportioning flow
carburetors may be smd to ha~e been developed.

C)f coursa a pressure supply of such a ~olatiIe fuel involves ele-
rnentsof r~, both of explosion and fire, as well as trouble in oper-
ation when valve leakage between stro@s becomes a Preci?ble,

xwhich need only to be recognized to inaugurate mo lficatlons.
These than

7
are found to follow two hm; first, the use of a pump

diredly, an second, the indirect usa of a pump to a small auxlIiary
fuel chamber from vrhwh the fuel is take-nby the aspirating action
of the vacuum that results from the flow of air through restricted
inlet passa es The suction stroke of the engine induces a flow of

fair throug the air pas~~es to the cylinder and may be made to
actuate an air motor d~vmg a fuel pump to constitute a ropor-

$tioning flow carburetm, as described in the cases of class 2. -
tionahty is to be secured with this kind of apparatus by the m~a?~n
between the fuel volume displawamentof the pump and the air vol-

;~wp~L?;~~EZ;ZIZ;?a~lwV;Z&l ~~~~?zzl~
or from a small auxiliary tank or chamber kept supplied by a ~n~
feed. pumpt or the pre=m ~pph may,beretained.Fromsucha
small audmry tank or chamber, maintamed automatically at a con-
stant level by float valves, dlaphra

F
valves, or overilow pi~ and

supplied from a low level main ta b a feed pump or from a pres-
sure supply, the fuel may be causei to flow into the air by the
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vacuum developed in the latter by its flaw, the fuel inlet to the air
being above me fad IewI in the constant Ied chamber.

This is a reasonably Iogical step and maybe carried out with the
same manualIy adjustec$ but othe@se fmd and constantly open, air
and fuel inlets used pretioualy mth presure-fd suppli~ modeled
on the gas mixer for hit-and-miss gas en=gines,but omitting the

E
riodic fueI valve as not needed because of the aspiration principle.
this may the aspirating roportioning-ffow carburetors with sin-

2gIe fixed inlets were start .-,and their various forms are illustrated
by the”CQS of class 3 and lts subchsses. These are still in use and
improvwment+sin them are still appearing. For engines that take a
substantially constant char~ per stroke or that are attended by op-
erators capable of modi@mg the adjustment when the charge per
stroke must be materially changed, they are good e.noughl otherwise ,
the are not satisfactory.

J
They are now divisibIe Into two grou s

-Ki freference to the ccmstant+d chsm$er and Its fuel .supp y,
which division does not affect them proportzonaIi character~tms at
au the stationary-engine grou %

~ “w?b~~~~?%$~e$ts~~uses an o-iefiow cup, sup h
driven pump from an un erground tank, whiIe t trimsportation
engine, when it uses this sort of carburetor at all, is provided with a
pressure supply of fuel to a float chamber; this is the cw with
marine engines, but some tracto~ especially those with the hit-aid-
miss control, @ill ~ the p~~ and orerflo? cup.

E the gasohne engine requmng a graduahon of sup ly per suction
tstroke and t+rkg a charge for e~ery such stroke, gra uated in uan-

7tity to both lts load at constant speed and to its speed at any oad~
had not been de~elo d, there -would newm ha~e been any real car-.

Fburetor probkm. T e wide variations in number and s-h of cylin-
der, with their corresponding changes in suction pulsations added
to the variations. of flow rate due to both load and spa make ~he
probkxn a rea~ and dMcuM one.
of constant

-t 0“ ‘0rE2:::~~Tz=~ygspeed regul~tion at a . loads, to be seeured.onIy by thr e go-mrmm
imposing ~deIy v~rymg flow rate? on th~w carburetor% but also for
transportation engm~ -of th? ma~e,. rm@ad, automobik+ tractor,
and aero chases, requmm -rode vmahons m both speed and to~ue,

fwith correspondingly wi e variations in carburetor-flow rates vmth-
out changing the mix@ proportio~ the carburetor would un-
doubtedly ha-re remained a chamber with two fixed pr adjustable
fixed hoks, one for fuel and one for air. Such a

9
as a car-

buretor is quite useless for ~ariabIe flow ~rtice even tit a fueI of
constant ph sicaI properties used at a constant aIt.itude or barometric

ipressure an under Cunsta?t air and fueI temperatures. Eliminating
these kst factors, there sMI remains a problem of ~ery considerable
magnitude and great ditlicult y, the d- of variable flow- ropor-
tioning carbureto~ and no better illustration of this “dty C)jln
be found than the complesi~ and large number of the patents on the
subject, on t)e one handl cou Ied with the still present operator’s

fd~culties mth the commercia product? of the present day, on the
other.

MI the eases from class.4 to ~ass 14, im+u+ve, are cancerned with
various means of establishing and maintammg the proportionality

-.
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in variable-flow carburetors without any effort at automatic control
or correction for densities or fueI viscosi~~ to which subject but
littie attention has as yet been paid, as is mihcated by the few cases
of class 15. The effo~ to solve the problem of the proportkmin -

dflow carburetor used with varying-flow ratea is more ~r less logic y
analyzed by the new chws

Y
upings with them vmlous aubcla~

all of them starting with t e now well-knowm assumption of fact,
that no sin le fixed fuel hdet and single fixed air inlet will suffice,

fthe ratio o fueI to air increasing regularly or irregularly with in-
creaaain flow r@e in such a structure..

To correct tlus tendency toward an increasing percents of fuel
fin the mixture with incrwising flow rates, structural mod” cation of

the two simple fixed inlets is necessary, and thase modifications are
divisible into two groups. It is clear that once the mixture has be-
come overrich after an increase in flow rat% the original roportion

!can be restored, first, by reducing the vacuum at the ueI outlet

‘hrough m -e* 0’ ‘he air ~’ ‘1 a %@ating~’l’e ‘r ‘movement to a point of less veIocuty or y re ucmg the rewure on
the fuel surface in the cxmstant Iev cup, or in eneral t e.net fuel-

!flow head, and, second, by reducing the area o the fuel inlet b a

Y
?dusting valve. These two ways of compensation are typica of

t e two broad group divisions-first, compensation by contrcd of
fuel-flow head; second, compensation by control of fuel-flow area.
Of course, both may be utilized at the mrne time, and in any one
carburetor many of the several different means of accomplishing both
arq found o crating simultaneously. lt should be noted that the
pruuary or 1 asic way of controlling fuel-flow head is by the air
vacuum at the fuel inlet without operating on the surface presmro
of the fuel in its constant level chamber, and this control of vacuum
at the fuel irilet to the carburetor is a matter of air-inlet valve area,
number and location of inlets, though subject to some cent.rol by
variations id internrd osition of fuel idet or direction of the air
flowing~ast it. &The ndamental basis of alI proportionality con-
trol in carburetors is, therefore, one of structural arran ment of

rfuel and air inlets, in number lWation, and relative area a justment,
corresponding to change of dow rotes. This idea is incorporated in
the new classification where the several classes are distin ished

?one from another b~ the number of fuel or air irdets and y the
presence or absence m them of a re ulating vahm to adjust the flow

farea of either to the flow rates. Su ckses include either important
grou s of special cases of the general class or cases of some addi-

?tiona means of fueI- reesure control above that afforded by the air-
iinlet arrangements o the general +as _Fo; exampk+ clases 3 to

10, inclusive, all have fied, nonvarpng fuel-udet areas in any num-
ber associated in classes 8 and 6, incluam+ with any number of J5xed
air irdets, and in classes 7 to 10, inclusive, with variable air inlets in
any number, the air-inlet graduati~ valve being actuated in different
ways in tha several subclases Sunilarly, classes 11 to 14, inclusive,
are all cases of variable fuel-inlet areas, where fucil graduating
va.hes are used and actuated in the several subclasses in each of the
t~icd wa .

T
These several clases of variable fuel inlets are asE.o-

clated in c ass 11 -ivi~hfixed air iqkh in any number, and in chwsea
12 to 1+ inclusive, mth variable am inlets, having graduating valv=
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WMin any one cI* charmterized by a specified number of air
and fuel inlets, fied or variable, the subchssas will indicnte addi-
tional or specud means of fuel-preesure variation with flow a% for
exam~Ie, float-chamber pressure control, which maybe used with any
combination or kind of inlets; likewise, mixed fiow or the admission
of a einall amount of air to the fuel assage to break the vacuum W

ithe necessa extent, the air and fuel owing together mixed. Again,
Tm each of t e several classes of mnltiple fixed fuel inlets there ma

ibe a subdws for the speciaI form of the fuel stand ipe in whit
%successive holes or outIets are brought into action as t e vacuum in-

creases somewhat equivakmt to a varying fuel-hdet area, though
oily as head increases and as a result of it. Finally, in the several
cdasaes of multiple @el there may appear subclasses rep~”

%two or more complete carbureto~ each of another simpler class
the same, and brought into action succeesi~eIy to limit the flow varia-
tion in any one set of passa.gs and thereby Emit the necessity for
the other sorts of compensation that me nec~sary with wider varia-
tions of flow in one; 10 such carburetor umts in one multiple car-
buretor would limit the flow variations in each member to one-tenth
as much as in a eingIe SimiIar one for a given total range of flow
rates.

With this introduction on the general problem and plan of investi-”
gation of the efforts of inventors to solve it, 5s disclmed in the ~at-
ent art, the several new chwses and subcla=es will be examined
separat~ .

Oh.w J, carburetors, ~pmtihin flow, fixed air and fuel &det82
&periodia fuel VdW.— f“s IS the ear y developed CISSSof carburehws

designed to convert a gas engine into a gasoline engine by an abrto~
identicd devi~ smaller in proportion to the relative volumes of

Iine to gas for the same amount of air, and primarily intended
For hit-and-~ stationary e “nesrequiring no graduation of flow,

%and for pressnm supplies of elt that
%

uire a shut-off valve to
stop the flow between suction strokes en this stop vaIve is
o= We HOWeffect is that of mafixed fuel passage. This fuel. valve, .

~;h222?~$?o??nS~~2$iy?&~2F;?2E~
lovv-speed engines, and normally to a singIe cylinder, or to one suc
carburetor per cylinder.

One early case of a fucd Valve actuated by an air-fl~w impact disk,
-movement of which does not affeet the area of the aw-flow.pa~ge,
M shown on page 175 (58:,930, M~y ~ }8?7, Alderscn), whmh dlus-
trates the idea of alternative use n amsmular way, of gas and gaso-
line, because a gas inlet is also prowded with its own valve to be
opened by the vacuum directly because it is Iarge enougl+ This
case also illustrates a Mferent means of fixing and adj

YfueI inlet area by limiting the lift of the fuel vaIv~ the shonl era
which strikes the end of an adjustable sleeve. k this case the fuel
is discharged into a freely open portion of the air inlet where the
vacuum is negli#ble and the ~ocseneck fuel-supply pipe rising above
the fuel valve indicates the retention to use a pressure au pIIyt;~

dfuel under at least this much head. I b air-flovv di.dr loca
throat of a doubIe-tapered air passage with another such disk on
the same stem at the large diameter point immediately above it,

—
.,

#
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to produ~ the double effect of a prompt lift of the fuel valve formed
at the end of the stem, and to spatter’ the fuel so it may mix with
the air in the irre

P
ar passage, is the construction illustrated on

page 176 (5%666, une 15,.1897, BolIee). Not only is this case in-
teresting because of the construction but also because the patent is
for a “ motor vehicle:’ and is one of the earIy constructions of this
at the time? very new art. While the fueI valve is located in fronti
of the air-relet valve and ~ therefore, subjected to none of the
vacuum due to air-entrance resistance it is newrthel+ by reason
of the air-passage taper, sub “ectedto t’he vacuum of the air velocity

f’bead, and the case is one o the very earIy examples of the use of
veIocit -head vacuum to influence fuel flow.

As ~owing the use of a press~e. sup@y of fuel, the case on page
177 (611,341, Sept. 27,1898, Starr & (70gswell) is interesting, because
the elevated chamber iE shown feeding the tubular fuel valve, the
seat of which is lifted off by the entrance air valre beyond. As the
fuel flows down it meets the air rtilng but evidently complete
vaporization was not regarded as assurec!, because a drainpipe is
provided joining thci cup overflow.

Location of a fueI valve on the supplv side of an automatic air
, check vaI-re is ak illustrated on page 1’77 (688,367, Dec. 10, 1901,

Tregurtha), which also shows a broad enlar ement below the fuel
inlet, over which the measured amount of !llel is intended to be
evaporated by the air, a thing that could not be done at all with
present-day gascdim A contra

Y
fuel flow arrangement with the

same location of fueI vake on t e sup ly side of the air check is
shown on pa x177. Here the fuel flows own with the air toward the
@inder. (%%,937, Ju~ 1,1902, Lizotte.) Use of a piston type of
am valve to actuate the USIvalve is shown on pa

r
178 (705 021, July

22, 1902, Bennett & Morewood) to avoid the iiliculty of! simuka-
nemud~ making tight an air check and a rigidI attached fuel vaIve.

?~zA~ar urpose is served by the spring of 03,937, Jul .1, 1902,
I zctuation of. the fueI vaIve b the vacuum irectly is

shown on @ “es 177 and 178 (705,314, ~dy 22, 1902, Blake), the
dia~raghm & rising with the vacuum and opening the fuel valve.
TIUS case akm illustrates the use of primary and secondary air
through two separata air iolets. :.-. :

An ilk$ration of a form es eciall ada ted ~” the ‘hit-an~-miss
d? {l’engine is ~-ren on pagw 178 an 179 ( 2~,67 , Mar. 17, 1903, Burger),

-where a governor controlled pawl carrmd on a skwre about the am
valve stem opens or does not o

F
the fuel valve.

Direct attachment of the ml va.Ive.h the main en “ e inlet is
shown on page 179. (724,328, Wm. 31, 1903, Pivert.) E other case
of air ~ act disk actuating the fuel valve is shown on page 179

E(747 235, ec. 15,1903, Saris) in connection with two other intered-
4ing eatures, one, the constant leveI float chamber, the level in which

is above the fu~valve, m
Y

the valve necessary, and the other,
the hollow stem of the fuel va m, which accumdates fueI between
suction strokes, diachargin the accumulation with whatever comes

fpast the regular needle va va This is a sort of forerunner of the

~ “~ o! Iow engine demand, dischargi~ it
now common accekwatin cm of modern carburetors that accumu-
lates fuel durin perl

L{
uickl on a su den increase in demand due to the opening o the

t ott e at”a time when the mixture would otherwise tend to become
lean by reason of the greater inertia of the fuel over the air.
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GABMIXER.

NO. 681,930 patented May 4, 1897.
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The use of a fan type of air motor as an air impact device to lift
the fuel valve is illustrated on page 179 (760,673, May 24,1904, Itmte
dl Duryea), the fan or motor also serving as a mixer. Adjustment
of pro ortions in those cases so far illustrated has been provided by

Ja ne e valve before the fuel inlet valve or by Iimitin the lift of
5the inlet valve, but the same result may be obtained by a just”

air as shown on page 181. (761 392, May 3}, 1904, OMs.) %’:
the use of prewure sup@y of fue~ is cIearly rndicated by the tank
IeveI, and the air inlet LSprovided with an area adjusting slide tu
controI the amount of air that shall enter each stroke with the tied
amount of fuel. The same idea of control by the air, but by an
interesting form of air damper, the @ is shown on page 181.

$(793,498, une 27,1905, &h.)
Direct vacuum actuation of the fuel valve, independent of the air

flow except as it may be the cause of the vacuum, is shown on page
181 (820,408, May 15, 1906, Garllus), where the vacuum acting on
one mde of the disk and atmosphere on the other, Iifts it and the fuel
valve. A pivoted or swin type of air-flow disk to actuate the fuel

fvalve is shown on page 18 (850#23, Apr. 16, 1907, Hallett), a form
that shodd be very sensitive to air movements and sure to open fuIly
each time. A form in which the check valve that actuates the fuel
mlve does so by an indirect connection is shown on page 182 (999 033,
JuIy 25, 1911, Hubbard), where a Iever permits relati~e lifts shut
in proportion to the two val~e diameter% vvhich is not possibIe -with
direct axial connection, except b mrdcin the pericii of opening of

ifthe air valve eater than that o the fue vah’~. A ball used as the
rfuel valve an lifted by the vacuum directly is shown on page 182

(1,004,091 Se t. 26,1911 Shain), and a similar use of direct vacuum
ion a ffat-lace vaIve is s!hown on page 182 (1#20,397, Dec. 8,1914,

M,artin). h interesting case of indmect fuel introduction is shown
on age 182 (1,044,314, Nov. 12, 1912, _~atmn), where the fuel is

$dis arged into a side pocket -with an air passage by ~ming the
spring-loaded inlet- valw. This pa=ge would tend to hft the fuel
promptly above that valve, better than if ‘it were deli~ered. to a low-
wlcmty main air stream, especiall if the check valve M h.eal-ily

floaded. That this old and simple c ass of device is stilI a subject of
invention is illustrated by the case on age 183 (1,151,156, Aug. ~

R191!, Bingaman ), where a simple a~- ow ibsk causes a. fuel valve
to hft in front of the air, or m th~ case, the mm%ure-mlet val~e,
herq used as the entrance to the cIosed crank case of a small two-cycle
engim

.SuJc@e~ l.1—FueZ valve operated fi~ en k m-he ear.—Probably .
f 1the oldest of the cla= of fuel valr~ dmct y operate from the valve

gear, independent of the air or nnxture vaIves, and under the con-
trol of a hit-and-miss governor, is that on page 184 (43380~ Aug. 5,

i1890, Otto), which case is of peculiar interw$ in view o the pioneer
vrork of this no-w famous inventor, Otto, a-contemporary and rival
of the equally famous Kt$rtin .

f
One other case will serve to illustrate

this subclass as .it is of such imited value in its beafig on the en-

J arm,tlm ma!. inlet v!re
eral problem that on pages 184 and 185 574,183 Dec. 9, 1896, n-

Lder,wood), w ere by $he one cam-actua
is M%ed,and at the tune a gas, and a gasoline fuel valve as well.

●
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ISUMZ88 l&—FueZ inlet in seat o autorn.aiic ah Wet WaZve.—The
[idea pf this arrangement in this c am is to insure an adequate air

velcmty past the fuel inlet when it opens to car
%

the fuel and pre-
vent it drop ing back but there may be some di culty in making a

f “dbroad seat o a come air check valve close ti htly an a ropriately
#smaII fuel inle~ and even as much so with at wak Y he earliest

case of this subcla~ perha s also the earliest of the whole general
JcIa~ and one that attain commercial success is that on age 189

1’(417,924, Dec. 241889, Kthting), in which the descent of t ~episton
dopens the air an fuel val~es together, $e fuel $$charging into the

seat of the air valve f~r vigorous spraying. Th~ m-renter, K?irting,
with Otto, may be mud to have inau~ated the cmnmercialI suc-

rcessful business of buikiing gasoline engines in their two riva Ger-
man establishments, still in existence rmd still successful &cia-
tion with a fuel inlet located in the seat of the air valve, of a heated
chamber, to permit the same

$
roportioning structure to operate on

a heavy or nonvolatile fuel, an thus to convert a gasoline into an oil
en “ e, to use common term+ is illustrated on page 189. (523,511,
J~24, 1894 (2ampbelL) Here the fuel and air descend tugether

c? Aan stroke a ot elbow where the oil se arates out, becomes heated,
tand being swe t by the air, is vaporize . This case may be said to

1?have practicaI irmuguratud the construction of that cltiss of oil en-

!!?
t%“nein which e mixture is made externality to, and not in the cylin-

er, by first proportioning f uel and air, and then hemting the mixture
on lts way to the cylinder. Another early form of this arrangement
is shown on page 189 (635,166, Oct. 17, 1899, Hay), which dso pro-
vides exhaust heat for the fuel and mixture entrance chamber. A
complete ring of fuel inlet holes is shown in the form on page 190.
(690,112,Dec. 81,1901, KuII.) Manual adjustment of the fuel needle
valve simultaneously with the lift limit of the air check valve, is pro-
vided on page 190.~71?2357, Mar. 10, 1903, Davis), which, if con-
nectid to an outlet thrott~e,.would become a pa$ of graduating valves
of quite different charactmstms A flat seat am check valve is shown
on pa s 190 and 191 (894,656, Jul 28, 1908, ~ohnston), with an odd

b T {sort o mixer, and a plug form o throttle. An annular form with
the fueI valve’ in the center of piston type of air check is illustrated
on page 191. (922, May 18, 1909, wright.) The fuel is admitted
through the interior of a hollow air check with a hollow stem on
page 191. (948 977, Feb. 8, 1910, Kingsbury.) A case of flat seat

kannular air chec valve is shown on page 192 (995,919, June 20 1911,
Smith), in connection with a f uelmfloatchamber, where the fue~ inlet
is a type of device originally dwagned and normally uwd for pres-
sure supplies of fueL

A gravity swing check with a fuel @let in its stem is illusted on
paqe 192 (1,048 518, Dec. 31, 1912 Frd@, intended to be used with
aspmating fuel fiow as a sepa~atei&ng jet to be attached to any form
of carburetor and to come mto action when the throttle is closed.
This is an excellent illustration of the way in which old forms of de-
vices or a pliances may find ?ew u+s or be. revived in new combi-
nations. h ree separate fuel relets m the am check-valve seat, one
for gasoline, one for kerosene, and a third for water, are illustrated
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!/l
on ages 192 and 193 (l,156#36f Oct. 12, 1915, Diener), in connection
wit an exhaust heated vapormer, for an engine to be started on
gasoline, and when heated operated on kerosen~ the water being
added to control reignitiom

$Subclass 1> uel kkt Zocated ~ and automatic air inlet.-one
early case (500 401, June 27, 1893,% hman), show on page 194,
attaches the fu~ valve h a sprin -closed pop@ air-mle~ valve by a
yoke with a flexible element, the % el idet bang located so that it is
acted upon by the racuum which opens the am valve, so the. fd
valve must be affected come ondingly. This is in contrast to the

Tlast aubcIaeswhere the air ve oci~ over its valve seat, and not the
vacuum beyond the seat, acts on the fuel Met. The form shown on
pa e 191 515059, Feb. 20, 1894, Hoyt) frustrates the use.of a elide
v~veforllmlu ~el actuated by the automatic air val-m The location
of the tank cl~ar y indicatw a pressure fud suppI .

$
~swingair

check that strdws a separate spring-closed fuel v Fe is shown on
page 194 (567$!53, Elept.8, 1896, Pratt) and another s-wing check
strdring a gravity and pressure closed fuel’valve on page 195 (609,557,
Aug. 28, 1898, PheIps). That the oint of mixture of fuel and air

/’may be controlled inde endently o the valve locations is illustrated
?on page 195 (616,97% am 8, 1899, Riotte), where, altho oh the fuel

3valve K formed on the end of the air-valre stem, the fu meets the
air at a distant point, emerging in four streams at a contraction to

$
remote mixing. An independent fuel check acted on by the vacuum
evelo ed beyond the automatic air vake is shown on page 195

!3(617,7 , Apy 9, 1901, White) in connection with a oonstant-Ie~eI
chamber ha

T
an outIet below the lerel but s@ed b a ball. An-

other case of a eater associated with roportio Yfue and airinIets

?T
iathaton a 195 and 196 (619,77$$eb. 21, I%furray), in -which
the air va ve y a lon estension of lts stem opens a distant oil valre,

%oil and air entering a eated annular pot at separa~e-points, with the
idea of promoting vaporization of the oil and

T
of its vapor

with the air after the roportio+ have be+ estabhsh by the same
means commonly Used!

~d’”k’dveof ‘&:&=l$:;ed%J:f::g:g~:am check but above the er m an o-mrflow chamber, so the fuel m
aspirated, is shown on page 196 (694,708, Mar. 4, 1902, White). A

.Iever connection between the automatic air vaIve and a fuel va.he
located beyond it is shown on page 196 (},066,080, July 1,1913, Cole)
with a hand-adjusted needle vahe. The is articularly intereetin

1? 7because of its general similarity to another ater class lf the fue
vabie were

f
“vti a longer taper and the air val-re were situated in a

.,

Id% tapere mat the flow areas of the two CcmIdeasily be kept in any
deemed ratio and proportionality be established with but little
vacuum than e. Such caaes are fairly numerous in the later ckmses

7where the fue is provided with a
r

aduating vaIve controlkd by an
automatic air valw+ main cmsecon ary. —-

fiubci?aaa14 douHe dr Wet, w ai~ Met 5y-pa88m *Z in2et.—
—

This class is t~e forerunner of t~e very l~rge class of rimary and
5secondary air Wets with its vamous combumtions of va ves and in-

terconnections. Apparently the idea, at least at first, was that of

.—

—

.—
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spraying and mixin
%

rather than that of a cmnpensatm rmrange-
5ment to correct for t e tenden + become excessively ric in tlxed

Lsingje air and fuel ixde~ b a
i

ttin a secondary or diluting air
stream. In a patent qante for a f“se f-propelling carriage,” a fuel
valve actuated by an am vaIve, makes what may be termed Ryrimary
mixture, to ~hich additional o? secondary air may be adnntted for

Lp:l#i:P%$’f !Y@’07assh0wn0npK’7” [6’0’4’0’ne early orm, that on ?ge 197 679,887,
Ju 30 1901, Mathieu), has a pair of air-impact

i!’
by which the

fue va~ve is actuated, air from one inlet strike the top disk and
opens the fuel valve, the fuel being spread over the disk md sprayed
down from its edge in front of the second air stream. This may be
compared with the form on a e 197 (715#98, Dee+9, 1902, lLcmgue-

$%mare) whj+ is @ly h.ten e to act in the com ensating way, the
d Isecon ary am bang admitted be ond the impact ood equivalent to

ia ‘disk, so.that the fuel valve is “fted for a shorter period and fuel
admitted Iesx+the more the secondary air. Secondary air actsj there-
fore, to limit the fuel lift somewhat, but not quite as mould a me-
chanical stop, and its effect on proportionin is similar to that of a

?fuel needle vaIve. In the form, page 198 896,388, Aug. 18, 1908,
Johnston), part of the air passes directIy u the center tub exert-

$ 2in a veloclty action at the fuel outlet an impinging on t e fuel
fva ve lifting di+ while the rest of the air enters around the edge

of the automatic m~et valve, and has no influenca in lifting the fuel
valve at al$ but a mechanical sto to limit the lift is also used. The .

1?fuel-air ratio is directIy adjuatab e manuall b the air by- ass, or by
d fthe fuel needle, in the form page 198. ( J?J6,Nov. 10, 908, Law-

son.) A still closer approach to the automatic can ensatin action
[ %Ov. 9,of automatic secondary air is shown on page 198 939,856,

1909, Papanti), where the secondary air enters by an automatic valve.
Th~ by the removaI of the fuel valve and attachment to a constant
level cup, would -becomeone of the very large class of so-called auto-
matlq compeusatm ca- of subclam 8.2. Indicating that carburetors
of this class are A bein brought forward is the case on page 198

8(1,181,514, May 2,1916 ynon), in which the fuel valve pu is
Ynot clear, because the dow is purely as irating, but the per orated

1kax~urrounding the fuel outlet is inten ad to assist in spraying and
nuxmg.

G7a88g, carhretor8, pmpo@ion.hg @w, metering fiel pump, i2&-

motor driva-For many years bef?re +e adv~nt of the gasoIine
engine and the need 19 ~nnect~on wnth It of smtably small, cheap,
and ?Ccurately proportloyng carburetors that wo,uId not leave heavy
frac~lons as unusable resndue?the art o! gas makmg had been pretty
comuderably developed, and m connection with it a very lar

SST
num-

ber of evaporative carburetors. Some of these had fuel-f valws
more or less relating the $ontrol of fuel flow to that of air flow, but
the great majority, substantially aIl of them, maintained a body of
liquid either m bdlr or spread over solid, porous, or firous surfaces,
from which evaporation took place, the proportions being established
by the evaporative conditions rather than. by the conditions of feed
and flow. From this, however, has come in a more or lws logical
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~wnce the ilrst of the proportioning-flow carburetor of the air-
drmsn, fuel-vohune meter t~e, shown on page 901. (249#33, Nov.
8, 1881, Jackscm) ti ordmar gas meter acts as an air motor to

{drive a fud meter consisting o a rotatin late with pockets on its
f%mbeface, tha pockets fllh+g as they ass a fue c

d
r and emptyin as

they pass &port kadmg into %e metered air stream. AII the el
is thus measured and pro ortioned to the air flowing -wjth it as

$~ohunetrically roportione
E?

mixture. The tit case of this class
desi ed direc y for engine use -wherethe bulk and coat of the old

3sta ard form of bdows gas meter -would be rohibiti~e is that on
page 201. (791+301,June 6, 1905, Leinau.) L “s has some of the
characteristics of the aspirating jet

2
e of structure. The float

chamber, with its fuel paasage and fu outlet abo-re the chamber
leveI, are the same as wouId operate in the ordinary aspirating mrm-
ner, except that the jet is located fairly high and m a region of low
air wIocity, as aLm is the air passs . There are added two new
elemen~first, a small centri

?
al ~el pump in the fuel assage,

and, second, an axial-flow fan-b ade form of air motor in & e path
of the entering air, dri “ the pump. There is a suggestio~ in

%tiew of the more or less uent use of such f ardike motors as
stirrers and mixers, that this is the primary idea here, though rdi-
ance is placed on the pump action to eject the fuel. The case is in-
teresting rather for its suggestiveness than for its direct ~alue be-
cause the floow-speed pressure characteristic of the pump and nir
motor of these forms me not such as vrelI maintain pro ortionality.

&Another form invol~ing the same eIements, but in wluch e centrifu-
gal pump fuel passag+ discharge radially directly into the air instead
of through a jet nozzle, as in the previous case, is shown on page 202.
{957,976, May 17,1910, Lucas.) A more directly proportioning ar-
rangement b-d on vohmetric diepIacements is that on page 202
(1104S,083, Dea 24-, 1912, Lavender), in which a rotary vohme
meter of the form common in the measurement of water ~ used as
air motor and drives a pair of pl

T
r fuel pumps, If the slip of

these two displacers were exactly e same, and if there -were no
density -rariatlon in the air to cause variations in the w “ t of air,

Teren vihen its whne is correctly proportioned to the fue , this ar-
rangement would seem to offer good prospec@ at least as good as
most of the @t-jet as irators, as a pro ortioner. Of course there

% 3will be some nnfa-rora le inertia Iag ements to interfere with
prompt acceleration of a -rariabIe-speed en@e, and once it is oper-
ating at high speed the inertia of the movmg parts of the pro or-

$tioner will continue fuel. delirery after the throttle is closed. ur-
thermore, the size of the apparatus must necessarily be large, as the
speed of a aecdine pum~ can not be high, but the arrangement is

Ptruly one o the proportmnaI-flow cIa~
A shdar rotary meter type of air motor dri~~ a gear form of’

fuel pump by friction disks to seoure a suitable ratio for adjustment
of proportions is abown on pares 202 -d 203. (1,119,479, Dec. 1,
1914, J ceder.) There is ako a$ded a diaphra

r
form of fuel needIe

control to adjust the inlet automatically with c ange of speed, m as to
keep the pump deIi-rery ressure nearI~ constant. A late form of the
centrifugal fuel pum

7
d!’ri~en by an am motor of the turbine class is

shown on page 203 l,137@8, Apr. 27, 1915, Sherman), the rotor

—
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being mounted on ball bearin
Y

directly above the float chamber and
the pump consisting primar y of a curved disk concave upward
with an orifice restricted entranca Still a different-form involving
an impuke form of air motor is shown on pap 203 (1,149#23, Aug.
10, 1915, Baker & Swan), where an a.utomatm intake valve of the
swing-check type is employd as an air-entrance nozzle to direct the
air to the motur vanes at approximate constant velocity as the
intake gate varies. fA ear type of fne pump delivers the air to

5the throat of an air-de very venturi txibe for spraying wh~ of
course, there will be h depression of p~ helping to induce fueI
flow. Some air at high speed by-passes the spraying tube thro h

Yswing checks, tending to keep the delivery velocity through t e
spra ing throat approximately constant.

(7ilx8 3, carburetor
i!

roportwnhg Pow, asphdhg, 8&@e-@ed
I/o hing simpler than this structured arrang~-~uel and air inkt8.—

ment for a pro ortioning flow cmburetor.could well be conceived, suit
?is quite natura to find many efforts to devise arrangements which

by -reason of their details or dimensions might be made to work
satmfactorily enough for at least some sorts and sizes of engines.
One of the early cases,

!
age 204 [622#T4, Sept. 19 1899, Riotte),

dhas a constant leveI chain er of the overflow t~pe an a f ~el,passage
brarwhing beyond the needle valve to four orlfi~ for nuxmg pur-
poses, the *hole chamber being doubIed for dmect boItin to the
two intake ports of a tw~cylinder stationa~ engine. A %ifferent
form of constant-Ievel cup of overflow type M shown on pa e 204

?(658,267, Sept. 18, 1900, WnnedY), constructed somewhat ike a
plumbing trap> and still another *orm on page 205 (682,596, Sept.
17,1901, Aldrich), which has in addition a pIug form of fueI ad-
justin -valve. Location of the fuel nozzle in the center of a float

ftype o constant-l~wl chamber to kee the. fuel he~d constant in spite
?of the titling that E anecessa part o transportation service is shown

Ton pages 205 and ?06 (685199 , Nov. 5, 1901, Le Blon) ! in which the
nozzle is axiall wtuated -m a straight portion of a cylindrical air

E
assage, air ani fueI flomng in the same diredion, the air pasage
ein~ ~rovided with a manually adjusted restricted inlet. Cross

flow IS dlustrated on page 206 (724,648, APE 7, 1?03, Zimmernumn),
the fueI needle valve stem croasmg a straight am passage at ri M

%
Yan 1ss and being carried in a cage that-restricts air flow. Anot ~er

suc crossing fuel valve k is shown on page 206 (729,647, May
26, 1908, White), arrang-d, however, in a bend, so the air pases the
fuel irdet at an angle.and, by reason of the cbtructio~ with many
eddy currents. Ltioation of a fuel heater ‘between the f uel-measuring
nozzIe and the point of mixture with the air at which the fuel flow-
inducing vacuum originat+ is illustrated on pa

3
206. (804,589,

Nov. 14,1905, Enrico.) !t’lus fuel nozzl~ of the m tipIe-outlet form,
discharges over a series of heated tubeq where its fuel is b be .
vaporized in its own atmosphere. Of cuurse the heating de~elops
some espansion, which-has a similar influence to flow resistance, and
if the heat were variable there would be a variation of proportions
due to it alone, independent of other influences. A curious form of
fuel passage, made crooked for the purpose of resisting excesive
increases of fuel flow, is shown on page 207. (846,9031Mar. 12,
1907, Bradbeer.) On page 207 (936,3&7,Oct. 12, 1904, Maybach) M
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another soheme for mod@@ fuel exit by causing a continuous
circulation of fuel through the fuel nozzle in the direction of the
fuel esi~ the overflow cha@3er being incorporated in the nozzle so
there is always some velody head of fuel, contributing to the kel
flow, in addition to the air-flow vacuum

h all the cases so far the vacuum at the fuel inlet is due mainly
or excltiveIy to an entrance resistance and flow ~ce up to the
fuel nozzIe and not to any particular ~elmity head conditions, due
to contractions of passa e or to bends and ba%les. On pa e 207
(939,481, Nov. 9, 1909: % f“ckson) the fuel nozzle is locate in a
curved elbow and the am will tend to crowd away from the jet more
in proportion as its veIocity is higher, so that the vacuum due to air
vehcity, inde endent of entrance rwistance, will not increase at the

$fueI inlet as ast as the air flow itself does. This is a sort of cor-
rector for the tendenq toward escess recIiners or increased flow. h
indication of the recm~ though as yet feeble, tendency to study the
flow laws of~aasages of diferent forms and to de-dop flow pa~ages
that have smtable flow laws that contribute to proportionali~ ISthe
peculiar fuel passage and nozzle on pa e 208. (1,160,662, h OV.16,

d?1915, Slaby.) The perforated rose hea may be so formed as to give
quite a range of control of liquid flow Yacuum at the top of the
~ertical tube, by location and size of the holes, and the baffles in the
fuel assage ma

l!’ z
likewise serve as a means of control of the fuel

flow aw With re erence to the effecti~e vacuum, of cour~ each within
suitable Iimits. Two fueIs, each with its own float chamber and ad-
justabl fixed fuel passage, discharge alternately to the same fuel

{nozzIe y the turnin of a central s-witch valve in th~ form o? page
208 (1,171$?00,Feb. f ,1916, Honey) intended for engines stmtmg on
gasoline and later operated when hot on kerosene.

fh.ilicla883J—i%eZ Wet at a+rthrf@.-Contraction of the air pas- “
sage -walls in the .mann~ us@ ~ m]ecto~ a?d compressed air spray
nozzIes but appkd to sspmatmg flow E dktrated on pa

3
211.

(350,769, Oct. l$?, 1886, Ragot & Smyem.) As here apph it de-
livers the mixture in whatever proportions the form and dimensions
make poesible to a heated pot for -raporizatio so that the engine
may operate as an oil engine on heavy fuel. % his is smother one
of that cIass of oiI engines developed from the gascdine engin~ b the
addition -b the latter of a mixture heater. Placing the fue~ J et at
a restriction in the air p

Y
e or air throat or choke tube mah fueI

flow primarily dependent on t e air veloci head rather than entrance
Yrestmction, as illustrated on pages 211 an 212 (693773 Feb. 18, 1902,

Bardwell), an axhd parallel flow ent, and on page 912
(789,537, Msy 8, 1905, Growville =wbourg a. cross-flow
mrangementl but without a fuel valve stem crossin

%
t$

Such a throat arrangement of curved form where t e ~dmv~v~%
cross is shown on page 212 (906,980, Dec. 15, 1908, Tihton & hder-
son) in vvhich tlm am tends t? best against the fuel idet, restricting

dits ow as the air veloci~ mcremes more than if the flow were

%
ardlel or than for pIain cr= flow thereb tending to correct their
el flow excesses at high rates. ~ the ~el inlet is submerged a

pod fl form, -which on a sudden increase of air flow wilI be picked
up and carried aIong aiding acceleration, so this is one form of

72805”+. Dec.5s3,%614.
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accelerating cup.
%

A rather oo.d.form of air SSSagetpractica~y a
% 1’venturi tu e, by reascm of t e small angle o the chachar e cone,

and havin
$L

iarallel axial flow, as shown on page 213 (954,9 5, Apr.
19,1910, 0 ) which is also provjded Vi~h a heatjng jacket between

Lthe flont chain er and throat to yrornote va orization. Heaters
flocated like this will affect the dematies of, the uel and air, and the

viscosity of the former, and therefore change their proportionality
accordingly. To secure an initial flow i,nduci.ng.vacum of a given
fixed minimum value, from which the vacuum may”begin to rise
instead of starting with zero with’ reference to flow rate, a Iight
gravity loaded check valve striking a sto~ is used on page 213.
(1,038,699, Sept. 12, 1012, lVWinson.) Th~ is of special service at
low-rata flow or .on idling, but in no other way does it change tho
proportionaIity characteristics of the other arrangements from what
the would be with a fixed air inlet of area equal to that uvailable

iwit the air check valve open. Adaptation of the contracted throat
means of de~ebping a localized vacuum to induce fuel. flow to the
closed crank case form of two-cycle engine is illustrated on ~nges 213
and 214 (1,117,641, Nov. 17, 1914, Cottle), where the fuel relet is at–-
the throat and the upstremn wide end of the conical air pasmge is
connected to the top of the ffoat chamber. b. this way the fact
that the air is under a pressure grea~ th~~ atmos here makes no

i?difference in the .fIow proportionality.. ~t. m .a goo illustration of
the fact that float chamber surfuce pre+sure equalization with the
air supply passage adapts

%
ractically an? carburetor to the use of

compressed air, even thoug it were d=~ed for pure aspiration
from the free atmosphere. The curved am throat -with cross fuel
discharge and accelerating cup is illustrated again on a e 214

?F(1 130,981,Mar. 9, 1915, Kmgston)o, but with an additionn e emcnt,
ia o-ivspeed I.iftin tube for wet mmtum, Around the stetim of the

Yfuel adjusting va ve a loose sIeeve is laced, paasin~ throu h the
& fdividing wall, and throu h which the el and air wdl be li ted at

%low-flow rates by the hea equivalent to the check bal The lifting
will be assured at rates so 10-was would fail to lift. the. f uel in an
ordinary ~assa~e if, as is the caw with most -of the. present day

Y
oline, It remsts prompt Yaporixation. An mterestmg form of

ifting tube awing directly throu h th center of a d~mpcr throttle
$ ?is illustrate on page 214 (1,190, 14, July It, 1916, 130ttome), ht$e

applied to a smple ~enturi throat carburetor of noncompensating
form, but evidently applicable to others,

Su.bclam 3.hAir gui.d+uor Zx@e8.-The object “of such bties or
air guides is to correct the tendency for fuel to increase faster than or
just tb mix”the two. Armmgement of the air pam~ in the form of
a return bend with a small tube projection in eac~ leg permits the

airyelmi@ ‘ad ‘act Y 1
sitivel at one and negativel *on the other,

$and connection of one a ove an the c@er below the. uel ~f~ce in
the cbed constant-level chamber..gives radically twim. the flow-

Einducing pressure differenc~ that is norms y used. This is illustrated
on page 215. (660,482, Octi 23, lWOj”13at4s-.]-”Mixin is the object

8of the helical bdlle on page 216. (787,463, AUK 25, 1 03 Pearson.)
Formation of a s-praying passage in the main am passa e L baffies is

fiillustrated on age 216. .“(7912501,June 6, 1905, Ric ar .) FIOW
Fcorrection, the ormer action, wdl undoubtedly take place in the form,
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pa e 217 (817,6411Apr. 10, 1906, Harris), because the h
8 Y?

“n wall
wi prevent any mcrease.d veIocity head action at the flna in et, so
fuel flow will increase -mth air only as a result of ~ir entrance m-
sisknce without air velocity head assistance. Quite the contrary is
the ob“ectcm page 217 (817,941, Apr. 17, 1906, Stute), where the air

dis gui ed directly over the fuel inlet, contributing the maximum air
velocity head effect on fueI flow added to the entrance resistance.

A circukm-slot form of fuel inlet is shown on page 218 (862,088,
July 80, 1907,Longenecker), so arranged behind an annular air ballle
as to receive a simdar additive eflech of air entrance resistance and
velocit head. Combination of a spraying arrangement of bafb

i!with t e accelerating-cup idea is illustrated on page. 219. (886$88,
A r. 28 1908, }Vayqynen,) At Iow-flovv rates the cup remains nearly
Af tit!I the air sweeping off a surface film, but a sudden increase of

air flow wiII sweep it clear of contents, adding this ~ohune momen-
tarily to the fueI that flows steadily at the nevi higher rates due to
the greater vacuum. A complete shrouding of the fuel inlet with
o jposed axial flow to reduce to a minirmun the ~ehcity head effect,
it ough not e%ninating it, because there is some such action at the

base of the shroud, is shown on pugs 219. (I,072,37C, Sept. 2, 1913,
Alden. ) Locntion of the fuel inlet in the center of an air wwtex
produced by inward flow of air between radially curved -ranesin the
air ]asmge is shown on pages 219 and ?20. (1,141,570, June 1, 1915,

6Mc ormack.)
i%hhhw S.$—Rotating fuel 8preadcr, air driuen.-W’hiZe normd?y

such attachments are arranged solely as mixers, they may in some
cases =ert a fuel-flow influence, producing to a ~mtial ~cgrce the
action of class 2. Such is the case, for -Wample, with the f orrn, page
221 (1,092,953, Apr. 14, 1914, Sanborn), but not so with the form on
page 221 (1,178,127 Apr. 4, 1916, Bricken). ln the former the fuel
M subjected to a Ii{ting action beyond its submerged measuring re-
striction, which reduw the degree of submergence and increnses tho
flow, but in the latter form no fuel is subjected to the rotating influ-
enc~~dti] it has dropped free of the pasages -whereits flow m~ght be

.
1.$&ckM8 3.J, wm’dte jet and throat re2iztwn.-This is one of the

most promising means of correcting for the tendency toward rich-
ness on increasm flow rates and is ihstrated in one form on ago

% ~225 (1,086#26, Fe .3,1914, Sasano), vrhere the fuel inlet while xcd
is acted u un b the vacuum at a hole in a tube surrounding the
nozzle. d $IS tu e rises with increased floiv by reason of the bdlles
in the tapered paw , thereby rais”

F 3
the hole to a hi her point

5where the vacuum is ess at a ven air- ow rate than at a ow point.
Therefore the %OWrate for E el will not increase as fast as if its
inlet were acted on by the vacuum at a fixed point in the venturi.
The action is corrective as to proportionali~y in a qualitative sense
and can be made so tmqmoper degree by smtabl~ curving the taperi-
ng waHs. The effect is the same as if the fuel relet were mored to
that purtion of the venturi, as would by the vacuum in it, produw the
correct cmstant roportioning flow. In a different way t]ke same

F)effect is secured ~ moving an approximation to a venturi past a
fixed fuel nozzIe m the form, pa 296 (656,197, Aug. 21, 1900,

FLumiere), a case about 14 years 01 er,
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Euhckm 3.6, mmiu.i5h3float cha~e~ re88ure.—Movin the position
L fof the fuel Met with respect “tothe t oat of a tapere am pasw

fis equivalent to adjusting the fuel-flow head to that value that wo d
give the correct constantI propo@nate flow, by operating at the

Kpoint of fuel exit from ~ e fuel passa e, but it is evident that a
%similar corrective pressure control cad be eserted at the @mnce

end of the fuel passa~ which is the float chamber, and such”is the
subject matter of this subcla~ the first case in which is that iWs-
trated on page *6 (686,101, Nov. 5 190~,Maybach), seficeabIe only
for ccmshmt speed engines Co~ination of the ‘Tenturi tube air
throat, having a right-angIed fuel nozzle, with the float chamber sur-
face pressure means of compensation, is ihstrated on page 226
(741,962, Oct. !?0,1903, GrouvelIe & Arquembourg). By means of
two calibrated hoIes above the fueI, one to the atmosphere and the
other to the Venturi throat, the float-chamher pressure can be kept
at a regukrly increasing ~alue below atnmsphere as the flovv rab
iucrea= bother case of tierent form is that on page $226.
(954,488, Apr. ~, 191$ WoIf.) . I@-e the float chamber is brought
into communication wdh the c~mber by a wdve, and -air
entrance to the float chamber b r val~e. Adjustment of these
tvvo val-res will permit of the of any effectire head on
the fue~ tim zero when the latter valve is shut off and the former
open up to the maxitium -when the former is slmt off and the latter
open. Opening both - “ves an interm~ate effect. Such an nd@t.-
ment, howerer~ is si3 ar to an adjustment of an air or a fuel -ral~e
by hand, and there is no assurance that the wwiations in float c@.rnber
~ressure with a tlxed -r~-re sett-

7
wilI be just what is needed fo com-

pensate for fuel flow =esses.. ne attempt in this direction is that
on pages 226 tind 227 ($002,646, Sept- 5, 1911, Ckmrad), where hoks
at the entrance and -t of the air mntmi -communicate with the
float chamber with a tie-iv to making its ressure automatically, the

%mean between them, or the vacuum half t. at in the mixing chamber.
ln this -way the fuel flow is definitely co~ected to a ilxed degree,
but there is no assurance that this is fhe mght de ee nor that the
correction should be always the s~me fraction. E other effort to
secure a definite degree of float chamber pressure change from at~os
phere but in the excess direction is that on page 227 (1,(164,6X, hne
10, 1913, Ensign), where the pressure in the floab chamber is, the
velocity head of the air in an entrance. assage, brought to bear by
pitot tube and pipe connection. c?h a dition, the am enters in a.
vortex! at the cater of which is the fuel inlet, so placed with ref-
erence tb a dome btie as to be in a region of low vacuum, the dome
aIso actin as throttk ?Yeglectin the vacuum at thq fuel nozzle the

%effect sho d“be the same on the k e~flow as if a fuel nozzle of the
same shape vvere located in the same place as the Pitot tube, but
pointing m the o posite ~rhn and fed from a constant level

%chamber open to t e atm
Adjustment of float ch

R~=p:::;:;m*tiRti;yj.:Iished, pa es 227 and 22P (Iz 4,625, O@. 7, 1913 Jo
i$a %Hoyd) , y canned”

Y

. .

the fueI inlet is locate at another poinL This case is of interest
aIso because it ilkstrates a diaphra~-controlled fuel-level valve.

—

.—

—
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0.?(%88 & C@bUPet(W8 pTOpOTtti~
P’ “Pdw ‘W? ‘w=’mult;ph air %J@, botk fiawd.-hfost o the car uretcws of tlua class

have on.1 two an inlets, and these arranged as primary and sec-

ionda ,. ut the effectiveness of this arrangement over a single air
Tinlet epends entirely on the detaik When the two air strew-usenter

through fixed inlets that are similar and similarly placed, the second
is of no more value than a change in adjustment of either a single
air or a single fd inlet. In such a case there can be no fuel flow
com~ensation or correction of propo~ions to ystore a changing pro-
portmn to constancy, because the ratio of primary to secondary air
will be constant and the total no different with respect to fuel than
if it. all entered at one oint, however much the mixing may be

iimproved. To accomplis compensation the secondary am should
increase faster than the prima

T
in ordinary arrangements to com-

pensate for the fuel that natura y tends to increase too fast, and this
requires that the rwistance to entrance of the secondary be increas-
ing smaller than that of the primary as the total flow increases.

iBot kinds of arrangements are illustrated, page 229 (772,9?9, Oct.
q?, 1904, lTaurs) bein of the fixed ratio sort, primary to secondary
am, pap 229 ($48,17%,Mar. 26? 1907, Hedstrom) tending toward
correct+m by insertin

f
a helical resistance bdlle in the primary air.

Apphcation of a enturi airmtube
9

e carburetor with runary
1!and ~ondary air, mutuaIly ad~ustable y hand to the car ureting

of am under pressures
r

eater than- @mosphere, is illustrated on
pagas 229,230, and 281 ( 91,~9j May 2, lW, Scott), without in any
way interfering with the asprating character of the fuel, bemuse the
float chamber surface pressure is equaEzed with that of the source of
air supply. Incidenta]I this is an interesting form of two-cycIe

%en.gjne m which the cran end of the cyIind~r acts as air pump, per-
mlttmg the open t

P
e of frame to be substituted for the then more

common form of c osedcrank case. This form, shown on page 231
($159,167, Nov. 2,1915, Breeze), goes further in seekin com nsa-

$ ~r%arytmm b? the use of a Venturin for both ai~ prtsstqys, that or
air being very small and dmh@ng mto the throat of t e largo
secondary A short free passag? for the secondar , and a longer

{more remstant passage for the prunary, so related t at the primary
helps to induce the ~ondary, is shown on page 281, (1,134,865,
Apr. 6, 1915, Barn~) Th~ same ~ also illustrates-an interesting
form of low veIoc@ or ~dhng Iiftmg tube, brought mto action by
closing the throttIe, which act diverts the mixture from the low
velocity main air ‘

f
assage to a small h“ h velocity by-pass, helping to

Ylift unva orized USI. Ev~n t~ough t. e whole Arrangement m such
n!as to co mm to the prmclple of increasing raho of secondar over

{primary air, it doea not follow that the amount of ch~n~ will e just
what is required for compensation: lt may be quahtatlvely proper,
but uantitatively- improper or inadequate.

%SU dU18~, ??U”*d@?O.—Admission of air to the fuel passage is a
direct means of compensation qualitatively correct and questionable
onIy as to degree, beta.xe any such air reduces at once the vacuum
that is inducin$ flow and, therefore, reduces the flow so that if ad-
mitted to the rl ht lace and in the ri ht degree it wouId constitute

fia satisfactory uel- ow corrector anf
%

remit in constancy of m-
portions when otherwise the fuel ratio would be increasing. he
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problem is, therefore, one of how, where, and to what degree the
mixed-flow air should be admitted so that as the main %OVincreases
the mixed-flow air increases regularly to just the amount needed to
keep the fuel flow from increasing too fast. While the mixed-flow
idea as a com ensating means is one of the latest to be recognized, it

s$has been di osed for quite some time in connection with a single
fixed fuel inlet aqd one other fixed air. One early case, that on
pa e 288 (681,382, Aug. 27, 1901, TVestman shows it a plied to the

f ) cl?01 overflow type of stationary engine leve cup, exten mg its value
for throttle-governed engines, where -ivithout it trouble would re-
sult, however satisfacto the operation might be for hit-and-miss
governed en ines.

&
tioL se of statiomwy engine use !s that on

page 283 (6 ,6S2JOct. 15, 1901, AhmaJ where ~$is cornblned, with _
an accelerating cup brought into lay and emptied after a mm to
supply fuel to the extra air in $ e engine clearance omm what is
there after an explosion. A very simple form of mixed-flow type of
comp-~ator ap lied to a carburetor having the overflow sort of

{constant level c amber. is shown on page 224. (696,092, Nov. 5,
1901, Lear.) Another and also simple form used in connection with
a float chamber and curved veqturi mcun air pfis~ge is thut on p~ge
233 898,920, Sept. 15, 1908 Pierson , where, as m the case on pzge

/ A233 TVestmrm),the fuel va~re is dr” ed.
~ more definite means-of regulatin the mixed-flow air is that on

#page 235 (1,121,630, Dec. 22, 1914, olley), where the lowering of
the level in the float chamber that results from hi h-flow rates is

%relied upon to admit air to the fuel passage, and t e construction
is used in conjunction with an accelerating cup beyond the fuel inlet.
The presence of the drain hole at the low point of the mixing chrLm-
ber is an indication of the difficulty in -raporizin modern gascdin~

fwhich at Iow-ffow rates tend to accumulate an when enough has
collected to suddenIy overflow-. In lace of. such drain holes it has

!become the practice to provide a li ting tube, extemlin above the
fthrottle. A most interesting mixed-flow fuel nozzle is t at on pa

r285 (1,130,490, Mar. 2, 1915, Delaunay & 13elIeviIIe), where t e
amountmf such air is controlled by the velocity in the throat. Another
ca.sacontrolled by the Ievel in an auxiliary vwII, which aLw acts as
acceIeratin cu , is shown on page 23J~. (IJ49,035, Au . 8, 1915,
Dou6.) 2{ fere t e fuel passage is supplied from two ori ces to the
float chamber with a siphoning weIl betvwen them, which well iiIls
at low-flow rates only one fuel orifice supplying the nozzle. A sud-
den increwa in demand empties the well and exposes a series of air
holes through which air enters to retard the fuel flow, the number
depending on the vacuum, as the second fuel ori.iice acts to close
them against the vacuum tending to expose them,

This principle of fuel-flcm compensation directly acting on the net
fuel head by admission of air to Me fuel pa=ge, termed mixed
flow, illustrated here in connection with a si.ngle fuel-tied inlet and
one other freed-air inlet, will be found in use with other fuel and
air inl~t combinations, as is also the case with its counterpart mm-
peneating scheme, the control of float chamber prwsure.
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,i7Za886-Car&6retor8, pro ortbning #Zow, iwpirdi , multiple ud

7

Jle & tilets, both @e .-Just as two or more % {ed air in eta
di erently situated or having different flow characteristics associated
with a singIe tied fuel inlet may be made to act in a compensating

. manner, so also is it possible to fix more than one fuel inlet in a singIe
fixed air passage, the roblem beiu to discorer such an arrangement

5 f?’as will result in a com ined fuel ow from all of the several differ-
ently situated fuel inlets, that will increase with the air in a constant

‘ratio instead of an increa “
3

ratio, as would be the case if all
were simiIarIy situated, and erefore equivalent to one. In some
cases, however, the two fuel inlets me arranged so that a correct ratio
of fuel tcnri~ can ba obtained at low speed or low flow rates by
manual adjustment, and also again at high speed, th~ intermediate
rangw being more or lW uncertain. The three typical roups of

. fthis chss are each designated by a subclass number and t ~eseveral
cases collected under the subchsses.

flubclu.rf d.1—if.fain fuel i+e.t with suppbmmtary h@b8~ecd jet.—

Two..fuel ndets loca@d at ddferent points in an air ~enturl, one sup-

plying all or practicality aII the fuel for low speed and the other
coming into action as the flow rate increases, is the combination ilhs -
trated on pa e 287 (1,07$~ Nov. 25 1913, Burchartz), in which

falso the acce crating cu E incorpora

?

4.
Subch8 6.>Hain u&! i?dets with Wppkmenta ti~i~ “t?f.—

Addition to a single
f’

Y Jain fixed fuel and am inlet, o a secon fuel
inlet above the thrott ~, arranged to act on closed throttle when the
main jet is supplying inadequate fuel or none at all, is ilhstrated on
pa~e 238 (995,074,June 13,1911, McCarthy).

~dchi? 6.$-Fuel 8ta?ufp–ipe.-ht.ead of fixing the pro ortions
1by manmd adjustment or location of two fuel inlets for two ‘miting

flow rates, as in the previous cases, without an definite effort to
secure

f?
aduation between them, the

Y
ikm gra uation may be the

main o ject. Usually the method emp o~ed here is that designated
as the standpipe, illustrated in its mulhtubular form on page 239
(1,093,343, Apr. 14, 1914, McAndrews), which is onIy a step m this
direction; as it has but three fueI tubes with outlets at different levels
in the w passage, therefore constituting what might be called a
three-point adjustment. It is evident that with this arrangement the
correct proportions couId be secured for steady flow at least for three

?
se arate flow rates. Still more tu~ or passa ~s formed in the walls
o a tube with outIets at different hei h% the

t
l% heat one being above

fthe throttle, are found on page 239 1,148)378, uly 27, 1915, Gmpin
& Grapin). Etidentl any number could be so tied; the more there

$are, however, the sma er ea~h becomes, the less easy it is to secure the
several separate manual ad]ustmen~ and the more the tendency for
the fuel in the standpipes tmurge and osdlate on ulsatmg flow,

iwhich, of c.our~ defeats the purpose. The ftict that t is sort of dis-
position of multi le fuel inIets, diasimdarly. placed, -is usuaIIy. asso-

{ciated with varia Ie air inlets is an in~catlon of chfiiculty w]th or
objections to a single air inlet
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0h#8 (?l CdW8tOT8, PO OTtti~

and muL%pZ8 m“~ &Jet8, %,1 ed.-%%%z%%%$%%’:f%f

PferentIy situated multiple uel and air inlets offers possibilitiw of
compensated pro~rtionin

f
flow is cIear from the receding examina-

?tion of several am inlets or a single fuel and o several fuel inlets
for a sin Ie air and alon similar lines. However still other and

%new poasi ilities are opene%up in the double and m~tiple carburetor
in which two or more complete carburetors maybe brought into action
sumwsively as the flow ratm increase, any one being limited to flow-
rate variations not great enough to seriously affect the proportion-
ality.

15 the case on page 244 (1,097,165, Ma 19, 1914, Bucherer) two
Ifuel idets are provided-one sup lied rom a constant lcve cup

f
i

1
0 en to the atmosphere, the other orms another such cup, fed from
t e firs~ in which the surface pressure is less, being open to the air
and to the venturi air thrmt, so that the surface pres+ure decreases
with increasing air-flow rates, and the level becomm higher than in
the float cup. The sum of the fuel flow from these two will clearly
not increase with air flow as fast as that from an ordinary jet, but
it is a question whether or not the compensation is correct in amount.
kpiration from the fuel inlet with equaIized float-chamber pressure
is promoted by a second small air inlet directly crossing it. This
is a case of compensation by positioning of inlets

fl?dchs 6.1, douh?e cm$uretor, pro$re88a”ve, by thro.ttl..-Nat-
ure.H two fueI inIets, each in its own am irdetpnn-be roportioned

J !or a justed to @ve correct pro ortions for at least two ifferent flow
Zrates, and this IS the idea of e double carburetor, which may have

different flow characteristics and proportions afither ratas, de end-
ing on the form of each of the two ekrnentary earl.nmehm+. f f the
engine speed be constant, as with governor-controlled stationary en-
gines, then there is a more or 1= deiinite reIat]on between the flow
rate and the throttIe position; but this is not the case with variable
s eed engines, such as the automobile cIa~ where for any given
Flrt ottie position the sp~d and qow rate ma vary most vndely.

FThe propeller loaded engine, m~ne or aero, alla bet~%n. T’hess
facts are importm$ because in the first grou there would be some
reason for associating the successive action o the se arate arts of

f ~ the ~w-ratemultiple carburetors with the throttle because o
relation; but in the second class there is no rational basis for such a
control, the vacuum as a direct result of flow rate replacing the
throttle in validity. In fact, no matter what the t

F
of engine

as to speed and Ioad variations vacuum than e is a irect function
%of flow-rate change, and is a more rational an fundamental actuat-

in means than the throttle.
$3 e, cases of this subclass of two carburetor bro ht into action

‘%successively by the throttle must be regarded as exclu eii from appli-
oat~or+to variable speed e

Y
ea where eed is as much a matter of

remstmg torque as of thrott e position. x small compIete carburetor,
suitable in swe for idIing mth the throttIe eked, associated with
a larger single fixed inlet carburetor for normal working, the idler
remiuning in action, constitutes one special form of this double carbu-
retor throttle, and is controlled is illustrated on page245. (1,002,699, .
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.
Sept. 5, 1911, Jotiret & Renee.] This can be regarded as somew-
hat more legitimate than the double form with throttIe connected
so the smalIer one is advanced, shown on age 246. (1,011,694, Dec.

E1!2,1911 lVinton.) Two independent car ureto~ a smaller one act-
ing as idler for 10VVsp~ are combined in such a way that the outlet
of the idIer is led to a separate branched header within the main
header of a verticaI multicyIi.uder engine, the idler branches ending
directly at the Wet valves on page 245. (1,069,502, ~u~. 5, 191&

Wadsworth.) The object of tlus is to prevent the dilution of the
small Wing charges by the large vohune of whati~er may be in the
main header, and yet ntd rnterfere with combined action of both when
conditions are favorabk. ~osed throttle leaves only the idler in
action; wide-open throttle permits both to act.

JSubclaes6.g, mult;pb odureibr, progT@&e by throttle.-Such
cases as falI under this claes are the smne as the last except as to
number of elements page 247 (759,624, My 10, 1904, llacllulldn),
show- five broug~t into action succemhely b the rotation of a

% {barrel t ott~ehavi~ five dots of different Iengt . A peculiar form
of fue~ inlet passage M here shown, consisting of and slots cut in a
tapered lug screwed down ~ht on a ta~red seat. Six eIemen@,

~each wit one .jixed fuel, hamng fied prmmry and secondary am,
with a rotatin plate throttle, are shown on page 247. (9443,612
Feb. 8, 1910, k ause.) In multiple carburetors, the succession o~
which is throttle controlle~ speed changes may build up flow rates
that are excessive high for a

i 3
“ven throttle opening, and thereby

b-xing about juss t ~ sort of un esirable enrichment that the mul-
tiplici~ is supposed to avoid. To avoid this a vacuum-controlled
choke or automatic secondary speed-governing throttIe may be in-
troduced, as on age 248. (1,018#62, Feb. $20,1912, NeaL) Should

$the engine spee become excwsive for q gi~en e~osure of je~ the
wti-r~ed Piston ~al~e mo~- a~- the ~~e outlet and
cIoses it enough to induce the ~acxmm on, and hence the flow through
the passages. The effect is &niIar to a wumum controI of succession.
Three, one leading above the throttle and tie ~nd with MLaccele-
rating cup, are provided on pages 248 and 249 (l,158j589, Nov. 2,
1915, Thurot), but involving throttle-ccmtroIIed auccessaon.

.SuboLz8s6.3, doubh carbu~etm, Togrtwtice by vaauum.-~acuum
Lbeing ? more *rational-basis than t ot.tle momxnent for controlhg

succesmon, this clas LS more interestm~ and the fo~ p e 250
Y(l,176,&27,Mar. 21,1916, V= PIsmk) being so recent, IS dou ly m-

terestinq as u illustration. Here two hed fuel inlets are each
located m separate venturi throats of diflerent size and fed from
overflow @p= of le-rel cups, the overflow from one fee

Y
the

other. The smaller -acts for Iow-flow rat+ and can etident y be
made to gi~e correct proportions for at least one rata When the
vacuum exceeds a predetermined due a check valve controlling the
outlet of the

?
cond opens and establish- flow through the larger

pass ~, which as a second venturi throat, the vacuum at which is
%uume ateIy brought into action and used to hold the check valve

from chattering by a pipe connection to a piston attached to the
check valve. Promsion for hot and odd-air and a multitubuhw form
of mixer are ah providecL At some Iugher speed or flow rate the

72s05°-s. Dec.5s9,%618
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proportions can evidently be niad~ correct again, but the ~roportion-
ality in the intermediate ranges depends on the character@ics of the
form of each single carburetor independently, which must be the
same as for them of CIR=3.

i$ubckzii86~~ ?iwdtipte carburetor, pT~T&&Vi3 by vm.nm%-h the
number of separate complete carburetors .is increased, the proportion-
ality can be made quite correct at a larger number of oints in the

?flow range, aqd this is the object of the cases of this subc ass, with, of
course, an increase in com@ication and number of parts w an offset.
Five separate venturis, vnth sin le freed air and fuel assa es are

# Mprovided og page 251 (871,320, OV.19, 1907, BoWS), roug It into
action by one p@cm valve vacuum actuated against Its spring. Six
fixed fuel inlets, each in a fixed cylindrical air pmsrtge, are.brou ht in
succwxkely by the vacuum lift of a series of differently w

Y
5hte ollt-

let check valves, gravity loaded, as shown on pBge 252. 1,072,733,
Se t. 9,1913, Kaltenbach.)

! o cause as high a flow rate to take place through a single kwd
passage as throu h, a series of sepamte passages with vacuum-con-

3trolled outlets w“ in-rolve a Tery much greater vacuum at the outlet,
and therefore reduce the absolute presure at which the engine re-
ceivas its charge, with corresponihng reduction of volumetric effi-
ciency and power. This valuable feature of such a series of ma

?Fvacuum controlled at their outletq is also characteristic o all t ~at
class of carburetors that have @omatic air-inlet vnlve for any. num-
ber of passages, including a single onq so these have somethmg in
common with the claw here tinder discussion.

fhdckw 6.6—l.fixed flow.—As ointed oyt in deali
F’ T

with mixed
flow in carburetors with a single uel inlet, this valuab e direct com-

nsation is ap licable to arrangements of more than one fuel inlet..
F $he tlrst case o this class~that on page 253 (901’,953,Dec. 29, 1908,
Bavery) provides two man fuel irde~ both at the same point-in tho
throat o} an air venturi, and a third above the throttle. One of the
main fuel inlets is of the plain type that in a fixed air passage tmcls to
flow excessively fast with reference to the air at incremiu flow rates.

fThe other com nsates by its mixed-flow action at hig rates and
Yplain flow at ovrer rate% being fed from a chamber having an

atmospheric vent to which fuel from the float chamber is supplied
through a calibrated opening. This auxilia~ fuel chamber also
has ma,tube Ieadmg to the third! irdet above the throttle and acts in
addltlon as an ncceleratm~ cup. On closed throttle there is no flow
through either of the mam idets because of inadequate air-throat
vamnq the accelerating CUP is ~lt and the idli~g jet in action.
Opening of the Lhroffle throws th~ et oyt and brm in both the

i fmain jets, that supphed from the.acce eamtm ~up gra ually decreas-
i%ing in flow as the fuel h~ad supplled to It fal III the acc~le~atmg cup

and faster later on as alr enters as well. A somewhat slmllar action
results with the slightly different structure on pag~ 253 and 254
(09S,123, July 18, 1911, Scaife), which also has three fuel inle~
one Rbove the throttle, and two main, -which merge into one at their
tops. An accelerating

f
cup feeds the idl~ jet and the second main

or mixed-flow jet, bu instead of securing lts fuel directly from the
float chamber the fuel passes through the same measuring paswge
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9its suppfies the main jet. Accor “ Iy there is a asibility that
%$’‘ both main nozzles may act as mixed- ow assages at “gh-flow rates.

JOn page 254 (1,002,700, Sept- 5, 1911, offret & Ikmee there are
but two fuel inlet% one main and one idling above the L ottie, the
main acting as a mixed-flow asmm at

f 3
hrak Thiaisalm

the caae on page 25%{1,0$!,1. 8, 3fiY 27, 1 13, bderson), but in
the Iatter case the idhng ]e~ E fed not from the accelerating cup

O? to ,the float chmber. -The feeding
let fr~m -m accderatmg cup hav-

ing a single tloat- er connection, Is +strated on page 255
(1,090,047, Mar. 10, 1914 Goudprd & Muenesspn), and a case of.
accelerating cup aIternate~y feeding M to the dmg jet or mixed-
flow air to the main jet is shown on page 255 (1,109,974, Sept. 8,
1914, Fagard). Incorporation of tie ~ternati-flow passa

Y
directly

in the fuel nozzIe is shown on page %6 (1,179,348, Fe . l? 1916
S!chiittler) vihere the idling jet gets .*I born the same cahbrate~
float-ch~er ofice as feeds the ma~-jet ~d some air from the main
jet hole on closed throttle. On open throttle the flow .xemraes; at
the idLing end of the nose fuel e+te~ the main air at the Venturi
throat, being mc@tled by air =v@ from thg idling end of the
nozzle, escaping vmth the f@. A ~ar CXMpof mco oration of aII

?paasages in a sort of mtihple-wded ~d om~ced-fue nozde is that

7
on ages 255 and 256 (lJ70@61 F~b. 1>1916?Ckudel) I where a w+
tics nozzIe is set for paralIeI flow + a @d of a H air passage, so
that at various heights the racuu.m B ~erent and by reason of holes .
and mu.lti@e walls a cornpenaat~ mmed flow is accomplished.

One man and one iti~ fUEJ~et fed @m a s+ngIe connection
to the float chamber, to ~hlch the acceI~~ cu IS alas attached,
is shown on page 256 (IJ75,536, Mm. 14, 1916, L nguemare), the
fuel-measurim g ofice being located b~fpre the whole. =e the
accekrating cu alternate acts. as amdary f@ feed, on opeming

$ ithe throttIe, an as mix$d- OW’.U pa=ge to correct the excess-flow
tendencies of the main let at ~ rat= ~ C= of imorporation of
the two fuel passages and a med f!gTv m the fuel vahre stem is
sho-wu on page 256 (l,lf13,019, Msy +6 19W hfcGuire), where the
lower and mmndy ad@abIe fud .~et W* for low flow rates
and the higher one is bro ht into act~onat Iugher rates, with mixed-

%flow compensation from e hole through the stem fitted with an
& adjusting -raIvw.

h.bch.m 6.6, fueZ sttip~pe.-~e br+g into action of succes-
sively higher ~ed fueI i-@etaas t-heW@W ~crease~! associated with
more than one fixed air relet? ?lthout wed flow, E another means
of com ensation already exanuned for sm Ie air inlets.

z f
On ages

$257 an 258 (927211, Jtiy 6,.lw9, B~eti , a @e fuel stan pipe
has a vertical row Of perforatlo~ ~d E Op at the top to the atmos-
phem At low flow rat= O~Y the lower f@ hoi= act all the r-
feeding air into the mak beam, but at Wh rates the. fuel issuee
from more and lu per holes and from low~r W at hgher rates,

fbecause of the hea meres= The ~ @ a~ra* as a compensator
to some d

Y
because without It Ke fu~ wodd cmtainly rise

higher and o; faster.

--

—.

—.-

—
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6%8 7-caTbu9w%T8, pro~ortbn;ng flow, a8pfr&ng1 tingze +aeci?

@z *$ 8iTl@ & id6i! @h Tegll?Q.i%ll# lmb.—~bis la the M Of
the classes in which compensation by chauging the flow areas them-
selves is employed, instead of relying on variations in fuel flow head
with &d ~aesag- or on the number of such fixed idets brought intu

..

action at ddkrent ~ow rates by reason of their location or disposition.
In this particular subclass the fuel inlet is aingle and fixed @d the
air idet is varied in such a way as to comtrol the air entrance resist- —.
ante and its velocity at the fuel idet, so that the vacuum at that point
shall be just sutlicientto induce wfuel flow in constant pr~portion to
the air. This vacuum should, of course, be 1% other t being

3
uaI, than what it would be with a fixed unwarying no* ated air

“ et. Each of the typical groups of forms or mem’ of achiatioi of
the air inlet regulating valve constitut~ a subd~ but certain casw

—

overlapping a.s to subdaases or not +rectly falling in any one are
grouped under the general clas heading.

One exam Ie of this is the arrangem=t on ~age 264 (864J11,
$Aug. 20, 190, Sickles), where an exter@ly drmen fan draws air

through the carburetor and delivers a nwture at a presmre greater
than atmo~here, which shouId yield an increased power out ut, the

Lair entering through an Met valve wmtrolled by an outlet t otti~
not a primary control for variabIe speed engines bother agch
double featured case is that on age 246 (911,692, Feb. 9, 1909, An-

Ldrew), where the air is dra~n t ough a mukiportd.automatm pis-
ton valv~ passin the fuel relet by way of an automatically adjust-

%1ing air throat, w “c.hfor IOWrate flows sends all the air across the
fuel inIet and for huh flow m.tes bY- assks ~me as a compenmtion.

EAnother more pronounced automatics myvamabIe throat to nozzle re-
lation, with high flow rate by-pass of m previoudy admitted through
a throttle-controlkd air vdv~ is that on paw 264 and 265. (935j833, ●

Oct. 5,1909, Basaford.) A sort o<mmbmatlon of automatic air relet
and one that,is throttIe controll@ E that on page 265 (1,062,688, illaY

—

27, 1918, Bastian), where the au! ~t~m t.hrou h an automatic vaIve
resisted by the thrott-Ie can+ and anot~er m c%is that on page 265
(1,101,736, June 30, 191~ Gillett), havmg an automatic swm type

Lof vaIve within the body of a-pIu dve that is a combined t ttIe
Eand throttk+ontrcdh+d air tietl t e ~utomatic controlling the direc-

tion of the air that has entered, ~d Ik velocity at the fuel inlet.
&tbGZU887.1—Fud in@t bet~~fi ~hr~~tkyntmlk? a~r valve and

tih@%-The direct object of t~ PI~ ~ a@stment of air-entrance
-~ce sO that the vaca~ at the fuel Wet Ad ~ ma~ta~e~
proper for constantly proporho~te flow, a sunpIe and practical sofi
of adjustment but. not approp~ateIY co~ected to a throttie for
variable speed engines b~~ ?f ~e. compIete Iack of de endence

?of flow.rate on throttle po~tion U!@ @ss~however much c oser the
relation may be for engines of the cotint-speed chiss

On page 266 (771,4%, Oct. A 1~4, parment~r), a ~eI idet+in
fact, a pair of them-~ lout+ ~~$m a pam of damper valves
locked togeth~, pne acm m ~ ~et ~d -fie other as throttle, the
Iinkage being adprst+de to contmI to a kted degree their reldive
rate of movement, which must be ro ly graduated. (ln page 267

?Y(789,749, May 16, 1905, lkrwell , t e pIu vaIve, with one ~
f r

—
acting as air valre and the other x thro~ el has the”idet in t e

.—

—
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middle betweemthe~,’ an arrangement thatlimits the adjustment and
graduation of relatlve momment. A cylintilcal chamber with an

h
ad “ustable air inlet in one end. and a slot in its side acts by rotation
as air valve and throttle, the fuel inlet bein betw

~ ~“:h;gon page 267. (794 927,July 18,1905, Caahman & uehnmn.
ing air valve Iinked to a dam r throttle ages 267 and 268 (932,465

rAug. 81,1909, Haas) is fitte with a ho~~w-stem needle-valved fue~
inlet between them,.t~e hollow stem acting as a lifting tube for low-
flow rates as its upper ~d communicates with a passage above the
throttle. Another such lifting tube with an accelerating cup is
shown in the combined air inlet and throttle plug type on page 268
(l~OGG~~v(Xt: l~d+911, Kreis, jr.)

?
as throttle qnd air valve, -is sho~n on page

269 (1,062,383, !i!tay 2, 1913, Hig
r

)“,the rdatlve ad]uetment of
their two areas being accom lish by varying the lateral width of

fone port of the air det an using another port unmoditkd, which
closes as the adjusted one opens under the longitudinal movement of
the slide as it closes the throttle. A great variety of such linkages
is found, showing a more or less keen appreciation of the importance
of the roper relative ad“ustment with rcf erence to the

c! A F
rottIe, both

for sli e valv~ balance pis~on and poppet wolves an dampers of
all SO* some of them invol

v
the use of cams. in the form page

L
269 1,095,101,Apr. 28, 1914, ardner) a pair of cam grooves cause
adi air valve and a similar throttle to move axiaLly in opposite
directions with reference to a tapered air throat, around which a
series of fuel inlets is disposed. One of the most recent of these cases
applies the air of linked dampers of figure 140 to a triple inlet-

11-1one for gaso “ e, one for kerosene and one for water, similarly dis-
posed and each .with its own lev~ chamber, as shown on page 270.

i
1,150#02, Aug. 17, 1915, Johnston & llcmgenecker.) The u of a
ouble-tapered sIeeve, with two contractions movin in a cylindrical

fshell past a solid plug, and a central fuel-inlet p ug, as combined
air inlet and throttlq is shown on page 270 (1,151#66, Aug. ~
1915, Eowell), the relative area changes being accomplished by the
shape angle or curvature of the tapers of the two plugs with refer-
enee to their matching annular sleg-res.

A%4bC2GX87$-fu.ez &l.zet at 07 bejom air Vdvtl U?hia actll a

throttZe.-Placing the fuel inlet jet at or before the air inlet orifice
relieves it of racticaIIy all the vacuum due t~ entranoe resi$apce,

?and makes fue flow depend soleIy or. substantially so, on varlatlons
dof air velocity past it, as such v ocit

z?
reduces a pressure depres-

sion e uivalent to the air velocity hea . n such a casa the air valve
%is itse the throttle. Of course air velocity has no prime relation

h the throttle or air vaIve openi
so as in other cases where the=%t~t~~$~~!?~~~${~
whatever air or fueI regulating vaIves may be used, the ap@ication
is of lesser if of any value whatever, to variable-speed engms. A
balanced form of am valve, acting as throttle and so formed as to
kee the air flow concentrated ast the fuel nozzle which is located
in E f’ont in a region of practica ly no vacuum except that due to air
velocity, is shown on pa

T
271. (815,712, Mar. 20, 1906 Johnston.)

The valve is a piston wit a tapered centraI hole in which the nozzle
stan~ and with radial ports throughout its length. M moves in a
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i?
IindricaI partition between the air supply and the mixing chamber..

t kee s the air flow mom across the jet, at first almost entirely
zradia y and later part radmlly and part longitudinWy. In the

form: age 271 (816,846, Apr. 8, 1906, ~harron & Girardot), the
d@e~ et is located just b+ow the plane of qction of an-iris throttIe,

aundar to the photograpluc shutter. ~ pW of op osM mgv@g
Lfslides with the fueI valve located midway in their p ne o action IS

shown on page 272. (868 51, Oct. 15, 1$07, BoWe.) ~ si.q$e
damper, arranged with a z el inlet at one side of the asmgel is
made to eerve as on p

Y
l.?273 (1,080,118, Dec. 2, 1913, onoamith),

and the same thing wit the damper bent and used with one water
and one fuel irdet difhmntly situated so the fuel flow has a lead on
that of the water, is shown on page 273.

$
l,10f,181, A@ 25, 1914,

Kane.) Use of a helical ~ring, the ooik o whmh mav touch or on
extension be drawn a am IS used as both air Met and t?hrottIeval-ie,
as shown on page z?

ii?
14 11117 33, NOV. 17, 191+4Parker), the fuel

inlet being tide the co- , an the lower-portion serving as air i.det
and the upper art as throtth+.

m?with the fueI “ A ‘m ‘f - ?r~%~$~et midway is show-n on page 2(4.
15, 1915, PrescotL)

SubcLza8 7.3-FueZ ink? between automatic air wake am.i throt-
tZe.—Air entering through an automatic air valve wiLI not produce
as great an increase in eutrance rwistance or in static tig cham-
ber vacuum with increase of flow as if it entered through q bed
inlet, and this not only tends to produce a higher density of charge
than is otherwise possible but it ma be used as a means of compen-
sation for correctin proportions.

~
6 f eoursa, docity head vacuum

at the fueI idet is e same -with automatic valved as with fixed in-
lets, so whatewr compensating effect is produced must be thou h

&a modification of the entrance resistance. The vvay in which e
entrance resistance varies -with flow depends pimarily on the form
of the aqtomatic vake and on its manner of loading.

-Ioaded iston type of automatic air idet is ~own on
p$e!?7~ !59,896, lay 10, 1904, Rutenber), the air p

%%Ean impinging on a plate surrounding the fueI inlet and m
ing sideways>so whatever velocity head vacuum there is ti probably
be negative, though smaI.1,and fueI flow is controlled primarily by
the vacuum reduced b the valve, -which vdl be determined by the

i% fspin and e shape o tIM ports. On page 275”(794,502, JuIy 11,
%1905, ennebutte), air enters through an anmdar check-vaIve sprin

3Ioaded, passes downward, sweeping at the bottom a two-port
fneI tiet on which it exerts sume positive veIoeity head effect, and
a hand-adjusted by-pass permits this to be least manually controlled.
Mixing bathes are aIso empIoyed beyond the “et. A swing oheck-

$valve s ring Ioaded is ihstrated on page 2 5 (796Z723, Aug. 8,
1905 B%

La
witt), tith the fuel inlet in the center of a strmght cylindm-

cal c mber. A SimiIars ring-loaded swing check that does not com-
%pletdy oIose the inlet an therefore exerts no entrance resistance at

very Iow flow rates is shown on pages 275 and 276. (806,434, Dec. 5,
1905, Schebkw.) The air flows downward to a bend into which the
fuel nozzle pro@a, the air -relocity head acting negatively but uncer-
tainly beoause of the eddy currents and initial direction given to the
air by the spring valve. &mther swing check, itsdf a spring, and

—

—

—

-.
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arranged in a straight passage to deflect the air away from the
fuel inlet at tit-and then as flow increasw allowing the air to sweep
the fuel hdet; is shown on age 276. (~1,547, Sept. 25? 1906, Dun-

l?lop & Dunlop), so that at ow-flow rates the vacuum M all due to
entrance resistance, but at high rate, as this increaws but little with
such a wdve, the air velocity head vacuum is brought into action to
induce suffimnt flow. Another attempt to secure relocity head con-
trol by form is shown on page 276 (947,’712,Jan. 251 1910, Hen-
ricks), which places the jet in a bend supplied with mr through a
s rin
?%

check with a fixed by-pass. Four fuel inlets, simiIarIy
p ace agd syrept by the air from a singIe spring air check, are
shown on page 277. (98$7001 Mar. 14, 1911, Fo I), the four acting,
so far as proporhonahty E concerned, no f Merently than one.
While designed rimaril to o crate on com ressed am the form
shown on pa@”2?8 (l,08~#29hLpt. 24, 1912,$?alker~ d ~eci.lly
well adapted to air at atmosp eric pressure and will ave e same
proportionality characteristics with reference to flow, whatever the
air pressure, except, of course, as density changes may enter as
variabTes. The suppIy air actin

f
directly on the free fuel surface

before passing the spring-loade air vake produces a differential
pressure that will result in fuel flow even without the location of
the jet in an sir throat as shown. Of course, this arran ment

FnaturaIIy tends toward enrichment. A graduated series of ye an-
nular am checks is shown on page 276 1,124#18, Jan. 12, 1!)15,

\~rause) to build up sutlicient vacuum wit flow increase to secure
correct proportioning at at least as many points as there are rings
for steady flow.

flubcZaa87..+ uel inlet swept by air entering through autonuz.t2’c
cwz-lv~.-Unless t e seating resistance of automatic air irdct valves

increases with the flow rate as they open, the entrance resistance will
not produce a suilicientvacuum at the fuel inlet to draw in a propor-
tionate amount of fuel, and in such cases there must be a resort to
velocity head assistance. Therefore, when the fuel inlet is beyond
the automatic air -ralve there must be a roper] graduated increas-

$duatec?air v~oc.@ head action ating air valve seating load or a
the jet or both. If the “fuel “ et be lacated in the opening of the
automatic air valve so as to get only ~elocity head vacuum and no
entrance resistancevacuum, then as a iixed opening builds up vacuum
too fast for proporticmate fuel flow, a @31dmg automatic valve may
be a proper compensator, but it likew~e must have a variable load
because otherwise the velocit would not increase at all as the open-
ing and the flow increased. 4 herefore the question of location of the
fuel inlet with reference tu the entering air stream is intimately bound
up with that of automatic air valve loading, and the cases of this sub-
claw are concerned primarily with locations of fuel inlet thid -willbe
swept by the entering air and be influenced b its velocity head to a

fconsiderable degree, being correspondi.ngly ess dependent on the
valve loadin alone. .

?2On page 79 (78~,9@ Feb. 28, 1905, Shipman) the automatic
valve is a spring loaded check form, directing all the air across the
fu@ inlet which receives none of. the entrance resistance vacuum,
being ~ocated consta~q at the v~mable throat of a rectangular -wn-

dturi. A precisely s ar effect m a round annular venturi is pro-

.
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duced by the spring loaded core acting as sin air vaIve but not seati
in~ tight, on page 279. (799#32, Sept. 12,1905, Gosse.j A series of

check are used on pa~es 279 and 280 (800,647, Oct. 8, 1905,
=%er), the fuel iriiet being maids when the vahs are closed and at
the throat or outside of it w-hen they ar? open A fixed circular row of
fd irdets is located within a Iifting

Y
, acting ~ a ~~~d$~

automatic air valve on page 280 (859,7 9, Tidy 9, 19K
and always o-utsideas.soon as the vaIve lifts. Quite the he arrang~
meat, but vnth a spring loaded annular air valve is shown cm page
280. (875,716, Jan. 7, 1908, Longuemare.) Two aii streams act$g
as one, one fixed and the other entering through an annular

Tloaded automatic vahe, are both directed b walls across t ~~$
wl@h is slightly inside, on page 280. (916,1g3, hfar. 23, 1909, Cart-
wmght.) A long ta er ch~k ~alve in a similar long taper seat rises
wry steadiI with

&
L w increase and kee s a substantially constant

vacuum, as 5own on page 281. (%2+200, une S, 1909, Stewart. ~
(spin loaded piston operated gate vahe is shown on page 282 92S,-

f828, d 20, 1909, Tmton), morkhg across the air passage in the
Iplane o the fuel inlet whch is therefore always at the most re-

stricted and highest velocity point. The vacuum above the throttle
is used to depra+sor close the wdve. ~ ~ecdiar form of swing check
directip~ art of the air toward the let and part around It as it
opens K J ustrated on page 283. (973,877, Oct. 25,1910, Pierce.)

k figure 174 (1,000#98, Aug. 15 1911, G-entle) the sprin -loaded
check lifts the fuel tiet past a bake to keep it always in % e high
velocity cnrren~ and a second swinging mixture ch=k helps to con-
trol the direction. ~ somewhat similar iden ugde.dies the different
construction on page 283 (1,04!2,982,Oct. 2.9>1912j Sliger), -where a
fixed central air let is also an automatic sp -loaded am valrej both
streams %being directed across the fuel i.det. se of fuel inlets m the
walls of a venturi throat with a tapered central plugl tendin to

%keep the throat velocity constant, is shown on page 283 (1,052, 51,
Feb. 4, 1913, ~rimes), as a meamaof compensation for the enri~-
memttendency that is natural for such free throats where the velocity
reguhwly increases with flow. Of course, the satisfaction depends on
the degree to which the com nsation can be carried even though
qualitatively the action may E in the right diredion. The sprin
load of the plug acts counter to gravi . ~ pair of cam-operat

2
e%

gat~ vacuum contrcdled, keeps the jet ways in the entering stream
and makes possible any sort of ra.b control on the opemngl and
hence of the velocity through it as flow increases according to the
construction on page 284 (1 098,901, Apr. 21, 19<%Wyman), of a
tapered plug in a venturi tboat, with a light sprir+g load added
to the gratity lead, is arranged to concentrate the. am ilow at, of
course, increasin vekities with flow increases, across an annular

ffeed inIetj the ow from which must foLIow the capiIlary law,
because of fiIling the fuel passa e with firous material in the form
shown on pa e 285. (1,140,000,

%s
k y 18,1915, Rubehdq.) Thisisan

example of t effort to control the fuel-flow la-w, wlule impos. a
Yflow vacuum varying.with flow in a reamer prescribed by the ot w

structural arrangements and dimensions. Comparatively recent form
of mowing venturi throat, acting as an automatic air inlet gra.ti@
loaded, is shown on page 286 (1,148>7, July 27, 1915, Moore), and

—

--
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another with a spin load, havin dso a linlm e connection to an
i % %air dam r on page 2 6 (1,184,873, ay 30, 1916, aymond).

~iki.bc 87,6, mri.abk? float-chamber preaure.-tke of a varidde
#oat-chWber pressure in connection with a regulating air i.det valve
M practmally equivalent to the use of t~o compensators at once.
There are not many of such, and only one d b-eused f or illustration,
that on pa 287. (1,167,457,Jan. 11, 1916, TV]ckemham.) This has

Fan air va ve, throttle controlled, which as pointed out, is not a
prima

T
connection for flow controI with variable speed engines,

as the uel-flow vacuum is as much fixed by speed as by throat posi-
tion, and in this case the float chamber pressure is reduced below
atmosphere by a connection to tke mixing chamber rLsa corrector
of excessive fuel flow for high vacuum. .

ckza8 8—Oarb”upetor{,p?’oportionhg f?ow, a8p&vZin#1 hgle fixed
fwd Wet, mdtip.k air wdet8 WzZved for regdatwrh-lt B the general
opinion that ths Ilrst systematic attack on a Iarge scale of the prolJ-
lem ofzompensation in carburetors followed the lines of this cla~
compensation by admission of secondary air, so the clasa is one
of pecuIiar interest on that account. For a considerd-de period this
sort of compensation was the standard and in fact about the onl

rthing in use; and being Successfulj comparatively speaking, muc I
attention was devoted to devising more and more varied details of
apparatus, resulting in a pretty large clas. It may be said that the
limitations of mechanical ingenuity, in view of the process character-
istics, have only recentl been recognized, and the class as a chss no

ilon r is regarded as t e only or even an adequate solution of the
rpro lem.

Of course, there maybe mixed flow or other means of com ensation
fassociated vvith these- multiple -rariable air and single xed fuel

inlets, but these double can ensations ars exceptions to the standard
1arrangement of the cl~~ w ich,is that of a fixed primary air supply

passm the bed fuel let, to wbch IS added a vamable secondary air.
Wh!?e, according to the definition of the cIass there may be more

than two air inlets, it will be found that in nearly all cases the mul-
ti licity is equivalent in effect to two, one acting as primary and the
t%o er as secondary. The subclasses are characterized by the cliffer-

ent combinations of commonly used means of control of the rcgu-
l.sting air valve and by the number of ~ch, with one exce tion, the

!/“ last subcl~ which includes any sort of control of the regu sting air
valve, provided it is associated with the mixed flow sort of com-
pensatiim.

Tho~ cases.that do not cIe@y faII under the subc.las headings, or
that nught with equal proprmty fall under more th!n one of them,
are grouped under the general claw number and wdl be examined
first. The general idea is that a pro erly regulated secondary air

{inlet wiII by dilution compensate for t e natural tendency of a fixed
fuel inlet in a fixed air psssa

x
to becom~ over rich on increased flow.

The problem is to e~oIve su a control of the secondary air that as
the totaI flow rate increases the ratio of secondary to primary air
shaU also increase and in “ust the right amount.

iAn early case of specia control of the variable art of the air is
l!?that on page 298 (751 434, Feb. 2, 1904, Napier & owlidge), one of

k“the fist of the automo de group of patents The idea here is control
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of secondary air with engine speed to compensate for the increased
richness tendency, and a diaphragm operates on an air-sleeve valve.
The diaphragm actuating pressure developed by a direct connected
pump, which pressure shouId rise with ~eed. Of course, ditEcul@
resdts where the engine eed varies w-ithout any change in fuel

3
Tuirements, due to a wmia le resisting torque.

ne of the early caw of multiplicity of air inlets of the mid sort
is that on pages 298 mid 299 (828#2S, Aug. 7, 1906, 31enna& 3knns),
in which all t~e air first enters through. +n automatic air valve pro-
vided with a hquid dash p~t, and then chmdw into three Str-, two
of them fixed in area

T
the fual nozde, and therefore acting as

a single primary air, whalet e third varies with the throttle and acts
as a sort of secondary, being not far enough beyond the nozzle to be

b?
a ure secondary. Another mixed case is that on pfi e 299 (920,642,

fay 4 1909 Pfander), where, although the secon ary air is cor-
rectly ~ocate~ to act as such, it enters through two ports, one con-
trolled directly by the throttle and the other automatic. This case
also illustrates the idea of the warming jacket for the mixim cham-

%her. Similarly mixed is the cam on page 299 (9fN#60, JuIy !2 ,1909,
Stevens), which protides kides, the tied primary ai~, two auta-
matic secondary air inlets! both anmdar and concentric with the
nozzle. Two fixed air inletst one directed directly across the jet and
the other surrounding i~ both acting as rimary air but to different

1degrees, with a throttle controlled aecon ary air is the combination
ilhatrated on page 299 (970,916, Sept. 20~1910, ~ken).

I-mcationof the secondary automatic am valre beyond the throttle
is shomn on age 300

r i
~,001,969,-~pr. 29, 1911, Maynard , where a

!ufixed fuel an u in~et ~charge them mixture thro h a c eck vaIve
Yinto the bed of a cyIi.ndrical th.rottle.beyond whit the secondary

air enters. 6 ombination of comp-=at~on by throttl-controlled see-
ondary air and by movable throat with reference to a fixed nozzle, is
illustrated on page 300.

$
1,019,129,lf.ar. 5,1912, BuIock)

Double compensation o another sort is used in the construction
shown on pa=- 300 and 801. (1,020,0~9,mr. n, 19121~chdz.) ti
opening from the top of the float clu+ber to the mimng chamber is
constantly in action and another ON% from the float chamber to
the atmosphemj is dased by the stem of the automatic secondary air
~al~e when that is closed, and ope~ with it- Accordingly the start-
ing or low-flow rate t-almsplace yth *atmospheric pressure in the
float chamber and ths lasts untd he se~ndary air valve opens at
which time the float chamber pressure bu.d.dsup, increaein

f
the AsI

flow as does the nozzle throat vacumn mth am flow, an the sec-
ondary air as well

A case of combined throttle and automatic control of the air is

F
shown on page 301 (1,073,473, Se . 161 1913, ClaudeI), in which
there me three air ports, one secti- ay and two primary, and of the
latter one is fixed, whiIe the other varneawith the throttle as does the
secondary. The air for both of tie throttle-contrcdkd ports+ one
primary and one secondary, enters through an automatic valve. One
odd case is that on pa

f
301 (1,099,0S6, June 2, 1914, Hamilton),

which iIluatrates not o y an upusua~ a-ii-iqlet a~angement, but also
the use of a burner fqr heat m mmbmat?on WI* a proporti~n@g
flow carburetor. An od-burner chamber vnth a pdot and a mam jet,

72s03°-s. Dec.560,&L19
&

.—

.

—
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is attached to the side of the carbwetor and has itself two air inlets
one fixed and the other automatic. The main air for the engine fue~
enters through an automatic valve and the mixture made by ]t pusses
through a nest of flame-heated tube% together with the products of
combustion of the burner, which carry excess air. The carburetor
throttle controls the main burner jet and com ensatlon of propor-

!tions is ex ected from the tilting of t~e~utomo ~le cmrying the de-
{vice, uphi position increasing the fuel-flow head. It must, be. ad-

mitted that the interesting feature of this combination is rather its
suggestiveness than its prqctical value.

Automatic valve control of primary a~ with a tied secondary,
the reverse of the usual arrangement, is shown on

i
1’

age 302
1,104,762,JuIy 28, 1914; Ahlberg), in ~hich there is dso i ]Ustratcd

t e istan type of control of the automatic wdre, spring loaded, mil
3acte on by the vacuum at any selected point of the system, m well

as the entraining idea of a jet and throat to induce a Secondnly air
flow by that of the primary. A water nozzle is also shown beside
thatifor fuel.

Another unusual sort of thing is that on age 302 (1,119,757,
/’Dec. 1, 1914, Kin ) Here the primary air in et ia fixed and hinds

Ythrough a multip iclty of crossin passa~ in the.course of which
the fuel is met and ca~ied along, L g thereby subjected to a spr?y-
ing actmn before meetmg the automatic seconds

T
air. The action

of the primary. air and fuel passages is much t e same m in the
spray nozzles of some direct injection heavy oil en ines. A simikm

%use of one of the air inlets for spraying ur O= ut in a different
%Eway, is shown on page 302 (1 12?,992, e . 9, 1915, Hartsho~),

“dwhere three air inlets are provl ed, a snd fixed prima
7stream entering a tubular jacket surrounding the nozz e,qar%~~

f
rimary air inlet passing the nozzle, and a secondary air beyond the

ast tw~, both enternng t.hrcmgh automatic wolves of different size
a?d which may be ihfferent loaded. Still another case of a ~prnying
al? stream IS that cm age 303 .(i,123,~ Jan.. ii, 1915, Tlce), mp-

Fphed to a carburetor o the sort m which t~e rnmn air valve becomes
the throttle nnd the float-chamber pressure is equalized with thut
at a selected point of the vacuum chan@er for compen.mtion. Here
the spra,ying air inlet is. fied wii+in the fuel nozzle and its size
such as M ro r to adnut all the am needed for id~ing when acted
on by the w vacuum due to a closed throttle, or in this cnse air-
inlet valve. Here the main idea is sprayin$ nnd mporization in-
sk.d of propoa~ionality compensation, whmh, by reason of the
limlts of the cmtmal air-wlocity law, appears to be ‘difficult, if not
quite impossible. In accordance with th~ law the air flow fails to
increase when the absolute pressure on the vacuum side of the inlet
paasage.passesbelow 60 percent in round number-eof the ba~ometric
se it does for lesser vacua, whereas the fuel flow does increase
r
T

larly.
hrottle controI of a single main air inlet -with similar throttle

cuntroI of subsequent air distribution as secondnry and wimary air
is illustrated on age 303. (1,137,207, Apr. 2?, 1915, Ed!ens) This

c?is a case of &e prinmry air to a venturi, mth secondary nir con-
trolled by throttle, and -with the ressure at -which both su pll$

{am received also contro~led by t e. throttle to something k
atmosphere, the doubIe w valves acting themwlves as throttle.

*
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A fiat rectqgu.h.r throttIe arianged to always direct the cmtering
air across a long sIot form of fueI Met or a row of holes equivalent
thereto, with an automatic secondary air vahe is shown on page
303. (1,151,989, Aug. 31, 1915, Balassa.) This is one of the cases
where the primary proportiona~ty is determined by the air-velocity
head vacuum on the fueI flow, vvith automatic air-vaIve compensa-
tion, the rimary air valve being itself the throttl~ and the fueI

f‘irdets so ocated in front as to receive none of the air entrance
resistance vacuum.

flubck.w 8.140 air Wet8, @ed primary, tlwot&oOntroZZd

.8econdaqr Te uluti”~ ab vaJue.-Com ensation through a throttk-
Ycontrolkd va ve of any kin~ as has & d~ been pointed Old, is Of

little, if any, value for variable speed engines where flow velocity
is not of itseIf determined by throttle pos~tion, however much this
may approach the truth in constant speed engin= The examples
of this s@l= must therefore. be

T
rded as intehng in only

an indirect way for general-=rm~e car ureturs and not as pranking
or ~aluable achernes for any varmble speed work though they were
used considerably in the earIy days of the automobikl before the
real nature of the roblem was as vvdl understood as it E to-day.

?One of these ear y automobile cases is that on page 304 (788,625,
July 14, 1903, CIknent), showing secondary air controlled by the
rotation of a barrel form of throttle, for dihting and so com

E
t-

ing the mixture from a fixed fuel and rimary air idet. “ “ar
fcontroI by the longitudinal movement o a barrel throttle is shown

on page 304. (7tM,951, July 18, 1905, Schaaf & Lacy.) A combi-
nation of damper throttle and cyhiirical bakmced secondary sir
ralre is shown on age 304 (851$!85.>Apr. 23, 1907, Freeman); a

idamper throttIe wit a sector sIide am valve on page 304 (954,630,
A r. 1221910, Howarth).; and a damper throttle eared to a rotating

Loy “ dmcal seconds
7

am valve on page 305. ?1,011,565, Dee. 12
1911, Brock.) This ast case also illustrates an annular form of fu~
idet so that the tied rimary air idet

?
surrounds the vmiabIe sec-

onda~, which is centra .
TVlu.le, of course, control of secondary air with the throttle nor-

mally means that the port is actuated diredy by or from the throtb
the same remdt follows preciady, if both are simultaneously operated
from the engine mechmisni as on page 305. (1 060,053, Apr. 29,
1918, W3.nkIer.) Etere the throttle is the engine tiet wdreloperated
by a canq -mbile another cam operates the secondary air va ye at the
same time, over a conwsponding though perhaps shorter interval
The primary air is reduced to JrardIy more than what WiII serve for
spraying pur))o-

Use of a Mting tube in connection with a combined lindrical
?throttle and secondary air inlet is shown on age 305 1,097,401,

EMay 19, 1914, Domdorf )2 where the spillage om the jet at Iow-
flo-w wlocities is caught m a shroud tube surrounding the nozzle,
t-he bottom of which E led beyond the throttle to maintain a steady
feed when idling, as is done so frequently in other chases of car-
buretors. A case of prima~ air direction by guides combined with
throtiIe control of second

%
air is shown on page 306 (1,123,027,

Dec. 29, 1914, Simonson), w “ch is aIso peculiar in having two sets
of holes in ~e top of the float chamber, -one to the primary passage
beyond the jet, and the other to a low point of the secondary_ .

.—

.-

—
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chamber, provided to drain back unvaporized fuel. It is a question
just how these holes will act, but it is clear that they will result in
some modifications of float chamber pressure and thwefore of fuel
controL

Two dampers Iinked together, one as throtkle and the other as
seconds

%
air valve are shown on pages 806 and 80’7 f11~+l,898 Aug.

8, 1915, enley)} wkch case also has two other pecuhamtws. !tn the
first place the pmmary air is so small in amount as to be practically no

more than spra~g air, exerting l.ittle control on the amount of fuel

flovr, but some, and, second, the entrance of the secondary air is

guided by curved vanes to produce a vortex at the jet to secure a
main control of- frd-fkuv vacuum. one of the most recent cases
and of peculiar form is that on paa%307 (1,185#73, May 30, 1916,
Atherton , which has a secondary air val~e linked to the throttle,

iboth of am er form but with an automatic vaIve to control the
%amount and t e velocity of the secondary air that shall paw the ouh

let of the prima
7

air and its fuel or completely by-pass it.
iSubcba 8.2- MOa% $deti, $&z? pzhnary, au.tcmu.di.e 8acondary

Mgwlating air vaZve.-As a subclass this is a ve
Y

large, if not the
largest one of all, which is not unnatural, consi wing the scope it
offers to the mechanically ingenious. The principle is entirely sound
and correct qualitatively; and this cou led with the fact that com-

5pensat~on by adding an automatic secon ary valv~ the sim lest form
!of which M the spring-loaded check, seems a simple, c cap, and

easy thing, is responsible for the flood of inventions along thxs line.
The difficulty is one of degree, because the compensation means must
be not onIy right in principle but must be so also in amount, and
the real problem is one of. design of sec~nd~ry ?ir vnlws in form,
size, and especially in loading so they vvdl gme ]uA the right com-
pensation and kee

#
it so, withotd variation throughout the Iife of

the carburetor. o better example of the inade uacy of invention
ia~one without the quantitative relationships of esign, distinguish-

ing it from invention, could be found, than this class so -rolurninous
as to invention and so unmtisfactory as to practical commercial
results in proportkm to the effort expended.

One of the early cases of this subcla=, that on page 308 (649,32$,
May 8, 1900, Longuemare) associates .an automatic secondary am
~alve of annular form, -concentric with the primary, with a fuel in-
let of several s!ots cut-m the face ~f a tupered pl~g on a-matching
seat, the fuel relet being located m a short strmght primary air
tube generall termed a chQke or strangle tube. A ~mewhat simi-

1lar form of uel inlet-arranged in the -wall of. the primary air pas-
sage and associated with a cross-flow automatic secondary is shown
on page 209. (759,001 May 3, 1904, Mohler. ) One of the most -im-

F
ortant of the cases 0$ this class, pap 808 (785,558, Mar. $21,1905,
Krebs), uses a balanced secondary am va~ve operatwl by a. spring

and dia hragm, controlled by the ya~~ ~n the =ondary alr P-
age. T~ie case is interwking because the inventor was the first and
most vigorous advocate of this type of compensation and by his
publications on the subject was responsible more than any ofher indi-
vidual for the stimulation of world-wide interest in the clrs An
rmtumaticsecondary air valve loaded by the buo ancy of a float in

6mercury is shown on pagw 308 and 309 (802#16, ct. 17, 1905, John-
ston), which at once calls attention to the problem of valve loading.
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Itisevident that if pro ercom ensation istobeattained with the
normaI arrangement of /?lxedfu~ inlet in a primary air-choke tubq
tha secondary air must increase in proportion to the tots.1, and this
requires a mriable loading -with opening which can not be obtained
by gratity alone might be, but ia diflic~t with springs alone, could
by combination of links and cams with gravity and spring fo~
or by their equivaIen$ buoyancy against float ahape. The rest M
matter of practicability.

b annular spring-loaded automatic secondary air dve is shown
on page 309 (81O,W2,Jan. 23, 1906, McIntosh), which has a pecdiar
eIement. The choke tube is of the ta ered form and is art of the

$ ?air ~al~e, so the fuel idet finds itse at a wider part o the choke
tube -when the secondary lifts than b+ore. This @es the com-
pensation doubIe, first, by secondary u in the ordinary way, apd,
second, by the variable throat and nozzle relation itsdf. A flat-ring
form of air wdve is shown on page 309 (831,8-M, Sept. 251 1906
Coilin), which on Iifting su pIies a double air stream one chrected

itoward the center and the o er outward, and only the ~atter is truly
secondary, because the former by its velocity across the fueI inlet
acts substa.ntiaIly as does the rims.ry air in inducing fueI flow.

EAs an exampIe of Ioading y means of a combination of link and
springs to secure a particular rate of opening with vacuum, the form
on age 310 (835,880, Nov. M, 1906, Clement) is of interest.

& attempt at direct rehttionshi of secondary air to total mixture
is found on page 310 (85619i5S,f une 11, 1907~13kber), where the
seconda~ air -rake is balanced and not affeeted by the vacuum at
aII, but B moved by a floating s rin~-resikted check vahe in the

Fmain stream of - the lift o which is mom or Iess.directly re

lated to the total flow.
~ of the previous cases in which the secondary air mdve is

opened by the vacuum use the vacuum at a oint beyond the r@aq
L fmixture .ydet, usuaIIy.at an enlarged chain r where the ~e oaty M

low, but m the folIow
?

case there is a depm-ture from this practice.
0+ pages 310 and 311 860$+1$July 23 1907, Bowers) the primary
mmture discharges from a restmcted ori#ce in the center of the throat
of a Iarger -mnturi tube, and t@ough the annular space thus formed
the secondary air enters after pa@g its automatic valve. The
vacuum at this high-vehcity point controIs the opening of the auto-
matic valves instead of that at some more distant chamber or low-
TdWi~ 0i31t.

$b m irectiy loaded secondary air valve is shown on page 311
(888,487, May 26, 1908, Greuter), where a &npIe Iewr and rin

Tc!are used instead of a dmect spring, but with no ihffermt force or oa -
ing characteristics.’ -gement of the secondary air valve at the
highest point with a long vertical primary mixture ~ tube is

Tshown on page 311 (888,965, May 28, 19?6, DeIanay-?e eville),
which is of inti-rast not be$?use of any pecuhar compensating value
but becauw of @ adaptab+t to low-volatiIe fuels no-iv so common

Jand which are dd3icuIt to han eat 10W+IOWrates because the velocity
is not high enough to hft the unvaporued liquid when, as is usnalIy
the ~ -the fl~at chynber must be set.Iow. Reco@tion of one of
the practical ib.tliculties of the automatic air vake B found on paw
312 (912,083, Feb. 9, 1909, Daley), where there is provided a li md

hdash pot to dampm the movenmnt of the automatic air valv~ e

..—
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fuel is itsdf the dash- lot liquid, and the valved form is used, per-”
dmitting free down-war movement corresponding to flow increase but

restricted upward mo-rementi-An unusual form of fuel inlet is also
shown, an anmdar slotformed between a rod and a concentric hole in
a pIate. Tha form of the air valve with its long tapers is also a
recognition of the need of a graduated opening with vacuum. A
speaal form of spring loading for the automatic air valve is shown
on page 312 (927,529, July 13, 1909, ELmrington), where a flat ffex-
ing spring’with an adjustmentfior its free len=@ is provided.. Loca-
tion of the automatic air val~e in a side chamber, a pretty co-on
arrangement in the later forms, and the use of the topcred prlmmy
air-ohoke tube, ako more and more f requerhly ado ted Inter, are

fihstratecl on pages 312 and 813 (928~042,JUIJ 13, 1 08, GoIdberg).
h interesting form of

%
aduated am yalve IS that shown in figure

222 (932,860,Aug. 31,19093 roubille & Arquemj+urg), where a nunl-
ber of metal balls of va mg size constitute the am valv~ or, rat-her,a

7set of air valves of di erent size and opening resistance, and these
are shown as associated with the wnturi form of prima

7
irdet. .ln-

other exampIe of ball-type air valve is shown on page 18 (974,076,
Oct. 26, 1910, Kin ton), where the balls arc all the same size, but

Ftheir seats are of lfferent diameters.
A special vaIve-loadin

(976,558, Nov. 22, 1910 5
mechanism is illustrated on pa e 314

%ayton), a sort of clock spring an gear
train, and another still ~ifferent on page 314 (976,692, NoT. 22, 1910
Riechenbach), this Iatter associated with a swing form of valve and
introducing cams to sacure the form -rariation required vvith refer-
ence to vacuum and val+e opening. Flexing flat sprin strips over

fslots to make an automatic am valve are shown on paw 15 (997,238,
July 4, 1911, Bowers). Control of the automatic am mdve by the
vacuum at the throat of the primary venturi instead of that beyond
itpm the theory that this throat vacuum is itself a measure of air
flow and can properly be made a prime factor in the motion of the
air vaIve, is illustrate on page 315 (1,067,502, reiwued as 13,784,
Au .4,1914, Brown).

4 he long cur-red shape of the valre face itself acts in a manner
equivalent to a cam type of valve Ioading and a somewhat simiIar
idea of valve face.form used with direct spring loads against the muin
mixing-chamber vacuum is shown on ages 315 and 316 1:069,671,

f 1Aug. 12, 1913, Brush), associated wit ~ a direct-acting li tmg tube
by-paa+ng the throttle. A differential form of air valve is shown
on a e 316 (1,071,858,Sept. 2, 1913, Ball & Ball) ; also direct wring

$%loa e and opened by main mixinq-chamber vacuum, but hnvm a
!quite small freed primary air inlet m which is a special form of USI

inlet, a ca illmy anrmlus formed ~etween a long tapered wall and a
Xcorrapon “n rod.

f& examp e of two automatic secondary air inlets -which in action
are equivalent to one is @ven on page 316., (1,086#37, Feb. 3, 1914,
Chlmmann.) An automatic air valve form, adapted to be influenced to
the. maximum de ee by th; velocit of the resin nir is shown on

5
%, Apr.7, 1914,age 310. (1,092, 31xseIL) !Ieret!ereversalof flow

imction produces a reaction assisting the opening and equivalent
tQ an increase of vacuum or a decrease of spring tension. Doubl*
spri loading of the automatic air valve is shown on page 317
(1,1~,257, Sept. 29, 1914, Brush), where the seoond spring comes

.
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into action to increase the loading after the valve movement has
exceeded a given value. It also illustrates again the high-point loca-
tion of the air vaIve with a long lifting prunary tube for low float
chambers. The ~rimary and secondary streams approach the throttIe
from op ode chrections+md the throttle itsdf ihstributes the mix-

?ture to our cylinders b four po~ each feeding a separate mixture
passage. JHeating of e secondary air between the valve and the
mixing point is illustrated on page 317 (1 40,064, May 18, 1915,

fRakeStraw), which ak shows a heated smd afiled mixing chamber.
Such heating, if not quite constan~ causes a variable expansion of
the air, affecting flow as would a varying resistance of passage, and
this interferes with proportionality.

A sort of floating automatic secondary air valve is shown on pa
r817 and 318 (1,143,961,June 2$+1915, Haynes) formed somewhat I e

a perforated nozde caip,the ~mmary air being kxed by the holes in the
cap and the secondary varym~ with its lift. There is &c shown a
wick air humidfier in the prnnary air. Electrical heating of both
the air and the fuel separately in comection with an automatic air

un$~r 0$ ca~ whd
~alve of the clock form is illustrated on page 318 1150619 Aug. 17
1915, PercivaI & Pattermn), one of a large n
the attention being cmment@ed on the problem of applying heat to
~aporize heavy fuels has led to the introduction of proportiomdi~
interferences by variable back-pressure effects in the case of the air
and variable mcosity and efEux effects on that of the fueL

With the idea o: romoting accekration on a sudden o~ening of
the throttie, a speClaf’form of throttle carrying the automatic second-
ary air vahe has been arranged, as shown on p~e 318. (1,162,576,
Nov. 30, 1915, DaimIer & SIaby.) A quick opening of the throttle
by a sort of dashpot action momentariI cIoses the seconda~ air
valve and enriches the char

f
faccording y, but immediately after-

wards the position due to t e vacuum is taken up automatically .
al?This is equivakmt to the accelerating cup, except that it ah equ y

trate ttis unimportant mixed claw, that on page 319 (1,060,545, Apr.
29, 1913, Gentle , vvhich has the main prima air entering through

alan automatic v ve and the seconds
7

Yccmtro ed by the throttIe. A
peculiar form of fuel irdet is provi ed, charactemxed by capiIlary
flow, which consists of a wire screen in a narrow “annular slot, the
screen being cylindrical and carried by the automatic mdve

&J.bckM884—2%00 air in7et8 bq% m-t+ autorn.afk T8gu&zthq
wzhes .—As compared vmth tied prmnary W, the cam of primary
sir entering through an automatic val-re with a fuel.,inlet be ond it

iwould requme rather less compensation for proportionality ecauw
of the increasin area of air entrance which directl tends to retard

fexcessive rise o vacuum,
T

Tecially with g-rati~ oaded val~- as
compared with spring loade . Ii fact, with a gravi~ loaded pri-
mary air valve and a tied fuel inlet beym”d it insufEclent fuel w31
enter at high flow rat= unles some special arrangement is introduced
to force it, because the increase of vacuum and hence fuel flow, with
reference to air flow, is negligible. with spring loaded -mhs having
an increasing tension there ma~ be required more or less com ensa-

%tion which might be obtained mth a eecondary spring load, ~-

.

f

-.

—

-—
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eral, there is likely to be rather too much trouble and difficulty in ge~
ting a proper spring loadin for one valre to warrant tryi

f Y
it with

two, so this subclass is one o doubtful practicaI value, thoug ~within
the range of qualitative possibility. Location of the fuel inlet at or
before one of the automatic air valves is one more or less common
special_arrangement where the case is least complex.

ln the form page 319 (762,707, June 1411904, (Move) the fuel
inlet is in the seat of the primary automatic valve. If, as is most
often the case, it may be assumed that this valve when it opens at all
opens full a~ainst its stop, then this is e ui-ralent to a fixed fuel and

1a ~ed air relet arranged for ~vity ow of fuel for slow-speed
engines The secondary air bem automatic, the case is one thut

%might be assigned to the subclass 8. , as adapted for periodic opening
of a fuel valve with pressure feed.

With the arrangement on page 320 (7903173.May 16,1905, Biehu)
the situation is quite different, for here a dou~le wdre with a single
spring load operates so as to decrease the rimary air as the Secondaq
air increases, the former being controll e%at thq outlet point of the
primary air and its fuel. Location of the fueI inlet in the path of the
primary air entering throngh an auton@jc @vel gravit loaded so

ras to recei=rethe direct velocity head Tacuum action whit ~ should be
nearly constant, is illustrated on Rges 320 and 3Z1.

f
(806,!3302DCG

12, 1905 Packard.) The secon ary air opens after the pr~m~
‘h Topening as exceeded a given valuel and .a s.mgle valve controls M

openings. A pair of conically helical sprin forms of mlve is shown
Eon pa e 321 (?60,080, lfa~ 31, 1910, Fay & llsworth), with the fuel

finlet- ocated m. a fixed ar passage in front of oge of these .s~ring
autom~tics, vrhlch controls the primary ‘~ir ~t-its ol~tlet.. Ths ar-
rangement so far is e

r
ivalent to a tlxed air and fuel with an outlet

throttle and tends to ecome rich, so a secondary air Yalve is n cor-
rective. In this case the tension .of both spring v-alms is subject to
hand control so they maybe made to serve as throttie.

A somewhat odd case, having a fuel inlet in the seat of one auto-

A
matic as in 762,707, Grove), is that on page 321 (1,136,675, A r. 20,

r1915, utchinson), where special means are provided between t le two
valves for se arst.ing out and drawin away the unva orized fuel.

\ 7 !This shows t e Iater recognition of t le rewdence o nonvolatile
!fuel and the necessity for some means of dea ing with the unmporized

liquid ortion~ but a rather questionable way, because any fuel thus
xdraine away is res~onsible for justio much interference with pro-

r
rtionality othervnse established by the flow. This returned liquid

eing the heavier portion, it can not be used again in the same sort
of carburetor tvith any more hope of vapo@ing the second tim8 than
the first, in fact, less.

One example of an arran ment that requires rather 1ss thm
more comfxmsati~ raction o the secondary air valve is shown on
page 321 1,183,18, bfay 16, 1916, ~warts). Here the taper throat
of the primary air passage lifts automatically, thereby tending to
compensate directly, and the secondary automatic air ~alre is ex-
pected to do the rest. The effect of this arrangement should be similar
to those of subclass 8.2.

Suhda+w8.GTwo air int?et8,both wtih thr;ttk cotird’ed regu.ht-
ing WJves .—With the reminder that such direct throttle controI is
only, or mah.dy, of interest in connection with constant-speed engines+
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‘this chws aasumu but smaII importance in the gmeral -Uetor
case, which includes the miriable-speed engine.

Two air vahes din as throttle and m formed as to be redy a
3doubIe-ported single v ve is the arrangement on pa e 322 (714+597,

Nov. 25,1902, Mors), orighall intended for automo k+ The next

J has ,%eh:c::fk!!!&-2 :E
case (856,638, June H 1907,
stationary engines an
other decreasing with the throttle so ar= as to control the
vacuum at the fueI inlet. A dou~Ie-ported slide dve, acting as
air vaI~e and throttle, has a fuel nozzIe in front of one in. the
port that sw-res as a primary air passage, -whiIe the second port

● controIs the secondary air tiu@eously in the construction on
page 322. (846,471, 31ar. 12, 1907, Hobart.) The same case illus-
trates a double-beat &=k vaI-reand a dam er vakre acting m the same
way. A cylindrical skme, constituting t%e tapered air throat b its

it~ aemtido~c@s, acting as throttle and auxihary air wikel an its

%
as pmmmy-air valre, is ihstrated on page 322.

(905,012, Xov. 190S, Spranger.) The motion of the throat., with
reference to the j~t nozzIe is itdf a omnpenmting tiuence, leatig
IS for the primary and secondary air ports to dp.

A sliding semicylindricaI, pIug throttIe mo
T

across a pair of
air ports, one of which carries the fuel inlet> and ereby controlling
the total air and the ratio of prim

3
to secondary air is shown on

page 323. (988,800,Apr. 4,1911, Mc ardy &Patter.) Two damper
vaIw.s arranged to act at the same time as air wdms and throttle
may be made to accomplish at least qualitatively the desired com-
pensation for constanti speed engines when arranged as cm pages 323

‘ and 3M (1,01+,*28,Jan. 9! 1912, Podlesak.) A double air assage
t%has a dam er m both branch% so hnked together *to gi~e e corn- s -”

:pensation esired, the fuel nozzle being located in one of them as as to
receive the ~ehcity head vacuum of one of the four air streams formed
by the dampers.

Subchzas 8.G-7nixed $ow.-he very ear~y case of the direct sort
of compensation that is possible by the mixed flow principl~ but used
in con]unction with a ~ariable main air Met to minimze the total
drop in pressure thro h the carburetor as compared with the cIass

3where the main air - et is fied is that on phge 325. (423s1+
31ar. 11, 1890, ButIer.) H~re the main air enters through a spring
loaded automatic val~e dule the fuel enters in an auular stream
?round the outside of the-seat of the main val-re where the velocity
1Shigh. Corn en@ion is secured by air flow to the fuel passage at
a ~o+t just L d its outlet. bother case irwolwing the same

rmcn le of com ensation, but differently arranged, is that on page
-,

8? J~,03S, ct. 17 1905, Hagar.) A more recent case, and one
o~5hme interest, is &at on page 325 (1,061,835, May 13, 1913,,
Gobbi), -where the fueI idet is set before the one vaI-re that acts as
air -rake or throttle. This val-re has a hole in it registering -with

..-—

the fueI inlet for idlin on closed throtffe air for which enters.
through a side hole in & e throttle itself. ~n openin the throttIe

.

fsuddenly part of the large air flow is caught by a hoo and directed
down a almond tube around the nozzle, emptying it of fuel that cd-
lected during slow $eed.. This accelerating cup action is followed by
a mixture roportlonahty compensating action when this same air
enters the E el nozzIe thxough which the accelerating cup was ~ecL
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Chuu 9-car&4retor8, p~opor&ning flow, aspirating, multipk f?xed
fw%?ird8t8, 8ing7e air inlet with regwkzi%ng valve.—As the ro or- -

iftionnlity” between air and fuel for every fixed fuel inlet in FI se air
inlet is constant within some range of flow rates peculiar to the par-
ticular arrqngernent-in

?
uestion, one more or less obvious way of

avoiding the mces.sity or compensation beyond this range IS to
limit the action to the ran~ itself b providm a sufficient nu~~~ .

% fof such operating units---m short t e multip e carburetor.
multiple carbqre~ors have ahwdy been examined, but another sort or
series of mult~ple carburetors can be based on variable air inlets as
on fixed, and -with some advantages. This class includes all those
hating a series of fixed fuel inlets with an number of air inlets pro-
vided viith air area regulating valves, J he common groups of ar-
rangements comctituteeach a subcla~ two of these being concerned
vvith a single air ~al~e, opening of which brings the fuel netssuc-

{cesshwly into actio~ the standplpe associated with an air in et valve
another, the two jet, high and low speed or idlin , and main, used

5with air inlet valves? makes still another, and finti y the tilting fuel
chamber, a last group.

A single example will ser~e to illustrate the general class, not
definitely belon ‘ lg to the subclasses, that on page 329. (\,lT1’,588,

rBfar. 28 1916, oberts.) Here a seinesof three fuel inlets M laced
inn cyh.ndr~cal ~assage with .valved partitions each side o! ench
jet, the ~ah-es being liuked together, so the t.hrottle for the first jet
m the air inlet for the second. ~i.le each nozzle is Iocated at the
same height above its float chamber level, each successive one is acted
cm by a different vacuum.

&dIcki?8 Q.I—Fuel hleta ad pTogm#8hely m“th o~]enhg ofiuto-
matio aipinlet regwhz.thgmzZve.-From one point of we-ivthere would
be no difference between this and the case of one ~ariabIe fuel inIet
or one multiported fixed fueI inlet associated with wwiable air irdet,
but there is a real difference, because here there is no fuel-regulatin
wdve, and the severaI fuel inlets are not equivalent to a rnultiportc %
single inlet because aIl the orifices of the latter always work together,
whereas in the present case there are times when all are working and
other times when perhaps only one is in action.

Four ftiel inlet-s”are arianged on pa@ 33(I (1,000,130, Oct. 17,
1911, Riotte), to be just out of the ath of a swing-gate nutonmtic

{air valve across the am inlet, and are rought successively into action
b the air--ra1vemovements; those nozzles lying inside its edge dis-
lac r fuel, those outside do not, A series of 10 fuel inlets IS ro-

vicl8 cl’on pages 330 and 331. (l,011,9tlu, Dec. 19, 1911!.Io.~i es..)
These are arran@ alon

%
the top ed e of a longitudinal slot cut in

%a cylindrical casang,whit is tra~erse by a -racuum-controlled piston
valve. The length of slotexposed to air flow across it determines the
number of fuel udets acted on by the air velocity head vacuum induc-
ing fuel flow. An almost identical plan vrith a variation of some
structural detaiLeis shown cmpagw 331 and 332. (1#9,076, Dec. 11
1914, FreyI.) A group of four nozzles a~anged radlally around the
seat of an air val~e at different heights is shown on page 332.
(1,130,474,Afar. 2,1915, Brush.)

&6&3?u38 Q.2-Fu.eZ inkt8 act progre8tive@ with opt?nin~ of throttle-

controlled air inlet regulating wzZve.—Thiesubclass is similar to tho
last except for the control of the air valve, which is here directly by
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the tbrottIe or is’ itdf the throttle. & en - es may operate at a
Pconsiderable speed rwuge for a giTm thro e position, so does the

throttIe seem to be an ind.imct me= O?total air and active fueI inlet
control, by no means as prb a =~able as the vacuum that itself
is fixed by or fixes flow. It wouId wiem, therefor~ that this class
contributes less to the Solution of the p.mblem of ro ortionate flow

%{than the Iastl but as one is mnverfile mto th~ cd er y mll-hewn
means the cases of the olass ar? wqrth study vnth that fact in vievv.

One fairly early case, ~d~g the outh of the whole ar$ is
5that on page S33 (85S}437, July 2, 190?, rooke), which illustrates

a C@indrical valve actm
f

at the same tune as air inlet and throttle
as ni moves Iongituc+a y s?d ~cO@ ~d wows to the vacuum
of air flow, three fuel relets m snwe=on. SeYen fuel idets are suc-
cessh-ely brou@t into action by tie cyfidrical slid% serving as Imth
throttle and am valve in the -gent on page W. (881#79,
Mm. 10,1908, AJlen.) Here the ofices ~ pIac@ well h front of the
shale and fuel flow is induced solely by am.~elomty head vac:um, so as
the air flow does or does.not sweep w+ofice, that orifice dwharges
fuel or does no; and the amomt.of d@mrge of any one or aII that
are exposed vanes with the velomt of am ast it but>of courw not
necessarily in direct proportion. !l%eiriaf%n 0$ airva*w30rthrot-
tIe reappems on-mmore on pag$s 333 and 334-(S81#O0, Mar. 10, 190~
Horstmmm), tlus tune the ~ontmu+lly erdargmg circle of tiirentrance
exposes to the action of am ve@@ four fuel nozzIes at different
distan- from the center. Each m t~, they discharge under the air
velocit head vacuum influence, the ihrection of air flow being paral-

ilel to t at of fuel flow instead of gasswise as in the last case.
Three fuel nozzks unccmered umccesion by a cylindrical mdve

m-ring as throttle ~ei~e ~ partly from a fied and partly from an
automatic inlet, whmh thus nnpose a vacuum due to entrance resk
ante in addition to the -mIecity head vacuum, but the former must
be kept low enou@ so that the nozfles weened by the wilve do not
discharge. This n illustrated oii page 334 (1,073,179, Sept. 16
1913, Sprung.) h interesting sp~l form is shown on page 33d
(1,089,524, Mar. 10, 191+$Barre% & Wilson)., where a stmght row
of fuel inlets in a rectangular a~ paasa e B awe t by a rotating

~ %sthrottle disk having a recknguky hoIe, t e an le tween the lon
F iaxes of the two recta lee detern+es the area o air passage expose

%and the length of the el nozzle Im& A rotating barrel throttle with
two slots, one straight sided and aralle~ acting as throttle and the

hother, incline , acting to control &e lengthened area of the air inlet
and the number of fuel inlets exposed, is shown on

1
age 335.

(1094,6?-4 Apr. 28, 1914, MiIIer & Ad~msom) A Iat=. orm p~-

‘i~ed-w’tha ‘oqd ‘Ta’ve ‘f ‘e ‘~eQec%!#’d~$7’Ztmbutlon of the am on the two sades of
operated with the throttle ~d am~ged with two float chamb~rs to
use two fuels, the more voIaMe one acting only on the Iow-speed end
of the nozzle row for starting and the less volatile feedin all the
rest of the nozzles, is shown on pag= 335 tid 336. (1,183$?1, May
16,1916, Miller & Adamson-)

SubcZass 9.3+Wam@>e.-ti zubcla= is ahrdar to the atandpipe
subclass already re=ewd? =c~pt that the latter received its air
through fied irde~ wherew m. the present casa the air enters
through regulating air valv=~ ~~ch prevent the vacuum from in-

-,

.-

.

..

—.
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creasing so much with the air flow increase, and thus permitting of .
shorter standpipe~. In the first case, on page 887 (1 130,700,Bfar. 9,
1913, Bennett), am enters partly through a fixed and partly through
an automatic valwd inlet to a series of fuel outlets at different
heights. Each of these is formed in a peculiar way, two thin metal
shee~ sector shaped, fastened to ether on the radial but free on the
circuhu edges, surround each fu5 inlet, the circular edges pointing
up at different heights Air flow resees these together as It pam

Yand the fu+ discharges successive ~ from the edges of the hi her
Fones as flow mcrea~ always into h] h velocity air. A curious mm

fof this class is that on age 337 ( ,147,337, July 20, 1915, Muir),

%
rrovided with one nozz e fixed in pcsition and several others at

“fferent IeveIs in the body of an automatic air valve, avity closed.
%As the air valve lifts a series of fuel nozzles are brcmg t into action

at different hei hts above the float level and in different vacuum po-
5sitions; the fixe .nozzIe comes in only after the air valve has stopped

rising and the vacuum still continues to increase; it therefore M a
sort of high-speed supplementary jet.

i$ubchzm 9..&Tu’o fuel At.?ete, one m.uin and one idZiW.-Air
enters throu h a special swing form of au~matic valve, on page 33S

3(825,499, J y 10, 1906, Sturtevant & Sturtewmt) and fueI at the
constantly narr~mst part of the air inlet., so its f!ow is due to air
velocit prinmrd~

d
A separate fueI inlet is arranged in the throttIe

for i ing. A single damper vaI-re acting both as air -ralve and
throttle. is a=ociated with two fuel inlets in front of it, on page 0338
(lf116,1081 Jan. 30, 1912, Steinbrenner), in such a way as to br~
on y one mto action when the throttle is CIOSE+,-while both act a
more open positions if, of cowse, the vehcitv M high enough. A
d~erent and later disposition of two fuel in~ets with respect to a
damper valve, actin as throttle and air -mhe, ~her+y one OnlY acti

fat idling and both or wider open throttle position m shown on ptige
838. (1,147 940, July 27,1915 Griilin.)

fltic.?ue8 $.6-T&ting fuet &n?.&r, radid? di8p08ed fue~ idet8.—
iThis is a sort of complemeqt or inrerse of t e standpipej There on

increased air flow the resulting vacuum lifts the fuel to successively
higher orifices, vrhik here the nozz~es are succcskly depressed in
regions of the same or rising vacuum, but usudy by the throttle or
air valve.

A closed float chamber supported so as to rotate on two pins and
lying -wholl~ within the air passage is provided with a ro-iv of fuel
orifices at ddlerent heighfi with reference to a lateral plane, so that
they come successively within the swee ing action of the ~ir current

1entering between the float chamber bo y acting as air valve and the
ca “

T

, is the combination shown on paw 339. (989,307, Apr. 11,
1911, immons.

i
Seven radial tubes at chfferent angles on a constant

leveI chamber ormed in a valve spindle rotate with the latter and
are brou ht into action b coming into the air stream successively

5as the va .ve opens. At tie same time their flow varies, because of
the than hquid head, according to the armngementon page 339.

?%s(1,078,57 , pt. 80, 1918, smith.)

.
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CZa.s810-Carburetm8, proportioning flow, aqimz$ing, multi le.
ffhed-fuel in.7et8and multiple variah?e-air Wet8, valved for regu a-

tion.-The only difference between this and the other class of mul-
tiple fixed-fuel inlets with nndtiple -mriable-nir inlets is the sort o+
air inlets, -which in the former class viere tied, whereas in the pres-
ent class they have at least one air-regulating valve. Besides those
crisesthat clew-l fall under one or more of the subchss definitions

ithere are some t at do not, and these are grouped under the general
class.

84S (979,700 Dec. 27,1910, Proehl), a semi-
‘nthefi”*cm30n~3 c1circular rmg of uel eta is arrange to be uncovered successively

by a rotating cylindrical sleeve and thus subjected to a flow-inducing
vacuum of the air vehcit

Q
L“w lch is prevented from increasin M

much as it otherwise vvou by a secondary automatic valve. f nci-
dentally, a semicircular throttle moves with the sleeve. Quite a dif-
ferent arrangement is shown on p?~ 343 1,099,547, June 9, 1914,

LGentle), which is practically a pam of car ureters m series The
first, for a volatile fuel, has a fixed air nnd fuel nir inlet: and it dis-
chargw past a throttle to the second supplied with a less volatile fuel
and provided with an automatic air valve, having the fuel inlet
around its seat. When the en “nebecomes -warm enou h a thermo-

‘% fstat C1OSESthe throttle of the rat carburetor and at t e same time
opens a pure-air irdet to the second. Mother case of double car-
buretor operatin alternately instead of in series is that on page 344
(1,163,393, Dec. ? 1915, Carbett), Here the main carburetor has n
fixed primary an~ automatic secondary air inlet with single fixed
fuel inlet but there is another with automatic air inlet lift@g a fuel

iv+ve in rent of $ somewhat-similar to those of class L A cam per-
mitting the opening of either the main automatic sccondar-y or the
supplementary automatic air and fuel valves is linked to a special
throttle in the main primary air, so it is eked at the same time its
secondary ~ir is. This is a sort of high and low speed double-car-
buretor arrangement, c.ontrdlecl by a separate hand-operat.cd linkage,
independent of either the vacuum or the main throttle.

Su.bc.?as 10.1—Main @e.1 i?det with wppkmem%ry high-speed
jet.—A fixed primary nir inlet of tapered form is fitted with a fuel
nozzle having two orifices at clifferent levels and a side entrance au-
tomatic eecondarv air valve is provided for each in the form shown
on page 343. (928,121, Jul l?, 1909, Goldberg.) Atilovr-flow

Jrates only the lower- fuel or’ ce la in action, by reason of the low
vacuum, and all the air enttms by the fixed inlet, Increased flow and
vacuum cause succetively the opening of the lower secondary air,
fuel discharge from the upper fuel orfice, and then the opening of
the upper secondary air valve. Two ilxed jets arranged on o posite

!sides of a thr6ttIe which controls both the relative and the a sohIte

flow throu h the two chambers is iIlustrakd on paew 345 and 346.
f(958,476,h ay 17,1910, Cook.) The low-speed jet, so called because it

is in action when the other is not on a nearIy closed throttlel has an
automatic air-inlet valve, while the highus~eed jet is arra

Y
ed in a

fixed primary air passage wjth an automahc secondary air in et. At
all throttle positions except the nearl closed one both jets are in
action. {A combination, in which the igh-speed jet is brought into
action by the vacuum hft on the autumatlc secondary air valve of the
low-speed jet, is shown on page 346. (993,770, biay 30, 1911, Fritz.)
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bother case of brin “ in the high-speed jet b the throttle is shown
fm page 346. (1, 7~~ Dm 10, 1~1$1,Bo~=. =re. an aCCdeFS~-

Y
cup is added to the low-

in et, the cup emptying as %~%%fl~%~~n%dwti 2E~;%
hi h-speed jet comes in.

%
The high-speed jet has its own separate

tu e with fixed primary and ball tvpe of automatic secondary air
vah. An unusual form of throttie cent.rding the action of the
high- eed “et is shown on a es 346 and 347. (1,078,349, Nov. 11,
1913,?$awxlmrst&~co1aij? %histhrottledwnc mrkslimt a small
~ppet v~.ve wtich opem wide the qutlet from the low-speed jet in
Its ilxed am passage, then in succession a semcs of three concentric
poppets are op~ed in succession, admitting to the main mixing
chamber the dekery from the high-~peed jet graduaIIyJ and at the
same time increasing the
air valve of the high- <~:~”of ‘hea”’oma’’c-nhry

Another case of two jets at different leds in one chamber is
347 (},099#93 June 9,,1914, Goldberg and TilIot-

;qo~Ele.d@ h-speed jet being brought into action by the
e secondary mdomatic air Take indirectly as it closes

an air oIe from the atmo. here to the M@-speed jet pa-ge which
permits the vacuum to buXi up and the let to wor@ as it couId not
so long as this air hole ~as open. The same result could, of course,
be accomplished by a direct mechanical connection from the seo-
ondasy am valve to a fuel valve at the high-speed “et or by the

ivacuum alone. Sution by the relocity of the secon ary air aIone
is shown on page 347. (lj120,763, Dee. 15, 191 T%omasL) The

%high-speed jet is here kated in the air throat in ont of the aut-
m–tic Eecondary air mike.

&LbcLw8 10SiW& fud h.!d &it 8u p~imzentary &L!&g jet.—
if’The rmhlciDal difference between this an the Drevious subolass is

one ;f. su=~on versus dte,rnation. In the pr@ious cay the low-
speed let continued to. w?rk after ~e high-speed Je} came mto action,
here a Iow-speed or ldhng jet gmes wa to: or E repIaceq by the

%high-speed jet, no matter what the mec amsm of aIternatlon may
be. k the case on pa= 348 (1,055,359, Mar. 11, 1913, Pembroke),
a smaII fuel tube is earned from the float chamber to a point above
the throttIe and is in action onIy when the vacuum there is great
enough to Iift the fueI, which itcan not do at open throttIe, because
the main carburetor proper is of the automatic air-valre citass. The
mme resuIt is attained on a~e 348 (1,104,56O,Jul 21, 191 Shoo-

&bridge & GunStone), by - . T %the walk and eading t. ou
i??these hok.s both fuel air to the stem of the throttk+ rotation of e “

stem acting as a valve -withreference to the holes in it and the wall.
“ A different construction again is &own on pages 348 and 349.

(1,166,308, Dec. 28,1915, @UembOUFg.)
JSubek.ss M.$—XuWpZ9 carburetor, fwogmwire, b @4-#tZ3i witbh

+iusindiztiual autmn..afic air inlet reguZa&ng wk8.-
cIass of muIticarburetors with automatic air vaIves with throttle con-
trol of successio~ and as arranged on page 350 (871,744, Nov. 19,
1907, Sturtevant & Sturtewmt), there are two units connected to
a three-ported throttle b means of -which either the Iar e or the

~~ brought into action. Five ca%metora,s.mdl one, or boa m-a
each with flsed fueI et and swing

T
e automatic air inlets, are

brought in successively by the rotation o a cylinckhd sleere throttle

-.

—

—

—

—
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on pages 850 and 851. (88$516t Mar. 10, 1908, Krebs. ) Rotation
of a large barrel throttle brings m four ,units on pa

T
351 and 352

(891,219 June 16, 1908, Menns), but here there is a ded at the end
of the t~rottle a common automatic secondary air valve. Three
units arranged radially in a taper air passa e with three radial

fpartitions are controlled b a rotating thrott e disk; each one is
sup lied with primary an

t
c?’secondary air, both vacuum controlled

in t e form, age 35?. (1,001,950,Aug. 29, 1911, Hart.) A pair of
1’plain secon ary air-valve carburet~. are arranged side by side,

using one float chamber and each with lts own throttle, on page 358
(1,162,031, Aug. .31, 1915, Lobdell), but the throttles are so linked
together as to b

?
about the action of each in succession.

Subclaw 10,.+ ultiple carburetor, progrewh by vacuum, un”th
iruii%dud m.dom.uti air inkt regulating wzJve8.+Just as with single
carburet.m-svacuum control of an regulating valve in a carburetorTintended for eneral service, inc uding wmable speed w ‘ eq is

E Pmore logical t an throttle control, so here in the ccmtrol o succes-
sion of multiple carburetors. the same should be trua This being
the case, the present subclaw ~ of greater interest thtin the preceding
one though any ocd featurm of one could be worked into the other
by a designer. f fan automatic air-valve carburetor worked as a sdf-
compensating device then there would s- to be no need for mul-
tiph carburetor of this class and there are not many One of these
is shown on pa e 354 (1,040,414.,Oct. 8, 1912, Rettlg), where three

5automatic air-va ye carburetors are arranged around one float cham-
ber, each air valve not only re

f
lating the fueI flow vacuum of its

own chamber hut also opening e discharge fmm it. The vacuum at
the outlet thus becomes the main lifting factor h the air-valve move-
ment instead of the air flow betweemit and the fuel nozzle. Another

k
of this class is shown on page 354. 1,108#45, Aug. 25, 1914, Scheb-
ler) with one main fuel jet in w xed air pasige and automatic
eecondary air, but having in addition five high level high-speed jets
brought in when the vacuum Iifts the seveml ccwrirsponding air
valv~. ,.. .

flubc.?.am10-tandp@?8.~n page 355 (961,481, June 14, 1910,
~arter) is shown a fuel etandyipe in a fixed prima~ air inlet to
which is ak.o attached a secondary air valve, thus providing a double
compensation, An imcreasein the size of the prim’a~ air inlet and
a tapered form for it surrounding the sbmd~pe is & own on page

s~~ ;ri&
355 1010116, ??ov. 2%,1911, Carter), to wh~ch is also added a low

g lifting tube and a lowest level separate jet in action
a 1 the time. The seeondary autcnn.dic swing-t pe air valve is re-

itained. Another form of standpipe with one xed and one auto-
matic air inlet is shown on page 356 (1,183,597, Mar. 30, 1915, Ben- -
nett), which. has some other interesting features to adapt it to heavy
fuels. One m a vwtar inlet-beyond the fuel, and the other is an ex-
haust-hekted jacket for the float-chamber howl and the interior of
the liquid Stan ipa

Y&4bCk88 10J —iifw /$OW.—Two fuel inlets arranged on op -
rsite sides of & c lindrical air passage fitted with a single air v ve

Iare provided wit mixed flow com ensation on page 357. (1,168,518,
Jan. 18, 1916, Kin@tOn.

J
iiEach el inlet has the accelerating cup

enlargement of its mix flow air assagel previously noted in sev-
ti?eral other caaes, The air or throt e valve is thick and more or less

*
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ellipsoidal, so that when cIosed it fills the pasage completely shut-
ting off one fueI inlet but rdlowing the other to act for idling by a
notch openin .

%~Gx8 1~— arZwretor8~ proporti.omi~— @w, aspirating, W@ or
nudtiple fuel Wets with regw?.atkg wolves, ein@e or WLUW Ze fixed

iair Met8.—All the classes and subclasses so far examined ad fuel
inlets, the area of which did not vary with flow, alI changes of fuel
flow were necessarily the result of corresponding changes m the ~ac-
uun+due to the air flow, and any departure from constancy of pm-
portlon m-named uncorrected, or some compensation by suitable con-
troI of the air-flow area or the fuel head was introduced. The remain-
ing chwses and subclasses, b “nning with this one, are all characterized
by regdating fuel valves, Y owe-w actuated or associated with air
inlets, fixed or valved for regulation. This class itself incIudes all
cases of

T
sting fueI m-dves used fi” conjunction with fixed-ati

passages t is clearl~ possible to secure proportionality or proper
compensation by varying the fuel-inlet area, increasing it where the
flow is insdcient due:to a Iow air vacuum, and decreasing it other-
wise, but, as in other ca~ the real problem is one of de , because
the area adjustment must be just right in amount. B~mver, the
fuel-inlet area is always extremely small in proportion to that for
the air, and especially so in cmburetors where a very high vacuum
is used to induce flow, so that any fuel-inlet adjustment must be
extremeIy precise and fine in comparison with an equivalent air-area
adjustment.

The cases of this class me grou ed under swwraI subcIases and
Ywill be examined under their severa group headings.

fhdclizw 11.l~hg~e UeZ-i?detuahe, thro.ttZe eontrci?.-on pa
/ Tt159 (727,972 May 12,193 IXiiqgstcn) rotation of the barrd-thrott e

lifts the fuej-needle -wdve ‘by rotating i{ in its fixed screw-threaded
casin .

f
No direct reliance M placed on vacuum control of propor-

tions “ty, but the idea is that roportionality of flow should follow
$proportionality of areas provi ed for fuel and air or mixture flow

respectively which? of course, is not feasible at alI for variable spee
d

J
engines an guestlonabIe even for those of constant speed. The
same idea is revolved in the form on page 359 (8’73,3$2,Dee, 10,
190’7,Stoker), where the fueI-needle ~al~e is lifted by a link from t,he
throttle as the latter opens, and on page 859 (1,055,042,Mm. 4, 1913,
Higgins), which has an iris throttIe and an adjustable fulcrum-needh
valve-lifting lever. A rotating fuel valvqregulating three fuel inlets,
equivalent to one, by a throttle linkage is shown on page 359
(1,120,183, Dec. 8, 1914,, Duff), and having as well a throttle-
controlled secondary air udet. Another form thfit merd illustrates

Lthe cam idea of securing any desired numericaI relation twwn the
fuel arm and that for air or mixture flow is shown on page 960
(1,124,697, Jan. 12 1915, ~arter .

nil?i3UbCI?0X8lLl?-+.+n@. fuel i t,independently con.troZkd hy air
jhw or vaimum.-One fairly old case, that cm pa e 361 (725,741,

fA r. 21, 1903, hfiller , indicates an ~ppreciation o the desmability
? )o re=gulatin the fue flow by adjusfmg its area to some prime van-

table of air OW. h this case air volume and velocity constitute the
variab~e to actuate a fan-blade jype of !ir motor, which in turn ro-
tates a flyball governor, and thm m hfhng opem the fuel needl~ a
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somewhat roundabout procedure rather ,fuII of mechanical difli-
crdties. A more direct action is provided in tha form on page 361
(746 119, Dec. .8, 1903, Longumare & Longumare), where the fue~
neecde is lifted by a ~rforated flow disk raised by air veloci@, the
Iift of which can not gmduated properly without some more ded-
nite pro+ions than sho~ in fact it IS qucdimable whether this is
a regulatm needle at all or merely a fuel stop or oheok valve of

foIass 1. A ong tapered fueI needle ~ actuated by the vacuum beyond
the throttle or air valve, by a sort of bdlovrs

T
e of diaphragm, on

page 361. (1,065,503, June 2$ 1913, Byron. The fuel valve is
phmed before the air vahe whmh acts as throttle, and a series of
mixing baflk are located beyond for mixing. The cam is interesting
mainty as an example of direct vacuum eantrol of a fueI-needIe
valve.

AWclaw 11.l?-lfixed flm.-one case only will serve to iMstrate
mixed flow compensation, in connection with a reguhtt~-fuel valve
having the same ob “d, that on page 362. (771,096, Sept. 2’7, 1$)~
Richard.) The fue wdre is a rotating Iug, ear connected to the
throttle fwd from L. float chamber an~air ~om the main intake
are bro~ht to a common point, flowing together tO the fueI nozzle
as the fuel valve may perrmt a somewhat queer compkity.

%8 I&Carburefm, proportim.ing oLO,mp”rating, tingle fuel
Jand a% ‘hdet8 hth with T u?iu%ag‘v W&-k point of numbers

thisisabout the. largest of % e dasse~ indicating the po~ukrity of
the idea of contiol of both uantity and proportionahty by two

%wI-ma? one for fueI and the o er for air, by their respeotiw areas.
As a eIa= it is both old and new, the difference bein in the means

%of acttiatin the two valves or in relating them to eac other as Ml
~appear in t e Subolaws, some of which are @picaIly ol~ and others

maid recent. In many casw the idea of flow-area contro’1of quan-
LtitiM s led to a negkct of the equally potent influence of vacu

3put in general such mistakes Mong to the older cases though, o
course? time persist as inventors are not nec&mily well informe~

A few cases are grouped under the ~nerd headings because of
difficulty in meeting the subclass defmit~ons with ptiIon, and one
of these is shown on page 3-T0. (973,855, Oct. 25, 1910, Cannon.)
A rotating sleeve throttle for a ilxed air passsge moves a rotating
cap over an arc-shaped fuel slot to re

e
ate the fuel valre with the

throttle, but auxiliary air is admitted t ugh another throttle O*
%safter passing an automatic mlve, contrded by the ekhati ck

pressure or s pum delivery preamrq acting on a dia hragm.
Another such mix J &case is that on page 370 (l,045,2tilt OV.26
WL2, Bourne), -where the ~tial feature is a IeveI tihing contrcd
of a fue~-needle valve by a ~enduhq as the kdy of tie carburetor
changes IeveL On page 3fO (1 061,995, May 20, 191~, Erickson),
the fuel and air valves are controbed tog@h~, partIy by the ~acuum
and partiy by a ceutrifugd balI govergor ih-men by an air motor in
the main stream. A power-drivcm shaft carri= a fan and a cen-
trifugal bti governor, the former oontroIIin the air draw-n through

#an automatic valve, and the latter mntro mg the fue~ needlel as
shown in the combination shown on page 371 (l@3,876, Jan. 5,
1915 Hiddleson), which is som~what questionable as a proportion-

fiing ow carburetor, but suggestme.

.—

.—

-.

.—

-.

.



364 AERONAUTIC!%

Twoideas are illustrated in the constructionon page 871 (1,169 574,
Jan. 26, 1916, Schulz), a r~nt case-first, the combination o~ the
throttle and the automatic am-inIet vaIve carrying the fuel needle,
and second, the formation of a series of more or less parallel thin
ba~es to act as fuel lifters and s rayers. With reference to the

zlatter point, it is clear that some efmite means of lifting the fuel
above the air valve and throttle from the fuql nozzle is necessary,
because the nozzle is Iocated in a region of very low vacuum and Iow
air velocity. Here the baflles serve as inclined planes up which
the fuel is swept by the air flow concentrated between them and
moving at velocities that do not vary as much as in the main air
pa~age, because as air flow increases and the vah-e lifts, more of
these cross-flow passa

F
come into action. WhiIe the proportion-

ality characterist~cs o this air valve is free, the interference with its
lift by the cam acting on the stem to serve as throttle reduces the
cuss to one of throttle control with different proportionality charac-
teristk.

SU?M7.38 1$.1—FaZved fuel h..kt hqwn.d dr-in.lt% valve adz’nq ax
throttle, fuel valve controtted 8V m“r va.he.—3Iechanically, this is
a very simple combination, applicable to only constant-speed en ines
with any hope of succes

1
%but not at all useful for variable-spee en-

gines] as the variations o vacuum on the fuel inlet tend to upset tind
inter ere with area adjustments. One of the early cases intended for
stationary engiries is that on page 372. (628,568, Apr. 25, 1899,
Secor.) This has two cocks one for fuel and one for air, coutrolled
~,y the govern~r and Iinke& together. A rotating sIide air valve
hnkecl to a lif

9
fueI needle produces siinilar results, as-shown on

page 372. (654, 94, Jul 31, 1900, Hasbfiuck. ) A rotating screw-
1threaded fueI needle Iin ed to an air plug cock 1s shown on p?ge

372 (695,060, Mar. 11, 1902, Krastin), and a screw-threaded rotutm
air vaIve carrying. a fuel n@le valve, both moving-together towar i
or awa from them res ectme seats fixed. .w. the casing, is shown on

$ ~. !2~, 1909; Leppo & Leppo). A rot.titin~paw 32 (711,902, Oc
cvhndrical sleeve form of an- ~alve carrying a fuel needIe threade
hto a fixed seat is the mechanism on page 373. (745,063, h’ov. 24,
1903, Jenrws) Two long taper valves, one for air and the other
for fueI, fastened to ther and moved mechanically as one, constitute

Fthe form on page 73. (791,810, June 6, 1905, Orr.) A screw-
threaded fusl vaIve geared to a rotatin am slide is shown on uge
378. (816,477, Mar. 27, 1906, Kellogg. f FA tapering arc slot orm
of fuel -ralve on a rotating spindle has a cam connection ta a swing
type of air valve, in the form shown on page 374. (909,490, Jan.
12, 1909, Westaway.) The iris air valve linked to a threaded fuel
needle M shown on age 374. (926,039 Jtie 2i211909, Warren.)

Adaptability of t%e fuel vaIve tied to an am valve in front of
it, to the two-cycle engine transfer port is shown on page 374.

sl
1,013,955, Jan. 9, 1912, Rober&.) J-u this case the air valve is of
e curved swing-check form, and the fuel inlet is located in a bend

so that the passing air ahvays swee s the fuel nozzle.
L

This urrang+
ment, like many others ihmtrated, ps the crank case free of nllx-
ture, a matter of very considerable importance with the less volatile
fuels. A Ion tapered fueI needle carried in the stem of tin air

%spoppet valve, t seated, both moving mechanically as one, is shown
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on
FT

375. (1,028,723, June 4, 1919, Hezinger.) Another form
of e onger tapered fuel needle carried by a flat-seated air valve but
of different sha e is shown on page 375. (110S6,59+Feb. 10, 1914,
GoIdberg.) S& another such fuel valve, but associated with a
tapered air valve, is shown on pages 3?5 aud 376. (1 145,82%Jdy 6,
1915, TJdaIe.) A cam connection of fuel needIe to a ~arrd air vahe
is shown on prt~e 876. (1,172,595, Feb. 22, 1916, Heath & Taylor.)

TIM present-~ay tendency to seek. fuel passages having definite

&
re ar flow laws to be rwociated With structures “ving simiIarIy
d ?“terelations between flow and vacuum is a ain i Iustrated in the
foIIowing case of another form of capill

v
k el-ff~w passage, the

outlet from which is controlled by a fueI vs ve mo
Y

with the air
vahe. On ages 876 and 877 (1,1~,12~ July 4, 1916, ukac.setics &

i!Terrill) a brous ad is inserted m the ports of the annular fuel
%passage, m6sting t e fuel flow under the influence of the vacuum so

t-hat it follows the capiIIa
T

law with respect to pressure, the exposed
fueI-ffow area varies -with t e air-flow area by the mo~ement of a pair
of sIeeve valvw.

Subc.hs lf21/-Tidred fuel inlet betuwen air i7det v.dve and
throttle, both fuel and & vai%ez controZZed 5y the throttZe.-The
location of the fueI Met, typical of this chw, between the air vaIve
and the thmttb represents a conscious effort to control the vacuum
at the fueI -mire as it could not be controkd in the last subclass, but
thealinkage of both the air and the fueI valve to the throttle, while
gL~ somewhat @ter c~ntrol, is poorly adapted to variable-speed
engines though qmte a aatifactory and much-used mtangernent with
stationary engin~

~ rotating cyhndrical barrel with two o poaite port% one for air
and the other serving as throttIe with the L el inlet in Its body and
a threaded fuel vah actuated b the same movement is one very
simple form of this

R
e and is J own on page 378. (~95#57, July

25, 1905, hfmdl.) o pop ets, one air and one throttle, with a
%fuel needle valve betvwen, are a operated together by cams on age

i378. ‘(805,979,Nov. 24, 1905, Men .s) The combination of a am-
Kper throttie with a cam-actuated el needIe ati a rotatfi flat air

Fvalve is shown on pages 378 and ti79. (848,425,Mar. 26, 190 , bder-
son.) bother csse of skeve bmrel, acting as air @e and throttle
on op osit~ edges, is shown on p ue 379 (883,740, Apr. 7 1908,

7 ?Poppe with a slide form of fueI m ~e in the center. %0 dam er
dvalves and a threaded fueI needle between them are shown “ ed

together on page 879. (910,326 Jan. 19, 1909, Stevenson.) An old
form of annrdar ta ered air va~ve Iinked to a damper throttle and

Jcarrying a fueI nee e actuating cam is shown on page 379. (983*7,
Jan. 31,1911, Miller.) A series of k linked dampers with a cam-
actuated fuel needle is shown on a

ET
380 (1,011 696, Dec. 12J 1911,

Wiiton) with a by- ass air and e paw
$

Ieahng to a point be-
&t-ween the second an tl$rd dampers as an i - yet. Two dampers

on the same spindIe mth the fuel inlet in a return bend, its valve
being cam connected to the air and throttIe spindle, is shown in
1,033,886,JuIy 30, 1912, Gentle.

A piston shling in a cylindrical passage with side ports acts as
both air valve and throttle, and moving on a ported hollow rod which
is the fuel-supply pa=ge, suevely opening a series of holes to

.—
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inc- the fuel area is ilhuirated on p- 380 and 881. (11080,816,
Dec. 9, 1913, Everest.) A rotating cyhndricaI sleeve actm as air

!#valve and throttle is shown on page 38L (1,085 003, Jan. O, 1914,
Austin), carrying a fueI vaIve cam on one edge i?ormed by taperi

Yik Another nmltiported fueI valve, this time with a helically slotte
sleeve linked to a pair of dam er valves, is shown on page 381.

?1,125,069,Jan. 19,1915, Coulter. The combination of long tapered
L al needle and tapered air throat, with the air valve, the needle, and
the throttle moving together is shown on.pa es 381 and 382. ($143,-

!3511 June 15, 1915, C’ex.) A. Iater fo~ of ~eplug ral~e sermng as
botk air vaIve and throttle with a fuel udet in the mlcMIe is shown on
pages 382 and 383. (1,183,587, May 16, 1916, Parkin,) In this case
the fuel has the slidin sIeeve form is cam o crated, and a separate

? \idling jet is provided, ea~ direc~Iy from t e float chamber. It is
interesting to compare this with the early case on page 378 (795,357,
MaxvvelI).

dubclaw 18.8 waived fuel Wet at or in rent of ai~ valve acting
1623thottb, fuei? vai!w controlled by air va e.—When the fiel inlet

is in front of the air valve or just in Iine it recei~es none of the
vacuum due to air entrance which is so high wlen the valve is closed
and which makes fuel regulation so difficult. bcated thusl the fuei
flow is induced vvholly bv the velocity head vacuum of the am or sub-
stantially so, and the @dition of a fuel valve givw wider scope in
location and compensation, though it is clear that there is no essentiaI
relation between the two areas air and fuel; when the speed is vari-
able. On pa~~384 (930,724, Aug. 10, 1909, Boore) rotating sbttxd
cone acts as am valve, and its movement also actuated the fuel valve
which is.in front and recemes only the vacuum of air flow before en-
trnnce. One odd form is that on page 985 (977,0#, No-r. !29,1910,
Rebourg), where a warped surfaw constitutes a -mriable tapered
throat at the small diameter of which the fuel inlet is located. The
fuel vaIve of sleeve type is actuated by the samo movement as-varies
the air throat. A fuel needle valve M attached to an am shale on
page 385. (1,053J361 Feb. 11, 1913, Daellenbnch), and operated with
the throttle, but it IS not clear how this can hnre any influence. A
recent form, that on pages 385 and 386 (1,184,923, May 30, 1916,
Carter), provid- a cam connection between the fuel ~-d]e and a
damper, but adds what is characte~ic of the later days of heavy
fuel, a,low-speed fifting tube for the main jet abcmethe throttle.

.8u.bckz881$..~~a.hed fuel idet betwem au.to?nuh”cair i?det va.h’e
and throttle, fuel w.Zw contro%d hy thro.ttZe.-Air admission through
an automatic wd-re is the direct means of preventing much A .of
vacuum beyond it as air flow increases, and if gravity loaded the
rise may he rega@ed aspractically nothing, thouogh,of course, rariably
Ioaded vnlves wdh springs maybe made to bmld up vacuum to any
desired degree. Associaticm of a fuel valve with an automatic am
inlet is a logicaI thing, wpecially so if the valve is of the wrt that
limits the vacuum change to Hsmall -due, because in this case the
vacuum will not increase enough with air flow to produce a sufficient
fuel flow, so an increase of fuel-flow. area is the natural and proper
correction. It is not, however, at all lo~cd to associate this fuel-
vah~e movernjmt and flow-area increaw with the throttle, beca~
throttle posltlon does not determine flow qate rmy more \han speed in
general practice, though, .Qf.CQUW,there w a closer, indmect relation

.
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for the constant-speed cIass of engine. This b-sin the case, one would
5expyd the carburetors of this cdassto be design for constant-speed

en
c

es only, yet such is not the case.
the form shown on page 387 (755,07~ Mar. 22,1904, Sturtevant

& Sturtevani) air enters through an automatic spring-loaded valve,
and the fueI neeclk is Iinked to the throttle. A separate fueI and air
inlet for idIing b~-passes the throttle. An illustration of the station-
ary-engine adoption of this sort of arrang-~nt is “ven on page 387

f(947,683, Jan. 25,1910, Brady), where an ordinary y-balI gove “
Ythrottle on the mixtuwirdet pipe has also a connection to the fue

wdv% so throttle and fueI valve vary together>air entering the mixing
chamber through an automatic air-oheck -mIva This case also ilIua-
tiates the heating of such a mixing chamber b exhaust gases to

E
iremote vaporization, which when’carried out to t e necws y-

ecomes a means of convrysion of a gasoIine into a heavier o engine
A direti, cam connection between a damper throttle and the fuel
needle is shown o+ age 388 (961,590, June l% 1910, En@nd), with
an automatic air J et. Another form involvm doubIe-swing
of automatic air valv~ and a eliding form of k Tel valve formed y
a sIot in a slee-re with sliding pl

Y
er operated from the throtti~

is shown on page 388. (1,066,608, uly 8, 1913, Harris) b ar-
ram~ement of the air inlet to dedop the maximum-velocity action at
the et without flow-entrance miatanoe and its buildin up of vacuum
is & 8own on pages 388 and 389. (1,042,982 origins y, reissued as
13,837, Dec. 1, 1914, Sliger.) Location of the fueI vahe within the
stem of the throttIe, associatd with an automatic main air-idet
valve, is illustrated on p

T
389. (1,132,31%Mkr. 16~1915, E&er.)

ihbchws If?.S+aZved ueZ LnZet ~etween autonuzhc ahinlet wake
am? ttiotik, fueZ wr.he controfid by autonuztic air Watve.—h a
simple logicaI arrangement for securing not only the desired pr~
portionaIi~ control but also the Ieast entrance resistance and masi-
ruum dens@ of mixture, nothing appede so directly and strong$
as this. The large number of cases in the subclass is itself an in(h-
estion that i+is fact is becomin appreciated, especially as so many
are cornparatmely recent, and t%ere is e~ery evidence that this sub-
class will displace in interest and use the former popukr subck+
s3, of fied fuel and ~rimary air with automatic secondary air.

While the general Idea of actuating a fuel ~aIre by an automatic
air vaI~e is very old the germ beii found in those cases of chiss 1
de-reloped directly i!rorn the naturaI-gas mechanism of stationary
engines and first used -mth presure fuel aupphes. The a premation
of requirements far suitable and proper graduation in & e interd

$
of roportionality and least prwrmre dro is com aratkl recen~
an its

E
? ? “rowth can be traced in the cases o this subc ass f am y vreIL

The at case. that on page 390 (770,559, Sept. 90, 19&$ Clay),
shows a spring loaded ai.t’check valre with the fuel valre m front
of it where the ~acuum inducing fuel flow is ve . sma~: but the
mixture ente Ythe air valve suffers a considerab e and mcressin
P 3ressure drop. ovie-rer,the long taper needle now generally canef

“ “ is clearly shown, and the valve seat has a malla a metering pm
angle taper showing an understanding of the relation bet-men axial
momment and area and the necwsity for considerable movement for
precise graduation. Many later forms fail in some of these points of

—.
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construction. h indkct mowxnent of a common form of fuel
needle through a cam b a spring-loaded automatic valve is shown
on page 990. (807,479, & .19,1905, Mason.) On page 390 (818,853,
Apr. 24, 1906, Renault) a form of sliding fuel valve IS used,
but the automatic air valve is

Y
vity loaded as is proper for

the case, and, even tho h it has s arp ed es with a low coefficient
Yof etllux, it is provide $with a lon slig t taper seat, the good

3effects of which are largely destroye by the restriction about the
spraying cone. A. return to the long fuel-metering pin and its
aasociatlon with a

Fd
avit -loaded long-taper automatic air valve

is shown on page 39 . ( 6,581, July 24 1906, BMest,) A gravity
swing check actuatin

%
an ordinary newhe is shown on page 393

(8$2,165, June 30,190, Hodges), and a le-rer-operfltwlmetering pin
linked to a sprin -loaded automatic air valve on page 393 (9X,848,

5JuI 6, 1909, Car son).
:

Another form of swing ~ir check, gravity
10K ed, is shown on page 398 (895,709, Aug. l!, 1909, Abernethy &
Abernethy), this tire? associated ~ith a rotating plug fuel vulve,
that constitutes the spindle of the am vfdve. A fuel valve consistin

7of a pair of flat sector slides moving over a circular row of f uc
orifices is shown on page 393. (941,+@4,Nov. 30, 1909, Leonard.)
The fuel valve movement is produced by a helicaIly twisted stem
of the wring Ioaded automatic air valve as it lifts. An annular
automatic air -ralve, sprin

f
loaded, is shown as lifting a very long

fuel-metering pin, at the ovwr end of which is a dash pot piston
in the fuel on pa e 304. (971,038 Sept. 27, 1910, GuIick. )

$The problem o Iifting the fu~ in such low-vebcity air streams m
are ty ]cal of this class H recognized on page 395 (984,8’74,Peb. 21,

%
.

1911, inton), which plaeea the fuel valve at a hi
P

point and op-
erates it b a yoke from the stem of a .spring-loade air valve with a

alliquid da pot. This same lifting problem is attacked differently
on paege395 (995,623, June !20 1911, MilIer), which has the low-speed
lifting tube above the thrott~e as found in other clames+ Here the
automatic air valve is of the swing-check form and o crates the fueI
valve by a c!am. 2A piston form of gravity-Ioade antornafic air
valve oarrying a fuel-metering pin on are side and having a separate
low-

T
d fixed jet, is shown on pa-e 395. (1,006,411, Oct. 17, 1911,

Scott. A long-taper
r

vity-loade~ air valve rising in a narrow seat
and guided by a fixe central spindle carries a tube at th~ lowest
point of its stem, into which pro”ects a fixed tapered fuel in as
~ho-ivnon page 396. (1 010,0031d ?!OV,28, 191+,Stewart,) T ~e ift-
~ problem ls attacked h passing some ai~ cl+wctly across the fuel-

&h mg tu~ to produce & e necessary aspmatmg effect. The stem
itself constitutes a dashpot @nger. On pa e 396 (1,032,307, JuIy

f9, 191!2,Stewart the metermg pin is move to ths air-valve head
Aand the fuel is isclmrged throu h radial holes into the stream of

fair, while on age 396. (1,049,41 , Jan. 7, 1913, Stewart) the fue~
ivalve is locate in a aide pocket open tQ the atmosphere and is actu-

ated from the air vaIwe by a lewr. From this pccket all the meas-
ured fuel and some atnm heric air that has not been measured by

!the air valve are carried a ove the thnottle being heated by the ex-
haust on the way. “JOf course, with a WI e-open throttle and low
engine spee$s there is no assuranye that there would be suhient
vacuum to hft fuel in th.m way as high as might be necessary.
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A 10 metering in fied in a long-k r hohv ah-valve stem,
gravi~?oaded A rargw its fuel dmec. y into the air-valve seat

2
where, of com’se, the ~ebc” is greatest cm pag= 896 imd 397.
(l,o5o 059, Jan. !, 1913, Go- d.) & odd form of gmtity-loaded

Jair v ve, Iifted mdired by the vacuum, is shown on page 397
z(1,088#31, Feb. 24,1914, awrence), which oarries the metering pin

on its end directiy in the air path. On pagg 397 ($115,9512 Nov. 3
1914, Martin) the fuel inI~t is in the form of a s@ught slot exposed

degree ~y a ~ti?n fop of automahc air -ralv~ spring
~~d% ~e meterm pm Itself M formed on the emd of the air-
vaI-re stem on age 3 8 (l,120J28, Dec. 8, 19141Browne) and Iift.s

Lb aspiration t
r

ugh the holltiw rtion of the stem above, dis-
rc argmg at the air-valve seat radia y. h electrical fuel heater is

also provided.
Two automatic air vaIv~ both spring Ioaded, join their air streams

and therefore act as one on page 398. (1,123,048, Dec. 29, 1914
Wmhburn.) One of them lifts the fueI-metering pin and the fue~
-apes into the combined air stream at the entrance to a sort of choke
tube. A recent case, on pages 398 and 399 ($180,35$ Mar. 2, 1915,
Thompson), uses a gram~-loaded hoIIow -p=ton wdh tape~ en-
trance, in the center of which is tied a tapered plu ca

~ .d%fts= ~fuel passage. The metering pin ie in its to
piston through a cam, ~rmuttmg the fuel to o-wradially into the
~gh-velocitg air. A am of swing checks on opening lift the meter-

Y
Lpin, so fuel is “=chargeddirectly in the path of the high-

v ocit air h the form shown on paga 399. (1,143,779, June 22,
$1915, embrok~)

An unusuaI fomq of heavy doubIe air valr~ -iity loaded, with a .
centraI tied mete

Y
pin and air valre seat E barge, is shown on

k

page 399 1J45,172, uly 6, 1915 Speed), also promded with ball-
-d-red das pot. Another case o1 fied ceninyil cgincal taper plug,
this time vnth a cylindrical sleeve valve Iiftin around It b the

r? {action of the vacuum on a gravity Ioaded ann ar piston, is s own
on page 400 {1,1492291,Aiig. 10, 1915, Richard). The metering
pin is @ren a pecuhar curved form necessary for proportionality
with tlus form of air valv~ instead of cumhg tie air val-re itself
or its seat. A arnall idling air hoIe is rovided at a throttle tide.

JAn adjustabIy fixed metermg in, sad in a hole in the stem of a
gravit loaded air valve, is

k
s%

J
own on page 400 1,159,029, Xov. 2,

1915, dges), the fuel Iifting being acch.mplish at loiy speeds by
a fixed by; aas for aspirating air.

Direct & of a multioriibd sleeve form of fuel -mire, by the mov~
ment of a swing air check directing the air across it, is illustrated
on page 400.

L
\,162,680, ~Tov. 30, 1915, Buick.) Incq?cmation of

the dashpot wi the gravity air valve, and the use o:! mercury for
Ioadin It, are ikstrated on page 401. (1,172#9’i, lkb. 22, 1916,
~hulz.~ These features ~ associated -witha le~er o~rated metering
pin at the side, discha- at orifices around the am valve seat iR
the path of the entering am. A wag of indirect action is that on
page 401 (1~79,5682 Apr. 18, 1916, Shorti), which has two dia-
@rsgms, one operating the air inlet, an~.another wdve in series with
It having fueI ofices m its seat. A threaded needle valve is rotatd
with the air idet valve.

?!2!2°4. Dec.559,64-624

.

.

.
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h%4bcJtz88 li%6-Tdwed fuel Wet between a.+ Wet valve and thob
tte, fud valve ccmikolkd %?4pendently by vwuum or a.t”T$ow.+n

E
age 402 (888,085, Dec.. 11, 1906, Cook) the fuel valve is operated

J
a diap.hra

r
, while the air enters a series of ring check valves.

The flow ~tee lifts the flow disk and cuntrols the ift of the metering
pin, on pa’ e 44X2(918,607, Apr. 20, 1909, Stur ), air entering

~ rthrough a xed primary an? an automatic secon q passage. Ac-
tion of the vacuum on a lston moms the fueI valve on page 402
(1,126 159, Jan. 26 1915,

A
8 ressel), the fuel entering the air through

a noz e in the atk of the stream from an automatic air valve.
$Subchuw lg. , wzriizbh float chamber pre88ure.-The combination

of a ~vi~y loaded automatic air vaIve actuating a long fuel meter-
ing pm, with control of float chamber preamre by an adjustable air
flow throu h it to the mixing chamber is illustrated on a e 403.
(1,010,066,% $tOV.28, 1911, Ne-ivcomb.) ~n page 403 (1,025, 1 , May
7,1912, Lofthouss & Boot ) there is shtiwn an air inlet of

T
ho~der

Gform with a mercury sea , the side walls having slots. L ciated
with it to move simultaneously in the o posite direction is a fuel

t’tube sealed also in mercury and with fue floating on the top. The
fuel escapes by

E
avity through a hole. .at whatever depth beneath

the surface may ilxed by the air ML The fuel then Maw with the
air. The float chamber pressure is equalized, so the fuel flow wiII be
purely by gravit head.-

Jt7kZS8~~~aT UT8b8 pTOfWb?ld~ JfOW @7WtiTtg, 8h@6 fUe~
and mu%ph air @Jet8 both with reguhti~ tmZve8.-This M prac-

$tically a modification o the common auxiliary air valve cIas by add-
ing to it a fuel ~aIve, the ac~ion of which is expected to connect and
compensate for the deficiencies of the same combination without the
fuel valve and indicates a failure to accept the fixed fuel inlet with
its air-vaIve compensator as adequate.

Part of the air enters through an automatic valve leadi
%

to a
throttle-controlled port on page 409 (813,658, Feb. 27, 1906, aw

Jpart enters directIy throu h one fixed inlet as primary air, and st” i
%another part throu h anot er fixed inlet as secondary air. The fuel

%valve is controlled y the throttle that also controls such secondary
rtir as fist enters through an automatic valve, a somewhat compiex
combination. Also unusual is the arrangement on a w 409 and 410

F’f(817 903, Apr. 17, 1906, C!amstock), in which the ue valve deliver-
ing ~uel to the primary air is controlled mechanically with the ~-

. ondary air, the primary. air carryhg the f~el m,e~h the secondary
diluting air at a distan~e where the two PIP% jom on top of the
engine. One of the statlonar -en me schemes ISdlustrated on page

5%410 (876,619, Jan.” 14, 19081 rot ers), having a fixed rimary am
Jinlet and a secondary air swing valve hiked to a threade fuel needle

valve, both king under overnor control. It is difficuIt to see how
such an arrangement. in t%e absenca of a throttle could maintain any
definite proportionahty, because as.needle and secondary air valves
ck-e, the vacuum on the primary am inlet must increase and its flow
as weI1.

A tied rimary air inlet and automatic secondary are associated
Twith a fue valve that lifts directl with the vacuum acting on a

piston at its top 0? p
7

Te 412. (1 32,934, Mar. 23, 1915, Heltger. )
Another power-drmm- an case, this time fallin in the class of

?single variable fuel and multiple variable air in ets, is shown on
page 410. (1,1!54,580,Sepk 21, 1915, Merriam & York.) me ftiel
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needIe valve, located in a fixed primary air Venturi throat, is re -
Flated by the speed of a ffy-lxdl governor, which dso adjusts sim ta-

neously the secondary air. The mixture enters the fan casing at its
center and is discharged at a pressure in excess of atmosphere, but
proportionality wiII evidently vary with the

T
- e Wet header pres-

sure, which is the fan back pressure whenever ow changes without a
speed change. The torque produced by the air striking the c~ed
vanes of what wouId be an air turbine, were it free to rotate, causes
it to turn slightly on its screw-threaded ste

%
thereby coritrcdIing a

fueI valve, on page 412. (1~58#24 Oct. 26,115, Smith.) An auto-
.clmatic secondary air valve is prom ed.

A fixed primary with an automatic secondary air inlet combina-
tion has a fuel valve that o ens by turning in its threaded c - ,

J Ytheturningbeing causedby eriseofaflowdisk inth~mixture at ,
which rotates as it rises because of a heLicaIrib enga

/?%
%a note on

its edge, the fuel vahe stem bein square is turned t ere y. This is
show-d on page 412. (Q78,0% ~ r.+ 1916. Fahrney.

& Jl?ubchw 13J-vaZvt3d fueZ Wet, ed pm%.ary a+%,fix or p%q
8econdw31 m“?’idetay th?’et?%?cmtd of @eZ intet valw.—Fixed prL-
mary air passes upward around the regulating fuel vaIve and meets
secondary air ente~ through a tapered sIot m the side of the cylind-
rical sIeeve throttle ISon page +111. (886#65, Apt. 28,1908, Speed.)
A yoke from the throttle stem actuatesa slklin cam and rob-gear for

3moring the fuel vslvw Rotation of a barrel eeve throttle surround-

?
the fuel idet and a. cross tube for primary air contrda the seo-

on ary air by a ~ort opposite to the throttle port and lifts the fuel
needIe by an inch.ued cam surface rotated under a lever attached to it
in the form on age +tll. (950,423, Feb. 22, 191!, hderson.) Two
fuel inIets, one lx ed and the other varying, are sun.ilarly kcated and
act as one, the iixed serving onIy to imure the accuracy of the o en-

~ing for idling, on p es 411 and 412. (976$58, Nov. 22, 1910, al-
lagher.) The thlx% e controls fuel needle and the secondary air
port. k example of a fuel neede pIaced at a dissance from the fueL
Met nozzle is shown on page 413. (1,029,796, June 18, 1912, Daw-
SOIL) The nozde is Iocated in a fied primary air i.det, and the
throttle controls a air of secondary air pork and the fud needle
ralve. 1Location o the regdating needle valve in a tapered air
throat associated with a seconds SIi.dingair sIeeve beyond it, both

Talee-reand needle being operated
is Hhtrated on pages 413 and 41z ~f;4t:5k;%y9:p2
ler.) A comparatmely rwxmt form o+. the rotating barrel sleeve
acting as both throttle. and secondary am valves :t opposite pox
and carrying a fixed pmmary air inlet along the ares, the fuel needle
valve cam operated by the rotation, is shown on ~age 414. (l,125t339,
Jan. 19, 1915, Keizer.) Here the primary an- throat lies wholly
within the barrel and IS provided with a bend or side outI@t shroud
on top.

As an example of the effect of change of time in improving form,
the same elements as were incorporated in fi~e 3W are again brought
together in a new structure on pages 414 and 415 (1,148,485, July 97,
1915, Gallagher) about five years later. Attention is c~ed to the
substitution of a good form of taper+ throat for. the primary air
instead of the former irregular one vmth no defhIte ihrection and
making man eddy curren~ the substitution of a dam r for a Ion-

iLl rgitudinaI cy “ dMcaI throttle, a concentric for a side oat chamber,

#

—.
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while retainin a Iinknge between the mcondary air the fuel needle
fand the thrott e, and finally the separatk low-sp~d ~uel orfice.

i%tJck88 L$tialved fuel i?de~, wtved primuz?y and aecmdary air
M@, throttle control of both aw hZet8 and the fuet inkt w2Jve.—
%@% Jheothrottle }S retained as $he prime variable element of con.
$rol, tlus time varym au areas with It, mat of both of tie air inle~ .

7and the fuel, on the o d assumption that areas rathsr than p~
are the fundamental vmiables in proportionality maintenance as

&
{uantity varies instead of giving due weight to oth and using as

Le prime varia le some unit that H a measureof flow.
On age 416 (1,134,366, Apr. 6 1915, Barnes) a tapered throat is

L?provi ed with a central tapered plug, serving as a primary air valve
and sliding with the fueI needle on a f@d sleev~, and to it is con-
nected a.secondary air sleeve, and this tmplemovmg member acts as
the throttle. The vary-in throat and fuel inlet relation itself acts as

%a com ensation factor in t is case. A rotating barrel slee~e acts simi-
!Iarly y controlling the outlets of both prima and wondrmy air

passa~ the same motion varying the fuel nA e position on ages
3416 and 417. (lJ.62,111, Nov. 30, 1915, Simpson.) The fuel i eh is

here seb in front of the air restriction so that it receives Iess vucuum
than in the. previous case.

i%lbCh88 L?.3-Ta?ved fuez in..zet
trolkd 8@tl.d~ @“r h.i!d?, fud wLtR2%%Y$%.%%%%
air @w &u-lepen&n.tZy.-Making the variable air depend on the
throttle and the fuel variation on the flow directl is a good exam le

{ fof mixed variabks, because the two things that s ould rary toget er
might naturally be expected to receive their motion from the same
instead of different sourcae. Two exam@es only are gi~en on page
418 (1,081#22 De~ 9, 1913, Diirr), hamng again the doubl~porkd
rotating barrel to serve as secondary air and throttle valvcz It is
however, screw threaded in its casing, so that it has a smalI axia~
motion with rotatiom A spring-mmted piston within it carries
the fuel valvea and a tied primary air paesage passes throu h the

5end of the casing and through the pistan rod to the eentra fuel
opening. The fuel valve lifts an amount freed by the s~rin tension

%and the vacuum, and thereb re@ates the fuel dehvere
L

to the

%1
rimary air the amount of w “ch E mnall. The old air impact flow
.sk is used to control the fukd in a chamber suppIied with fixed

E
rimary and automatic secondary air arranged with an electric
eater to operate on kerosene, as shown on page 418. (1,1S1,157,

Mar. 9,1915, Percival& Patterson.)
flubchs W+Vakd fuel &d.-et8,fixed przkary and awhm.uti

valved secon.dh?y air &det8, fud ?.liiTveconhd%d by the throttZe.—
As the use of the automatic seconds

7
air vaIve in place of throttIe

control is a proper step, especially or the high capacit variable
tspeed en@ne, it seemsquestionable that the throttle should e selected

at the orgin of fueI-valve regulation, but there are quite a number of
cases of this sort.

A cam connection is provided between a damper throttle and the
fuel needle on page 419 (870,052, Nov. 5, 190?, Schebler) and a~-
plied to a c~rburetor of the common fixed pnma~ and automatic
wwmdary am fern The fact that a fnel-vaIve adpstment is sug-

F
d at all for a carburetor of this lar e old class is a measure of

%ack of conildenoe in the adequaoy of t e compensation it affords
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without the fueI vahe. bother case of cam-lifted fuel valve oper-
ated from a damper throttle in con-unction with a fied p -

%and automatic secondary air hdet is s own on page 419. (Iz
Feb. 11, 1913, Heitger.) A combination of separated
nozzle and T sting fueI valve, the latter operated from a damper
throttIe and t e former associated with a. fixed rimary and auto-
matic secondary air inle~ is shown on page 422. T1,096,569,May 12,
1914, Sharpneck) The fixed primary and automatic secondary air
idets are used in combination with the rotating slee-rethrottIe turrL-
ing a screw-threaded fue~ valve in ‘its fixed casing, on page 422.
(lJ06#26, Au .4,1914, Lamb.) Use is made of the long taper fuel
metering pin %xed to a flat block form of throttle on age 420

L(1,106,802, Aug. 1+, 1914, Goldberg), in connection wifi ed pri-
mary and automatic secondary air inlets, bui in such a way as to

$
artiaIIy restrict the pr-

T
air passa~e. On pa e 420 (1,173,762

eb. 29, 1916, &quembourg , a @a 7fuel va ve cam operated
Tfrom the shaft of a barrel throttle is com ined with a fuel nozzIe

located in a Venturi throat, beyond which the secondary air enters
through balI-type automatic valves.

fhdciiim 13.6-~a.Zve fuel h&$, f&d phnary ad aut@n.&o

wzlued 8eoondar31 O& &de@ @&? Vdre con.h’o~ed @ the aMfmmz.t&

8econdary & mi!re.—&srumng that the oId dandard tied fuel and
primary air carburetor with automatic secondary air compensation
to be inadequate for the severe conditions of the variable-speed en-

- e, and that some additional means of compensation is necm,
r en it is quite a natural and logical step to make this take the form
of a fueI vaIve adjustment contrcdkd by the secondary air valve on
the ground that u to the time the latter o ens the fueI area shouId

x tvary with the ad itional air area, or that oth areas should be con-
trolled by the vacuum. This seems to be the origin of the ideas of
the cases of this subcla~ one of the earl.kt. of whmh is that on pa

r421. (855,170, May 28, “1907,Gray.) A direct connection, is ma e
between the automatic secondary am valve and the fuel vaI-ie, so
both mo-re the same amount in this cam A b$l-crank linkage is
provided to connect a horizontal-stem automatic air wiive and a
verticaI-stem fuel valve on age 421. (981,853, Jan. 17, 1911, HaIIa-

fda .) Location of the fue needIe on the ams of the automatic air
Jv ~e, the stem guide of which is tubular and serves as the fixed

primary air inlet, is illustrated on page 42L (1,010,185, 3Tov. 28,
1911, Sch@z.) A tubdar sleeve form of fuel valve, forming the
stem

T
ide of the secondary air vahe, is shown on page 421.

i
1,022, 02, Apr. 9, 1912, Rothe & (2uI .) A cam connection between

ft e automatic air raIve and the fue needIe is shown on page 423

Awl
1,07859!, Nov. 11, 1913, Muir), which also illustrates the Idea of a

ott e tit to the movement, so that} whiIe it is automatic and
completely eQfor a wide-open throttIe, lt is not for a partI ckxsed

AthrottIe, and at any time clmure of the throtfle closes both eI and
secondary air vaI-res. Two fuel -rah-es operated b the automatic
air valve are shown on pages 423 and 424 (1,111d Sept. 22, 1914,
Hamilton), but so located as to act as one, so far as’proportionali~

is concerned. Of course, two different fueIs ean be simultaneously

used. A lever eonnecthn between the secondary air valve and the
fuel vaIve is shown on p

Y
424 (1,118,126, Nov. 24, 1914, Harroun),

which also has electrical eating coils in the primary air tube in-

-—

—- —
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tended to adapt it to kerosene. It is of interest to compare this with
the same proportionality arrangement adapted b use exhaust heat
both for warming the primary air and for directl heating the ri-
mary mixtu

3
M shown on a

:%’
& &424 (1,15!$494, Ov. 2, 1915, -

roun), to whi an air-valve a pot is added as well.
TJse of a very much restricted primary air venturi, as illustratd

\
on age 425 ~,156823 Oct. 1.2,1915, Schebler), hardly more than

fwil serve to lft tie f’uel and to somewhat spray it. This brings
this subclam very close,.inde~ to that of subclass 12.5, with all ita
favorable functional characteristics, It is an excellent example of
the way in which one chws mer s into another, and necessarily so,

Tno matter what the classification asis may be,
./hbclam 18.6—Valved fuel Met, m.hed p%nmy and t?econdarya&

h-lets, both automztia, fu.s?wake controlled by m or both automatio
a% h?et valve8.—In e&sentialprinciple this subclass is the same as
that of subclass 7.5, though structurally the difference is real being

“kthat of two valves versus one. Of course, if the valves are dl erent,
especially in size and loadin

Y
, then control of the fuel valve does

not so dmectly proportion fue to total air as with two similar vtihws
which would be equivalent to one. If one such valve will serve the

%
urp~ some other reason than a search for pro rationalitymust

re responsible, and one reason that certainly app ies in some cases
is a fadure to realize the fact.

Two spring-loded automatics+nearIy simihr, are used on page
426 (917,125, Apr. 6, 1909, Pierce), one of them controlling the fuel
valve by a cam surface on its stem. This one is fitted vrith a throttla
resistance, while the other is fre~ A pair of swing checks of differ-
ent size are both connected to a bell-crank needle-valve control, and
they therefore act as one on pa

f
426. (1,022+326,Apr. 2, 1912

lfamur.) Four small spring-lea ed secondary am valves are added
to a central automatic piston sleeve rimary automatic, controlling

[the fuel-metering pi% on page 426. 1,084,954,Jan. 20, 1914, Nim Y
A singIe piston and sleeve form of automatio vaIve controls two sets
of air ports, the one above acting as sem.ndary and a lower annual
port as primary air ~assage. The mov”

?
member adiusts the fuel

=ralve at the same tune on page 427. 1,087,187, I#eb. 17, 1914,
Schulz. The primary air is small and is a convenient means of lift-

Jing an spraying the fueI. The action is entirely equivalent func-
tionally to the previous class referred h. & arranged on pa 428
(~105,134TJtiy 28, 1914, FHanemann) the rimary automa lC air
v ve controlling the fueI valve is entiref’

f?
different from the

secondary, and the action must alm be di erent wi~h respect to
proportionality.

On page 427 (1,126 525, Jan. 19, 1915,Hathcote, is shown a form
that again illustrates Low closely one class mergv.s into another, this
case bein~, exce@ for the proportion of the fixed to the valve con-
trolled am, simdar to those of subclass 12.5 more especially those
examples of that clam that have a small fied air assage passing the
fuel inlet for idling and for lifti

3
1’the fuel into t M main air strewn

but not enough air to be consider as removing com lete air contro
f’

i
from the automatic valve. Here the central tied ho e is too Iarge to
be ignored in this way, but it would be impossible to draw a line of
division with precisiom
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f7?h98 ~@%@UTetOT8J $WOPm~~n~~ lf~, @@’bJ9 7iWL~tipb

fueZ and& &det8, both w“th reguI?@%L$7 ‘vdm%.-~t viaufd seem as
if sufficient compensation could be secu+i -by regulating fuel to air
or air to fuel, and certaird the opportumtlee are

% 3
(leat with air an

fuel both :egolated even w en there is onI .one “ et for each, -with-

%
out adop a multiplicity of such yet & is done in the cases of
this Claes. owe~er, the situation is not as complex as it=might seem,
because in the first pIace there are +ot man such cases, and second,

c1these all fall into two groups, the ~gh ~ 10~ speed ~oup or the
muItipIe duplicate carburetor group, each of whmh constitutes a sub-
class- -

On page 428 (1,123,50s, Jam 5,1915, F~re~), a *SS of five fUEJ
needks is arran ed across an air pa=ge, ~d they +re operated from
a singIe rocker %laft by Iever arms set at s@@ly chflerent angl~ so
that they open in succession and once open continue to increase the
fieI-flow area* latcw ones come a TIUs rock Shaft is linked to the
throttle and to a swing

T
of air-inlet vaIr~ the entering air

s-wee ing successively the fue netsas the come into action.
\ n./ J8U clam I.+U-TUO fuel i ets, one xed and one valved m pk

im.emizry high-gpeeo? jet~ two ~“r -inlets me fl?ed primaiy an me
A single w relet fkted with a damper type ofva.hed gecondaay.—

-mIve, actin in the dual capacity of throttle and air wihre has a hoIe
in it, throu %

%
which projects a fixed fuel rmmde for low-speed mixed

flow. The amper motion mntrok a single TariabIe fuel valve with
muIti Ie outlets in the combination on page ~L (1,038,040, Sept- 10
1912,$7e&.) htheairvahre swings open the fuel val-mis opened
and at the same time the air swee ~ past the multi Ie outlets in Ta~-

% hing d~grees so that at first some schar fueI, w - e others take m
F~ air that emergu with the $ue elwvhere, though all dis-

r:~ el later. The fwd idling let nozde is perforated m that
it acts as a mixed-flow pa=age when the throttIe IS cksed or nearly
closed.

Two air irdets are provided on ljage 431 (1,164,661, Dec. 91 1915,
Muir), one tied and one variabIe, the former tith a tkxed fue!l inlet
for low speed, the Iatter with a fuel ?aI~e controlled by the aut~
matic air valve for higher. speeds- The M ~nother example of how
closeIy cIasses merge one ~to another, for If the fixed air passage
vrere cIosed or nearIy so, It could. he regarded as a low-speed or
idling jet for a carburetor of the le wmiable fuel and am cIass.

T~-would be the case aIso if the he jet were subjected to the same
vacuum influence as the main jet, because then it vrouId be a multi-
ple outIet single jet instead of a mqltiple jet. A smaIl tied fuel and
air inlet for IOVVspeed deIivers beYond a main barrel throttIe on
~a~ 493 (1,172,0312Feb. l!, 19~6 310rand), the main aesage cou-

T
of fixed prunary am, m ~ secondary and fue? valve wm-

trolI by the throttIe. Two air passages, a primary with a ball
form of automatic a> valvel and the other or seconds with a dam-

Tper air vaIve, assoc~ted vnth two fuel nozzles, are s own on pa
r+. (1,179#81, .Apr. 11,1916, Sundemam) A Iirdra connects t e

high- eed fuel-relet vahe and the wondary air
T

L
thrott e. Graduation of the high-s

per to the

r
d fmd Met by the mov~~~

of a secondary automatic air v w+ is ilhstrated on
&(1,179L386,Apr. 18,1916, Andersq), in oonneotion with a ed low-

speed let in a tied primary air inlet.

—
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&~Ck88 ~&-~l&@?8 C(ZTk8t0r87 Pt’09T6#8iV6, by ttiOtti OP
vaewm.-A series of aght f ueI inlets, each with n regulating valve
and each in a separate passa

Y
the air tQ which varies w~th the

throttle outlet -from it, are com Led in one casing b using a multi-
fported barreI sleeve for all air vahws and thrott e, the se arate

b
Jaesagw bein formed within it>as shown on page 434. (1, 0,1~

Bec. 8 1914, uff.) A wparate Idling tied jet and air inlet are pro-
vided ~eyond the throttle.

0.?4z.88L5-0arburetor8, proportiing @w, a8p”rat&tg, th6mnu8tat&,

m baromdric controll.ed.-huming that a carburetor of any class
whatever works satisfactorily at a given place under qmstant condi-
tions of temperature and barometric pressure, it dms not follow that
the operatmn wilI continue t: be s~t~factory when the surrounding
temperature or the barometric pressure changes. of COU% these
variations exert a certain influence on the vaporization chmacteris-
tics of the fueI, acting directly on its vapor pressure on the one
hand and on the relation of the partiaI prwsure of the vapor in the
mixture t! that of the air on the other, when the total p-ure
cqringes. wltho~t a +ange of vn~or ressure. These vaporization

t%ddlicultleq wtule serious enough m emselv~ are not now under
discussion, attention being for the present concentrated on the pro-
portionality r@lem, which is fundamentd. hy~hing that than es

$ %the density o am w~IIchange the flow through a ~-ren pasa un er
Pthe influencO of a gpven pressure drop, so that ggwm a fixe vacuum

on a fixed carburetor air passage, the amount that will flow depends
on the air density, and as air density changes m will the flow change.
As both abscdute pressure and air temperature exert direct e.tlectson
air density, changes in them will dhwctIy cause a change in flow, the
amount of which may be very considerabl~ This is undouMedly
greater in ae~o vrork. than elsewhere, because a machine may Ieave
~ level.and m +imbmg reach altitude where the barometric prwsure
m half dx premous sea-level value, a densit effect of 50 per cent.
At the”same time the. aiq temperature. m~

t
i rop from over 100° in

muthern or summer ihstrlcts to somet~g elow zero in the high air?
which correspond roughly to a. density change of 20 per cent in
order of magnitude in the opposite sense. .From considerations such
as this It becomes clear that car@retors m.I ht Yery roperly be pro-

- % “ $angesl and thaitvialed -with automatic compensation for mm enslty
such should be provided for all those ~d in aero -work.

SimilarIy, the flow capacity of a fud. passa , whether its char-
?acteristics are those of the orifice or of the capi lar~, de ends on the

5viscosity of the fuel and may vary very much, mdee enough to
make the difference between success ~d f~ilure if the viscosity
varies over the whoIe range that IS po=bIe with normal twnperature
changes, especially in those cases where heat is being applied to

%+’
m erIy vaporize the heuvier fuels or in using varying n-uxtur= of’
i erently viscous fue~ or two such in succession, through the same

?
assag~ ?!T letting the latter condition as one requiring special

Treatment an concentrating on temperattire change, it is clear, as in.
the case of the air, that tern erature variations in the fuel must not

?be permittad ta exceed a -m ue fixed by the viscosity-temperature
curve of the fuel that would result m appreclable flow chan~ say,
5 per cent as a-Iimik This will correspond to quite a different tem-
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Ii
erature range in the case of one fuel as compared with another.
quivaIent to control of this temperature range for the fue~ whi+

may notl and in same ca- is not practical as interfering-with vaporw
~at~on, w of course, compensation for it by control of vacuum or
flow area.

There are not many patents on this subjsot of temperature change
compensation or correction for air and fuel, or on barometric com-
pensation for air, but it must be remembered that the realization of

IL
mce.asi is recent and more maybe

2
ecteii along this’line.

i%bc 8 K1-thernw8ta7Xc Contr .—This sort of control may
faII properly into two clasaq one seeking automatically to keep the
temperature from changing, and the other compensating for a tem-
perature change by controI of ah or fuel valves

The iirst case, that on page 436 (1,017,5’72,Feb. 13 1912, Lund),
iis an example of the former kind. Two sources o air are pro-

vided, one hot and the other cold, the ratio determining the tern- ‘
perature at the carburetor, gnd in the prwmt case a single valve
controIs the ratio, the valve being actuated b the expansion or con-

{traction of the walls of a body inserted in t e path of the mixture
This thermostat is filled with a volatie liquid and has an

T
anding

form of wall so the vapor pressure of this flti~ is tied by t e main
mixture temperature, but unfortunately the mixture ressure exerts
a sidar effect. kcrease of vacuum due to a cIosed t%rctile, has the
same effect on the movement as a rise of temperature, both causing
the thermostat to expand.

The second cIas of contro~, direct com ensation by valve adjust-
!ment for temperature than , is illustrate on page 436. (1,110,181,

Sept. 8, 1914 Green.
d k

3 ere the air temperature changes o crate
%!..the fuel nee e -rahie y means of the dongation of metrd m A

more pertinent form of thermostatic compensator is that shown on
. pagea 436 and 467 (l,lM#70, Apr. 18, 1915, Duryea), which adjusts
the fuel needIe valve in accordance with the temperature of the air
supplied to the carburetor. k this case the actuating means of the
thermostat includes a ckd tube, of mercury for example, with one
end attached to a Bourdon tube. Ch

T
of temperature cause the

end of the Bourdon tube to move, and t . adjusts the Mcrum of a
lever between the automat~c air inlet v~ve and the fueI needIe,
causing the latter to-be ~d]usted automatically. to @r temperature
without interfering mth Its nor@ regulation @.h am flow chang~

Another case of fueI needle adpstqmnt, but thm time for changes
in the temperature of the fuel itself, independent of the air, such as
could be r

F
ed as a viscosity corrector, is that cm page W.

L
1,142,824, une 15, 1915, limd.) Here the type of expandin walI

c %her, fled w+h a hquid or a gas or partly illled with a quid
and partl with Its va~r, now genera~y lmown as a syephon, is

Jsubmerg in the fueI m a jacketed chamber, which may be heated
or cooled. It has the fuel needle fixed directly to it anc$ as shown, it
is auitable onIy for carburetors that otherwise have fixed fuel inlets.

One special case of thermostatic compensation of some practical
value in dealin with fuels that are just over the border of volatility
vaporizing fre5

z
enough for use -@h vvarm air or by the heat o#

t-hepassages lea .ng to a tvarm
T

e, but not so when air and en-
gine are cold, undertakes to solve he dit3icuItyb opening the fuel

{valve at iirst and Iater closing it as the engine eats up. One of

-..—
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these actuated by the exhaust is shown ‘W page 437 (1,188,872, Mar.
80, 1915, Mmwss), operates the fuel vaIve by the elongation of a
metal rod close to the exhaust pipe, and another, page 438 1,149,743,

LAug. 10, 1915, En land) uses the elon ation of a tube eutecl by
the jacket water. %d 7oth orms are direct y ap licable only to those

~classes of carburetors that have an otherwise sed fuel i.nlct.
A similar effect is sought by thermosttitic control of a separate

secondary air valve which is closed when the air or the engine is cold
so as to enrich the charge, and which opens when the temperature at
the thermostat rises, dduting the charge and com ensatmg for an

d!over-rich mixture from the carburetor. Use is ma e of a thm metal
bending stri on “page 438 (1,~89,786 July 4, 191$ Byrncs), in one
case operatJ by exhaust and m another by the am temperature, as-
sociated with various valve forms.

.fJ@+am 16s, lmr~metmk controts.7A barometric diaphragm,
comastm~ of two flezuble metal s~eets, ]omed at the edges, mclosmg
and formmg a -racuum chamber, M fixed to the carburetor casing oq
one side and to the fuel needle on the other, on age 489. (1,049,038,

!lDec. 31, 1919, Barstow & Bradford. ) Any c an es of barometric

$
freasureare .compcnsated for b morement of the uel needle. Inci-

entally there is aIso provide L/ a float and float-chamber form, in-
tended to work equall~ well at any an le of inclination of the car-

fburetor from the vertical within a fairy considerable range. This
form is, of cours~ applicable only ta carburetors with otherwise tied
fuel iflets. Another form, shown on page 439 (1$98,’78$ J~lne 2?
1914, Daimler), is adapted to be inserted m the tram of hnkage ~-
tween a fuel needle and i@ normal source of adjustment for r -

Ttion with air flow, by moving the fulcrum of one otherwise xed
point of a lever in the linkage.

SUMMARY OF CHARA~ERISTICS OF NEW CLASSES AIID CON-
CLUS1ONSON TYPE.

On the theory that the debition of a class or subcIaas of carbu-
retors is a statement of a p~inciple of construction or functional op-
eration directly or by imphcation, it would seem to be possble to
divide carburetors into good, fair, and bad groups by the class and
subclass divisions, and vary desirable to do so ES the fit broad
treatment of the subject of design before undertaking any analysis
of structural details or dimensions. UnfortunatcIy, hovre~er, this
ve~ desirabIe prospect can not be fuLfilled,because any classification
baels that is feasikde and racticd must be based primariIy on the

!more quickly recognized eatures of the appl~ance, and these are
aIways structural arrangementsfrom which prmcipIes of operation
m~=t be discovered by later analysis, and the only rinciph?s of con-

tstruction that can enter into class definitions are t ose of structured
arrangement. In all cases roportions of parts and at least relat~ve

Tif not absolute dimensions p ay as important a part in the separahon
?f the. ood from the bad as does the general arrangement or group-

5m of t ~eelementsof construction, so much, in fqct, as ~o be respon-
7sib e for one of the greatest sources of diiliculty m makmg the CIUSS

distinctions themselvw. There may, for example, be two air inlets
Iocated m that both air streams act as on% and the casx should
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therefore @ cl-d with those chara.derized structm+ly as having
one” Q- e~~~ though the @ aI~ .str~ act dfiere~fly, one,
for exam h+ a- as pmmary am ~assmg the fuel “et and the other

z !as secon ry entemng beyond it, sbll several possib e class interpre-
tations am possible becmse either the @.mary or the air inlets may
be so sxuaIIse to be negligible in whch case two CISSSinterpreta-
tations rwult: First:, that of ~ air entering byond the jet; an~
Secondl that of alI am passing the “et in addition to the third where

?bdh am streams -ert a memimab y equal influence.. Moreover, the
smaII air idet whiIe so sma~ as to be negligible when enter% the
mixing chamber directly may, on the contrary, be most potent m ita
Mnence, if, for example, it passesthrough the top of the float cham-
ber or into the fuel assage, either C.S.EErepresent-

Y Y
a most impor-

tant and different c ass characterized by either o these two im-
portant means of com ensation.

&In spite of such con ‘tions as thesa, it is possibk to draw some -rery
-ra.hable cIass distinctions on the basis of po~ilities of suitable
automatic control of proportionality as the flow rates change, but
not by the simple process of branding any one class as good or bad
without qualiflcatiom Even this sort of division is most useful be-
cause it points clearIy the direction that efforts should follow to
impro~e and erfect the carburetor, and serving to divert time and

1money from e leases that must inevitably follow by their expendi-
ture on the km promisii t s

3Of the 15 ckses here est lished, not a sin b one can be wholly

f
%a proved, and only one, cIass No. 1, wholly con emned, but naturally

t e subcIaasesof each general class, 61 in all, can be nudged better
than is possibIe for the general c- themssIves. d ven th~ it
has bem found, are best judged as bad to fair, cm fair to goo$,
rather than goodl fair or bad alon~ except for one small set that M
c~early bad. Tlus @ includes those subclasses that consist of the

Ie fixed fueI and air inlets without any compens@ion whatever,
Yan designated as subclasses1.+, 1.2, 1.3, 1.4, 3.1, 3.2, and 3.3,7 in aII.
Remo “

Y
these 7 there remmn of the 61 subclasses 51 that merit

the broa er judgment. Of these the following 20 me designated as
bad to fair, and constitute the group that merits the lesser considera-
tion, as being unequal to the rest in pro ortionali

: 7?
ossibilities

for engines operating at varying speeds un er Varhb e oads: Sub-
classes 5.1, 62, 6.1, 6=2,6.3, 7.1, 7.2, S.1, 8.3, 8.5, 9-2, 9.4, 11.1, 12.1
12.2, 12.3, 12.4, 13.1, 13.2,13.4. AII of these subclasses are rovided

Cf-with proportionality compensation of some kind but consi ered not
as adequate or suitable as that of the fouowing 29, designated as
fair tO good: Subchwses 3.4, 3.5, 4.1, 5.3, 6.4, 6.5, 6.6 7.3, T.+ 7.5,
8,2, 8.4, 8.6, 9.1, 9.3, 10.1, 10.9, 10.3, 10.4, 10.5, 10.62 1~~, 11.3, 12.5,
12.6, 15?.7,13.3, 13.5,13.6. T’hese tw~ sets, ig-tq 49 subckses
of double judgments TVIththe remously noted 7 single judgment

?grou , account for 56 of the tota qf 61 subclasss
Of?the rematig fi~e SUM= .thre=9.5, 14.1, and 14Are “so

broad in definition as to make a :~ass judgment impossible or what
is the same

9
, to warrant a tmple judgment of bad, fair, or got@

depending on t e details of each ~se. The remainin @vo sub-
%classes-15.l and 15.2-c.cpmerned mth thermostatic and arometric

control do not admit of a judgment cmthe same basis as the others be-

—
——

—

—

.—
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cause this sort of compensation to be useful must be added to but
can not serve as a substitute for mmpensation for flow rate propor-
tionality influenc=

All the general clames with the exception of class 1, which includes
only uncompensatedq and cIass 15, which is concerned only with
thermostatic and barometric supplemental compensation, are not to
be judged as cod, fair, or bad as a cIaasbecause each includ~ some

fvariation of rom that may be classed many of the three ways.
For the variable speed, variable load engin~ the carburetor that

consists merel of two passages, one for air and one for fuel, fixed in
Jboth area an position,. is of ~q vaIue whatever, because no matter

what the form or relative cmtlon of the pawa
f F

the flow of the
fuel can not be made to fo ow in constant ratio t at of the air. De-

fi”%
endin on the fuel SUPPI which may be under a constant positive

iqmd ead or be aspirate against a consts.ntmqgttive Ii uid head,
%and on the position of the fuel jet in the air ~a=age whit may be

located to be influenced by an air entrance remstancevacuum or not,
and by a positive or negative air velocity head vacuum, the fuel flow
may increase faster than the air flow increases or sloweq, but it can
not be made to increase at the same rate as the air. Thiss due to the
nature of the flow laws of air and liquids through the various forms
of passages of such dimensions as are suitable for carburetcm, and it
does not appear to be within the range of mechanical ingenuity or the
aki.11of desi ers b ovekcoxnethis condition exce t by departing from
the simple E fed inlets or the constant fuel head, y introducing a cor-
recting variable; in shQrt,by providing a proper sort and amount of
compensation.

The uncom
r

sated cases thus eliminated from consideration for
variable

Y
se , variable Ioad engines, o! engines in which the flow

is as muc determined by engme-restmg torque or speed as by
throttIe position includes those of subclaasw 1.1, 1.!2 1.3, and 1.4,
having periodic fuel valves with or without periAc air valves
that open each suction stroke, but which present fixed areas for flow
when open whether the fuel valve is operated mechanically f rem the
valve gear !(1.1), or is opened by the lifting of an automatic air
valve with the fuel inlet in the seat (1,2), or opened b the movement

Tof an automatic air valve in front of the fuel valve 1.3), all with a
single air inlet, or any of these arrangements with a second inde-
pendent air inlet (1.4). There a~ a.ko included in the rejected
uncompensated casea thow of subchisws 3.1, 8.2 and 3.3, alI havi

Tplain single tied air and fuel inlets with re~erence to area an
position, no matter how arrange~ whether the fuel inlet is at a
restricted air throat (8.1), with or without a~r-directin

&
van%

bafk, or
P

ides (8.2), or provided mth rotating sprea g and
mixing sur acea (8.3). It must be understood. that an air or a fuel
inlet ~ fixed when ita area does not change vmthflow; it may have
manuaIIy adjustable valves for changing a flow area which, how-
ever, once m set remains fixed no matter how the fiow mti may
changa with engine speed and ~rottle variatmns.

Designers m~ therefo~ concentrate attention on the problem
or compensation and develop, first, various schemes or qualitative
means of compensation and, Secondtapply b each of these thq physi-
cal laws belonging to or charactemshc of it as the quantitative and
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til meaos of oompemsdion to smmre properly ~roportioning fl~w
carburetors correct m capaci~ for a grqm enfpne. Of co- m
every case there must be avadable. full and cornpIete data (a) qn
the flow Iaws $or every kind and mze of both am and fuel pa~gel
reMing quantity to vacuum; (b) on the vacuum at evwy point in
an air passage where a fuel nozzIe might be located and ik law of
change with air flow to fm the relation between air flow and fuel
flo~:$yu h t~is common vacuum. Without. such data now pretty

E
L -, thp amount. of corn ensatlon needed can not be

%own without experunental trd, wkc , of course, wide one means
of echtion, is not a pro r on% and certainly is not a means that

rcan be characterized as esign.
So far, i+pro~ement of. carburetors has foIlowed ahaost entirely

the. quahtatme hne, attention hav~g been concentrated on compww

sating schemes almost t-othe.exchunon of the quantitative determin-
ationof pow or p~o ort~onahty laws to reduce to tabular~phJc,~

Jalgebralc form el er the amount of compensation
7degree of success attained with what has been provid by cut-and-

try empiric methods Now that a reasonable number of corn ‘heat-
ing means has been disclosed, any one of which would seem to E ade-
quate if pro erIy a.ppIi@ the ttie seems ripe for reducin to the

i c?quantitative asis the various flow Iaws of each element an for the
combination of such ek.ments that make up a carburetor.

Clompenaating means for proportioning flow carburetors are of
three general @p+ and there are several specific classes of each
type now availabIe. ‘llesa three types are named, first, flow area;
second, fuel head” and, thi@ combmed flow area and fue~ head.

LCompensation y flow area inchdes all thoee arr
Y

ements in
which either the air-flow area or the fuel-flow are+ or bat , is varied
with the flow rate automatically in such a way as tu correct for de-
partures from constancy of proportionality; reducing the fuel or in-
creasing the air-flow area -wheneverfueI is in excess by just the right
amount to reduce the excees to zero-,and the opposite when air is in

k
excas This may be done by roding (a a graduating fw$inlet

$valve in connection with a ftxe -air inlet; ( ) a graduating air-iulet

$?lxed-fuel~;~~
vaIve in connection with a fixed-fuel inIet; c graduat-
both fuel and air idets; (d) a multiplicity o
into action successively in connechon with a simihr multiplicity of
fixed-air passages; (e) s multiplicity of fixed-fueI inlets coming into
action successively in connection with a single air pamage rovided

%with a com ensating regdating valve. In all cases the ow-area
Jghagge aho d be directly related to and contrdkd by the flow rata

itseIf.
~ompensation b fd head includes all those arrangements in

Jwhich the net fu -flow head is changed from the value it would
have if the fuel nozzle ~ere fixed at a given point h+the air passa~
where the vacuum is dmectly related to and detmmned by the am-
flow ratq and if at the same time the fuel supply were taken from a
constant-level chamber with a constant-surface press- This end
may be attained by ~) changing the position of a fixed area fuel
nozzle in a fied area tapered air ~=ge, or the position of the air
pamge around the fuel nozzIe, used in connection with a constant
W@ constant preeeure fuel-supply chamber; (g) admitting air to the
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fuel assage at a point between the fuel-su ply chamber and the fuel
f Jnozz e, to reduce the vacuum there and r uce the fuel flow, used in

connection with fixed flow areas and otherwise constant fuel-supply
heads; (h) reducing the ~ressure in the constant-level fuel-supply
chamber, m connection -mth tied flow areas; (i) combinations of
changes of nozzle position in the air pasm e, float-chamber pressu~
and of air admtiio~ to fuel pama es.

?
L sin, it is assumed that

these changes take pIace autornaticaly to vary with the flow rate,
Compensation by combined flow area and fuel head, includes all

of those arrangements in which the flow area and the fuel head vary
at the same time. This may be done by (j) a.wciating raIved fuel
and air inlets, (a), (b), and (c), with head control by nozzle position
(~) mixed flow (g); or with float chamber pressure h); or with

!t eir combinations (i) ; but there are two special cases o multiplicity
of fixed fuel inlets coming into action successive on which the hesd

Tvaries at the same time. These are (1) the sin e or multiple stand

f’
fipe having fixed hoks at different vertical heig ts above ~ consttint-

evel, co~ant-presmre fuel-supply C@mber, fix+ in an ~m paasa e,
%so that increase of vacuum brings higher holes mto achon there y

increasing the flow area at a point of different vacuum thun that of
the lower hoIes; and Z) the tilting chamber with a series of fuel

iholes or nozzles the uel head on which changes as they are de-
pressed with reference to the constant-Ievel, const?nt- re+me fuel-

!suppIy chamber, whiIe at the same time they move m t e antpa=age
to regions of different vacuum due to position rather thtm height.

In general, only one of the simple direct means of compensation
is necessary, and there is not only no good end attained by combining
in one carburetor more than one compensation acting at the same
time, but there is danger of positive harm because one ma operate

Jin opposition to the @her over a part or the whole of the ow rangu
and thereby neutrahze the other, the o~er-all effect being no better
than if no compensation at all were provided and the structure much
more complicated. Thoss de~eIopments“thathave been made by the
cut-red-try method are most likely to have doubIe or triple compensa-
tion, because the fist means being improperly worked out is found
inadequate and another is added by the experimenter without due
effort to perfect the first means. This is not always the ca~ how-
ever, and there a% possibilities of structural.arrangement thnt natu-
rally tend to combme the different means of compensation and to pro-
duce not only the desired simpIe structurq but suitable compenmtion
as well. Such cases as this are the exception rather than the rule
t-redshould not be regarded as an ar

r
ent in favor of multiple

compensation which should be used.on y when there is a good clear
advantage h be derhd thereby,. and when positive means are pro-
vided to prevent any possibility of interference and neutralization
of one by the other.

One excelIent example of this is found in the”usa of an air inlet
valve with a fuel Met valve where the fuel valve alone could pro-
vide adequate compensation. Here the air valve addition in the
automatic form rovides no! onl .Q-sui.tab~eand prop~r actuating

7 c?means for the fue vaIve, but m a dltlon ]t dmectly contribute.sto the
prevention of a high vacuum in the mixing chamber so uudesirabl@
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from the standpoint of maximum engine capaoit which requires
rthat the fuel charge have the highest possibIe abso ute pressure.

Those subclasses that have some sort of compensation but inade-
quate or improperly ap Ii@j are jm@d as bad ta fair, while those
in which the compensa&

9
nmpropermkindareju edas fairto

good, depending on the de ee to which use is made o the com en-
sation possibiIitre~ and & ~ the triple jud

T
Eent is applied to t oae

subchwses in which the defimtion may inchI e the whole range from
no compensation at all to complete and sdiefactory correction of
wrong proportions

The ]ud
F

ent of bad to fair is applied to the following compen-
sated subc asses because the compemation is inadequate or wrongly
dated to flow.

(A) Compensation wren y reIated to flow because thQ throttIe
fis the actuating ekment, an throttle position is not the determining

factor in W the rate of flow:
L Throttle actuates the fuel r@ating valve. Subclass 11.1,

f
sin e or muItiple fuel idet with le or multiple Ed air inlet;

2an subclaas 12.4 single fixed fuel - et, single am idet with auto-
matic wdre.

= ‘hroffle atiate~he & ‘e??a% ““e ‘r ‘iw *’ hValTe. subcIaS97.1, Ie fixed el et between mngIe am mleii
wdve and throttle; subc ass 7.2, single fixed fuel inlet in front of
single air inlet valve acting as throttle- subcLaas8.1, single tlxed fueI

liink fised primary and throttle contro ed aeeondary air; subclass S.3,
@e tied fuel inlet, automatic rimary and throttle controlkd
secondary air; subclass 8.5, s- Ie

5
& ed fueI inlet, primary and sec-

ondary air, both throttle contro ed.
III. ThrottIe actuates both the fuel and the air regdating val-res

P
or, acting astheair~ ting valve, actuates the fuel valve. ~ub-
cIass 12.1, singIe fuel et beyond single air valve acting as throttle;
subclass 12.2, singIe fuel inlet between single air vake and throttle;
subcIaes 12.3, single fuel inlet at or in front of air vaIve acting as
throttle; subclass 13.11single fueI inlet, fkwd primary and throttle
contrded secondary au-; sutwhws13.2, single fuel inlet, throttle con-
trolled primary and secondary air; subcla~ 13.4, singIe fuel inlet,
tied prima

3
and automatic secondary air; art of subclasses 14S

1and 142 in uding aIl cases of thrott~e eontro
IV. Tkrottle control of smceesion of muMiple fixed fuel je~ in

singIe or separate air pasages. Subclass 6.2, more than two bed
fueI inlets, each in myarate tied air inIet; subclass 9.!2 more than

ASS 9.6, thetwo fixed fuel inlets m eir@e air aasage; part of su
ftilting chamber, with multiple fue nozzh+ If tilted by the throttle

or air -ralre, acting as throttle.
(B) Compensatmn wrongly related to flow because discontinuous.

Two point compensation instead of continuous or muItipIe point b
c?successive or aIternate action of two fuel inlets, each separately a -

justabIe for one dMerent flow rate at the ends of the ran , whether
Kthe succession be controlled by the throttle position or e -racuum

in one or separate air passa~ SubcIass 5.1, one fixed main fuel
inlet and one fhed auxdiarIy high-speed “et, eingje fixed air inIet;

dsubclass 5.21one fixed main fuel inlet an one fixed auxiliary low-

-
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speed or idling “et, sin le fixed air inlet; subclass 6.1, double carbu-
i! 7’retor with two xed fue relets in separate fixed air passages, succes-

sion controlled by throttle; subclass 6.8, double carburetor with two
fixed fuel inIets m separate fixed air paasa e% succession controlled ‘

Lby vacuum; subclass 9.4, one ~ed. ma@ el iqlet and one fixed
auxiliary low-speed or @mg Jet m single vamable am passage,
vacuum or throttIe su~on.

The judgment of fair to good is applied to the followinq subclasses
because each provides compensation of a proper kind, which may or
may not be adequaiw in degree. The several subclasses are grouped
according to the type ?f–compensation tl?at is the controlling oney
if two or more are rowded., as is the case m some mstance~

!/(A) Automatic Iy varying relation of fuel nozzle to air-passage
throat. Subclass 8.4, throat moves set fixed nozzle, or nozzle mores

!in bed throat without ohanging uel or air inlet mea, movement
controlled by tie vacuum corresponding to the air-flow rate.

(B) Mixed flow fueI head control by admission of air to the fueI
passage to vary the fuel flow head on the delivery side, the amount
of mixed flow and air and its compensating effect controlled by the
vacuum corresponding to th~ air-flow rate. Subclass 4.1, single fixed
fuel inle$ single fixe% main air inletl with auxiliary nuxed flow air
inlet acting continuoudy perintermlttently; subcIa~ 6.5, multiple
tied fuel and air inlets, at least one air inlet entiring at lewi one of
the fuel passages, and acting continuously or intermittently; sub-
claas 8.6, sin~leafmd fuel wet, multiple variable air inlets, at Iemt
one of the am l?lets entering the fuel passage and acting conthm-
ously or intwmuttentiy; subcIa* 11.3, smgIe or multipIe fixed air
inle~ at Ieast one of the air inlets entering at Iemt one of the fuel
passages and acting continuously or intermittently.

(C) Float-chamber pressure control by passing air through the
top of the float chamber to the mixing chamber b vary the fuel
flow head on the supply side, the compensating effect controlled by

fthe vacuum corresponding to the flow rate. Su cIass 3.5, single fixed
fuel and air inlets, with small auxilia air flow through top of float

Ichamber; subclass 7.5, sin le ilxed fue and single vamable air inlets
with small auxiliary air 1?ow throu h top of float chamber; subclass

212.7, single variable fueI and air i ets, with small auxiliary air flow
through ,to of float chamber.

Y(D) l?ue standpipe double contmil of fueI head and fuel flow area,
the head on the successiveholes and the number and area of holes con-
trolled by the vacuum corresponding to the air-flow rate. The fuel
inlets are all described as muItiple fixed and associated with the
following elements: Subckss 5.3, single fixed air irdet; subehms 6.6,
muItiple fixed air inlets; subclass 9.3, single variable air inkt; sub-
class 10.5, multiple fuel nozzles if Wed by vacuum or air flow.

(E) An inlet area, varied by regulating ralve with single fhd
fuel inlet, the valve controlled by the vacuum corresponding ta
air-flow rate or by the flow rate itself directly. “Subclass7.3, sm le

fair inle~, with autamatic valve, fuel entering beyond; subclass .4,
single am inlet, with automatic valv~, fuel entering at point swe t by

fentering air; subclass 8.2, fixed ~r]mary and automatic valve sec-
ondary air inlets; subclass 8.4, pmmaly and secondary air inle~ both
automid.ic valved.
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(F) Air inlet area varied by regulating valve with multiple M
fuel inlets in one or in separate air passage, the active area of eao@
and the Succ-on of wluc~ are controlled by a valve actuated by
the vacuum corresponding to the airflow rate or by the air flow itself

fdire.ctl . SuMaM 6.4, m re than two fied fuel inlets, each@ a sep-
arate

‘e’?’?”
e and tied except for the single automat~c wdve;

subclass $., m hpIe tied fuel idets in single sir prism e brou M
%“finto action succea9ive1yas the automatic valve changes t e am ow

area.
(G) Fuel inlet area varied b~ ~gulating valv~ with singIe or

multipIe -d air We@ automatmally with the air flow rate. Sub-
cims 11J2:smgk fuel inlet>fuel valve actunted by the vacuum corre-
sponding ta the air flow rate or by the air flow itsdf without chsng-
in the air inIet arm.

?)H Fuel and air inlet areas both varied automatically with the
air flow rate? the fuel valve acutated by the automatic air valve* or
the air and fuel vahs indepeudentIy actuated by the vacuum cor-
responding to the airflow rate or by the air flow itsdf directly. Sub-
class 12.5, singIe fuel and air inlet, fuel vaIve controlled b automatic

?air vshes subclass 12.6 single fuel and air inIet, the fue inlet valve
controlled directly by de vacuum or the airflow and the air entering
through a mechanical or an air automatic valve; subcla~ 18.3, single
fuel valve controlkd d.imdy by the vacuum or air flow with fked
primary and variabIesecondary air; subchusslM single fueIinIet,hed
primary and automatic valved eecond~ air actuating the fuel vslv~;
subclass 13.6, single fueI inlet, automatic .rimary and secondary am

afvaIw.s, one or both controlling the fueI v -re; part of subclasses l+L1,
and 14.2 incMing aII those cases -where the fuel and air control is

automatic and not by throttle.
(I) Successive point fuel-area control with regular variation of

air area automatically. . Su13cl+S 10.1, tw~ fuel inIet~ gne H main
jet and one fied aufiary Q- eed let bqought mto action at

?high-flow rates by the vacuum or y the wtlon of the automatic
secondary air valv% with tied primary and automatic secondary air
inlets; subclass10.2,two fuel mlebs, one fixed main, and one tied
auxiIi

%
low-speed or idling jet brought into action b the vacuum

abwre &e throffle or by the throttle clcmme, with ed primary

and automatic secondary ah inlets; subchases 10.3 and 10.~ two or
more fuel inlets each with a separate air passage receiving all or
part of the air throu h an automatic valve, with or without a com-

%mon automatic secon cry air valve, the succession of action of the
several chambers being controlled by the vacuum, respectively.

The triple judgnmt, or no jud~ent at aII, applying to all the
gengd cdaasesaxce t th? first whmh ~ rejected as uncompensa~

i?aLsoappbs to the o11o
T

2au oIasses with the division and limita-
tion noted in each case. e M of time is subclass 9.5, concerned
with fuel-head and fuel-flow area control tidtieody, mmewhat -
similar to the standpipe idea, b?t here brought into action by tiIting

\ a muM”et chamber. If the tilting be accomplished by the vaouurn
f+or air ow automaticdy~ then these cases beIong in the fair to good

group (D); but, on the other hand, if, as-k more ofh+ the OS*, the
tilting be done by the throttle or by an am valve acting as thxottle,

—
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then they fall in the bad to fair up (A). similarly, ”sub-
Yclass 14.1, two fuel inlets, one fixed a: tl?e othm with a regula~ing

valve for high speed in connection vn~h am Ie qr multiple variabIe
fiair, belongs with the fair to cod group ( ), If the fuel valve is

8controlled by the vacuum or OW,even if the air valve is throttle
controlle~ and more especially so if it is autanutic and itsdf con-
trols the fuel; wherea~ on the other hand, if the fuel valve is throttle
controlled even with an automatic air valve, and especially with a
throttIe-controlled or throttle-acting air -rnIre the case belongs with
the bad to fair group (A). A sin, those mu!ltide carburekm each

7 &tit of which contains a variab e fuel and “vari Ie air element, and
to which may be added a common secondary air valve, belong to
the fair to ood group (H), or to the bad to fair group (L), no

%matter whet er the succession or ~rogresion is controlled auto-
matically or by the throttle, depending on the nature of the centroI
of the separate unit fuel and am -ral-r~ to the former lf automatic,
to the latter if comeoted to throttk

Assuming that by this analysis a series of typical forms and ar-
rangements of compensating carburetor% classed as fair to good, in-
volving a set of generally available compensating means that can be
used Q@% or sereraI of which can be jointly emplo ed to coact in a

!’sin le carburetor, provided interference and neutra ization of their
Rin uences is reventid, it is necessary to establish same basis of dis-

tinguishing i e fair from the ood, or more directly to specify the
%elemenk or conditions that sha ?leId a good rather than merely a

fair result. This is the quantitative side of the question and gener-
alIy speaking is not the sort of t.hi

Y
that can be put into general

language, but requires first the estab dunent of a large quantity of
experimental data on flow laws or the relation of the vacuum at a

{
omt in an air passage that might be occupied by a fuel jet h the
ow law of the air passage, all reduced to algebraic or at least to

graphic and tabular form.
It is, howe~er, poasible to draw a few general conchsions of some

value as guides. In the fist pIace, it must be pointed out that all
the different typical means of compensation that belong to the general
class of varying the fuel flow head from what it would be with a
fuel ncuzle in a fixed position in the air passage and a consttint level
fuel sup ly at constant surface

f 5
mss-um are themselves dependenti

on flow aw~ Therefore, to app y such compensation as is deriv-
able from mixed flow float chamber pressure control, and fueI shmd-

L
i~ the flow laws of the uncompensated passages must not onIy be
own, but aIso the laws of flow for the compensating passages them-

selves. The same thing is true for the compensation by variable
relation of the fuel-jet position in- the air-passage throat, because
unless the vacuum at every

P
int of the throat is known for any flow

rate it is impossible to
d

etermine how much movement wilI be
ne ed to compensate for the incorrect proportions that rmxdt from

● a fixed position. Of course as has been pointed out before, the de-
cisired result rna.ybe attaine by cut and try methods, but it is more

than likely that such methods will reduce only a measure of what
!is ossible by the scientific method, t ough it is ossible that patience

5m good luck may make data unnecessary. 0! the three fixed pas-
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9sage compensa “ m~ that by mixed flow is by SUodds the best,
the standpips su ering interfer~ce by inertia and

%
Uiring exce9-.

sively minute oridces when the tqzpgate of many all equal in
area a ain@e one that is itself retty.small. The float chamber pres-

?sure control is next in order o pronuse, but is subject to interference
by leaks, dirt, and spIashin when under vibration or when tilted.

r%The next concision wo y of notice is that all these compensa-
tions by fuel-fiovv head control are a pfica~le to fixed passageways

t%which once established need no fur ~r ad@ment exce t as may
Jbe required to coqrect for fuel and am denmty and fu ticosity

changes, the function of subcla= 15.1 and 153, though, of course,
these can not be expeeted to correct for a change in the character
of the fuel when a more viscous is substituted for a IWJSviscous kind.
This is one limitation of the tlxed fuel p~ge carburetor, and is
an ofket to its emdlent feature of nonadjustability, a matter of
greater importance the 1sss the ski~ of the operator. Perhaps a
more serious dra?back is the rate.at @jch the vacuum increases and
the mixture dendy decrea~ vmth increase of flow rate, when the
air ~sssage isone of fixed area. It is cIear that if at Iow speeds the
air+.nlet area is small enough to establish a reliabl steady flueI flow

Jthen at the maximum flow rate cmre.spending to e mamnum d
and load of the engine the mixture vacuum will be quite high and
the capacity of the engine lower than it would be if the air-idet
area increased with flow rate, other things be”

This is the rincipal s-r Y
equal

%
ent in favor of t e automatic valred

rair idet, whit has a goo deaI to recommend it othe “
?

and no
very serious disadvantages, if intelIigentl worked out..

L?
o auto-

ma~ic valve that.req~ a v.@a.ble Ipad .erived from a sp “ , the
3resistance of .wlm+ vanes mth lts tirhon, ~an b: approv ~nor

can an Ioachng hnkage or cam arrangements m whmh wear or dirt
may al ect the motion or the loadiu .

&
Any pmsibility of tlrii sort ‘

means an .uexpected and perhaps astrous interference with the
com enaat~onand, therefore., @.h the vvorking of the e.n@ne. There
can L no corresponding ob]ect~on to the use of automatic air valves
that are gravity-had J without springs or that have ~tig Ioads
that are constant-that is, that do not vag wi+ the entree range or
distortion permitted, a comstantload ~rmg being precisely equiva-
lent to a ~atity load except for W-e item of inerha which .ia Iesa
bother sunihw loading that is pos.sableis the constmt buoyancy of
a float constant] scibmer ed in a hqpid chamber. With such load-

i fing, rnorecmer,t e sir va ye c% be reIied upon for movement ever
its whole range with but Wtle, d any, change of vacuum andl there-
fore, becomes a means of securing a mixture at the -run poti-
bIe absolute pressure without the use of boosting fans+ blowers, or
pumps.

OnIy such forms of automatic air valve should be used as are not
subject to sticking, a defect of this cdass of apphnce, bemuse the
actuating forces are feeble. Certainly the form should be smh that
wear shall not interfere with the ation by creating a leak path for
the air. This points to centrsIIy guided va~ves of the circumferen-
tial seating form rather than to p~an or sleeve forms. With such
slight vacuum as deveIops with a constantload automatic valve the

72m5°-s. Doe.659,%629

&
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fuel flow required can be maintained only by the use of a fuel valve
the area through or.past which must vary with that throu h or past

fthe air val~:e,and as such a~rvalYes,are themaelv~ equi~a ent to air
meter% them movement indmatmg dmectly or indmectly the air flow
vohmm, this same movement seems a most Iogical actuatin means

fof the needed fuel valve. +saurning that a connection of t is sort
is to be used, it must be pointed out that the rehtive areas can be
established experimentally with absolute precision without first
wtablishing the flow hnvs for the air and fuel passages, bwxuse the
sha

F
of the air valve and its seat or “ding walls may be selected

#an the proper form of needle estab “ ed by testing the proportion-
ality over the flow range and cutting the needle or lts ~at to correct
for deficiencies at any point. The nywrae and easier mctll~d ma ,
however} be substituted, that of +ect

Y
[a neecl~eform that 1seasi y

made mth recision, and experlmenta y shupmg the air VU1ve or
%its seat. T e latter is preferable because of the larger dimensions

to be ad~ustedand the lesser consequence of shop error.
In tlus amdysls the throttle-controlled com ensations ham been

Trejected in favor of those that are .automatica ly controlled by the
air-flow conditions, on the assure tlon ~hat the throttle osihon is

fnot a prime variable in the rate o flow m carburetor~ 3 his is cer-
tainly justifiable .in the case of engines of the automobile cla= where
resisting torque E widely variable, and therefore engine speed and
carburetor flow rate also under an given throttls position. It is
true to a lwiser degree of en “nes

1?
Zl ‘vin screw propellers whether

they be in water or in air. ff the prope er for a given engine were
to be always the same, and if it were tq rotate in water or al! always
in the same state of den.wt and of motloq as to amount and dmection,
then it would not be true, L um the engine speed and the carburetor
flow rate would be controlled by the throttle alone. In view, how-
ever, of the fact that propdler-rotnting resistances do va~ at a @~en
speed, especially when rotating in air, and that for a green drlvmg
torque the rotative speed wilI aIso va

1!
then the throttle position

ceases to be a prime variable+though t .~ situation is not so bad as
with the hmd vehicle. That carburetors can be designed to meet the
worst sort of independence of flow rate with respect to throtile pmi-
tion, warrants the conclusion that thm sort must be approved even
for the propeller service over the others that de end for their accu-

iracy of proportioning on the assumption that ow rate is tied by
tlu-ottle osationalone, and always -roll be no mattsr when, where, or

lselhow ~
All variations in flow rate through a carburetor having any sort

of throttle-gc@+olled compensation that take place at any fid
throttle poatlon due to changes in resistin torque mainly, though

#to some extent a~ to spark angle,. mu@ a d mixture roportions
as if the throttle-actuated compensator were absent. + his would
most seMously dis$urb those classes in which the ordy compensation
provided fiere throttle controlled, and less seriously those in which
the throttle-controlled compemator supplements another compensa-
tor that is automatically actuated by flow conditions directiy. The
mult vrould be least serious in boat and aero engines and most in
land transportation machine% like the automobile, tractor, and rail-
road engin=
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Even if it should be found in the case of propeller-drive engines
for mro and marine work that throttle-contrded compensators did
not seriously disturb proportionality in the carburetor, it is newrth~
less advisable to uss even for them those clamea of carburetors hav-
ing automatic coqensatio~ controlled directIy by the flo? rate, un-
less it cdd be shown that more would be lost than

Y
ed byso

doing. 0~.con~tion that @ght be cited as an--p e jussify@
such a de.cmon M that of stmkmg versus nonshclnng of a moving
part, which in the preferred group of carburetors is automaticaIl

dactuated by the flow rat+ but in the other is manually controll
Even the mod perfect carburetor from the proportionality stand-
point mi ht properIy be desmibed in favor of a Iess accurate instru-

&ment wi a throttkactuated compensator, if in the former cay the
movemmt of an air valve, for ~p~e~ we% mar and er~~

duntiI such time as im roved me+anical daagn could rem y the
fdefect and insure reIia WY of acha

.

—
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REPORT No.U.
PART V.

FLOW LAWS FOR GASES AND LIQUIDS, WITH SPECIAL
REFERENCE TO AIR AND GASOLINE IN PASSAGES
FOUND IN CARBURETORS, WITH COEFFICIENTS OR
TEST DATA TO BE FOUND IN THE LITERATURE OF THE
SUBJECT.

By ~ E. LUCRE

(A) FOB?vlU~E FOR THE FLOW OF FLUIDS, BASED 07S HYDBAU-
LIC AND THEB31ODYNAMICLAWS.

L FZow of @.ich-C?enerd conditti.-Before giving coeilicients
for SCM cas-w,it seems desirable to review briefiy the general Iaws

xfor e flow of gases and liquids.
The simplest case is that of a fluid, gaseous or Ii .c$ “ asing

through a strai@t pipe of unvarying cross section. I?ti t%e~r-
ticks of the fknd move in straight paths paralIeI tn the axis o” the

?h
pipe, and with the same vekxxtyj the cfuanti by volume passing
a given cross section in unit time IS Q=u. A, w ere u is the vekwity
of any particIe and i4 the area of the cross sectkn This, however,
does not represent the actual case. Cbse to the waII wdl be a dead
Iayer of fhud cling-in to the pipe and having no vehci~. Next to

3this Iayer will be a owly movmg layer and the velocities of these
thin Iayera will increase toward the center of the pipe, where the
maximum veIoci@ is found. In general, then, if the quantit is to

ibe determined by veboi~ measurements, as for instana+ y the “
use of a Pitot tube, the -rs.Ioci wiII have to be determined at a number

::m%?%:f:tw:$i:q~”~=”~’ ‘he “’;,:::;:-uation EMI IS Q=um. A where k ISthe
mean velooi~. In genera~ owever, the equation w”

Q.= Jadu (1)

9
erience has shown that even the ease in whi4 friction is

ocmsi ered q% n~t rep-~t actual conditions except at the very
lowest Veloeltms, L e., m

v
emd the individual particks do not

move in straight-line para el paths Instead the flow is more or
less tnrbuknii This is due to visaosi

T
, which varies between the

widest Emits amo different ffui@ an even for any one fluid when
the temperature % ges. Even in the case of the lightest gases
viscosity pIays a certain part. Whenever the difference in velocity
between two adjacent Iayers becomes great enough, depending cm

46s
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the kind and condition of the fluid, the two layers will actually
separate, and turbulent flow is the result.

If the cross section of the ipe or channel varies, the mean velocity
can not remain constant. $ or continuous flow the weight passing

any section in unit time must be constant, and if —~represent this

quantity end ~, AIW1represent the mean valocityl km, and specitio
weight; respectmeIy, at section 1, and using simdar subscripts for
other sections,

~-Al~wl =AaK *
t

w =A#&wB (2) ‘-

For Iimuids the specific weight is practically constant and the equation
Simpd es to

Alu, =Aa~=A.~ (2a)

Thus for liquids the areas are inversely proportional to the velocitiw,
and for very srnall preamre changw this also applies to gases and
vapora with sufficient accuracy,

2. FZOWof gatw-GemraZ ca.w-Theorettial flow rale.-~ot only
the weight passing any cross section in unit time must be constant,
but aIso, according to the law of the conservation of enu;lgyy~~
energy per unit mass at one point of the pi e must be

f ?energy per unit mass of the stuff at any ot er oint in t Ie pi e if
#.rl hthere is no heat interchange with the eurroun “ g medium. is

is expressed by the equation

‘~= 1,+p*v,+ ZgL +P1’q + Zg

g (3)

= constant
in which 1..,2==internal energy.per pound of fluid

pl,z=stati.c p=ue + pounds per square foot abs.
Vl,a= spe~c volume m cubic feet per pound
UMu veloqlty ~n feet per second

g= gramtatlonaI acceleration
-32.16 feet per second per second.

This assumes the centers of sections 1 and 2 to be on the same
Ievel, i. e., a horizontal pipe. p, is the pressure which would be
indicated on a auge floating in the stream. It may be determined

7by drilling a ho e at right anglw to the wall of the pipe and attach-

T
in a manometer or gau

~
but this will give the true static pressure

on y at low velocities. j higher mlocities the aspirating effect
lowers the ~adings.

Transposqg

% @
—— -J= 11+ ‘pIvi-1, -p,v,
2g 2g (W]

amum.ng adia~atic conditions,
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substituting and Simplm,

but,

For continuous flow from equation (2),

455

(4)

(5)

Sllkdititillg in equation (4)

A/’-$] ‘-“)
and

.*=4,,%J-]” m

This equation is based on the assumption of nonturbulent flow and
ne@cts heat flow throu h the pipe wall= When it is used for Ven-

#tu.mmeter t- p, is e qpstream
?

ressureandpzthep re.asureat
the ‘( throak” ~1 is the reaproeal o the density at upstream pres-
sure and n for am is M(I8.

8. FZOWof gawa-l%awretidd flow Fate for and? peiwww d@r-
encea.-h uat.ion (8a) the ri ht-hand member is an

> f j tiy,z;of the .-work . u@g the change rom ~n.~tion (pi, WI

(’+m.pbmtll~ It IS represent~d by the mhcator ‘card o an Ideal am
engine or alq compressor, wdh no cIearance and aihabatic expansion
or camprwszon. Now when the pressure range is very sm~ this
diagram becomes practically a ;ectspgIe, i. + t!, is very nearly eqmd
to WIso that equation (~a), is sunpldled and rea~

lb= Ib$~= plv —pat)
2: 2g

(8)
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1; can be shown that the error of this approximation is equal to
Pres9ure range ~

~8 “
or air: or if the error is not to exceed 1 per

cent thep~rymee range must not excaed 2.8
r

cent of the pressure.
Thus for work near atmospheric pressure t e pressure range must
not exceed 0.028 X408 u 11.4 inches of water for a maximum error
of I per cent, or 22.8 inches if 2 per cent are allowed. It is well to
lmow exactly what error to expect when using an approximation
and .n~t simply to spedr about ‘ ‘SIUQUpr~ure drops’) without

‘Pz%% of ,&.s l%rW@ or#W3-mm?$iCa?$Ow mte%+h?nmd
cW-CWiCaJ aaa’umra#W.—
thrO h Mly G

en a gas flows rom a large vasel

a
“ d of an ofice into th? atmosphere or into another

the pressure in the vd
v “~h Pbwr J

ater than tho prcsure
outm e pz, the g~eraI equations 6) and (7 of m.urse.ap Iy,.so Iong
as a~a atic flow IS assumed, but they may be wmpldi , since the

~Je;j;)~@Y’n~m*’’~ne~’y ‘u’ h 0“0 ‘d “Y
In the case of the flow from the atmosphere into the car-

buretor for “instance becomes zero and the above term does not
%exist. !tn other cases e error will have to be determined.

With the assumption then. that ~ is very large compared with Ul,
equation (6) is transformed mti ,-

??/-1

u= 2g.L
(P)–n- l“PIV1”[l- fi ~

(9)
1

where u is the velocity of sHux fmm the ofice and ~the pressure ab
%the smalkwt crom section of the orifice which for t e present is as-

sumed to be a hole in a thin late or a short conver@g nozzle, so that
fp is equal to the pressure o the medium into whch discharge tal{e

place. The latter statement, howevar, is not generally true ae will be
seen below. . .

~:::;~T:~I+@” “““““ ’10) “--”
or

wH=AJ2g+.5[@y:@~ (1~)

or, for air for a round orifice of diameter c1inchas, the initial temper-
ature of ~ air being 60° F.

Wm -0.000491 @pl~W (lob)

The only variable in (9) and (10) is the pressure ratio
(P)

& ; and if,

by means of graphical method or by dMerential calculus, ‘the value
of ~ for dmum flow is deaed, the fonowing I.WSUItis obtained;

“ @=(*)~ ‘orma-m’ow”
(11)
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This is calkd the cm”t&@pressure ratio. R means that if val~es are
calculated for W, keep~g PI Co?stant and qaduall~ -ceducmg pz,
the back pressure, the dmharge mcreaaa untd the cmtmal pressure
ratio is reached. If the pr~e is reduced still further, the flow
should begin to decrease, accor+ to the formula, until vvith
P# .fie flo? wod.d be zero. This E manifdy wrong, and many
experunental investigations have proven that after the flow rate has
reached a mahum value it remains constant, no matter how much
the back pr=ure is reduced. Or, in other -words,when this critical
P~ ratio is exceeded the pressure in the mouth of the ofice is
not any more identical with the insure outside. For air -with
n= 1.40 the critical pressure ratio 10 m e uation (11) is 0.528, i. ~,

1at 53 per cent of the initial pressure the ow rate reaches its mam-
mum value. This, as has been emphasized in another chapter, must
not be overkdmd by carburetor designers since, should the pressure
at the throat of the Venturi tube reach this critica~ value, the air
flow would cease to increase while-the gaadine flow out of a nozide
located in the throat of the ~rentw tube -would continue to increase
with the preasure tiop.

The eqpssion for matiw flow, substituting the oritkl vake

(P)
of ~ from (11) in equation (10] or (lb), becomes

T-=44(*)+2%* (12)

5. Bam conditbne m for (4)—Approm-mding ex ?e8sium for
!$w. rata.-Equations [9) and (10) are very awkwar for numeri-

cal calculations. Equation (8) gives very simple eqr~o~ but is

acc-~e ‘di ‘or ‘cl! ‘auf
resmre ranges as was shown there.

To sa+asfy t e need or amp er forma for tie whole range down
to the critical pressure, varioua approximations have been devised.
One is due to SchiiIer, who substituted a hyperbola with the exponent
unity and having its origin on the voh.une axis in pkce of the actual
adiabatic curve. This results in the follo~ exption for the
veloci.@ at the mouth of the orifke.

‘u= (P1–PJ . 2 P1-~ (PI- p,)
@i+ Pa)

(13)
q

.

“-’-(4)%%inwhlcha=~= ~

==0.353 for air.

W=A. ~ [ -’0-31and v,=+. ; 1

The acouracy of this expression is as follows:

(14)

.—

.

—

— —

—

ror~-1.1 1.3 1.6 L ?

Error =0% –O. 6!Zo –O. 82% -1.1%
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6. Flow of gms i%ough ori$c438-Tbore&aZ ~ mte8—Snudl
preimnwedm s.—Equation (8) which was deduced for fluids in genord

imay be use for gas flow as 10 as the pressure range is very mud.
For the bl.itS of aOClll%Cy,see% cussion under equation (8). When

the pressure ratio is I.-. than ~= 0.9, the above given aeourate

zequations (9) and (10) or (13) an 1(14} have to be ussd. When the
pressure ratio approaches the oritical value, approximate formuha

decked from u=@@ in which 7i== are absolutely us&ss.

Below will be found a few enpremions%ased on equation (8).
Durley (Trans. A. S. M. E., vol. 27) reduces it into this form (for

air flow) :
For an oriilce of diameter d inohes,

(16)

in whioh i ==diilerence of pressure in inch= of watar.
P=mean presure of air in pounds.
T= abs. temperature of air in ‘F. (supposed to remain un.

Ohangd).

Durley says that ‘(up to a pressure of about 20 inches of water above
atmospheric pressure the results of equations (15) and the aocurate
formula (10) agree ve~ olosely. At higher differences of pressure
divergence becomes notmeable~’

When the dischar takes place into the atmosphere, P, in Dur1ey7s
Yformula, is about 2, 17 pounds per square foot, and

(l&&)

which is of the same form as Fliegner’s formuke:

w.
n

=1.06a ~2 when ps>CM3 pl (16)

or for 1sssthan two atmospheres to atmosphere.

w. =0.63 ~ when p~< 0.53 Pi (17)
1

or for more than two atmospheres to atmosphere.
In (16) and (17) the pressures are in pounds per square inah

T=”F abs.
Clark, for small pressure differences, uses the form:

u E 66.35fi where h =pr-ure difference in inches of water. (18)
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(B] ACTUAL FLOW RATES FOR GASES-RESULTS OF EXPERI-
MENTAL lXVESTIGATIONS-COEFFICIENTS FOR FORMULAS
GIVENIN PART A, FOE GAS FLOW.

L i70.@&?nft? gtmtmmJ .nece88criy-Rea8m8.-In the formukts
mentioned so far the velocity and the weight of the fluid are seen to
depend onIy on the pr~ drop and on the flow area. Experience,
however, shows that the flow rate ako is affected by the moss section
of the dupe of the or~ or nozzle or chanrd seotion. And by
shape is meant not so much the shape of the tzansversa adion,
whether circular or oval or uare or rectanx, but the contours

%of the longitudinal section ra er. For instance, m the case of flow
from a huge vessel into the atmosphere through an orificOin a thin
plat~ the jet begins to form on the inside, the partkks of fluid bein

faccelerated toward the o~ening. The cmsequence is that the area o
the mos section of the let a short distanoe from the oritke. is 1sss
than that of the cuMce, L e., tha jet. is “ contrketed~’ and wMe the
theoretiod wdocit~ may actually have been developed, the weight
discharged per umt time is

T=A’ . u . w where A’=k A and~<l

If, in addition, due to the viscosity of the fluid, t-hevebcity is also
reduc@ the v&city becomes

u’=quwhereq<l

The weight discharged therefore is

W= P. P. A. U.W.

AIthough P and + owe their origin to radically W&rent cause+ they
are usuaIIy combined into one coefficient C, so that,

O=p.p and W.-I= C. TV’-

c will be ciiled the discharge coefficient. The contraction of the
stream is mused by an abrupt change in ~ross s40% oausing
eddks+ and thus whmever loss of energy IS to be avoided, the
change from one oross section to another H made so as not to break
up the natural stream lines of the fluid. b oritke therefore made
mkh a rounded entrance

f
‘ves lEESeuergy 10ES,hence C1OWapproxi-

mation to the theoretic formula than an oriftce in a thin phke.
H does not matter much what the exact &a e of the entranoe por-

i?tion is as long as the oorners me rounded o . Even a smaII radius
sweep ~mrnmJt in a wry oonsiderable improvement ovar the sharp
e
w far the remarks a ply equally to liquid and gaseous fluids In

\the case of the latterZ owev~, another phenomenon must be con-
sidered. The oonvermon of Innetic energy @o heat energy, due to
friction and turbulent flow, means a me m temperat-um lVhiIe
for liquids which are practically inccmpressibl~ this temperature
rise dbes not mean anythin else but the equkdent velocity l% in
the case of gases the A ting increase of volume must be oon-

.-—
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sidered. The actual volume w~ be greater than that co
Y

onding
to adiabatic change which was assumed in the theoretical OIZUU1=

2. ~c$ud flow of a8e8 through o?vjfcee with well-rounded en-
f?trance.-One of the rat determinations for thig case was made by

Zeuner. (Zcmner Technkzhe Thermodynamic, 1st cd., 1887, p. 2!?0,
2d cd., 1900, p. ~6.) Zeuner found for pressures greater than twice
the outeide p-ure, that the actual flow of air was identical with
the calculated va.hms within the experimental limits of accuracy.
By these experiments, made in 1871, it was proven for the first time
that the discharge remained constant when the critical ressure

+ratio was exceeded, thus confirming the work of De Saint- enant.
In his later and more accurate ex eriments with orifices of 5, 11, and

z15 nun. diameter, Zeuner foun the actual discharge ratea to be
SIightly km than the calculated val~ or,

uzO.!27 ~, in which u = actual velocit
J~= calculated v ocity

For smaller pressure drops Weislmch had obtained the same value
for the discharge coefficient, or TVEO.97W, where W and W, are the
actual and calculated weights ~harge$ in unit tima Weisbach
had used short nozzles (ooticd conver

HL
with parallel axit and

1(well-rounded entrance . See Grashof, y aul~ p. 576.)
The addition of a “verging conical art to’ a conver ng nozzle

$ rdoes not affect the t%eoret&a.Zguun.ti$ iacharged, and t lis form of
Ynozzl~ which is equivalent to a S*CS led Venturi tub must be ex-

pected to show the same chamcteristics with respectto actual ffow rate
as the short nozzle excepting that the added surface will increase the
friction It may be mentioned~in passing that the correct taper fcy
the divergin part of a Venturi tube, wk!h has reached such promI-

%nence in car ureter”design~ might be calculated from the pressure-
volume relations in adia.batlcflow so that the minimum pressure drop
would take place, i. e., the minimum &sturbance; but in the first phme
the calculations would be corrat for om+flow rate only, and a mean
value would have to be adopted, and, furthermore, since one of the
principal objects in introducing a Venturi tube is to produce a good
mixing effect, it would seem that the more turbulent the flow is the
better it wouId be for general efficiency, and that good stream fines
are-not wanted at all. Nozzles have been investigated by many ex-
perimenters on account of their Importance for stetim turbines and
for air and other gases-with a wiewtoward their use in gas turbines
and for the purpose of measuring large uagtitiea of. air such as the

5discharge of air compresso~ Unfortunate y, however, most of thwe
ex riments were made for pressure
x

ranges near or beyond the criti-
pressure ratio-Stodola’s nozzle experiments are perhaps the best

Imown, (See his book, Die Dam f turbinen, Springer ?erlin.) ~-
$+ough most of Ins work referre to steam, a study o{ h~ investi~-

tions is most he.lpful to the undemt.anding of some of the pecuhar
phenomena in nozzle flow.

The calculation of the discharge of nozzles which have a restric-
tion in area, i. e., convergent-divergent nozzltw,is based on the small-
est cross section.

A very completa inv~ti tion of the ro rties of nozzles for air
% Jrflow has lately been made y Thomas .3 orley, who read a paper
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before the Ihst&ution of Mechanical EngineeIx+ pubkhed in “-
neering January 28, 1916. %The nozzles had throat diameters
tween 0.193 and 0.196 inoh and were -de with different tapers and
different Iength+ all conwmgmg&vwgm and all with more or

f1sssrounded entranca SimiIarly to mcd o the nozzle and orifice in-
-instigations,the air -was+Iowed @ escapeinto the atmosphere from a
large closed reservom wlnle the tune rate of change of ~ressure and
temperature in the reservoir was beii observed. hind ressmes

2from 50 to 75 pounds per square tich abs. were q an the dis-
charge codllcients varied between 0.95 and-0.98. The. lower vahs
belonged to the Iong nozzles and for those mth own-rap~ddivergence.
The coeilicients were conatan-tfor the whole pressure range.

From all the experiments which have been quoted in this section,
it follows that for ofic= or ncxmks wit$ weI1-rounded entrance the
discharge cdicients are very pearl? umty.

Sanford A. MorsJ(sea also hm arhcIe on Disehar COefEcient.sfor
TAir Flow American Machinist vol. M, ~o. 3, p. 14 states (Journal

A. S. M h., September, 1916) $+t the dmharge coeilicient of a weH-
made Venturi tube for air is wzthm 1 per cent of the theoretical flow.

3. Actual jbw of gme8 thr
Y

h orij’lce8in thin late~ and sh.mp-
+4edged orifice3 diverging in the %e@un of j%w. uch ofieea have

a very much lower disdmrge coeflicqd than the ones just mentioned,
du~ of cm.rse, to the great contrackmn.

For OIMIXS in thin plates (sheeb) of 0.394 inch up to 0.843 .
diameter, Weisbach (- Grashof, HYdraulik) found disoharge co-
efficients varying between 0.55 and 0.72. we p~re ratios ranged
from LOi5@ 1.65. The &sohar q.coeffiemnts mcrea~ wry appre-
ciably -mth increase of pressure% ertmce,and are ihghtly less for
large openin~ than for smaIler ones.

Zeuner, for a roun~ sharp-edged oti~, reported discharge
dcienb very nearly the same as for We@ach’s at a pressure
ratio of 1.51but after that the coedicient continued to increase ewn
after the cmticaI prcs-ure had been exceeded and at a pressure ratio
of 4.1 it was 0.83, beginning with 0.65 at 1.5 presure ratio. This
pecuIiar remdt a parentiy has not been o!+erved by anyone eke,

3according to sch:” er, and must be accepted vmthcaution.
bforIey incIuded one &arp-edged dice in his nozde experimen~

See abom The oriflc~ 0.196-inch diameter, was made in a thin
hat disk. k e sides were beveled off, but the edge was not made
shar , a very thin cylindrical iece being left.

~th the beveled side on t%. side of thdta~ the discharge co-$
efficient increased from 0.758 at 25 pounds per square aba. to 0.858
at 50 pounds per s@.are abs.1+e back pr=re beiig atmospheric.
This corresponds to p~ ratios of about 1.7and 3.4, respectively,
i. e+,near and be ond the critical ratio. The higher vaIue agrees

fwith Zeuner’s, B oreley also re~e~ the w so that the beveled
side of the oridce was on the ou~del and natilly obtained lower
values. the coefficients for the same pms—ure range increasing from
0.7360.84.

A. O. Miller (Forschungs-Arbden No. 49) investi ted the flow
$for sharp-edged orifices eimiIar to those L& mention but for very

small pres—uredrops, about 5 to 50 mm. of water (0.2 te 2 inches).

—

.-
.—

.
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His determinations, made with very great caret “ve for these con-
fditions a discharge coefficient of 0.597, conm erably more than

Zeuner. DetaiIs could not be obtained.
Frequently uoted are the coefficients which were obtained by

R J. Durley. ? Trans. A. S. M. E., vol. 2’7.) The orifices were bored
in plate 0.057 inch thick The rwults are given for orifices u to

$6 inches diameter and for heads up to 6 inches of water. he
principal conclusions were that for small orifices the coefficient in-
creases as the head increases, but at a Ieaserrate the larger the oriiices
till for the 2-inch orifice- it is almost constant. For orifices larger
than 2 inches it decreases as the head increases, and at a eater rate
the larger the ori.dce. rThe coefficient as the diameter o the orifice
increasw and at a greater rate the higher the head. The dimhmge
cceficients varied between 0.59 for a Q-inch orifice and 0.618 for
a five-sixteenths-inch orifice at a head of 6 inches of water. At 2

kiuchw pressure difference t e variation is even le~ betrreen 0.595
and 0.607 a mean of 0.601, which is within 0.67 per cent of 31ii11er’s
figure o.i97.

4. Ltud @w of ga8ea over poppet va.h8.-1n 1905 Cliarks E.
Lucke published a aper on the reasuredrop through poppet valves
(Trans. A. S. hf. f, Tel. 27)2 vv~ch is of interest on account of the
use of poppet valves for au.xdiary air inlets. Both flat and conical
valves were investigated and the discharge coefficients me givem
Naturally they va

?’
between rather wide limits.

5. hctud flm 0 gcMS8thTOU~h 87WPt ?%h8 With 8y+%e~-
tmtuM.-In this case contraction wilI occur inside the tu e near the
entrance. If the tube is long enough the jet will fill the whole of
the tube some distance from the contracted part and leave the tube
with full cross section. The resure at the point of contraction

%mtualIy falk to a value 1sss t an the find, so that the -rekcity at
that point is greater than the one corresponding to the over-all
pressure drop. The weight discharged is less than that due to flow
through an orifice with well-rounded 6ntrance, but considerably
greater than in the casa of plain sharp-edged orifices The fact is ,
that the jet actuall takes the shape of a converging-divergin nozzle

1
(Ile Laval nozzle fand if the pressure ratio is greater t an the
critical pressure, t e velocity of efliux may actually be greater than
that due to the dro to the critical reesure.

According to #eisbach, for a & ort cylindrical tube 10 mm. in
diameter -iwth sharp edges the dischar coefficient for air varies
from 0.75 at 1.05 presum 1?ratio to 0.82 a “1.28 ratio. Zeuner, for the
same kind of tube and 1.72 pressure-ratio, gives 0.85.

6. Act@ fima of ga8e8 th~ii. 01’ifiCek .tkin p.ktt?, tmt in.itid
~ei?om”tynot mgE@e.-This case is of special interest since the
co@ruction is.extensively =d f~r measuring a% flow. Ordinarily
it ISnot-used m ca~bureton It LSprodu~ by inserting in a pipe
a disk with an openm smaller than the pipe area. The contraction

%is not as great as in t e case of flow from a Iarge vesQ since the
particles of air are already in motion and have to be deflected only
ve little, if the reduction in area is small.

7 . 0. Miiller (see above) found values for the coefficient of dis-
charga to vary from 0.641 to L08J$ depemding on the ratio of cross
section. The smaller the cross section the greater the loss,



E. O. Hickstein, in a paper before the Amerkan Society of 31e-
than.kd 9ngin~rs in December, 1915, communicated the results of
tests made by him aIo

Y
the same line as MiiUer’~ and the resuIts of

the two investigations c eck fairly welL
~. Actu.d flow of ga8i5$9-h88 of head ;n @pe&—b was men-

tioned at the beginning of this chapter, two kinds of flow may be
distinguished, viscous and turbulent flow. In the former, which is
onIy possible at wry Iow vehmitiw+ the layer of fluid near to the

RI?
i e WWS sticks to the latter b adhesion end ia therefore stationary.

Je next Iayer must be push over the @t, the third over the sec-

on~ and so forth, to the center of the Ipe where the veloci is a
f Lmaiimum. This relative motion of the ayers is resisted by w t is

called the viscosity of the fluid. Thus in viscous flow the resistance
is due onI to the viscosity of the fluid. ‘iThen the velocity reaches

&n certain - ‘t, calhd the critical velocity, sma~ disturbance+ eddi~
begin to form, and mm the whole stream will be in a state of
turbulence, such as is shown by the ~ke @suing or “rolling”
from a stack. Since p~ v+co~ flow IS podde only at the very
lowe& vehciti~ and mnce It IS out of the question to devise a
theoretical formula for turbulent flow of gas+ all exprtxsions for
loss of head in ~ipu are empirical. But even so they oan not be of a
simple nature If they are to be generzdly applicable. by such
formula mnst.inv@e at least #e rate of flow, !peoMc volume of air,

:L%:%t27::%::?r&:%:;= r:&h2:&
specific volume is increasing, whi~h again means acceleration. The
condition of the pipe surface reqmres a se mate coetEcient.

fThe roughness of the surface, more or = pronounced in all un-
finished parts, delays the motion of the particks of air. They bound
off and are projected latwally into the air cnrrent, causing more dis-
turbance and reqpiring to be accelerated anew.

Formulze for PI e resistance of which any number exist and which
#tmay be found in andbooks and textbooks, are usuaIly of the form

~@
dP+m where d p is the ~erenoe of preswmeat the two ends of

h 1, and of hydrauh mean depth m (m= diam+
‘:% ‘T 0’ ‘e&~;b:~~, ue ~o a ow with mean veIocity u. Thi9 e uation, as Prof.

T
Jeering, Nov. 22 1912) points ou~, o y a plies if the

Jcoefficient is varied, not o~y with the hysmal con tion of the
~interior surface of the ipe, but with its “ameter, with the mean

fvelooi~ of flow, with t e mean p-ure, and with the tem rature
Kof the air. Prof. Gibson therefore devmed a formula in w “oh the

effeet of these variabk was expressed and arrived at a formula of
the following form,

dp=KG s&- -. .

—

—

in -which K and a are nnmericaI constants; p and u are the mean
absolute pressure and veloci

t
in the pipe, u ie the viscosity and T

the absolute tem rature oft e air; C is obtained from the quation
p W=OT; G?is 1%e pipe diameter; and n is a numerkd index de-
pending on the .qize and kind. of pipe. The author of this formula
kted it on a number of pipes for which the flow rate had been deter-
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mined and obtained excellent agreement. For all cws of flow
where the air is at atmospheric temperature, the drop in pressure is
given with a high degree of accuracy by

d p= 0.0000346 ~~a ‘~;j. .

Here d and ? are in feet, and p in pounds per square inch absolute.
Tables are given for the value of n for different pipes and also cor-
rections for temperatures other than 65° F.

Now, considering the nature of the carburetor problem, it is hardly
likeIy that formula I&e the above wiIl ever be used very much by the
dwi er, b~t there is need for establishing experimentulI the Iaws

r rof ow rawtance for such sections as are employed in t ~e modern
carburetor and manif olti

information on the effect of bends is incompIeta Kent (bfcchani-
cd Engineer’s Pocket Book,. 8th cd., p. 593) ggves the effect of eIbows
and tees in terms of the equrralent length of straight pipe producin
the same ~ressure drop, but the applicability to carburetors ani
manifolds m doubtful to as the Ieast.

[That empirical formuhe or the flow of air tbrou h large channels,
Lsuch as ventilating ducts and smokestacks,.on w “ch a great deal

of rdiable information has been colkcte~ wdl be of no use in carbu-
retor work is Af -evidenk

(C) ACTUAL FLOW RATES FOR LIQUID9-RESULTS OF EXPERI-
MENTAL INVESTIGATIONS-COEFF1C1ENTS FOR FORMULAE
GIVEN IN PART A FOB FLOW OF LIQUIDS.

1. &mwaJ con&i.wati.-The general flow laws do not differ in
principle for liquids and gases, so that practically the whole of the
theoretical part of the discussion in part B apphes equally well to
Ii uids and need not be repeated.

k ydraulics is one of the oldest branches of mience, and naturall
there is a @ storehom of infoy@ion on everything, it WOUI5
seem, pertamm to the flow of hquiis+ Unfortunately, however,

fpractically all o this stored-up infcynatlon is useless when vie come
to carburetor problems, for the simple reason that the passagw
which matter-those that affect the flow rate-are so small that at the
velocities used they have to be classed among capillary tubes and
passages. The other assa es between float chamber and jet are sim-

llfply made large enouq an can easily be made large enough so that
the velocit in them ISnegligible.

tThe pro lem consists in controlling t?ie fuel flow by means of the
air flow so that the proportiona of air to fuel by weight is maintained
constant or varied according to some predetermined rule.

The fundamental laws for the flow of liquids are exactly the same
as those for gaseq and there is no foundation for the general state-
ment often made that in a carburetor with fixed nozzle and fixed air
inlet the mixture becomes ficher, as the flow increases+because they
“do not follow the same law?’ The broad flow laws are the same
for both media, but the . do not work under the same conditions on
account of the small L ensiona of the fuel control passa~ or
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otherwise, the sp+al forms of the flow laws for the particular air
and fuel passa~w may be different, and usmdly a~

Parti the difficulty is of course due to the circumstance that the
1Ievel o the fuel in the float &amber tiewssarily is hirer than the

mouth of the spray nozzIe, since the fuel must not overflow when
the engine is not ru “

Y
or when the engine is tilted. This results

h a certain Ia.g in the el flow, i. e. the air must hare a certain
-mIocity before the fuel wiII begin to /low at d. This condition is
represented by the equation

u= 42=

where u=velocity of fuel, ii=suction head due to the air flow, and
h=difference in. level htween float chamber ~nd mouth of sp~y
nozzle. That tlus only partly accounts for the dmrepancy can easdy
be proven and has been roven by raising the leveI in the float

&lchamber until it is flush wi the mouth of the nozzle. Evsn then the
fd increases more rapidIy in proportion to the air.

2. Fzow of h s9nu71m“ ces.—l%e fit inw3s@@or
&who attacked thIS in a thoroug oing manner was Profi E.

RummeI, bchen, y, who conducted a series of tests coveiing
a period of three years, and yuldished the results in Der Mot.orwa en
in 1906. (See tmmdation m Horseks Agel Apr. 1+ 1915.) &e
Iaws of liquid flow were Imown for two speed condit~ons, w, flow
through a relatively 10

%
capillary tubezzand through ori&es in the

walls of large vesek carburetor nozzle represents an inter-
mediate case. Prof. Rummel developed a mathematical theo of
the flow and substantiated his deductions by quantitative tests # ater
was used for the sake of safety and accuracy, and was perfectly sat-
isfactory since only qualitative IXWItSwere looked after.

RummeI refers b the work of Kre~ the inventor of the “ -
Ioaded auxiliary air val-ie. (Revue Industriell~ 1906, No. L) ~&s
used for the fuel flow the formula,

u= J-m,

and Rummel points out that this h’ has to correct—

[1
a The difference in IeveI, M mentioned before ● and
b Capil.Iary frictional resistances in the noZ&&lwhich, there-

for~, in contrast to the general views on the subject, are assumed to
be independent of the velocity.

Erebs then finds it necwsary to introduce another correction fac-
tor to SHOWfor the pulsating flow of the engine at ~her speeds.

&iIl Rummel objects, and correctly so, to the imphed assumption
that capiIIaqy flow is independent of speed.

PoiseuiIIe first estabhhed the law of ca iIIary flow (Annales de
TChimie et de Physique, 1843, series 3, vo . 7), with the equation

py=u ~ where ~=fcictiond r&stance, u=veloci~, Z=Iength of

tube, d=diameter, and q=coef6cimt of *si@.l
ReynoIds (Phil. Trans., London, 1893, A 174, p. 935) was the first

to determine the criticaI velocity where turbuknt flow begins and

i Seevalues gfven by SoreL

m“+. Dec. 559, %680

-.

— — ——
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which was explained befora Above the critical yelocity, Reynolds
found the friction to vary as the 1.7 power ofi the velocit~, but the
values of u in carburetors lie uniformly below Reynolds critical
velocity, therefore Poiseuville’s law is ralid. Unfortunately, even
this law is not absolut@y correct for short tubes like carburetm noz-
zles and a correction M necessary.

!l!aking aIl these factors into consideration, Rummel deduces a
theoretical equation which shows that a vamation of the mixture

$
roportions must actually ocgur unless additiorud air is admitted.
he form of this equation is,

p-f=olu+-ozu’.

The experiments subsequently made on nozzles of various kinds
substantiated the correctness of the form of the equation. Prof.
Rummel draws some very interesting deductions from the values
obtained by him, but no useful purpose would be served in quot-
ing these in this place. kming the form of his expression for the
flow rate to be correct, pothing would be left but to find by ex eri-

Cfment the proper coeiliclents for nozzlcs of different kinck+ an the
scientific basii for carburetor design as far as proportioning is con-
cerned would be estabhshed. Now R~mmel’s inves4~gations were
published in 1906 and since then, es clall~ in the last four or five

ryears, ve~ important work in th~s eld ~f r~search has been done,
and even If the general form of hls equatlgn IS found to be not gen-
erally applicable, to Rummel belongs the

E
at distinction of having

once for all shown that no headway can made in discovering the
“ mystery” of carburetor nozzle flow as long as investigators do not
get away from the @ law which simply does not apply. In spits
of Rummel’s work, however, and all that has followed, the im-
possible attempt is still persisted in, as the carburetor literature
plainly shows

The results which have been accomplished in the last few years
are very well smrqnarized by Dr. Charl.wOH.Lees in the introduc-
tion of an article on “Laws of skm fmctlon” (Engineeringl June
2, 1916), which deals, not with carbumtom, but with the rewstance
experienced by ships. This ,ord illustrates the significance of the

ifact that the ,stud~ of viscosity as helped to throw light on many
problems which hitherto have remted all attempts at rational so-
lution.

Dr. Ikes’s summary is herewith “Tenverbatim:
fOn the fri+ional n+kance to t e flow of fluids through pipes

lVheti a fluld of denmty p flows through a kngth 1 of a mmoth

F
pi of diameter d with a mean speed over the section of the tube
o w, not sufficiently large to ca~ the motion of the fluid to deviate
from stream-li?e motion, the frictional tiance F to its motion
is given according to Stokes by:

F=anqlv
\

where q is the viscosity ?f the fluid. When the speed of the fluid is
increased above a ceqtam val~e, called .b~ Reynolds the “ critical
velocity” for that fhnd and plpe$ the fnctlonal resistance increases
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faster than the W ~vver of the velocityand at high speeds be-
comes near~y roporfaonal to the square o~ the mean veloci@. lVe
propose to cJ the motion under the first law “stream-line motio~”
and -when deviation horn $b law commenees to call the motion
‘{ eddying or turbulent motion.”.

The ex erimental results obtwmed by Stanton and PtmneII at the
%h’ational hysicrd lLaborato

T
in the turbulent flow of water and

other fluids through smooth raw pipes of diameters 0.8 to 12 cm.
at speeds from 5 to 5,000 m+ p@r.eQcoid~and those obtained by Saph
and Schoder at C!orna Umvem@ on water in ipes fcom 0.3 ta 5

$cm. diameter have be= abo~ ,recently. to lea to the following .
sim~le formuia for the total fmtiomd I’WStance ~ of a smooth pip
of ength i!, diameter d, through which a fluid of kinematical ms-
cosoity y is flowing with mean speed u:

F=.wd{a+b(*y}-~~O+(&y I
‘A ) where ~ is the area of the surface of the length of pi~ ~0.0009,

6=0.0765 n= O.35,whatever be the ffuid or the system of units used.
From &e form of this expression It will be seen that for all mean

velocities above the critioal, for which

the resistance over smalI ran es of velocity will vary a proximately
as a power of the relocity %e d?tween 1.85 and 2.0 an that, as the
diameter of the pipe increases or tip speed in~ or the lzhM-
maticaI viscosity d-, tLe resmtance will vary more nearly
as the square of the velomty.

TIMsingle power of the velocim whi~ givwd$ best approximation

in the neighborhood, of a particular v~ue of ~ is:

* ,’+(’-%(%)-.
‘( )

s

1+; i% .

The references quoted by Dr. Lees are the following: Stanton and
hard (PhiL hns. Royal Sotity, A, VOL 114,. p. 199, 1914);
Saph and Schoder (berican Society of CiviI E

T
ems’ Proceed-

in~ vol. 51, p. 253, 1903) “ ~es (Roy. SOC.Proc., , VO1.91, p. ~,-
5 1914). Re&ntly Lander Lasashown that with -0.002, 5=0.1~. ~—O.@ the formula covers ha measuremer@ on *e flow of water

and steam through small rough, Wrought-inn PIP*. (Roy. SCM.
Proc,, & VOL92, 1916.)

H would seem advisable to $?IIovv Dr. -Leeds practice, and name
all flow below Reynold’s 4’crltmal velomty n simply “stream line
motion” and above this velcw.i@ “turbulent flow.” There is also
the danger that the designation ‘~capillary tube 2’ and Wcapfiary
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flow,” which are so glibly used in the carbur+or li+raturc+ me mis-
understood. Since not small dimensio~ but d~memuonsavuivelocity
together with the visccdy of the fluid determine whether the for-
muhe for stream line flow or thosa for turbulent flow should be ap-
pIied, the title “ capillary tube” seems @ have no significance what-
ever, as far as flow is concerned.

The form of equation given by Lees differs from Rummel’s formula
inasmuch as the second term does not contain the first power of the
vehoity but the 1.65 power.

J
It must, however, be noted that Rum-

mel use tubes of 0.0375 cm. up to 0.0720 cm diameter and various
lengths while Stanton and Pann~l em Ioyed smooth brass pipca of

E!diameters 0.8 tu 12 cm. and saph and choder pipes of 0.8 to 5 cm.
diametar.

That the laws of stream line flow, as formulated by Stanton and
Pannell, hold for larger pipes, was established b the most interesting

IKand insfmctive investi tion of” Viscosity of o’ in relation to its rats

Higgins and $.-$.$ ‘~
of flow throu h i es ‘ b Dr. R. T. Glazebrook and Messrs. W. l?.

anne , who presented the results before the In-
stitution of Petroleum Tech-nolo

Y
in November, 1915. (See Engi-

neering, Nov. 19, 1915.) The o ject of the research was to investi-

%
ate the laws of flow of the oil in drawn-steel ipes of 3 to 5 inches

%“ameterwith a mew to determining how far t e pre~re difference
required to produce a @ven flow muld be calculated from a knowl-
edge of the pipe dimemuonsand the viscosity of the oil. A had been
expected it was found that the ordinary loss of viscous flow (stream
line flow) occurred as long as the velocit of flow was less than the
critical veIocity. 3The latter is given by r. G1azebrook as

fVd/V=2,500t where “
V=veloclty of flow ~“f@ per second,
&diameter of the pips m feet
p=density of the OJ
q=viscody coefiient of the oil,

expressed in foot- ounds-second units (not in dynes per square cen-
?timetirl as is usua ly donq). Interesting in this paper are also the

determination of the hyamd constants of the oils and peouliar char-
!?acteristim of some o the oils.

Now that- the way has been shown the procedure should be to
ianaIyze the various determinations o flow rates vvhich have bean

L
ublished, in the light of what is now known about viscous or stremn-
‘ e flow, to make new determinations for all kinds of nozzles and

channek+ to fix the mdue of the viscosity coefficient for aH fluids in
usq and to standardize the method of determining and expressing
the viscmity coefii+ent.

Such work, for Wance, as Mr. Robert ‘W. A. Brewer has don%
and an account of which may be found in Carburetion, by R. lV. L ~ L
Brewer, D. Ap kton & Co,, and in a number of periodical articl~

f’is extrarnely va uable no doubt, but as Ion as the many experimen~fwhich Mr. Brewer has made are only ~ to furti coefficients for
a formula of the form Q= C. ~. w not rnuch “isgained. Brewer
himself says that this coetlicientof dwharge a~p]ies onl to a o~tion

i“ $of the curve plotted with fuel discharge as ordmatm an am ve ocities
as abscissa
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Brewer shows by actual testiremdts that in the case of the round-
hole orifke the fueI flow tends to increase too rapidly, while for sn
anmdar orifice such as is produced by a metering in, the fuel flow

$lags behind. Ee tried, therefo~ to devise an on ce which would
bahmce the two against ~ch c@er by combh$ng the two @ions in
one orifice and one metfmng p% the Iattm bang of &spemal shale.
BrewePs methods” for desi

%“
“ a carburetor a% after ~ nothing

but cuhnd-try methoik+ and M wcactly what should not have
to be done. -

It was hoped that it would be possible to analyze some of the last-
nsmed investigations, as -wellas others pubIished, but unfortunately
time did not permk

,
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REPORT No:11.
PART VI.

NEW EXPERIMENTAL DETERMINATIONS OF THE PRO-
PORTIONING ACCUIMCY Ol? A ~ELECTEIl IWJBIBER OF
TYPICAL AIIERIU CXlhIiHERCI.AL CARBURETORS I.lI!J-
DER VARUTIONS Or FLOW C(3NDITIONS.

By CHASI.XSE. LUCKE.

(A) NEW TEST RESULTS ON CARBURETORPROPORTIONALITY.

The primary p~ose of these tests was to determine the ratio of
air to gasoline mamtained b fairly representative modern car-
buretors under au conditions &“ ely to arise in practical use and thus
to determine their flow characteristics and accuraoy of compensation
at all flow rates Since it was neither feasible nor neewsary for this
purpose to te@ all existing carbureto~ a set of 10 representative
type forms was selected, and it must be distihctl understood that
the carburetors which were tested were not chosenL ause they were
regarded as the best carburetors in the market, but merely because
each one is well lmo~ more or lesswidely used, and re resen~. a
distinct

l?
fe of construction. The rmdts obtained must e judged

as typica of the class and not of the individual make onIy. Every
known method for tdngearburetors h=, been considered or .actuaIIy
tried out in the laborato~ of the mechanical engineering depart-
ment of Columbia University, but for one reason or another none has
been found satisfactory but the method which suggests itsdf first+
nameIy, to attach the carburetor to an engine, Rmmin the engine,

fhowever, and absorb~ the power by come form of ynamometer
makes it extremeIy d cult, if not impossib~e, to maintain constant
conditions for each run and to have th~ conditions the same for
each @e of carburetor. Since proportionality only was to be im-esti-

En
sated and the. problem, therefore> cms@~d in measu@g the gaso-

e and the am under various flow conihqons, the engine with open
i “tion circuit was driven by an electmc dynamometer motor so
E t the speed couId be maintained at any desired value with very
great accuraq. h other Ton@ the engine was used as a pump or
exhauster only but with the adva.nta over a blower or ejector type

T’of exhauster t~at the conditions in t e carburetor were exactly the
same as the-y wouId be with the engine running on its own power,
and any ~cmde.nt.dbacl@ring could take @ace vnthout dan~.

The engine used for the tests ww an aght-cylinder C@tus model
OX aeroplane engine, and the d

Y
mometer, driving the engine, a

150 horsepower Spra
Y

e electric ynamometer, with switchboard and
resistances as reguIar y supplied. The engine mounting and its con-

4n
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nectio~ as ~anged for the tests, are ikatrated in the diagram,
we ~~$r~d~h~:d ~~PP@ _ 2, % ~d 4-

rn the engine was burned in g cmdely
constructed surface combustion furna~, the mixture pressure-in the
exhaust Iine being re.@ated to the reqtured vake by means of burner
mdves of different mze~ so as to maintain sdiicient mixture speed
in the nozzIes to prevent back flashing. This was considered the
safest method under the circumstances and roved quite convenient
and satisfactory in use. %At the same time, y observing the nature
of the frame,a great deal of time was sa~ed in the adjustment of the
carburetor, because with a littIe experience the mixture quaLity can
be “udgsd approximately by the flame size and color.

i‘ ‘he carburetor to be tested was pIaced wholIy within a specially
constructed tight wooden bo~ 34 by 12 by 21 inch% serving as an air
reservoir, in which the pressure could be maintained at an desired

tvalue, and was kept at one at&sphere while air was supp “ed by a
blower through meters. The inside of the box was ilIuminated by an
incandescent Iam , and through a window the carburetor and the

{fuel IeveI gauge g aas on the floafichamber could be Iainly seen. A
2haudhole and cover were provided for changing ca ureters and for

adjustments The throttle could be operated and &d in position
without opening the box b means of lever ro@ and a spindle passing

ithrou h a stuiiingbox wit an indicator and did on the outside of the
% very eflort was made to have the box absolutely air-tight,

*; in any case, since during the present tests the prwsnre inside the
box was maintained at atmospheric prweure within one-tenth of. 1
inch of water the absence of any appreciable leakage was absolutely
assured.

The gasoline was supphd from a can standing on platform scales,
the latter reading to one-thousandth of a pound, and by means of
flexibIe tubing conducted to the carburetor tide the box. The tie
required to consume a given weight of fueI was read on a sto~ watch.

The air passed through a Root b~ower, driven b an electrm motor,
Lto one of four Venturi tubes, 4by 1 inch, 3 by +)inc 2 by ~inch, andl

by ~ in~ respectively, which were tied between two heade~ valves
at the upstream ends shutting OR aII tubes ~cept the one suitabIo
for the particular condition of each run. By maniptiating a slide
on the intake of the bIower and a by-pass valve on the discharge side
the pressure in the box was easily maintained at the desired ~aIue.
The upstream pressure as well as the drop between u stream and

tthroat were read on water manometers about 4 feet hig which are
plainly visible in the illustrations.

The Venturi tubes were constructed for the purpose by the Good
Inventions Co., of BrookI~ ~. Y. and every ossibIe precaution

i%taken to have them perfecL After & readings r asohne weight
and air flow were taken. the qusntitiw of air and i!%el per minute
were calculated immediately. To simplify the calculations for the
cpmntity of air from the V@uri’tube manometer readin a straiggt
hne diagram (Q. 5) was pre ared, which enabl

J
x the result

to be read off directily. The form a on which the &.agram is based is

f
‘-ren on the same s@et, and the use of the diagram is indicatd
y the dotted Iines.
The @s fuMIIed ~ every way and even surpassed the expecta-

tions with respect to the use of Venture tub= as meters for air meas-

.

-.-—

-—
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urement. ISo more convenient method cdd be desired as Ion as
sudden fluctuation need not be dealt with, and me redts cc&
the claim that in a properly &@wd and carefuIIy constructed Ven-
turi tube the total preesure drop H in practically all cases neg “ “ble.

9The readings show (see cohunn marked “ Premure at inlet to en-
turi~’ -which “v* the total pressure drop, the downstream pressure

Ybeing atmosp eric) that the loss in pressure varies between one-
fourth and one-sixth, the drop from upstream to throaL There-
fore, 76 to 85 per cd of the rzed~ at the throat is

k x %
%ined

in the ditierging part of the tu Even with an O “

manometer pressure %tiy easily be read within one-tenth of an in
of water, so that the over-all

UfF
~ drop need not be more thaq

say, 2 inches of water for s cient accuracy, generally a ne Iigible
fdrop. H a difkrent$tl manometer be used even a lower va us for

the minimum drop’ wdl be .aatifactory. ke for a strict calibra-
tion of the Venturi tubas was not a~ailable in the short period al-
lowed for the work, but since aII authorities agree that the -docim
coe%icient is v

Y
nearly umit~ (in no case 1ssst.hqn 0.99 for a rop-

$erly construct tube) and m constar$ calibration was consi ered
unnecessary for the purpose of these tes~ That the tubes are rop-
erly constructed is roven by the ve

$? 7
smd over-all ressure

I/
%ro

(See remark by anford & M% our. A. W L ., Sept., 191&
p. 720.)

The use of Venturi tubes for the measurement of the air supplied
to t-he carburetor of course precluded tests intendqi to bring ont
the behatior of the carburetor -whe-nthe flow suddenIy increases or
decreases I!Tomethod for measurmg air wouId seem to be appli-
cable under these conditio

?
and the quality of the mixture must

be ‘udged by the behavior o the cmgine running on its own vver.
33~e pIates in the box served to break up the veki

Y
%0of t e air.

The carburetor vvas connected to the inlet manifohls y a fkible
metallic hose.

For each run the speed of the dynamometer and engine was regu-
lated, then the premme in the box was brought. to atmospheric, and
the following readings were taken:

[

1

1 Upstream preesure of Venturi.
2 Drop between upstream and throat of Venturi.

[
3 Presmre in carburetor box (atmospheric).
4 Pressure at outlet of carburetor or mixture pressure in mani-

fold intake by mercury manometer.
(5 Temperature in carburetor box.

[~
6 Temperature crEmixture at outlet of carburetor.
7 Engine sped (not necessarily very accurate as long as speed

was e t constant).

~)
8 % eight of gasoline, and time consumed.
9 Scale on gauge Ia~ of float chamber, which was speciaIly at-

?ta cd to each carbure or so as to make possible a measurement of
the level of the gasoline and to observe its fluctuation

(10) Pressure in exhauat pipe of engine, taken onIy for the pur-
pose of regulating back pressure,

(11) Barometer reading.
T&e readin for the several runs are recorded in the log sheets,

TabIea ~ III, ~, V, ~ VTI, and VIII.

,-



476 A.FXONAUTIC$.

TABLE11-~1.—~ of carhavtor W, C’okm?nkUniver@, June to Au*, 1918.

CARBURETOR No. 1.

[June27,MI(I; aveza80bsroruotw,29.84ties; @alfne, S. G., a7276.]

I

I venturi I!letar.

1
—

4.0 8.12
4.0 &19
26 7.16
7.4 6.60
:; ;g

7:8 2,75
6.0 4.37
6.8 4.73

27,4

E:
4L2
2S,8
41.2
23.1

Ml

CM&

:%
.aaa
.230

:&l
.410 H

I, IXKI Fn7L a7s .gm
L m Full. .38 &82

m Full. L m 7.71
600 Full. L16 6.a6

!&J q: :: yJ

Ho
&Jo i ii% :2

69
63[, 1 1. 1. 1 1. I t I

carburetor NO: 2.

11
., ...,.

~

i

2a9 228
2L 6 22.8
2L 2 ~a

1 9.b 13.a
a.4 3.5
6.6 3.4
8.2 8.9
a.1 3.1
2.7 2.7
a7 2.7

19.8 17.7
Ia 9 17.8

%1 R!
24.1 19.6
I&o 12.a
125 la 8
Ia. 6 14.a
It: Ha;

5.8 6.2
1 IL 8 9.4

6.9 aH 0.1 a
11.7 6.1 a
M.6 2.80
9.0 12.1 0

14.0 0
H 14.6 0

k% :; j ;

1:; 7. s o
la 3 &.1 o
16.8 0.2 0
11.0 0.7 0
n. a 7.8 0
10.9 . . . . . . IJ
111 &4 o
121 a6 o
12.0 &6 o
1L6 6.a o
11.1 . . . . . .. 0
la 6 1.6 0

3.8 &60 a44
7.8 6.w .46f
7.8 6.60 .476
2.8 7.w .eal
2.0 L 00 . lla
24 LM .116
22 L04
2.8 ]. 01

.112
.96

.112
2: .95

. lal

7.2 %3a :%

~j :; ;%

KS 2.49 .226
6.8 2.02
6.3 h 46 :K
6.0 460 .ma
6.0 4.4a .372
%8 &w .318
2.8 3.10 ,m
4.8 1.70 . In

.2 I..M 6.04
2 .06 &11

ma.
.96 6.03
.m 8.10

: ~. ~:

8 L 60 L M
a l.m 1,12
8 L 60 Lm
8 1.60 L 06
4 L60 X66
4 1.46 9.64
4 L b2 %62
4 1.60 263
4 L 60 z 71
4 L m 2.22
6 L31 4.m
6 -. . . . . 4.M
6 Lm 4.m
6 1.40 4.01
: ;. ~:

,, 1. ..1 u .1 ..1 1.1

CARBURETOFt NO. 3.

rune 32, 191* average bsrorueter,22.92hwhfs; gasollne,S. CL,0.7275.]
—

1 11,0 16.2 !2&Z
1 11.2 16.4 %.6
1 123 16.6 X.9
1 12.8 17.0 =8
1 120 16,8 28.8
1 IL 6 K 9 27.6

9.8 12.8 Ia. a
i 6.0 as 13.0

1

lzs 1.2.4 24.0
6.6 6.4 lLo
1.2 la2 n 4
6.0 16,7 21.6
6.0 16.a 22.1
6.3 16.8 221
LO Iao lL O
4.a 14,8 19.1
4.8 Ma m o
46 M 1 m.7

24.4 %LO 444

E: RI 4%:

—.
8.43

w
.:;
am
6.11

::

.41
,41
.42
.8!

:;

!Z70
z 81
2.81

arm 16.9.663 14.2
.662 14.8
.667 16.I
.63a 15.a
.618 L5.6
,471 I&I
.878 16,.2
..317 18.9
.2?6 13.3

:E 2.;
.as6 10.9
.O?d la9
.024 am
. ma 10.8
.m4 la 7
.024 11.1
..234 128
.m 124
. no 12.4

4.8 7.%3
46 am
4.8 3.30
4.7 8.42
4.8 8.!M
4.7 8.11
4.0 7.66
Z2 5.72
4.0 4.40
2,6 am
:; .28

.38

.88
;: .38
4.8 .’2)

E :%
& 8 .33
3.6 2s0,

M M I

2 E
6a l,m
63 1,m
63 1,m
67 1,0)0
67

%
:;
63 M
60 210

a46
: 6xl
62 65o

2 1,%
66 1,.aJ
6a 1,4W
68 1,40)
68 1,w
67 I,m

Full. 2.60
Fula. 2J0
Fun. 2,60
FdL 2.50
FIdL z,&l
17uIL 260
Fun. a60
Rm. am
Fun. 2,00
FtlIL 160

2 2.6U
2 2&3
9 2.64)
2 arm
s 2&l
a 260
a 270
s am
3 266
8 2.60
8 160
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‘l!ABmH-VIIT.-Log ofcorbu$e$orteat-s,~umbia G&w&@,Junab Am, 1916-
Ccmfillued.

CMEBUBETOB NO. 6-ContlQmd.

—

222 49.6 9.0 2.61
%2.6 50.1 9.2 Ma
16.6 66.9 7.2 !zai
a4 18.6 4.2 L W
a7 7. a 3.8 2-M
7.1 144 a.o 6.4

14.2 %2 6.7 La
19.2 37,s 6.0 a-x
MS ma &l 4.W
19.8 aa9 7.3 h3f
20.6 4a2 7.6 6.4$
U4.5 2L!d ar 7.M
lL8 20.1 a.2 7.m
lL7 m.o a.4 7.M
10.6 17.9 8.4 &cl
la. a 26.7 as hm
6.s ma a9 3.91

2L 2 Eas 9.8 267
u.8 m. 1 a5 7.a

K
{g
8$
z
P4

o.m
.!m
.Wu
.146
. KM

:%?
.aa
.s19
.405
.266
:%!
.447

:E
.262
.227
.no

—
12.4
la.o
13.2

H
13.2
144
148
16.6
la.2
Ill o
16.3
M. o
15.7

%:
16.6
IL3
12.7

=!+
a 2.6C

~ 8 26C
8 %6C

2s0 8 2.6C
276 4 Z6C
4m 4 !zet

4 a.6c
z 4 2.s

yg 4 3.6(
4 !L6C

&oo 4 %6(
I#Io 6 2.6(
?Z& 6 2.6C

6 &tic
’830 5 !L61
6m 6 %6(
403 6 2.M

6 %at
1,% & X6(

CARBURETOR NO. 4.

~uly 3, 191&awage bammetfr, 29.49fnches.]

L6 7.7 X2 ~LIO
al 6.7 L9 Oa

[

f: :; L6 .s%

-8:8 &9 H :E
0.8 6.9 1.6 .0S
14.a ZJ.7 &a 13
I&a 3118 a4 L3
I&s 20.7 6.2 Ia

!$
Ihs 30.7 K2 la
I&s m. 4 KS 02
lL4 !2Z2 &O lL64
9.5 19-.3 4.4 L73

I

&2 las 6.8 81
h4 12.7 L6 W
h9 19.7 8.5 .W
4.6 17.1 L4 ?-l
21 lzl Z6 U
azl &4 L9 64

ao 46.2’ &6 LL76
19.6 4&o 9.0 n
18.6 43.8 &o 63
L2.7 327 &4 (m
4.4 la 6 a4 .64

3L2 4A7 a4 49
ill

kg g: g;

.047 !3).2 Hi 5
-w 18.4 16.6
JU2 no 15.o
.048 m-? US
.lw l&3 ma
.138 S4 El
. lw l&7 I!Lo
.127 16.6 19.o
. Ia8 I&2 0.8
.123 12.8 7.0
.Io2 16.9 aa
.= 16.8 &a
.230 16.9 9.4
.234 ma 9.9
.222 16.7 7.9
;% $; *:

.843 16.8 &2

.257 16.0 &2

.Wz 16.2 6.7

.290 16.8 &o

.!m 16.1 LQ

. In 14.6 LO

1

:
0
0
0
o
0
0,
0
0
0
0
0
0
0

gi

o
g’

gl
o
0

— I

—

ao4
4.10
&w
7.n
acrl

M
—

—
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No. 10.OARBIJRFrOl
lmleterL2&.-—.

k I

Wfne. S. 0— —

67 ao 12.7
9.8 US 226

m 6 la Li 24.0
10.7 1s.7’ 24.4
16.8 M.7 81.6
IO.7 10.8 2Lo
705 7.4 14 ‘a

17.0 14.6 8L 6
s. a 29 6.2

2$.; 2&; 4:;

fi6 6.7 12.8
aa 7.1 L%3
9..3 7.9 17.1
9.2 ao 17.!4

I2.8 ti%l
a6 .40
3.9 7.@3
8.9 7.64
6.8 ‘4.86
k2 ko7
a.6 L 53
~: ::1

M 6 .54
Lli .98$
8.1 1.40
a.b L b5
8.8 L64
8.0 L 04

%
lm
107
ma
ma
110
111
112
118
114
116
116
117
11s

& 372 I&8
.463 16.9
. m UL9
.490 l&6
.M1 la2
.no 19.4
.CBo w. 1
. no l&6
.058 17.4
.042 L%o
.066 17.8
.0?7 L98
. ml 16.6
.im la2
.096 17.8II ) I

[JuIY 6, 19t6; 8WW tiet@9,@9 ~chen.1

119; 13.3 Il. 4 &!7 8.8 L04 ~;% .lz: I !A: $ g 681220 ‘la

! 1.

m.o 221 4a I 9.o 2.69
(lo 6.2 1.L2 2.6 16

66

g
.193

7.0 &2 18.2 2.8 .48
16.2 ao o aa

.216
E

f. a &6 la. 8 2.88.36
16.1 10.2 0 al ;

la4
.216

7.6 6.7 14,2 29 ije
ue lLl o m

.Zal 15.4 11.7 0 62 63
%

7.8 6.6 18.8 2.8 8a
%

. m 16.6 I&8 o 34
la. s 14.9 3a 8 &6 m 64 l,g

127
.819 16.1 48 0 8a ,5J

IL 8 lLl 229 4.6 4.26
12a 7.1 6.4 13.6 8.28.30

.2m UL2 2.7 0 %

19.6 19.6 ae.o 7.0 6.%
.m I&6 LO o es 69 %

R 1 4.9 &’a M a 2.0 6.C41
.875 142 6.8 0 a,5 m
.270 IL e &a o 84

m 1 4.s &l m 8 L9 16 $ m
.862 14.7 6..2 0 86 69 71J3

,,

4 x IJ 9,rn!
4 %10 176
4 !410 a.36
4 &10 a.47
4 2LM 8.67
4 !Ati 8.61
4 am 8..57
6 2m h 12
6 am Laa
b 2-W a.M
b 2.CQ h 71
b .a.m &&f
6 xm &51

No. 2.RBU
wnet
—

LET(
, 29.!
A

u.]
%;

E:
ii-:
9.2

12a
I&s
16.6
16.5
I&6
M 2
17.6
19.6

55
Is, a
m4
28. !7
25.4

%:
1A7
19.5

H
!m.O
%7
227
—

Q 1s
—

14,0
16.6
17.0
17.0
lebr
It 6
16.1

$;

li 4
2L1

%:
M.2
14.2
lIL 1
16.1
aI

:!
88.1
27.0
2&7
n. 7

:;!

17.i’
g; I

I

k average
-

I:; ,; :
4.0i64
40 L64
4.0 L63
8.9 1.62
:: ;g

&8 4Ki
a6 8.76
~: :2

8.6 7:xl
&6 .214
%8 287
8.2 & a8
S.b 3.WI
s.5 8.60
20 2.Ml
8.6 a 66
46 4.82
&l 4.99
7.0 ha
7.7 &22
7.7 9.89
~; ~;;

!2.76.06
8.0 6.6a
8.1 &n
&1 &n

Olft ,0,72—
.2x

%
7X

%
76C
m
M
a

%!
1,m

276
w
610

%
Ml
423

$

!,fnl

i%

%

.,%$
:,100

I—
— —

I;
1

I
4
4

:

I
1
1
I
1
—

L61
L 74
L77

kg
L 74
L 78
&16
8.1s
4.10
7.03

M
z2a

M
a.n
s.n’
974
8..

h 10
&46
8.4a

;:

$3

6.94
6.94

—

,
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TABLE11-VIII.-Log of carburetorM.&?opdti Uninm@, Jim toAtqwt, i3M--
.

CARBURETOR NO. 7.

~dy 11,1916;barometer, 29.90__ S&, 0.7?766]

Icm
164
IM
166
167
163
Ma
170
in
172
173
174
176
~:

173
179

E

%

#

m?
,%

lW
M
m

%
195

w
1$s
199
m
201
m
m
w

%%
!m7

;

211
m
m
214
m
im
!n7
m
Z9
m
221
222
m

E
XM

-.
-%
~

la
—

as
8.6

‘H
&8

l;!

6.6
6.1
&4

M
13.o
19.3
24.9
6.4
5.6
5.8
6.8
9.8

;:

1%.:
10.0
y:

11:0

%:
16.6

3
-a
x—

1o.4
lo. a

E:
11.1
7.a

10.1
4.!2
4.7
6.1
6.4

.Uk:

16:3
m4;

~:

3.6

M
10.4
12.4
lzil
EL7
17.:

M
16.6
16.7

-i--Hl--t--

,

......I
CARBUEETOE NO. ‘8.

ptiy I.&1916; amrage Imrameter,XL&I inehex gmliue, S. G, 0.7275.]

M. 8 22.2 8.6
14.!2 2&8 4.2
14.6 26.5 4.3
14.9 27.0 48
15.1 27.5 48
15.6 X.3 &s
1;: f~: ~;

7;o K4:2 2.I
10.7 2&8 A6
140 33.0 &5
(L2 13.9 8.0

19.; g; ;;

4.8 l% 2 al
&8 U. o m1
3.8 10.0 2.8

I&o u. o 8.0
10.; ~: ;;

5.6 lis 2.u
5.9 13.2 2.9
5.6 12.6 %8

M. Q 36.9 7.2
4.8 ILl 2.6
9.3 19.8 4.0

14.4 !m.8 5.7
16.6 34.0 &4
ha 10.0 I. 6
6.s 10.0 1.6
7.8 LS.6 3.6

16.0 1.5 036
16.S 1.6 0s6
16.6 1.7 OM
16.6 1.7 0s6
W6 L7 036
16.9 L7 0s6
16.1 L9 037
15.7 L!4 02s
16.0 LO 036
li5.4 9:JJ :%
IL s
14.4 .8 0S3
16.o 2.1 0S3
17.7 ILs 039
17.2 I&o Ow
M.1 lz: plCJ
10.0
la.7 6.7 090
148 8.4 090
146 S.s OWJ
14.L 10.8 Ow
14.7 lLQ Om
14.7 11.1 093
14.7 L 5 090
14.Q %.o 090
14.4 2.4 0 91
=7 6.4 0 91
liL4 7.4 0 91
15.4 al 022
Is. 4 3.1 0 02
16.4 6.3 062

I 1.76
1 L30
1 1.m
1 Lm
1 Lm
1 1.60
1 L40
1 L60
1 1.m
1 L m
1 Lm
1 I.m
I L&l
2 1.60
2 L m
9 1.ao
2 L m
8 1.s)
8 La
8 LWI
s I-m
a La
s 1.30
4 1.a)
4 Lal
4 1.30
4 La)
4 I.m
4 LRl
4 1.30
6 La

—

.“

—



480 Mf.RONAUTI.CS.

TABLE H-VIR.-Log ofcarburetort.mta,Cblunilnk Vniuertity, Jim to August, 1916—
Contintled.

CARBURETOR NO. s-c!omjn.ntd.
—

8.6 0 92
la9 0 92
la. a o w
13.4 0 92
13.% o 92
la I o M
IL 9 0 23
U. 4 0 43

22?
226

2%
231
23a

z I
12.8 9.4 222 4.1 L 43 .lx 16.4
14.2 la 7 24.9 Ls 1.94 .122 16.1
19.7 11.0 25.7 4.6 L98 .131 15.0
15.2 11.6 %.7 4.7 2.02 .134 16.1
lj : 1}: y: L6 1.04 .12s 16.6

L 8 zm
6:8 4:a 10:1

.lw 16.1
L9 2.39 .122 M. o

5.9 4.6 la 4 1.9 2.92 .192 laa

CARBURETOR Ho. &

[July 13,1916;avarage IX+VJIWW, 2M0 IUCIKS; gMdiUC, S.0., 0.72%%
-
D.4W
.426
.61a
.424
.34E
.WO
,243
.M2
.W
.W8
.008
.036

:%
.Ow

.-.., . .-.’ -- —
1
1
1
1
1
1
I

Ih

—
B. 7
14.6
L5.9
u. 0

k:
a. 7
8.8
26
2.6
a.7
6.1
6.7
6.7
&8
—

u.1
IL8
la.o

k:
a 6
2.4
4.Q
4.7
4.8
6.0

H
9.7
9.a
—

la 7 L s
16.6
16.2 ;!
18.3
la 4 1:0
16.0 .7
16.4 j
14.3
la 9 10.6
la 2 la 2
16.b It;
16.5
g: ~;

16.5 la. 3
— — — —

[holy 14,1916;fWWW bWQIIWJtiW,29.Whch%]
.,. .

I ,rll 1111, ,,
4 L&S LW
4 1.86 L34
4 L84 L 65
4 1.33 am
4 L85 ZM
4 L 85 am
4 L83 am
6 1.w am
6 L m 6.0
6 1.m &m
5 L m a 77

[July21,IWO.]

O.la
.140
.182

:E
.169
.K&
.!m
.248
.am
.*

l&6 1.85
16.0 3.0)
U?.8 L60
141 7.al
14.4 Km
;$ ; 4.w

am
14,!a .m
I&a
14.4 l%
14.9 1.20

( ,1 (,,
—

—

—
: ;g :~
a i95 9,66
6 2.W a.%
6 a,m a46
6 LM %66
6 L w ;34
1 am 3.21
1 L w 3.@
1 L u L72
1 L96 h67

m
a32
g

W6
‘am
237
268
W9
270
m.
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T-= ILVIII.-W of cmburstmtesk, Columbia lihiua’sit~, J- to.&n@ 1916-

-———
I

b

Id
;2

I

1
—

1
1
1
1
1
1

i
2
2
2
3
8
8
a
8
a
8
4
4

:
4

:

:
6
s
5
a
6
6
6
a
6
6
6

Vadmi meter.

—
—

L18
L80
L89
r.~
L49
366
km
.us
.am
.827
i%
lL76
5.50
i’.28
a40
8.52
a.sQ
a.c5
6.27
&n
7.53
7.69
2.74
&w
7.69

:%
2.67
&w “
:1

L 47
1.6s
1.68
L03 ‘
L07
LC8

L5.6

Ii!
0.8

IL I
146
14.9
1%8
6.6
L9
6.8

18.6

l:;
10.1
Ia.5
l&:

$;

1::
lLo
6.5

k!
ma
17.2
2L6
4.0
4A
4.8
8.1
&9

H
6.a
a6

%0
18.I
34.8
18.8
2CL8
2i’.7
28.4
10.9
11.4
lzo

k:
K. 8
m.Q
N. 4
2L8
X4
17.9

H
16.2
20.a
2L0
I* 8
la 7
2L1
2L I
8L 2
4L4
10.8
lL8
12.6

H
140
6.7

M
—

km
.I!x
.Z24
.392
.m
.6U
.627
.~

.02i

.081

.(M
Ja4
.ls
.!4W
.4U
.602
.61(
.!a
.IIi
.2Z
.Sz
.42
.44(
.W
.I.lM
.4s
.la

:ii!
.14!
.15
.I$
.as
.m
.as
.CM
.06
.Cs

CARBURETOR NO. 7.

p-Illy2 Lal iuchcs; &&&q s.&, equals O.ow

1 . . . . . . &m
I ---- 6.01

. . ..-. ?.81
i . . . . . . 7.M
1 . . . . . . 7.4a
1 . . . . . . 217
1 . . . . . . 8.3.

. . . . . .
i . . . . . . 6.27
1 ------ 6.68
I . . . ..-
!2 . ----- M

. . . . . . L16
: . . . . . . L 67
s . . . . . . LiQ
8 . . . . . . 2-W
a . . . . . . 2.m

6.9
7.8

7.6
&a

14 li
l&6
2L4
22.1
228
!m.!2
10.2

%:
1$:

<8

lH
16.6
XG?
24A

:; ill (L472
.6W

2.8 7.22 .am
2.s 7.33 .680
2.6 7.40 Sm
6.4 L98 .“192
a.o 2Lm .224
L% 6.96 .807
6.0 4.W .a72
2.5 S.(m .448
:$. :% .218

.032
2.0 L(H .mL1
3.6 L60 . In
4.0 L@3 .M7
4.9 1.8s .Im
5.8 LU2 .Im

I t

72S05°-S. DOC659,W*81
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!l!ABm 11-VIII.-Log oicarburetor tata, (701umbin l?naiersity, June.% Augu3t, 1916-
Cent.inusd.

CARBURETOR NO, 7-OmtInti

‘IJuIy~ 1916;avantgehromehr, 23.9711K4w;gmollnq S. 4?.,equah0.683.]

Vdllri Inek,

1::
16.0
&2

;;

4:5

k!
[0.6
18.6
13.8
18.9

—
m o

1$:

2!
14.8
16.2
la o
14.‘J
22:

8.7
2.7

l!;

la o
10.0
la o
la .9
14.6
—

4.2 L 62
4.6 L M
e.6 ii=
a.o Z 76
2.8 8.2a
8.0 a40
2.6 a.07
2.6 a.07
L 6 2.24
.8.8 8.29
4.e 4..2a
h6 4.n
6.7 L77
6.6 kn

0.m
. IW
.Wa
.216
.234
:g

.214

.198

.243

.$?37

:E
.836

M’
“q. !

j IIf!’ ~
— —
Q06 lao o
9.10 20 0
ct62 a 4 0
280 4.8 0
2 la 7.6 0
4.80 9.9 0
4.02 12.4 0
:% :! o

im i7 :
448 4.8 0
4.40 6.7 0
4.22 6.6 0
4.a a6 o

CARBURETOR NO. 8.

[(%oUIM, s. Ci., awa]

6.6 L 42
aa a83
6.7 km
20 6..W
4.1 7.87
k4 Km
4.6 8.34
4.5 L 75
&!J z 19
8.7 Zm
2.0 am
2.8 283
22 2s9
Z’a Z!w
(la 2n
4.0 4.07
7. a 6..26
al 6.78
4.0 7.m
4.!2 7.43
4.6 7.96
-

rLl&

.ml

:%
.628
.628
.112
,144
.181
: ;~

.W6

.197

.147

.W6

.838

::

.m
— —

:
0
0
0

:
0

i’
o
0
0
0

;

o
0
0
0

Tgpee
1.

—

i%
66
66
63
66
64
63

%
67
67
67
67

%
&a
68
61

~
—

%’
m
m

1,!%
1,m
22s
823

z

;

246
440
m
760

I*E
. . . . . .

..... L m

.. . . .

. . . . . :Y..... %9

. . . . . 3.48

. . . . .

. . . . . :%
;:::: :g

. . . . . a,46

. . . . . Las

. . . . . &10

. . . . . h 11

. . . . . h lL

puly 27,1916;avemge Mromek, 20.86Lnhs; saaoline,S. G., 0.683.]

...... 105
i . . . . . . &87
1 . . . . . . ;#

. . . . . .
i . . . . . . a’46

i :::::: H!
a . . . . . . Lm
a . . . . . . 2.%

. . . . . . z 71
; . . . . . .

. . . . . . %%
7 . . . . . . ::
!4 . . . . . .

. . . . . . xl?
! . . . . . . 4.34
a . . . . . . h69

. . . . . . 7.21
: . . . . . . 6.18
~ . .. . . . 8.86

. . . . . . 8.46

740 1 . . . . . . 7.al
m 1 . . . . . . a 16

4 . . . . . .
E . . . . . . kg
840 i . . . . . . 4.82

. . . . . . 6.=
1,M : . . . . . . a!m

940 4 . . . . . . &m
m . . . . . . 1.27
350 : . . . . . . :$
633 . . . . . .
780 : . . . . . . aa8
@o b . . . . . . 3.16
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T- 11-WII.-Log of cartictorte;;~Co~d. Umazmi@,Jum toAugust,1916-

C.LRBURETOE NO. 6.

~nly 23,1916;am bemm.etw,S).25incheu;e, S. G., 0.63S.]

m@e#-
— —

II
Ve?ltndInetM.

d
f&g’

6.4 Z 16
27 3.66
6.8 LIM
2.9 6.70
6.9 7.m
47 a 17
47 ax’
4.5 aIa
2.6 km
48 &la
6.7 4.m
Lo .2W
L6 .KE
3.8 .263
21 .204
26 .227
8.8 .280
3.8 .238
3.7 4.61
h? 2.07
a2 ,8,63

:; ~;:

I

4.2 :W
L8 m
L6 al
4.6 w
all 68
3.8 76
48 L37

1

7.7 Ea
4.6 L37
&a 55
h7 4.82
7.7 40
!La ILlm
a~ l&~

I

&3 7.NI
a3 .10
6.6 L92
20 m
3.4 63
8.8 .L63
M ~L40

1

6.4 ls
a8 40
2.4 Zw
2.4 .m
2.6 .06
as 43
26 .05

LOO o
LOO o
LOI o
Lm o
L6U o
L61 o
L66 o
L Ki o
Lm o
LO) o
LOI o
lL 7 0
L%9 o
13.9
[4.8

0
0

14.a o
9.7 0
m: o

.9 :
L 15 0
L38 o
L60 o
LOO o
L60 o
1.70 0
L70 o
LOI o
LOO o
LOO o
LOI o
L!61 o
LOO o
L20 o
La o
z 16 0
29) a
2.s5 o
3.m u
3.10 0
LW o
L 10 0
L40 o
280 0
9.lm o
km o
6.W o
Q53 o

1o.40 0
lo-m o
&ao o

ILao o

1
I
1
1
1
1
1
1
1
1

:
2

;
!2
2
2

:
a
a
a
s
a
a
a
3
a
II
a
8
4
4
4
4
4
4
4
4
4

:
6
6
6
6
6
6
6

~

M
6.s
7.10
a29
6.i8
am
3.63

&J
.3%
.MI
.8!3s
.244
.m7
.W7

d%
!L2W
&m
6.R3
7.n
als
a41
3.83

kg
6.88
a%s
4.68
ha
L 4S
3.76
h 10
&n
6.44
7.la
7.2-8

M

;!

:8%
*O6
3.14
3.22
3.22

i=

-
CABBUEETOE NO. 4

‘o ml
Oa
0s3
033
a m.
0s
083
088
08s

::
ass T

290 1......Nil
L . . . . . . 4.!20M ...... h=

8A0 : . . . . . . z 74
4! 331. . . . . . La

1 . . . . . .1,%%1 -- . . . . ;:
1,256 1 . . . . . .

1 . . . . . .
H . . . . . . M

: . . . ..- L69
Es . . . . . . L8S

I
:::(LE ;~ L#

a4 63 .384 16.7s
8.8 .23 .461 la.73
3.; g .X4 lkall

.4Ti I&m
%8 :m .4W M.76
8.8 .70 .4Q7 I&m
276.31

P

.233 16.m
2.6 27 .!416 E20
;. ~~ .114 mm

.lw la.07

427
428
w
430
431
432
43a
434

E
g

o
.4

k:

if
25
16
I..

3.8
6.6
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Gontnmed.

CARBURETOR No. 4-cc41thm4d.

I Veultorimekr.

&

!%
441
44a

%
446
446
447
448 I
449 1
460 1
461 1
46!a 1
48a 1
464
486
466
%7 !
466 1
~ ~

461 1
461 1
469
464

%
467
468

*

47a 1

~
476
476

%8

4al
m
48!a

$%
4m
4s
487
m
4m
4m
491
402
4s
494
4a5

3!
4B
m
MI
601
mz
m
604
ms—

2
‘-El
M

!28.8

2!
26.8

%:

~;

yi ;

17.9
2L 6
23,0
!28.0

fis
lL8
l&8
826
16.2
146
m 7
17.7
17.a
a7.6
2&;

ml
m.o

%
8136

2:
—

Ib7 z@-
6.72.oa
6.7 01
6.8 08
&7 !A03
ha :203
L6 %4a

I

27 ala
:: ~~

!z2 i&98
!L9 &m
8.7 k 26
a.g ;%

L6 iall
.Z6 a. 10
!27 & m
112 4.97
2.6 am
.Z8 6.10
2.8 650
a. I (i06
&o am
7.1 .523
h4 L97
2.0 .274
:: :$

6.0 L40
6.4 4.60
&8 4.81
6.6 4.89
bil 4.67

k
:$
d!
~
—
6.I&.14!a
.148
. la4
. laI
. las
,161
:~

.811
;g

.46a
,471
. 4&o
.147

:E
.903
.878
.S61
.Sm
.407
.408
.azs
.141
.175
.107
.249
.289
.m6
;g

#m
—

14.Oa la 4
14.27 EL3
14.06 12.8
2: ;~ :

1A70 la 6
15.aa o
16.m .4
16.85
16.10 1:!
16.a6 L5
~: g 2.0

gf$ $!

15.60 .4
I&m
16.07 i:
16.6111
16.668.4
m. m 8.4
16.W 8.9
16.41 42
;: g 4.3

la97 :!
16.H3 !2.0
lh’m 26
I&16 4,4
16.89 6.6
l&72 61
l(k 26 7.6
16.6a 6.0
16.2) 6.5

&J’
880

l,%

830

%
6m
7etl

1,%
l,!WI

2
Uo
640
m
7$

1,Om
I,lm

E
810
am
ml

%

1,%
1,110,

CARBURETOR NO. 9.

,1,191~ avfzega barometer, ZO.WInch ga.wlfne,8, G., O,C&l.]

—

Lo 0.93)
L 6 .940
L4 .9XJ

11.7 .m
Ii: ~&w

L6 a. U
4.7 4.al
h6 &@
!2.5 h%
a3 &88
4.0 L68
a.a 7.al
&4 7.10
8.6 7.50
67 1.95
26 8.13
L6 4.23
6.7 ‘&lo
26 &17

1

8.4 Lm
8.0 &m
8.6 L18
8.4 .18
8.4 .!23
6.1 1.67
:: :;

aa 6.00
!4.!46.00
Z6 am
26 &.zl
26 6.m

U.16 1a7
;! ~ Ii #

7:80 9.0
6.09 7.4

la 76 1.8
la.95 1.7
la. 40 21
14. a8 21
I&85 2.6
Ih 40 2.9
aas L2

~h ;;

16.e+ 8:8
las L6
Em L7
U.m a.a
H.15 26
1~g $!

16.11 29
16.92 a.9
16.65 8.2
16.58 8.4
la 86 L6
la 91 2.1
I!?.67 9.9
18.4a a6
14.M 8.8
16.60 4.6
1448 4.4
14m 4.6

.... . %16

. . . . . z 17

. . . . . 216

. . . . . 918

.. . . . Z 16

..... 9.17

.....

.... . t%

..... ; #

.....

..... &86

.....

..... ;:

..... 7.97

.... .

..... ;:

.....

..... 410

..... 6.!71

.....

..... $;

.....

.... . 7.m

.... .

..... t%

..... a 11

.... . %Ga

.....

..... ;:

.....

..... 4.m

..... L 17

.... . 4.m

..... 4.W

2 ......
82 a . . . . . . i%
4m 9 . . . . . . Lm
170 9 ..... . .M
140 ~ ......
m d!
842 1 :::::: 8.35
m 1 ...... 462
6m 1 ...... 6,44

...... 6.34
% i ...... 7,81

1 ......
% 1 ...... H?

I,m ...... 7,66
I,!a40 i ...... 7.96

am 8 ...... Z14
860 ..... . 8.39
480 ; ...... 4.6a

8 ...... 5.49
% 8 ...... am
176 .. . . . . L n
850 ! . . . . . . 7.B

a ......
1,!% 8 ... ... H!
1,!am 8 ...... 7.66

4 ...... 9.W
z 4 ...... :6J
4W $ ..... .

...... 1%87
% 4 ...... &m
Sm ...... &m

: ...... 6.64
k!% 4 ...... 6.m
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Tm 11-VI.11-Lw of carbwttortests,Col- Unh?raitw,hu toAu@, 1916-. .
titinued.

-.

CABBUBETOR NO. 941mtfnne(L

@&~ 1916;lmmmek, WJ7 f.uduq seeolfnqS. Cf.,0-6S3.1

1
——
IL 9 3.4 L56
2a6 &l’ L4i7
7.6 LO L1O

%0 k2 LB
15.6 S.7 LSI
17.8 L2 L@l

IL176 &a
.Is9 la42
.125 am
.181 no)
.lw 11.20
.W 20)

6

1

......
6 ...... k%
6 ....- LZ2
5 ..... %10
5 ..... Ln
6 ...... LM

!1

Bv means of a atcm-watchthe time recmired to consume a dtite
wei~ht of fuel was ‘determined, and th~ run was continued until
three consecutive mdings showed the flow to be steady and the rate
of flow constant.

In genera~ each carburetor vvas tested for five different throttle
positions, including idling and fuII thro~ and at a doient number “
of engine speeds at each throttle osition. ‘Whenewr the readings

{showed that the critiizd prewure ad been reached,’ se that an in-
urease in engine speed wou~d not produce an hcrease of flow, the .
throttIe was changed to its next position. Ii each case the Iowest
speed was the minimum speed at which the dynamometer could be

—

—

operated.
AU carburetors were tested with standard dine of 62.5” Baum~

and a number of them ab with Fline of 5° Baunxl. The former
rtvas bought from the Standard iI Co., and the Iatter was obtained

from the Am6rican OiI ‘iTor& TitusviIIe, Pa.
The foJ.Iowing carburetor% aII modarn compensating fo~ were

rery kindly loaned by their makers for the urpose of these tests
2when requested through the FTationalhtom ile (lhamber of Com-

merce, but the trade names are suppressed for obvious reasons.

w No.
I

?&kNo. Dflly N?w

—.-
rllcllu. ●

1
m,.

. . ...........................
2 1~ 12.h 6... . . . . . . . . . . . . . . . . . . . . . . . . . ;3

(?{
14.1

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
a

H.-4 ; . . . . . . . . . ... . . . . . . . . . . . . . . . .

i i k

&2
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .

4
ma . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 O. . . . . . . ..-. _._.. . . . . . .
6 1

: M
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2: lo . . . . . . . . . . . . . . . . . . . . . . . . 1 9.2 —

It had been the intention to test two other makes of carbureto~
but although promised b the makers, delivery was not made.

iIt is most important t at the redts of these tests be no+ mis-
interpreted and it must be emphasized again that the tests &odd
not be comdered in any way as competitive. In the &st place, onIy
one feature of each carburetor was brought OU$nameIy, the accu-
racy of the proportioning of the tixture at different flow rates, and

Ethis does not throw any ght on the intimaoy or homogeneity of the

—
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mixture, its density, or its degree of dryness. -But even with_
to roportions the reaulte should be quoted or considered only in

!so ar as they tend to reveal the characteristics of the variationa
from constanc ~rw~~.referenoe ti flow ~ti for the general sort of
carburetor d

i
I?o attempt was made to improve the per-

formance of each car &tor after the object stated had been at-
tained. For instance, where a carburetor has separate adjustments
for eaoh throttle position, as in one well-known t pe, the adju~

/’ments wem not continued after the plotted curves o the results had
shown plainly what might and what might not be effected by further
adjustment. b the same wa , where the auxiliary air su p~yth~

“P ‘i
a?ated b spring-loaded v I% no attempt was made to &

e ect of dl erent springs or sPring tensiom+ since it is well lmown
what effect a lighter or heavmr spring or a change in the initial
tension will produce.

Furthermore, since all oarburetora showed an a reoiable varia-
2$tion in the proportions of the mixture under vvi y vmying con-

ditions it is not im ortant that the whole roportionaIity range of
one is lower than $ Ke whole range of snot er. over the same range
of flow rate% ObviousIy the flow rate range M a matter of option
i.n use.

Where a carburetor has an independent arrangement for idling
controlled by the throttle position or the vacuum abore the throttle,
so that it really consiste of two distinct carburetors with sepm-ak
jets, the idHng mixture was not very oarefully ad”usted, sinw this

AIS a manual operation and ita result quite indepen ent of the auto-
matic compensations ovw the working ranges of flow rates. When-
e=rer an individual result was obtained that seemed inconsistent the
run was repeated, and errors in calculations or readings were thus

8
uickly found out and eliminated durin

% ‘he K%”:::$.zrider these conditions and considering t e me
used the fial -Its should be correct within 1 per cenL

The pro~rtionality results for each carburetor have ken plotted
in three ihfferent vvays:

(A) Ratio of air to ~soline b weight as ordina~ plottad
%a inst total weight of mmture as a sobs+ designated by the letter

ccT “ on the curve sheets.
(’B) Same ordinates as in the previous case, plotted against the

total pressure drop across carburetor as abscisse, designated by the
letter “ B;’ on the curve sheets.

(C) Weight ofipoline as ordinam ~lot~d against weight of
air as abscIwe, designatd by the letter ‘ C/’ on the curve shec~

Where two kinds of gasoline were used sheets marked A, and &
and Cl and Cg wilI be found, the subscript 1 denotin the heavier
fuel and 2 the lighter. %B was plotted only for the eavier fueI
since it do~ not help the understanding very much; m B only wi?.i
be found.

The throttle positions are marked by numbem. (See any A or B
sheet.) Thww numbers wers assigned for convenience only and give
no indication as to the degree of throttIe opening.. By means of
these numbem and the corresponding
can be ke t together and reco

$
p.$ X?%l;!PEZ;:: LTz

eorrespon ing reading on the og sheets where the same numbers are
used.
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On the (1 sheets no numbers are used, and the oints of any one
~group have simply been given a characteristic mar which does not

necessarily agree with the symbols of the same
f

oup on the ~ and
R sheets. Sums the ~ curve has only been use to give an idea of
the eneral nature of the mean curve of aII red@ this discrepancy,

%whit was discovered too late} does not matter.
It should also be noted that where two tests were run on one

carburetor no attw t was made to test it with exactly the same
throtile position in 10 th cases. Since the testshad to be run on
different days and the carhmtor was removed from the box between
the two t% and because in some throttle positions even the very
tightest motion of the throttle wilI affect the flow considerably, the
same throttle positions could not have been re rodwed without a

c?very accurate E@em of marking, which vvod have required too
much time.

The individu+ points had at fit been combined into smooth

%
curves+ represen mean vahs, but this method was abandoned,
since it ap eared,

%
., that it in no wa helped the understanding,

and, secon , because m some cases reK t9 were so erratic that they
could not fairIy be m resented by smooth curves Accordingly the

%test points are joined y straight lines on the curve sheet%
On inspecting the curves it will be oberved that the relation A and

B make the irregdarities appear far more conspicuous than the rela-
tion C. The latter is the one mmt commonly used in reports on car-
buretor tests, which is rather pediar, since it does not give to the
eye a striking picture of. one of the main characteristics of the ear-
?mretor, nameIy, proportionality, apd ten+ to ~bscure its variations.

Constancy of proportion of gasohne to am will in each case be re~-
resented by strm~ht lin~ these being in the rdationa A and B hom-
zontaI lines?and m C incIined and passing through the origin. The
relation C has the advantage that its curve furnidm the b~ means
of quickly deducing the equation re resenting flow .of air, which is

~important when the performance o a carburetor IS to be instig-
ated in the Iight of the rational or empirid flow “Iaws. It, how-
ever, does not convey an accurate idea of the fluctuation in the
mixture proportio~ since naturally a wry much amdler scale has
to be adopted for the gasoline than for the air. In this report the
gasoline scale on sheets C is onl one-tenth that of the air scale. lt

1must aIso be remarked that in a the reports of carburetor tests that
have be?mfound in the literature of t~e subject present curves of t~e
rdation of C only, and tidividual pom~ are ~e~~y ~pp=d ~
favor of a -ooth curve. ~ the hght of th- new test results this
older practice seems improper, because it suppresses the very facts
that shouId form the basis or object of the test.

Each carburetor in turn is described brietly and its test results
re orted in curve form with?ut elabomte discua+m. A photograph

/’o the instrument and a sectIonsl or phantom mew of its constric-
tion wiII serve to identify the deti~ full description of whi& ma

ibe found in the trade Literatureby those not shady familiar wit
it from permnaI observation or use.

Carburetor L1’o.I.n!l?his carburetor has a fd needIe vaIve con-
trolhd by an au~m?tm spring-loaded secondary air-inlefi valve with
a fixed primary am udet and is therefore a representative of the new
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subclass 18.5. It is illustrated in figure 6, and the resrdts of the
test are given in curve form in figurei 7, 8, and 9, which repre-
sent, respectively, the relations A, B, and C. Reference to the curves
Aonfi re7 shows that-

(a) ~e mixture gets leaner M the flow rate increa~ or that the “
..-

fuel increases faster than the air.
(3)” Ne letting the idling points where the ratio of air to-fuel is ,

about 9, & e ratio varies from 10.3 ta “13.1over the working ran
Tbetween 2 and 9 pounds of mixture per minute approximately, whit 1

is 24 per cent on the mean ratio of 11.7.
(c) F6r a given flow rate the mixture is not the same for diffment

teak. as shown by the disposition of points on a given -rertical line,
but m eneral tlus variation is not ver large.

(d) !lhere are certain ir
r

!larities or which the only explanation
that can be found is irre ar mechanical action or stickin of the

fmoving arts, the automatic valve, the fuel needle valv~ or ost mo-
1tioninte linka .

rReference to t e curve sheet B, flg-urg8, indicatw that on idling
the pressure drop through the carburetor, which ~ of course, the
vacuum in the intake manifold, varied from 11.5 to 14.5 inches of
mercury, and over the working range noted above from 0.8 to 9.7
inches of mercury. Finally, refeience to tlgure 9, the plot of rela-
tions C, giving the fuel weight with reference to air vreigh~, shows
far less clearly the variations in proportion that really emst thnn
does figure 7, the plot of relations A, which gives the ratio of air
to fuel directly as a function of mixture flow rate.

The curves could have been made to chnnge in sha~e or curvature
by a cha~ of spring or spring tensiog b~!$there ~-no indication
that a straight fine would result or that tdieirregularities would dis-
ap m.

r bservations of the level i-nthe float chamber showed that it varied
0.55 inch over the flow range, which is large in proportion to the
height of the fuel nozzle above the meag Ie-reland must account for
some of the variations

isZ?i?$?Z;F”lO)
.—In the carburetor the fuel needIe valve

by a link connection, and air entma pmtly
throu h a fixed primary and partly through an automatic spring-

fIoade vsdved secondary inlet, so that it m~y be regarded as an ex-
ample of the new subclass 13.4. b interestm comparison ccomes

f $possible between the results of this and those o carburetor 0.1, be-
cause the two devices are, in eneral, similar in all respects except for

%the needle-~alve control, whit is here throttle actuated and in the pre-
wous casemoved b the automatic secondary air valve. It has already

tbeen pointed out t at the throttle position is not a prime variable in
flow w~Ie automatic air-vaIve movement may be and is so, the more
nearly It controls all the air and the more nearly constant its sprin
tension. This being the case, more variation from consttincy woul%
be expected in this carburetor than in the last one for variation of
flow rates, due to changes of engine speedwith .afixed throttle.. ‘iWth
such a fixed throttle any changes in flow rate act on ropm+tionsin

[just the same way as vvouId be the case with a fixed uel inlet asso-
ciated with ilxed primary and automatic secondary air inlets. If the
compensation for such a combination were adequate, there would be
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no objeot in adding the second compensator, -which is out of action
when the throtie is tied.

Reference to the curves of air to fnel ratio with rewrpectto mixture
flo;cl~~;~the A relation giwm in figure II leads b the following

.
(a) The ~roportionsi vary widely in passing from one throttle

position to another for a gimm flow rate along a vertical Iine. For
=ample, at a mixture flow rate of 7 panda per minute the air to
fuel ratio varies from 15.4 to.about 29, nead 100 per cent in pmsin

T $from No. 2 to No. 5 throitie position. ~ e manual adjustment o
the cam comection between needle and throttle ma be relied upon to

zreduce this, there is no reason to believe that the ifference can ever
be reduced to zero.

(b) The roportions vary also owm a veqy wide range -with any
i?’iked throt e position as the flow rate changes with engine speed as

is clear from the _ trend of alI the ourves. For example, the
ratio for throttle positron No. 5, and flow rate 2.5 pounds er min-

?ute is about 14.5, which increases to 29 for a flow rate of pounds
per minutes with the same tbrottIe position. This is exactIy doubh+
or 100 per cent of the lower value and 67 per $eut of the mean ratio
of 21.75. Eand adjustment of the automatic mr-valve spring tension
will, of Courwj tend to flatten these curves, but it is not likely that
the can by&s means eyer be brought to.horizontal lines.

r)c The cur-w are all smooth and the irregdarity noted for car-
buretor No. 1 is absent, which confums th~ option that these irregu-
latitiw -were due to sticking or lost rnotlon of the air valve or ita
curvatures. In the pr~t case the air valve is free and the needle
linkage is positively actuated by the manual mommmntof the throttle.
Reference to the pressure drop cur-res (fig. 12] fl give the pressure
drop or header vacuum corresponding to the several flow-rate and
throttle-position points or the proportions corresponding to them.
&in the previous awe the direct relation of fuel to tiir vwights of

v
e 13 cIearly faila to bring out the departures born constancy

o propo~tion as vvell as the curve of ratio with respect to rate of
flow. (F . H.

3tlThe Iev in e float chamber varied by not more than 0.1 inch for
aII flow ratq a neg - “bIe uantity when compared with the suction

. y p%. 13.)produced by the am OW.
Cath.mtor No. 3 (@g. A# .—In this carburetor which has a singIe

“L-air inlet onI~, a vertical cy ‘ndricaI phmger, vwt Its axis normal to
the center $ne of the horizontal air passage, ten~ b gravity,. to

zchoke the aw. Tins is counteracted b the pressure on t e upper mde
of the Iunger, which-due to a em

E
J connecting passag=~ identi-

caI wit the prwsure of the air or mixture after It has been throttled
by the plunger. The plunger oarries at its lower end the fueI meter-
ing pin, a cylindrical rod with a taper-

3
groove cut into it. The

of .hicf ex.ten& “
meterin pin di s into the cylindrical fu aspirating tube, the end

mto the air passage> and which may be shifted
up and down, thus pro~idin for a hand adjustment.

The carburetor, therefore, b ongs to new subclass 12.5.
F. w 15 and 16 show the am- aecdine ratio versus flow rate

Y fifor ve diikent throttle positio~ gure 15 for 62.5° B. gasdin~
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and figure 16 for 75° B. gasoline, or sheets A and & respectively.
An inspection of these curves gives the fd.lowing results:

(a) From A, as well as& it is seen that the maximum capacity
of the carburetor should be tal!en as slightly more than 8.2 pounds of
mixture er minute.

R
This evidently represents the point where the

plunger as risen as far as it can,..and Iherefore ceases to re@ate, . .
and the carburetor becomes a &ed fuel-flow area, fixed am-flow
area instrument. Consequently the mixture tends to become richer.
Points beyond 8.2 pounds per minute of mixture will therefore not be
considered.

(b) On A points of group No. 2 to represent the idling position of
the throttle. Evidently the aspirating effect at the mouth of the
nozzle is insufficient at such for flow rates. It is a general practice
twuse a very rich mixture when idling, but the carburetor shows just
the op osi~, a very much leaner mixture than for higher flow rates.

(c) $eavm out the idlin~ position, the mixture on both A and
%e& is seen to come gradua y Ieaner as the flow increa~ and the

air-gasoline ratio increases on A, from an average of- about 14.5 to
about 15.9, on Az from about 14.6 to approximately 16.2. This cor-
rq?onds to mean values of 15.2 and 15.4, respectively, or the totaI
variation in avemge ratios amounts to 9.2 per cent and 10.4 per cent,
res ectively, of the mean ratios.

r)d The discussion under (b) referreclto avera e ratios. If, how-
ever, extreme valu~ 10VVand high, am taken, A % ows a range from
13.4 to 16.4 leaving out id.lin positions, and on ~, from 10.Gto 10.8.

%True, this ~rge variation is us to a few erratic readings, but there
is no apparent reason wh

{
these readings should be thrown outi

They are evidentIy due to t e etickin~ of the phmger.
(e) The radual increase in the am-gnsoline ratio, as the flow in-

creases+cof d be corrected by a change in the contours of either the
tapering groove in the meterin pin, or .of the v-shaped bottom of

fthe plunger, if the curves are to e flattened out.
Curve sheet B (fig. 17) will be discussed, in conjunction with the

B curves of all the other carburetors, at the end of the test report.
Figure 18 again proves that t~s rngthod of rep~ntation fails

to ‘veto the eye a true picture of the irre@nrities of the operatio~
Palt ough it- shows the nature of the equation representing the rela-

tion between air flow and fuel flow.
The variation in the float-chamber level was less than 0.1 inch,

i, e., negligible.
Cari5uretor No. 4 (fig. 99) .—In this carburetor the attempt is

made b combining two car!nmetors on? of which has a rising ratio
iversus ow curve and one mth a droo mg -curve, so as by the simul-

!/taneous nction to produce a honzonta ratio versus fl?w curve, i.. e.l
a mixture of constant proportions Or by accentuat~g the action
of one component as compared with the other any desared tendeney
m“ ht theoretically be produced.

% e carburetor has no moving parts -whatever and adjustments
of the mixture can only be made by exchanging nozzles or Venturi
sectio~ excepting the idling device, which is independent of the
rest of the carburetor and capable of adjustment.

A single air inlet is provided tind two fixed fuel nozzles; the flow
through one of the latter is controlled by the vacuum at its mouth,
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while the flow through the other is limited by the amount which nm~
pass into a well open to the atmosphere under a constant head. This
arrangement-places the carburetor into the new class 6.5.

When examinin
d

the results it should be noted that the carburetor
is somewhat em er than the re4-of the instruments, as the list at
the beginning of the test reqortt shows In this connection it may
be remarked that the sizes la inches, i~ “inches,etc., as given in mmu-
facturers’ catalogues, do not accurately define the actual diameter
of the discharge pa-ge. Some@n~. the actual dia~eter is less, in
other cases it is greater than the hst awe, a custom wkch seems very
Umlecewary.

The results are plotted on figures 21-25, and figures 21 and 22
su at the followin comments:

?) %a The actiori of t e“”& Wiiti”iiling device is plainly seen in fig-
$ure 21, where the pints o group 2 represw!t tlus throttle ~osition.

Nmhrally these points couId have been shifted downwardt ]. e,, the
mixture could have been made richer by adjusting screw O, figure
455. The variation in mixture propofions durin idling M, how-

?ever, considerable, between 18.4 and 20.7. This, o course, is not as

f
im ortant as the regulation for higher flow rates.

n figure 22, group 2, the throttle has been opened a little more
than in test with the hwvier gasoline and the main jets have b un

%tcroperate. Still the variation in the proportions is ver large, -
itween 18 and 15.5 in figure 22 (group 2) and between 1 .8 and 16.9

infi e456 ( oup ~).
(b~h-the ~rottle is further opened, groups”4, 5, and full, the

action becomes more regular. Conditions in the two tests agree
quit~ closeIy. In each case the mixture gradually becomes leaner
untiI a flow rate of about 4 pounds- per rmnute is eAablished. Be-
tween 4 pounds and 7 ounds the average remains constant-at about

%16.4 in each CEEX+.ar+d pounds of mixture per mi?ute would mcm
to be $he upper hmlt of the working range. At lugher flow rates
the mmture again becomes richer.

(c The variation in mixture proportions for the same flow rate
kbut “fferent throttle positions is not large, comparatively, at least,

except for the lower range of flow rates, i. e. below about 2.5 pounds
f!of mixture per minute. For exampl~, on gure 22! between 4 and

7 pounds’ flow, the maximum variation is only 0.7 for an aver~ge
ratio of about 16.8, corresponding to 4.8 per cent.

(d) If, however, the intention is to have a constant ratio through
the whole working range, then the results must be lwked at in a

differtmt manner. having out group !2 in figure 456, the ratio in
figure 21 ranges from 18.8 to 16.9 and in figure 22 from 18 to 16,7.

(e) The test results for this carburetor are of especial interest,
since it is the only carburetor tested which has no moving parts, de
signed to regulate the proportion by their automatic o~eration, ex-
cepting carburetor No. 10 which has to be discussed by d.self. Now,
comparing au sheets marked “AH it wiI1 be @airily seen that No. 4
~rburetor shows some irre lariti~ and.erratic tendencies, especially

Fm the lower flow rang% ut nothing hke some of the instruments,
and none of them can be said to excel No. 4 in this r-. Thk
again tends to substantiate the claim that those gross irregularities
are due to sticking and binding of the moving pafi That at low-
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flow rates all of- the carburetors exhibit erratic tendencies is not sur-
prising at aII, since it is well known from hydraulics that flow through
orifices under low heads is apt to be erratic.

(~) ~ m~tioned befor% the curves could be changed in character
b substituting a compensating nozzle of a different suze,but whether
1’t e average ratio could be thereby made constant over a larger ran~

of flow rate is queationable, since for low-flow rak the atmospheric
well must be partly filled with fuel, so that the discharge is not con-

“ “ action is chaimcd by the makers forstant. A peculiar u hysterems
this intermediate state of affairs, but this can not ~ discu~d hem

Sheet B, figure 28, wilI be discused later.
Figures 24 and 25 show very plainly the general tendency of the

variation in air-gasoline ratio, but nothing more.
The gasoline level in the float chamber yaried as much M 0.45 inch

between no flow and maximum flow (see log sheets,p .500 and 507),
Twhich seems unduly high, but this large drop took p ace only at the

highest flow rates where, according to fi re 54, the suction at the
rmouth of the nozzle rises as hi h as 64 inc es of water, equal to about

8’7 inches of gasoline, so that i%e percentage of the totul flow head is
small.

~arburetw No. 6 ($g. 86) .—The carburetor is similar in principle
to No. 3 and belongs to the same class new class 12.5. In this case,

4however, the metermg device consists o a guided poppet valve” ffoat-
ing” in the currents of air, all of which enters through a single inlet.
The tapered metering pin is stationary arid the aspirating tube rises
and falls with the metering valve, being located m the core of the
latter. b important distinction, as compared with No. 3, is thnt
the whole metering pin and the surrounding part of the ~irating
tube are vvhoIly immersed in the fuel, so that a submerged ornfice de-
termines the quantity of f ueI. The metering pin maybe adjusted up ,
and down by hand until the desired mixture is obtained. A dash-
~ot plunger at the lower end of the metering valve stem is immersed
m the fuel.

Since at low-flow rates the metering valve does not lift from its
seat, sma~ air aawges are provided in the body of the valve, as

Y
Fre461~lain y shows, and these passages, leading past the mouth

o the aspmatin~ tube, provide the mixture for running the qgine
until the suction Msutlicientto lift the valve.

The results are plotted in figures 27-31, and suggest thp following
comment9:

(u) On both figures 27 and 28 the conditions durin idlin am
represented by grou s 2 in the lower left+hand corners.

?
$he mi%ure

is rich, as is general
{

demanded, and it varies between wide limi~ as
in the case in all car ureters having a separate idling arrangement.

(b) In both tests the eneral tendency is for the mixture to become
5leaner, until the air-gaso ine ratio reaches a,maximum between 3 and

4 pounds per minute. The mixture then slowly becomes richer, untiI
at about 8.5 ounds per minute, when the

& %
dine be “ns &increase

Tmuch faster an the air. This is probably e point w em the meter-
ing valve gives maximum port opening so that the air inlet becomes
ked.

(c) The mean mixture for different throttle positions between
about 16 and 19 on Al and 14.8 and 18 on A?, but there are some enor-
mous variations fur the same flow rate at ddferent thrott.lc positions.
Thus, in figure 28, at 1.6 pounds flow, the ratios are 12.2, 13.2, and
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0.17 for throttle positions 4, tl, and 5, respeetivel . This corresponds
c?to a totalvariation of 4.8, or 34 per cen$ referre to the mean, 1$1.

At 7 pounds flow, on the other hand, m the same test, the variation
for three throttle positions is only 0.75 for a mean value of 16.3, or
4.6 r cent. OnIy the irregular action of the metering valve, due to

“w”dug@
n- can account for such discrepancy=

ether t e general tendency of all curves, especially the
~raduaI enriching of the mixture with increase in flow, is desmable
m a carburetor need not tw discussed here. A modification of the
outlines of the metering valve would evidently change the chmaeter-
istics of the ratio versus flow curve, at least as far as the part to the
right of the peak is conee~qd.

Sheets cl and ~,, figures 80 and 81, ;er cIear]y “and much better
Tthan & and A%,&ow the effect of the fue density on mixture pro-

portions. More about this will be said later.
Thalevel in the float chamber remained practically conshmt under

all conditions, a maximum variation of 0.1 mch bei negligible.
%Carburetor No. 6 (fig. W) .—As may be seen in e cross section,

this carburetor has three air inletq o?e constant and the other two
provided with spring:loaded automatic valves. The latter two are
mtarconnected by linhvork, and one of them operates a tapered
metering pin for gasoline. Another spra~ nozzIe is in the consttint
air openi.n~ and is the only one in operation until the.automatic air
valves be

Y
ta open. A dashpot pistun submer d in gasoline

dampens t e motion of the automatic air valves r djustments for
both spray nozzles are provided. Thus the carburetor is seen to
belong to new class 14.1.

Inspection of curve sheet Cl, fi~” 35, demonstrates that the
carbure~or was. adjusted for the test so as to giv~ con+mt average
proportmnsj s~~ means. vahws a~e on a straight hne. passin
through the omgm, ex~ptmg for lugher fl?w rates, beginnm wit%

$&l; E%’ % ‘nub’ ‘hem ‘he ‘Xture -s ‘0 ‘comeether the average rat~o could have been made
constant for the whole ran e of flow rates by means of the Ul@h-
speed” adjustment can not%s etated with certninty.

Sheets A and B, figures 93 and 84, however, show that while
the general tendency was to produce co.gatant roportions the ratio
actually varied between very wide limits & ether it is mechani-
cally possibl~ to obtain perfectly & motion with so many moving
parts and ]omts remams to be proven. In the absence of any other
satisfactory ex lanation the test resdts would seem to indicate that

{it is not possi le. This Mnclusion receiv- confirmation from the
r=ults of the teds for pressure at the mouth of the spray nozzle.
If these remdts are plotted to a lar er wale than the one used in

%fi re 66, or if the log on Table I is carefully examined, it is
Pp airdy seen that the suction increases more or 1s.ssirreguIarl~ with

the. air flow, thus accounting for -the wmiatio~ in the gasoline-air
ratio. When the am- asoIine ratio fluctuates m the extraordinary

~manner exhibited in gure 33, with a range extending from 11.9
to 17.2, it does not seem to be worth while to discuss mean values! as
10 se it is not shown that the excessive variation is not unavoidable

Twit such elaborate mechanism.
The variations of the level in the goat chamber were negligible,

0.15 inch being the maximum depression.
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Cavhwetor No. 7 (fig. $6) .—In this carburetor, which has a fixed
primary air inlet and a single-spray nozzle, hand adjusted by means
of a needle valve, the auxiliary air enters through ports which are
kept closed by bronze balls, until the suction is suficient to raise
them from their seats. After that the balls are kept floating in the
air by the air flow, thus taking the place of springs such as used in
the original Krebs pe carburetors but having the advantage over

? tFhisconstruction places the car-springs that the loa never varies. ,
buretor in new class 8.2.

C!omment.son results:
(a) According to the curves on figures 37-41, the compensat-

ing balls evidently do not begim to operate, at least.not electively,
until, for this size carbureto~, about 4 pounda of nnxture per n~in-
ute pass through. After th~ point has been reached the mi.sture.
maintains constant proportions, if mean values are taken i. e., the
curves representing mean vahws in fi~es 37 and 38 are ~orizontd
lines, and in figures 40 and 41 straight inclined lines passing through
the origin. The ran

r
, however, within which all the points are con-

fined is bet-men 7 an 10 per cent of the mean, in some places less,
(b) There must be a point where the balls cease to compensate,

but-the curves show hardly any falling off of the air- asoline ratio.
f(c) The suction at the outlet of the fuel nozzle oes not increase

with the flow in an absolutely regular mmmer x the curve on figure
55 and the log in Table X prove. This, of course accounts for
fluctuations in the mixture ratio. The onl plausib]e explanation

i?would seem to be that the bails (there are ve of them) which are
naturally not guided, do-not act with absolute positiveness, although
they have, of course, the advantage of total absence of friction.

(d) As in other carburetors there is an encmnoua variation in the
mixture proportions at low-flow ratw, and especially when the Iow-
flow rate is due to the partial closing-of the throttle rather than low
engine speed. In this connection see groups 3 in figure 37 and
groups 3 and 4 in fi~re 38. In the lat@r case for instance (group
4) the mixture flow increases from 2 to 9.6 pounds only, but the rfitio
increases proportionally to the flow from 9.1 to 14.2, an increase of
56 per cent-. Group 4 represents an almost closed throttle position,
and as the log readrngs No. ~28 to 334 show, the pmsure drop across
the carburetor increased from 2.6 to 12.4 inches of mercu~ These
conditions would be reproduced by an automobile running on a
smooth road offering little rwistahce and with varying degrees of
down grade. In an aeroplane engine the higher flow rates would. hardIy ever be reproduced. The results show that under such condi-
tions every. carburetor tested fails to maint~in even approximately.
constant nuxtnre proportions, and that in every case the air to gaso-
line ratio increasw m-oreor less rapidly with the flow. Since at the
same time the suction in the -inlet manifold increases, the mixture
should, if an thing, become richer to alIow for valve-stem leakage

1and decrease compression in the cylinder,
(e) The variation of the float chamber level was negligible with a

maxunum depression of 0.1 inch.
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Oarhretor No. 8 ($ . .@?).-The @neipd featurea of this car-
fburetor area vertical p un~er fitting m a cylinder, the up r side of

which forms a dash port, am openinp bei
Y

runcovered as t e plunger
rises, and a tapered fuel metering pm Mgi ly attached to the hollow
plunger, and dipping into the stationary as irating tube. The

[plunger is” floating” m the current of air, whit results in a rscti-
?cally constant vacuum in the mixing chamber surroundin the p unger.

fThe test results substantiate the manufacturer’s claim o a “ constant
vacuum carburetor.” A figure 56 and ~abla X prove, the greatest
difference in suction at the mouth of the fuel nozzle between nunimum
and maximum flow rates is only 0.8 inch of water. The carburetor
belongs in new cl~ ~.7, and the princi aI difference between it and

fNo: 3 and No. 5 is that in lfo. 5 the who e metering pin is submerged
in the fueI, and in hTo.3 the point where the metering pin emerges
from the aspirating tube is in the current of air, while m No. 8 the
latter oint is surrounded by air, but this air is dead air, so to speak,

!away rom the air current, more or less saturated with fueL The
featur~, however, which uts this ig a class distinct from IJo, 3 and

ENo. ~ E that the top oft e air-tight float cham~r is connected by a
small tube to the mixing chamber. The vacuum thus produced on
top of the fue~,howeser, may be varied by means of a hand regrdated
air val~e whmh allows more or less air to Ieak in, thus pmtially
destroying the vacuum and regulating the fuel flow. By means of
an adjustable collar supporting the plunggr ~hen at re$l tho openin
of the fuel ports is given a” lead” with respect to the am ports whitE
results in a richer mixture for idling.

Discuwion of results. (sss figs. 43,44, 45):
(a) The effect of the idling arrangement above described is plainly

seen in figure 43 where the points of group 2 represent the idling
position,

(b) Figures +Miand 45 show that the mixture gradually becomes
leaner as the flow increasq up to about 8 pounds per minute mixture
flow. At this point apparently the plunger has reached the limit of
its traveI, and the carburetor becomes a fixed air-inlet tlxed fuel-idet
carburetor which accounts for the mixture becoming richer. Eight
pounds represen~ therefore, the limit of the working range unless a
rioher mixture is desired at extreme engine speeds in order to obtnin
maximum power for racing or whenever maximum engine power is
desired.

(c) Between 2 and 8 pounds per rninute’mixture flow, the air-fuel
ratio increases from 12 to 16, m increase of. 83 per cent, or a vari~tion
of 28.6 per cent referred to a mean ratio of 14+ This general tendency
can, in the case of this carburetor, be changed only by substituting w
metering pin of different contours

(d) If one -were to omit about six erratic readin the results
??would be very good even excellent, as far as constancy o proportions

2for any one rate o flow at different throttle positions is concerned.
What right an one h% howev~, to omit inconvenient readings is

fnot evident, as ong as no expemm~taI error can be shown. Again
occasional bindin of the plunger IS the od plausible ex@mmtion.

f [The s cial test p otted in figure 56 does no give any inchoation of
?irregu arities in the phmger action, but that can not be considered as

conclusive unless a great many readings were taken.
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(e) Sineethisisa carburetor inwhich thedeflection of thecurrent,
due to the throttle position, can not posxibly have any effect on the
fuel flow (see fig. 42), and since the rsat differences in some of the

fother carburetors can only be due tot. e deflection by the throttle, the
fact that the ratios for differmt throttle ositions at the same flow

Yrate agree quite closely, assumesconsiderab e signiiican~ but further
investigations are required before this question can be conclusively -
settled.

~~~~etor No. 9 (~g, .&).-Thia carburetor has a small fixed
e variations in float chamber le~el were practically niI.

area Venturi tube fo~ t e air irdet ?ith a fixed area fuel spray nozzle,
the flow through vd-uchmay be adjusted by hand by means of a sub-
merged needle valve. In addition it has a fixed area spray nozzle
located under the hinged fla of a spring lowled mmilinry an” valv=

!The seecmdarynozzle, there ore, does not act until there is suflkient
suction to open the au.diary air valve. This arrangement phuxw
the carburetor in new clnss 10.9.

Discussion of test results (see figsL47~4~ “and49). “
——

(a) The prints of group 2 (fig. 47) repreeat the idling position
of the throttl~ and again-the same as in other carburetors-a. great
variation in the mixture proportions is to be found. The air-gaso-
line ratio inoreasw from 7.6 to .12.1.

(6) In the other throttle positions a distinct break ocimrs at a.
flow rate of about 2 pounds per minute. It must be concluded that
this represents the point at which the auxiliary air valve and the
seconds jet begin to affect the mixture.

(c) T%e air-gasoline ratio steadily increases at a uniform rate
from fibout 10.5 at 2 pounds flow (fig. 47) to 16.6 at nearly 8 pounds
flow, but between 1.7 ounds and 2.1 pounds it increases from 8.6

/’to 10.6, an incxeasa o 22 per cent for an increase in flow of 23.5
per cen$ whiIe between 2 and 8 poun~ the ratio increnses 58 per
cent for an increase. in flow of 400 per cent. A change in spring
tension should enable the operator to reduca this exwxsive increase in
the ratio, but-the loeaticm of the secondary nozzle under the tip of
the flap valve and close to the wall produced very curious and erratic
rmults when the attempt was made to mrrect the ad~ustment. T,ack
of time prevented further imwstigation, but there YSno doubt that
the carburetm as furnished could not@ adj@ed to give a constant
mixture at different fl~w ~tes, even for a +ng~e throttle osition.

!lWhat effects the subst@t?on of another sprm or of anot er wc-
Rondary nozzle or the shdhng of the oint of t e latter by bcndln

L fthe tube might roduc.e, would be i e to discuss on the basis o
c?theoretical oonsi erations only.

(d) With the exception of only two or three readin the cm-
fburetor showed-no irregular tendencies, and the ratio vs. ow curves .

(fi , 47) are famly smooth, indmating that the auxiliary valve, the
on moving art, worked fred .

f) r%e Rega z“ng constancy o proportions for any one flow rate

1?
when adng from one throttle powtion to another, it may be noted
that a 2 pounds per minute.flow the ratios agree within 4 per cent
of the mean, at 4.5 pounds within about 7 per cent, and at 7.5 pounds
within less than 4 per cent of the mean ratio. These difference are
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to be asoribed to the disturbing mtion of the throttle which must
be uite pronounced in the case of this carburetor. (See cross section
in i

$

. 46.)
( No variation in the float-chamber level could be observed.

aalmretw No. 10 (fig. 50) .—In this carburetor the fuel issues
from a number of very small holes, and a cylindrical rotary throt-
tle with suitably shaped ports uncovers the fud openings one by
on% so the carburetor may be said to consist of a number of carbu-
reto~ each with a fied air irdet and”ti fixed fuel iilet. Thus it
coma under new cla= 9.2. An adjustable damper plate in the air
passage provides hmd regulation of the mixture.

Discussion of results (see figs. 51, 52, and 53) : From the con-
struction of the carburetm one wouId e ect to find on sheet A (fig.
51) five quite simiIar curves,skrpi ?
downward as the flow increases

gra uall , even if slightly onlyl
5 fhe actua results as shown are

disa pointing m well as puzzling. Be “nning with a closed throttle,
the L

$
!?’osition is represented by No. , the next by ~o. 3, find then

No, 4, 0.5, and full throttle follow in the order given. Leaving
aside positions No. 2 and h70.3 which represent very small flow rates
only, and -whichshow enormous variations in ratios, between 13 i=md
23 m one case and between 15.5 and 18.3 in the other, as was expected
from the experience with the other curbureto~ it might be possible
ta draw curves representing mean valu

3
and these curves vrould be

approximfikly parallel, and SIightly oping @ownward, but the
fluctuations are so Iar& with the exception of group No. 5, that it
sesms idIe to speak of general tendencies in mixture variation. It is
especially strikihg that even the full throttlc test which usually fur-
nishes the most regular curves, in this cam “-mavery erratic result+

Twith successive ratio readings of 19.1, 16.5, 9,4, 18.2, 15.8, 15.9, 15.9,
15.6. Of course if the 19.4 and the 18.! Zieadin at 4.8 and 5.1pounds,

Trespectivel~ were lomred to about 16, the resu ts would at once show
a most rachcal improvement, but there is no justification for any such

i
rocedure. A satisfactory explanation for the erratic readings given
y this carburetor does not suggest its@f.
The depression of far float chamber level was 0.2 at the higher flow

rates, not sufficient to affect the flow ap meciably.
!/Sped te8t8.—fkfterthe completion o the regular te~ each car-

buretor was subjected to a special test the object of which -wasto as-
certain the vacuum at ths ..outlet of the spray nozzle for the whole
range of flow rfiti. For this purpose the connection between the
spray nozzle and the float chamber was plugged with plaster of Paris
and the same was done with any outlets to auxiliary w+ etc., m
that a manometer connected to the gasdige pasmge leading to the
spray nozzle -ivouIdrtid the actual pressure at the mouth, 1. e., the
vacuum which with the float chamber head at the other end of the
fuel column, determines the flow. The throttle was kept open full
for these tests and air was pa=d through the carburetor and metered
the same as during the regdar tests

The log of these trots appears on Tables IX and X and curves
plotted from these readingi+ on figures 54-56.

These results, together -withthe readin of the r ular &@ may
Y ?be used for deducing an empirical formu a for the ow in each car-
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buretor, or for trying such formul= as have been ropoaed for this
%purpose providing that the exact flow mea for eac flow rate ia de-

termined which ia not an easy matter especially for the fuel passa ,
and where metering pins are used. The air flow, however, can notK
calculated from these readings, since in

r
eral they do not rep~nt

the true static pr+ure of the air, an of co~ when air enters
through auxiliary valv~ even the true pressure at the primary noz-
de would not be of any use by itself.

ll?ABmIX-X.-Zag of cmburettm tests, Coknbh UMmity, JW b Avt, 1916.
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TABLE IX-X---

CARBURETOR NO. 4,

[Aug. ~ 191wavwage.bamneter,W.%hmlus.]

‘ Vednrl mefa. lPrss-

EMz4,
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1
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of carbumtar tip, Columjtiu Uniaer@, Am8 to August,1916-
Gontinusd.

OAEBUEETORNO.S.
[An&8,1916;avemgubwmetlx,Wa4fnabes.]
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As has been repeatedly point~ out in the discussion of the indi-

vidual t+ in some cases the i.rregiiarkk in the variation of the

mixture ratio with flow is explained by the imegukity of the cor-

responding p

f

rese-ure readings, which in turn are due to sticking or

binding o mo .

7

park.

k carburetors L os. 4 aud 5 (sea ~. 54) the curves also phaidy
show the points where the compensating arrangement ceases to be
effective.

Carburetors ~os. 5 and S are intended to be “constant vacuum”
instrument and the curves on figmw 54 and 56 contlrrg it.

%No. 3 is a o a constant vacuum carb~etor but the spray nozzle is
directIy at the point where the throtthng takes place; therefore the
curve @ure 55 shows a gradually increasing suction with a maxi-
mum of ~ inches of water.

—

-— —
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CarbureimrsNos. 1, 2, 6, and 9 have spring-~oded auxilia~ air
valves and should therefore show similar relations between nuxing
chamber vacuum and air flow. The curves show that all four have
this relation expressed by a straight fin e of the equation =ax+b,

fwhere y=vacumn, a=ati flow, and a an b are constants. # aturally,
if the curves could have been continued to the left, they would have
curved off tuward the origin, but the straight-line relation holds true
for ti except the loywst flow ra@

In the case -0.6 carburetor aep~~atetests were made”for the
primary and secondary nozzle pressur~ and the two curves show
plainly how the suction at the rimary nozzle gives the same results

{as NOS.1 and 2 but suction at t e secondary nozzle b~aginsto develop
only when the ~ow amounts to about 2 pounds er mnmte” after that
suction increases along a Arai&t line. RIn t e ted of ~To. 9 car-
buretor the two aozzles were not se arated This explains why the

%curve k a straight tie, but follows t e equation y=au-b, i, e., it in-
tersects the zero pressure axis @ the right of the origin.

No. 7 (fig. 55) also should
f?

ve the same characteristics, since in
place of the springs it has t e constant weight balls. The curve
shows a stmight Iine only up to about 4 pounds After that-the suc-
tion increaw more rapidly. This is probably clue to the fact- that
in this case*the pressure read on the manometer is the ressure at
the throat of the Venturi tube rather than that of & e mixing
chamber.

The two remaining carburetors, NOS.-4 and 10, should, under the
tast conditions,

f
“ve the characteristic curves of a carburetor with

fixed air inlet an fixed fueI inlet. The actual results areas expected,
only the curve for No. 10 (~. 56) is improperly plotted as a straight
lin~ Actually it is a curve similar to that of ho. 4 (fig. 54), as m-
inspectionwill show.

The great difference in the practice d“ the various manufacturers
with respect to suction at the spray nozde deserves mention. time
an air flow of 7 ounds per minute, a flow rate which is certuidy well

Lwithin the wor “ g range of all the instruments. At this flow rate
the constant vacuum csrtmretors have vacua of 2, 8, and 15 inches
of water, respectively, while the others show 9, 12, 21, 80, 32, 40, and
Ei4inches of water, respectively.

SUMMARY OF TEST RESULTS.

(1) The tests performed in connection with this investigation,
as has been explained before, were intended only to demonstrate the
performanm of modern commercial ~rbur$ors as meteraingor pro-
portioning instruments But. even with tlus narrow Iinutation they
me not mmplete; they show how the mixture proportions are affected
by speed at fixed throttle and also by throttle osition when the
engine is running at perfectly uniform speed. f hey do not show
the effects of a sudden change in the. flow rata or of a than e in
barometric pressure For atmospheric” temperature. Time, un ortu-
natdy, was not available for these ES* tests nor for tests showing
the effects.of the tilting of the carburetor.

(2) While the method adopted for &t& was that of ~a~ing
the speed and flow rate at each of a seMesof fixed throttle positions
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and the pro rtionali~ lotted with ~eference to flow r- one
r 1curve for eac such throt e positio~ 1$m a perfectly eimple matter

to connect the curves representing ddferent throttle positions in
any manner desired. The intersections @l “ve the variation h
mixture proportions when ope~ or clq

Y
t??

g) I.U.W#
e throttk

eotioR of these curves munedmt y & the question of
car ureter ca amty rating in terms of flow rata There is no reason
why a man acturer can not rati a carburetor in any way he sees
fit, and there d- not seem to - an accepted sh+dard of capacity.
One report of a carburetor test speaks of 120 culmc feet per minute
as the rated m aoi~ of an l+inch carburetor, but no reason is given.

!In the Iight o the results of thesa new tests 100 cubii feet would
seem to be nearer the mark than 120, since in se~~l oases the com-
pensation begins to fad at about 8 pounds of nuxture per minute.
There are many practical reasons for a rea~nably detlmte and uni-
~rm reIation between flow-rate capacity rating and connected pipe

‘~) The importance of ilxing z Emit to the variation in mixture
proportions that is Permksible or advisalde is also made clear. This
question wouId have to be a~ered before the performance of any
carburetor tested could be olaEEed as good or bad, and it certainly
should be known to any prospective user or desi er. It would seem

Yas if no real advancement in the carburetor fie d could be achieved
ties and unti the various functions are kept strictly separat~ It
does not seem right to f-d a 12-to-l mixture -when a 14-*1 mixture
furnishes exactly the correct amount of o~gen for combustion. If
the I&to-l mixture does n~i gi-ie as good resuIts in a given engine
as the 12-to-1, the conclusion must be that there are present some
interfering influences, after the air and the fuel have been measured
out. Iil & absence of proof that constanti pro@onaIitg in com-
bining proportions is not the best air-gas ratio for mixtur~ the
ord~ tientic method is to proportion the fuel and air with the great-
est possible accuracy and kee the mixture constant instead of guess-
ing at.the answer or arbit rarl y making the mixture” a little richer”
or Ieaner than it -was before some operating diffimdty was encoun-
tered. Then the next step would be to ascertain what is necessary
so that this chemically perfect and constant mixture wiU give the
best results in the engine.

(5) That there is an@ing but Uniformity with respect to mixture
oharackistics of existing carbureto~ the curves demonstrate better
:anem.~en Canment. Not even the general @ope of the curvee

(6) The” re.ssuredrop across the carburetor is synonymous with
:the manifol vacuum at full open throttle, pence ~ important quan-

tity, since it affects directiy the volu.rqetmceffhnency, com resion
P f?ressure, and n ative work on the engmw For the same ow rate

%(about 7.2 poun of air er minute) and at fell throttle the folIow-
%ing pressure drops (in inc es of mercury) were observed: Carburetor

HO. ~, 2.3 inohes ; NO. ~, 2.6 inches.; NO. 3 I.ti inches; NO. 4 2.8
inches” No. ~, ~ inches; No. 6, l.~ mchea ; ~o. 7>8.8 illCheS; do. 8,
1S inc~~.; No. 9,8 ticheq; No. 10,2.9 inches. These”i3gures in con-
nection vnth the crow section of the carburetor speak for themsdves.

.

.



544 AERONAUTICS,

(7) Tests on the same carburetor, but with two grades of gasoline,
gave the expected result: The use of lighter gasoline produced richer
mixtures for the same air flow, but the di.tlerenceis so small that it
would be hazardous to give a numerical estimate, in view of the
irregukities in proportions.

(8) Considering how little N@Iy scientific work has been done in
connection with carburetors, it is surprising thut they fnnctiun as
well as they do, but the road to further improvements seems clearly
outlined.

(B) CARBURETORTEST LITERATURE

DISCUSSION OF THE LITERATURE OF OTHER CARBURETOR TINTS.

In an official carburetor competition arranged by the Prussian
Gov.ermnent,amo

Y
others, the following properties were to be inst-

igated by tests an considered in the awarding ~f prizes: Fuel con-
sumption of en ine, output and flexibility of en

&
e, time required to

start engine a Yhaving stood au night in un ~eated shed, absence
of bad odors absence of smokiness in the exhaust and of soot in the
cylinders. do Iengthy discussion vrould be as striking as the simple
enumeration of these items if one -were asked to demonstrate how
vital a part of the modern motor car the carburetor is; how not only
power and economy of o eration butilao convenience and pleasure

/?hof driving depend altoge er on the carburetor.
When It is further considered that the carburetor art is 23 years

old, as the Maybach carburetor, the prot~type of all modern pro or-
Ytioning flow carburetors, was introduced m 1893, it is hurd to exp ain

the incom letenees-if not complete lack-of reliable design dfita.
fOne WOU1think that to review al~important carburetor tusteunder-

taken for the purpose of furnishing such data would be a furmidable
undertaking, but instead of that it must be acknowledged that a care-
ful search of the available literature will disclm. less than a dozen
re orts of investigations that are of any real value to the designer.

L the discussion of one such aper resentedbefore the InstMdion
r{of Automobile Engineem, Eng and t Q resident of the insthution

described the situation as follows (*roe. ?. A,B.~”Vol;IT~ discussion ‘-
of paper by bforgan a Wood):

In my experience the design of the spray type of carburetor fs somewhat in
the same position as the design and fltthg out of a sailing bat. Different men
come along and move the ballast to different pm]tions and alter and shift the
sail plan about, here and there, and get different results, better or worse; but
none of them get the exact results that the dealgner antldpnted or know with
any sort of certain~ what effect any given alteration \Ylllproduce.

ThWe words were uttered in 1910, but they are just as true to-day,
with this difference onIy7 that in the intervening six years a greater
numberof men have u cane along and nured the ballast and altered
the sail plan,” so that-the results on the whole are erhaps somewhat

{improved, but in the meantime, also, the problem as been rendered
more important, as well as m-ore complicated, due not ordy to the
available fuel becoming more expensive but more difficult to use.

If the testsmade in connection with this report, incomplete as they
are, will serve the purpose of emphasizing the necessity for more

%work, careful, scientiilc, unbiased work, t e authors will be weII
Satided.
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A number of ublished reports of car+mretorinwstigatioms which
appear most usek at &at sight lose their vahxe,part~y or altogether
on chser inspection. ~ report which dti not give the details o#
the measuring appliances and methods by which the rimd.ingswere
obtained and the resultscalculated is of doubtful value, no matter

%
w-hat the stan of the investigator may be, since the d

Y
of

accuracy can not judged nor can the reader Imow how ar the
character of the redts has been affected by the test metho~.

In @ connection ahio the ractice of publishing smooth curves

:%zt::t% 7 f
“vin inditidua poink, or the test log, can not be con-

WY. U~tiY, hz in reports of this sort the
curves are extended down to the origin or to zero flow, but no one
can HI how far actual readings were carried, and this just at a flow
region where the greatest irreguIaMties occur. bother rocedure

b-which is not net- unscientific but apt to be mislea “ , and
errs%which has been ref to in the discussion of the tests, consmts in

unduI reducing the sca~eof one of the variabks as compared with
it~ ;;wW. This is apt to occur when gwiine flow is plotted against

Agai~ ~me apparently carefd and valtib~e m orb 10ss some of
their

Y
2csnce when, after all kinds of other evices hare been

reporte on, the author trots out his own perscmd pet and @ows
how superior ik is to all the other oreatures As Io as this refers
onIy to some pet theo

T
5exception can not be take% ut when it is

a question of a patente device which is just being put on the market
it would eeemto be more appropriate to Iet some one else report on it.
h’o matier how distinguished a man me be, no matter how far abcwe
any unworthy ~ic~on a acienti6c testreport in which he com-
pares different demc~ a’11in the market and alI atented and com-

t%peting with each other, should not be signed by e inventor of one
of the devices.

Some of the most vahable information has been derired from the
work of British scientists, and the reports which were d presented
before the Institution of Automobile Er@neers deserve. the high~t
praise, aIthough some details maybe criticized.

In 1907 Dugald Clerk read a paper before the insstution on the
rinciples of carlmreting as determined by exhaust-gas analysk

& e examined the trials o~ the Ro aI Automobile Club. His pa~
Jand that of Prof. Ho kinssn, of +unbridge Uniwzsi@, in the same

%year, are important ecause they showed how the carburetor ~er-
formance might be analyzed by means of the @aus@as ana has

In Clerk and BurIs Gas, Petrol, and Oil E
??

J~ Volume , page
632 a simple forrnuk for calculating the air- el ratio from exhaust

‘Iana ysis wiLIbe found.
Two splendid immstigations were undertaken by Dr. Watson in

190S and 1909. The titles are” On the thermal and combustion efi-
ciency of a fonr-cykder petrcd motor” (Proc. 1. A. E. VO1. III,
p. 389), and the other, “A hrrast.igation of the thermrd ehiciency of
a two-cyoIe etrol engine” (Proc. 1. -ii. E., VO1.V, p. 83). As the

%titles show, t ey were not really car~~tor tests, but since they were
to be as corndete emzine teds as facihtnss aIlowed. both air ancl fuel
were

.—-.
I

.

—
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sulk+ while not dealing with the
r

rformance of a modern car-
buretor under all conditions of flow all tests were run at fulI throttle
and the auxilia~ air valve was tied), are of the greatest interwt
as showing the reIationa between econcuny and mixture proportions
and between exhaust

3
s analysis and mixtum.

1?
roportions, The

tats ware deficient o y as far as the loading o the engines was
concerned. In one case an uncalibrated fan brake was used; in the
other a belted dynamo, so that in neither twt could the brake horse-
power be determimd Dr. Watson used nn optical indicator of his
own design, and all rewlts are referred to as indicakd horsepower.
The air was measured by means of an orifice in a thin plat~ formin
the inlet to a box from which. the air was drawn. The primary an$
the auxiliary air idets of the carburetor were connexted to the box
by a pipe. A box of 19 cubic feet volume was used, but this was not
sutliclentto dam the pulsations of t+e.air, soon one side of the box

iwas an india rub er dla hragm. Th~s = a very simpIe arrangement,
1’and ~uite accurate if p ate and arifice are made the same as those

used m some reliable calibration tes@; such a% for instance, Durley’s
experimds, so that the coefficient 1s known, It has, however, the
disadvantage that the range of flow which can be measured with
one diaphra

Y
is very limite~ since any lar e presure drop must be

favoided. T is would mean a number of p ates and orifices which
would have to be exchan d when any flow rate between 120 cubic

Tfeet per minute and 1- t an 1 cubic foot is to be measured, as-was
done in the new tests of this summer here re orted. Of great im-

k
L]ortance in Dr. Watson’s report are the grap giving the relation

etween CO*, CO, O , and the proportions of air to fuel.
LVery interwting a , although not quite as accurate perhaps, are

the teste made by Messrs Mor an and wood, and pmentwl before
8the Association of Automobile n .neers the same year (1910) as Dr,

Watson’s second paper (Proc. 1. f . E., Vol. V, p, 37). The purpose
of the investigation was to develop a_keros+. ca~lmretor. The
mixture was pulled through an automobile en

P
e, which was driven

by outside power, and then it was di~harge into a gas holder for
measuring. A rather risky procedure, it would seem, Firss, timple
carburetors made up of sections of pipe and spray orifices were
t=ted, and the characteristics of plain tube carburetors developed.
Then regular carburetors were put under test, single jet with mechani-
cal air valve, single jet with spring-controlled air wd~e, two and three
jet and mechanical air valve, etc. The final conclusion of the authors
was that a plain tube carburetor with tied fuel nozzle of tbe right
proportions could be combined with a constant rate of flow nozzle
so as to produce a mixture of constant proportions. This wcxdd Icad
to a type of carburetor similar to our No. 4. Examination of the
curves wiII show that most of them are quit? i.rregularzalthough the
general tendency may be evident. The indmdual points are given
only on some of the plots. The tests were made at full throttle.
Important, too, is the statement, which should be ob}tious, but does
not seem so to many people, namely, that the tests when reproduced
with the engine ~nmg under its own power gave exactly the same
results.

In the discussion of this paper referen~ is frequently made to

i
“ surgin flow” in the suction pipe, organ pipe effects, wh~chpasibly
might a eot the results.

. ..
-“

-,.
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In the Zeitschrift dds Vereins deutsiher Ingenieure a number of
accurate and complete engine t@s have bew ubLishedfrom time to

%time, and Prof. Riedl~r, of Ch@ot~enburg, as carri.d on a great

& - %!!e “d’wQOm’ ‘U’ “ T%’a’ ‘rbm*r
many interes
inwsti tlon has found m the German technma Merature except
two. n% of co- is Prof. Rummel’~. Aachen, Germany, famous
iuwstigation which correctIy has been called a claasic of carburetor
literature. I!rof. Rmnmel conducted an extenaire seriw of tests
co-rering a period of three years to determine the laws of flow from
carburetor nozzles. The results were W ublished in Der Motor-

?lswagen in 1906, and IateIy have been pub “ hed in tramdation by
Horseks Age, A rfi 14, 1915. Since these eqeriments were not

tmade on actual car uretom, but on nozzles or$, and not in connection
with an engine, they are reviewed in connection with the discussion
of flow laws.

The same procedure has been fo~omd in the case of R. ‘W. A.
Brewer, whose work would ha~e been reviewed, together with that of
the other British investigators, if it had not principally dealt with
the establishing of flow laws based on the

T
riments of others and

himsdf. E. Sorel’s, the French engineer, v uable contributions are
shio treated in the last chapter. ,

Returning to carburetor instigations carried on in Germany,
we find one and, as far as is known to the author% the only instance
where an attempt was made tu determine the actuaI performance of. .

Y
commercial carburehs by means of unbitised competitive

E hese tests were undertalmn by a commissi
the Prussian

on appointed by
Go~ermnent for the purpose of finding the carburetor

best suited for benzol fueL Money prizes were oflered, and 14 car-
buretors were d.ered. A desmiption of the test methods and of
the prize-winnin g carburetors will be found in Der 310torwagon,
May 81, 1914, and HorseI- Age, vohune 3-3,page 640. TJnfortu-. nately the actual results which must be of extreme interest have
apparently never been pdlishe~ probably due to the outbreak of the
war. Nekerthel~ it seems ap ropriate to caII attention to the test

%conditions in vie-ivof the desira ility of undertaking simiIar work in
this cmmtry.

The tests consisted of two arts, a laboratory test and a road test.
LThe bench tests mere run in e laboratory of the Tecbnische Hoch-

schrde Chdotknburg, where the carburetors had to be attached
to a p~easurecar m=gineand a tru~k @e, alI carb~tor~, of CO-,
being tested on the same two en

r
es The points on wluch the car-

buretors were to be judged in e bench t~ were: (a) Maximum
power; @) fueI ccnsum tion at maximum power; (c) consumption
-whenthrottled, at R. ‘P. & .=1,400; d) consumption when throttled,

Lat R. P. 31.=800; (e) lowest R. P. h at M load; (~) lowest idIing
speed; (g) fuel consum tion when idIing; (h) fltibility under sud-
den chan~ of load. L ether the order also repments the order
of merit m judgin is not clear. The exhaust was analyzed by @sat
apparatus. ,AJso %etermimd were the ~olumetric eiliciency of the
mlgin~ ~

9
water temperature, humidity of the air$ temperature

of the am. A 1 results were reduced to normal barometric reading.
It was foupd that one of the leading carburetors could be used either
on gasoline cmbenzol fuel without any change whatsoever. A route

—

.—
.--

—
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extending over several hundred miles -waslaid out for the road tests.
The points for the latter (partly .quoted at the beginning of the.+ap-
ter) were as follows: Consumption of benzo~; output and flemlnlity
of engine; time required to start engine after the car had stood all
night in an unheated shed; absence of bad odoqs, of smoke in the ex-
haust, or soot in the cylindem.; accessibility of mterrml parts; r~pid-

rity of conversion for operation on gaso ine; and consumption of
gasoline over one stage that had already been driven over cmbenzol.

Who can doubt that a competition of this sort properly conducted
vriHbe of incalculable bendt to the state of the art not only but to
the whole industry ? One only has to think of the stimulus “ven to

Tthe aeroplane-engme industry by the competitions that were eld fiy
the various European Gowmunenta and associations.

Coming now to the ex rimental work done in this country, we
&d that many have trier earnestly ehough to solve the great mys-
tery, but the net resad~ as far as the advancement of the art- is
concerned, are deplorably deficient. This statement, of course, refers
only to the results published and not to the experimental work -which
has been carried on by the carburetor and automobile manufacturers
and in private laboratories, and abcmt which nothing is oilicially
known. A great many. individuals have experimented on ctirlm-.
retms, but in most cases either the mental equipment and scientific
training of the investigator or the mechanical equipment for the
carrying out of the tests, or both, were wholly inadequate to the task,
No wonder thti that men would come to such conchlsiona as this:
“ The investigation furnished convincing evidence that combustion
is entirely without Iqvv; in other -words,that it is an empirical phe-
nomenon and to be treated as such.”

A few of the serious investigations which have been found in tho
trade Literature and proceedings of _~cieties will now be briefly
reviewed.

C. H. Taylor pubIished in Homeless A e (Mar. 4, 1908) the re-
tsuits o’f tests made by him in order to etermine correct mixture

proportions for diferent engine speeds and throttle position% The
report is quite complete and rest care apparently was used in order

. $to obtain exact results, but t e test equipment can not be accepted
for a scientific investigation. The air.was measured by means of an
ordinary gas meter and the gasoline determined from the number of
revolutions of a calibrated small triplex pump driven from the en-
gine by friction drire. The gasoline pipe was heated by a blow torch
and the supposition was that the gmcdine entered the air pipe in
vapor form. A two-cylinder automobile engine was used for the
tests.

D, S. Tice undertook some experimental work described by him in
Horseless

%
e, August 19, 1908, for the purpose of establishing defi-

nitel just w at law or laws are followed by the discharges of several

{nozz e forms in actual use in carburetors, The nozzle% actually
taken from carburetor% were tested by themselv~, actual conditions
being reproduced as far as possibIe, mth the engine suction replaced
by an a irator.

II%
Gadine flow is shown plotted against pressure

drop. e air fiow is calculated from theoretical fmrnuke without
using a coefficient,In his conclusions Mr. Tiee proposes in place of
the automatic air valve as one means of compensation, “ a jagged
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piece of metal laced in the fuel passage in .mch a way that it pre-
2sents a great ictional resistance to the flow of the hquid at high

velocity, thus reducing the riozide &l * vvhich ~ rather interesting
in view of the fact that a aimihm & od has latel been not only

&proposed but actually”introduced in a carburetor. ore about this
wiII be found in the discussion of flow hwvs.

J. S. V. Bickford (Homeless Age, Dec. 2, 1908) constructed experi-
&ntaI carburetors out of ghws lamp chimneys and nozzles and meas-
ured the air by means of u.homemade gas holder consisting of a tin-
plate beII and a water barreL

Mr. Tics’s and Mr. Bickford’s tests were used by EL L. Hepburn
(Horseless

9
Apr. l% 1909) as the basis for calculations on the

carburetor “probems.
A aper was read in 1912before the kerican Society of Mechani-

fCS.I ngineers by George W. Munroe describing the tests he rgade on
six commercial carburetors. The carburetors -wereattached to a new
four-cyIinder automobile

Y
- e, the load was a plied and measured

%by means of an ordinary rony brake. In eac run power, speed
and fueI consumption were determine

%
but the air was not measured

nor was the exhaust analyzed, so that t e resuks are of no help in the
proportioning problem. Tests were run at 10 different spe@ ruaxi-
mum load for each s eed and then the speed was reduced by throt-
t~ so that the ~&~otid~~eammplete~ictme of engine and
carburetor performance under sII. conditions o steady running, but
of course this over-alI performance does not assist the designer wry
much in tracing the reasons for good or bad -~

S. M. lJdale (HorseIess Age, Aug. 6, 1913) discussed the method
and interpretation of exhaust-gas analysis in engine and carburetor
tests This method was first applied to automobile tests by Dugald
Clerk PrcmI. A. E., Dec. H, 1907), as mentioned befo~ and un-

$1doubte y is most heIpfuI in the iute retation of resuIts when “con-
sidered in conjunction with air and x eI measmemen~ but just be-
caum the taking of samples and the gse of the Omat apparatgs seems
so ~ery aim le, exhaust-gas anal@s is & rather da
Only in the L T

rous thing.
dsofasldkdc hemistorofsomeo new ohastsken

the trouble to study the subject and bows what b guard against, the -
Or~t or similar apparatus wil.Ifurnish reliable re.+sdts. It is rather

P
cant that Elk. Udale in 1913 had to use the results obtained by

Taylor, given years previous (SM abcme), in order to ihstrate
so~e of his deductio~ bearing out what was said at the beginning of
this chapter about the meagerness of test data ublished.

8The technical committee of the Automobile Iub of America made
a t% of the “ Sundernmn safety carburetor~ which was ubLished

Lin Horselass Age of Octcher 1; 1913. At wmious speeds t horse-
power and the fd and air consumption were determined, and the
exhaust gases were ah snal ed. A Venturi meter was used for the

rair measurements. A mm er of runs were also made with the
throttle -ralve b~ periodically opened and closed.

~nder the auspcw of the -Automobile a series of road tests mere
undertak~ pleasure cars as well as motor trucks participating. The
results were published in the Automobile, February 12, 1914, and .
Febru

Y
19, 1914, by Mk. Herbert Chase. The gaadine was meas-

ured an *aust gas samples were taken at prescribed points of the

.-

.—
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route. The results together with the specibtions of the cars are
given in the report. In ahnost every c- the percentage of CO when
ding was veq lar .

EAt various tunes mm. F. EL and F. O. Bail have contributed the
results of carburetor investigations. Thus we find articles b these

?authors in Homeless Age, December 25, 1907 in the same pub ication
under the date of A

%!utomobde Eng#eem an pub shed m thefore the Society of ‘“ ’90” and’ha’iy ‘rwrl!~vd be-
Stiet of Automobile Engineers’ B etin of August, 1916, all of
these ~ealing with carburetor investigations carried on by the authors
in their own laboratory. The testing equipment is onl vaguely de-

Jscribd b engine with electric brake which cd also run as
motor, as well as a steam ejector, were used to draw the air through
the carburetors. What kind of air-rueterin equipment was used is

%not stated except that it was Ucalibrated an very accurate.” Man
1carburetors were tested, and the results are plotted as curves wit

the ratio “ ~asoline, ounces per 1,000 imbic feet as ordinates and air
flow in cubic feet

L
r minutes as abscissae.” On each curve sheet

the region between ratio for high power and best ratio for high
eficiency is shaded, there may be and is, of coume, a diflermce of

&
o inion about the numerical value of these limits. At the and of

“s year’s paper a new two-stage carburetor is described and its
performance analyz~d. According to the.curves it gives an absolut.dy
constant ratio bet-men 40 and 140 cubic feet per minute air flow. In-
dividual ~oints are not giveu. Testk are ah given for a carburetor
with “ friction control” of gasoline. By compelling the fuel first
to traveI thou h a long thin agnulus of relatively lar e diameter the

f 8authors claim o regula@ the flow so that it will be meetly ropor-
$tional to the head itself instead of lo the square root of it, an since,

accotding to them, the flow of alq in a carburetor #th a sprin
$loaded auxiliary am valve varies dmectl as the head, constancy o

d
Jpro ortions is amure~ An interesting “scuticm follows the pa r.

e reds of a dili
P

rt search of a~”publications to be foun in
the libraries of New ork City are contained k. the above review
and it is thus seenthat the private inventor or the small manufacturer
who has not the means b- msta~ and maintain the elaborate testing
equi ment required, has almost no reliable data to help him in his

Ewor This explains the many failures and disappointments among
the great number of enthusiastic‘and conscientious eople who have

tbeen lured into the field by the attractiveness o the carburetor
problem.



1. Carburetor design has not yet emerged from the stage of inmm-
tion and em irioism, b+ the time has arriwd when it is imp@@

dthat soien - c enb~ me~o~ ~o~d go~e~ fie PI’CC~OC~
d=uw

—
2. There is available s surprisingly large number of different

forms and arrangemerk of ptmtaoonshtut-
%

mrburetor sohemes in
the Patent Offi records which serve as ex ent material for quaE-
tative design, to which the n

7
dimensions must be ap Iied

?when sdiolent data ha~e been estab shed (See Part IV o tti

rre rt.)
. Data are lacking on air and fuel flow in carburetor pasa~

necess~ for the determination of such dimmziona as fl insure the
production_ of a speded quantity and quali@ of mixture. Quan-
titative des@n w not be undertaken until such data hare been
estabhhed. (See Part V of this report.)

4. Data are also lacking on the nuxture req@ements far engines
to @e their best performance in horsepower and efficienc , which
en

Y
Le mixture r uirements constitute the specifications w .ch the

car ureter must & (E@ePart I of this re@.)
5. ExpernnentaI determination of the reh-dzon between the rate

of flow of fueI and the head should be undertaken for alI grades of
gadine, kerosene, aIcohol, and benzol in passages of size and sha

rsuitable for carbureto~ .anclat all rates of flow from zero up to t e
maximum used. The ems of pssa=% should extend from zero
up to vahe suitable for the largest gaadine engines, which, for the
present, may be set at 500 horsepower in round numbers. The effect

b be evaluated over a rangeof temperature and viscosity must a
in excess of what ma be encountered in use.

i6. Experimmtal exterminationof the relation between the rate
of flow of atmospheric air into carburetor air

$
assages and the

vacuum at any pmnt of the pazsage should be un ertaken for such
dlap= and zizw of air

3
asmges as are suitable for carburetors of the

vamous compensating ames.and for all velocities from zero up to
the critical for orifices. The effect of ehsnges in barometric and

~~~~ be evaluated over a emtably mde range with reference
ressure and of tempera-on the.air flow-vacuum relation

to m
551
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7. The accuracy of mttintenance of proportion in present commer-

cial carburetors o-rer working ranges of flow rates and at different

throttle ositions is by no means as good as it can be made, (See
?Parti V of this report.)

8. Additional tests on the changes in proportion of air to fuel in
commercia~ carburetors @ould be made t~ clearly establish the in-
fluerm---of (a) sudden opening or cloatng of throttle; (b) atmos-
pheric temperature betme.n 120° F. and –30° F.; (c am pressure
from 10 tQ 40 inches

?
L=“iddute; (o?) tilting throug at least 45°

from the vertical in all orizontal directions; (e) vibrations of such
periodicity and degree as is “characteristic of each ty iwd arrange-
ment of engine

i
?arts and for the largest and smal eat sizes; (~)

mixture pipe pu ations of the periodicit and amplitude found in
ztypical manifolds of varying length an for all types of cylinder

groupin .
%9. Ad “tional proportionality tests should be undertaken on two

groups of carburetors and two types of engines. One of the ca~lm-
retors should have throt~e controlled corn ~tion, and the other

ia compensation autornrttlcally controlled y the flow rate, inde-
pendent of the throttle. One of the engines should have a load or
resisting tor ue, independent of speed, and, therefore, the carburetor

?flow rate-roil be independent of throttle~osition, typicnl of auibmo-
biles. The other engine should have a resisting torque that is a
function of s eed, and therefore, the carburetor flow rate will be

imore or less xed by t~ottie position, typical of aero and marine
conditions. These tests will clear up the question of the relutive
value of the two ty es of load, and especially for the screw pro-

\peller load—pro~e w ether or not the throttle controlled compensa-
tion is substantially as good as the automatic -which appears to be
neeassary for the automobile type of load. !tn the test with pro-
peller loads ihe propeller torque influences introduced by -rariable
air or -water currents must be evaluated.

10. The engine test to be cmducted for the purpose of determining
the most suitable mixture specifioatio~ shcmld be startwl with mix-
tures that are d

7
anil such as are most etisily made by using Yery

Ii t gasoline of 6° Baum4 or better. with such a fuel the recise
Pe ect of “the proportion on both [masi.mum horsepower and t ermal

efficiency should be determined for each type and size of en “ e no-w
Yin use. Subsequentl~, heavier gasoline should be used, suc as wiIl

yield mixtures with ‘increasing amounts on! unvaporiz-ed fuel, while
the mfxture roportion is first ke t constant and then varied so that

?the effect o proporti?nulity anf of volatility or mixture wetness
may be known on

T
ne capacity and @ciency. Fiially, each of

the wet mixtures shou d be dried by heatm aid the effect on engine
capacity and eflicienc~ again determined. %’ ronr the reanlte of such
tests the mixture spemfications can be quantitatively fixed as to pro-
portionality and quality and density with allowable limits tI-gim
any required engine performance

%
and carburetors can be nrchased

?on such specifications or can be esigned to fulfill them, ulfillment
being determined by t.esk

.-

.


