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THE EFFECT OF INCREASED CARBURETOR PRESSURE ON ENGINE PERFORMANCE
AT SEVERAL COMPRESSION RATIOS

By OSCARW. SCHEYandVERNG. ROLLIN

SUMMARY

The object of this inve&gation ww to deiermine the
e$ect of increting the carburetor prtmiwresfrom 30 to
@ inches of mercury, at compression ratios from 3.6 to
7.6, on the power, on tti maximum ylinder premmw,
on the jw? consumption, and on the other performance
characteristks of an engine. The ttxta were condu.eted
on the N. A. 0. A. single-cyliwkr unwersal ttxt enqh
by the sta$ of tlk Nationu.! AdtioqJ Comm&ee jor
Aeronauii~. A Root84ype aircrajt-engine wperchurger
wm U.9eo?to muinluin the d&red carburetorpTe88uTe.

The results oj these tests show: That the decreuse in
brake thed eji%mcy wdh boosting tk negligible; thd
the power inereuws With boo&ng much more than the
b8se8 to the woh.g water hxea8e; that a large increuse
in power can be obtuined &h comparatwely inn.allin-
crease in muximum cylinder pres8ure4; and th& it is
adtiable to supercharge an engine of high.mtprwticu.bla
compmwion raiw cotitai wiih the degree oj super-
charging tired and the nond.etonutingguak%y of the
fuel wed bewe tlw pher increase wiU be gre-ater,tti
mhaust gas temperaturtx will be lower, and the power
required by the supercharger to maintain the 8ame
pre88wreat the carburetor~ be I?-888;

INTRODUC’HON

Increasing the engine power by increasing the com-
pression ratio or by increasing the pressure. at the.
carburetor has been the subject of several theoretical
inveatigationa. @eferencea 1 and 2.) These investi-
gations have Ied to the cenchmion that considerably
more power is developed, and the maximum cylinder
pressures are much lower in a supercharged engine of
Iow compression ratio than in an unsupercharged
engine of high compression ratio. The results of the
most comprehensive theoretical investigationa have
also shown that boosting when considered on an in&-
cated-homepovver basis does not reduce the thermal
efficiency.

lMany experimental data are now available on the
effect of compression ratio on engine perforrmmce, but
very little experimental information is available re-
garding the effect of supercharging at dii%rent com-
pression ratios. The lack of experimental information

to verify the above-mentioned theoretical information
and the p’resentimportance of any proposed method of
improving aircrafi%ngine power caused the National
Advisory Committee for Aeronautics to conduct these
teak!.

Performance data were obtained with compression
ratios of 3.5, 4.5, 5.6, 6.5, and 7.5. At the three Iower
compression ratios, performance measurement” were
obtained for carburetor prewures varying from 30 to
42 inches of mercury abscdute; at the 6.5 compression
ratio measurements were obtained for carburekm pres-
suresvarying from 30 to 40 inches of mercury absolute;
and at the 7.6 compression ratio measurements were
obtained for carburetor pressures varying from 30 to
36 inches of mercury absolute. All rum were made
at fulI throttle and at a constant engine speed of 1,500
revolutions per minute. In order to eliminate the
eifect of detonation, benzol was used as a fuel for all
conditions.

APPARATUSAND METHOD

The N.A.C.A. single+ylinder univemal teat engine,
described in Technical Report No. 250 (reference 3),
was used for these teats. This engine, of 5-inch bore
and 7-inch stroke, has two intake and two exhaust
vahs each 2%inches in diameter and is equipped with
a Stromberg NA-L5-type carburetor. The engine has
a variable compression volume, rendering it particu-
larly suitable for these t.mta. The vrdve Iift and timing
can also be varied, but for these tads a lift of 0.3 inch
and the standard Liberty valve timing were used.
(Reference 4.) A special ekeIeton-type aluminum-
alloy piston waa employed for comprwion ratios from
4.5 to 7.5. This piston could not be used for the 3.6
compression ratio, because its skirt extanded too far
below the cylinder liner; therefore a standard Liberty
engine piston was used for this ratio: The engine was
directiy connected b an eIectric dynamometer.

A Roots-@e supercharger driven by an electric
motar supplied carburetor air at the desired pressure.
(Referauce 5.) Two large surge tanks were interposed
in the air duct between the engine and the super-
charger: one, near the supercharger to dampen out the
pressure pulsations from the supemha.rger; the other,
close to the carburetor to prevent, as far as possible,
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the effect of air pukations bm the engine. A photo-
graph of the set-up of the equipment is shown in Figure
1, and a schematic drawing showing the arrangement
of the equipment is shown in Figure 2.

In these tests, measurements were made of power,
friction, fuel consumption, maximum cylinder pre

not give very consistent results ‘because the scales were
not sensitive enough, it was replaced by the volume
method, which gave satisfactory rcmdts, With the
vohum method, the time meaaured was that neces-
sary for the engine to consume a volume of benzol
weighing 481 gramsat 80° F. To obtain consistent data

A- Balanced-dkphra@! fndicator.
B- %rmJoro in~cator.
~- Supercharger.

F’\

F-mum I.-wt-np of MOmtmy W eqofpmnnt

surcs, carburetor-air temperatures and pressures, tem- that could be reproduced, the following method was
perature and weight of the coohqg -water,and exhausk
gas temperature.

The power developed and the fiction 10WENwere
dekmnined from the dynamometer scale readings and
engine speeds. An electrically-controlled stop watch

73.5
Cu ft L
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,
FnmBE Z—D@amnatfo mprmntation of ak system mad fn MmtIng tata

and two revolution counters were used to obtain the
engine and the supercharger speeds.

The fuel consumption during the ilrst part of these
tests was dekm.nined from the time required to con-
sume 0.Spound of benzol. As the weighing method did

.

used for two diilerent carburetor pressuresfor each com-
pression ratio. Three sets of readings were obtained:
one with the mixture slightly richer than necessary,
a second with approximately the correct mixture, and
a third with the mixture lean enough to decrease the
power slightly. From a plot of these data, the car-
buretor setting that gave the maximum power with a
lean mixture was selected. No attempt was made to.
determhe the fuel consumption at the most economical
setting.

Maximum cylinder pressures were obtained as an
indication of the mechanical stresmsfor each condition
of operation. These pressureswere arbitrarily limited
to a maximum of 900 pounds. A balanced-diaphragm
indicator (reference 6) was used for obihining the pres-
sure measurements. Indicator cards were taken with
a Farnboro indicator. @eference 7.) A photo-
graphic reproduction of a card from this indicator is.
shown in Figure 3.

A mercury manometer connectad to the surge W
near the engine was used for measuring
pressures, and a mercury thermometer

the carburekm
located in tlm

.
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carburetor-inlet stack was used for measuring the car-
buretor-air temperatures. In these tests the carbu-
retor-air temperatures varied bm 77° F. to 103° F.,
depending on the amount of boosting.

The heat losses to the cooling water were determined
from measurements of the temperature of the cooling
watm going in and out of the cylinder head and barrel
and the time required to circulate 50 pounds of watar
through each system. Mercury thermometer were
used for measuring these temperatures.

The exhaust+yis temperature was measured to obtain
an indication of the increase in valve temperatures
and also tQ obtain an indication of the heat losses to
the exhaust gases for each condition of operation. A
base-metal thermocouple connected to a pyrometer
was used for measuring the exhauskgas temperatures.
The thermocouple was made of 0.02-inch diameter
wire; no attempt was made to provide it with shield-
ing. It was located in the center of the 3-inch diame-
ter exhaust stack about 4 inches horn the exhaust
valves.

The spark setting was adjusted for variation in
compression ratio, but was not adjusted for variation
in carburetor pressures,because several adjustments of
the spark for changes in carburetor pressure gave no
measurable improvement in performance. Since it is
necessary to advance the spark setting to obtain opti-
mum performance when the compression ratio is
increased it is reasonable to assume that it should also
be necessary when the carbumtm pressureis increased,
because of the resulting increase in compression pres-
sure. If a large range of carburetor pressureshad been
investigated or if very careful measurements of the
power at several difFerent spark settings had been
made for the maximum and the ninimum carburetor
pressures used in these tests, the spark setting for
optimum power would probably have been discovered
to be a few degrees earlier for the minimum carburetor
pressures than for the maximum carburetor pressure.
The in-go&-water temperature varied from 142° F.
to 155° F. and the outgoing-water temperature from
160° F. to 170° F. The outgoing+il temperature
varied from 135° F. to 145° F. The oil pressure-was
kept at about 50 pounds per square inch.

All engine power data obtained were corrected to a
carburetor temperature of 59° F. In making this cor-
rection it was assumed that the brake horsepower
varied inversely as the square root of the absolute
temperature. This correction should be applied to the
indicated horsepower; the error introduced in applying
it to the brake horsepower was small, however, because
the maximum variation in temperature fkom the stand-
ard was only 34° F. No attempt was made to apply
a correction for humidity. The thermal efficiency was
computed on the basis of 18,000 British thermal units
per pound of benzol. Beca&e the supercharger used
in these tests was of much greater capaci@ than neces-

COmdTITEIEI FOR MUIONAUTK%

sary, meaimrementsof its power requirements were not
made in determining the net engine power. Instead,
the power required by a welldesigned supercharger of
suitable size for this service was computed from the
thermodpamic relation

Horsepower= fiP,V1(r%– 1)

h thisrelation
PI is the supercharger intake pressure,
Vi is the volume of intake air per second,
r is the pressure ratio,
O is a constant depending on the units used,
n is the compression exponent.

A supercharger adiabatic efficiency of 70 per cent was
assumed. This assumption is supported by n large
amount of expefiental data. (References 5 and 8.)

RESULTSAND DISCUSSION

The power outqmt of an internal-combustion engine
depends on the amount of charge burned and the
efficiency with which it is burned. As high thermal
efficiency can be obtained by operating at a high com-
pression ratio aud a large quanti~ of mixture can
be burned by using engines of large displacement or
by using forced induction, it would seem that the
problem of increasing the power output and the
efficiency of an engine would be compmatively simple.
Because the amount that the engine power can be
increased by any of the foregoing methods is limited
by the mechanical and the heat-resisting properties of
the materials used, the problem of increasing the power
output of an engine becomes dillicult and involved.

The amount that the completion ratio can bo in-
creased is limited by the diiiiculty of obtaining non-
detonating fuels in sdicient quantity to satisfy the
demand. Furthermore, if the fuels were available, the
h.igh+=plotion pressms obtained with the high com-
pression ratios would be a limiting factor, Theso
high pressures increase the stresses in the cylinders,
bearings, crankcase, and reciprocating parts so that it
is necessary either to increase the weight of these parts
or to accept a reduction in engine reliabili@. The
eifect of compression ratio on the maximum cylinder
pressures is shown by the indicator cards in Figure 4.
Increasing the compression ratio from 3.5 to 7.6
resulted in an increase in b. m. e. p. of only 44.7 per
cent, while the maximum cylinder pressures increased
130 per cent.

The mount that the displacement of an engine or
the prwur e at the carburetor of an engine cm be
increased without cooling or mechanical difficulties
depends a great deal upon the ingenuity of the designer.
His greatest difficulties would probably be with exces-
sive cylinder-head, barrel, and valve temperatures on
air-cooled enginw. On water-cooled engines, he would
probably be limited less by cooling difficulties and
more by excessive weight of the reciprocating parts.
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Increasing the displacement of an engine increase9 its
frontal area and thus its drag. This is particukdy
true of radial air-cooled engines. The increase in drag
is not serious, however, because the displacement
would increase in a greater ratio than the drag. The
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amount that the pressure at the carburetor can be
increased would be Iimi&d at low compression ratios
by cooling diflicultics and at high compression ratios
by the maximum cylinder preasurea.

From the foregoing discussion it is evident that in
order to’ tie to advantage each or all of these methods

FIOUBE6.—Elleot of boatfng at dlffaont mmpwsion mth on bake mean @Tee
Mm ~

for increasing
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the power output of an engine, the
designer should know how each method ~ec~ the
performance charact&stica and the desirable qualities
of the engine. So far we have mentioned only the
power output as an important quality of an aircraft
engine; there are othera such as reliabfity, low-weight
horsepower ratio, and economy, that must be carefully
considered by the designer. To obtain these degirable
qualities or as many of them as possible without
impairing the remainder is a problem tha thas con-
fronted engine manufacture for the last decade.

Effe~ of boosting on power, fuel consumption, and
maximum oylinder pressures.-The curves in Figures
5, 6, and 7 show the effect of boosting on power, on
fuel consumption, and on maximum cylinder pressures,
respectively. These curves show that boosting the
carburetor pressureresults in a large increase in power,
a comparatively small increase in maximum cylinder -
pressures,and a slight decrease in fuel economy; where-
aa increasing the compression ratio results in a moder-
ata increase in power, a large increase in ma+imum
cylinder pressures, and a marked improvement in
fuel economy. The values of b. m. e. p., fuel con-
sumption, and maximum cylinder pressures in them
figures are given in tabulated form in Table I so that
their interrelation may be conveniently esaruined and
studied.

e.d 10 I 1-- --
—--— _____

lW~+;8+4b i~
Corbureti pre~ h of Hg.

FIGURE 6.—EffW of kmstfng at dlfforont compression mticd on fnel consumption

FIGURE 7.—Etle3tof kastfng atdifferentmDIp&IOII mtbs on maxinmm oylinder
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TABLEI.—EFFECTOF BOOSTINGCARBURETORPRESSURES10 INCHES OF MERCURY
ON NET B. W E. P., MAXIMUM CYLINDER PRESSURES,AND NET FUEL CONSUMP-
TION AS COMPAREDm THE NORMAIJENGINE1

‘i 1% q: W4

%#%: ~~p~@ %!i%g~”

I I I I I

Ilhtstable kwManrepnxluA fromcmvesin Fi!mms5, 6,and7.

These resdts indicab that there is no combination
of compression ratio and carburetor pressure that is
beat for all conditions, but that a compromise must be
made considering the purpose for which the engine is
to be used. For instance, if high power output and
reliabili@ are more desirable than fuel economy,
slightly lower compression ratios and higher carburetor
pressurescan be used; but if economy is the important
consideration, higher compression ratios and lower
carbuietar pressures should be used. With a com-
pression ratio of 6.5 and atmospheric pressure at the
carburetor, the b. m. e. p. developed is 126.5 pounds
and the maximum cyIindar pressure 562 pounds;
but, with a 4.5 compression ratio and 10-inch boost,
the net b. m. e. p. is 162 pounds and the maximum
cylinder preasnre 580 pounds. There is very little
difference in the mechanical stres.scsas indicated by
these ms&mm pressures; the net speciiic fuel con-
sumption has increased approximately 12 per cent and
the net b. m. e. p. has increased approximately 30 per
cent.

kmrn.ing that the information obtained in these
tests is applicable to conditions where the carburetor
pressure rsngea from 45 to 125 inches of mercury and
applying the information to these conditions a b. m.
e. p. of 750 pounds is obtained with a maximum cylind-
er pressure of 3,OOOpounds at a compression ratio of
7.5. After subtrac~o the power required by the
superchmger we have a net b. m. e. p. of 615 pounti.
The ratio of the net b. m. e. p. to the maiimmm cylinder
pressure would be lower than that for the normal en-
gine. The net engine power would be increased more
than four times, and the external dimensions would be
the same except for the increased metaI thiclmess nec-
essary to withstand tie high pressures.

E-ven if one should consider that the weight of the
engine would increase directly with the increase ~
maximum cylinder pressures, the weight per horse-
power would not be greater than that of a nonmd en-
gine; but if one uses the more reasonable consideration
that the weight would vary directIy as the square root
of the maximum cylinder pressures, then the weight
would be considerably less for the supercharged engine.
In the case considered above the power would be in-

creased four times and the weight would be doubled.
In addition the supercharged engine would have a -
much lower drag-a very important consideration if
the speed of airplanes is to continue to increase.

In the design of such an engine the greatest diffi-
culties woild be in carrying away t$e waste bent
horn the cylinder walls and valves and in obtaining
a satisfactmy nondetonating fuel. The cylinder walls
could probably be cooled by the use of an evaporative
cooling system in which the cooling medium could be
circulated at high velocities. Spiral h could be
used inside the water jacket to increase the area of
metal in contact with the wolant and to give strength
to the cylinder. The use of a high-temperrdm.re-
evaporative system for cooling would permit the use
of small radiatirs, so that little, if any, of the reduction
in engine drag would be sacrificed on account of the in-
crease in size of the radiator.

H poppet valves are used, means must be provided
for cooling the vrdves. This cooling probably could
be satisfactorily accomplished by providing air ducts
from the supemharger to the valvea so “that com-
pressed air wuld be forced through the valves, l’or
this service a sleeve-valve motor would be more satis-
factory, because no difficulty would be experienced in
cooling the valves and because the higher pressures at
the end of the stroke would not increase the load on the
valve geam. we ekhai@ ports of such an engine
would also have to be larger so that the gases could
escape tim the cylinder sufficiently emly to prevent
an appreciable increase in pressure on the scavenging
stroke.

To justify the use of superchargers, except for
special conditions where a huge power reserve is the
important consideration, the weigh~horsepower ratio
and the drag of tie engine should be lower when
supercharged than when unsuperchmged. In some
cases, the reduction in drag on multienginedairplanea
may be large, because it may be possible to reduce
the number of engines that are used. To reduce the
weigh&horsepower ratio of an unsupercharged engine
at altitude by supercharging or boosting is not diflicult.
At altitudes from 15,000 to 20,000 feet a reduction of
1.5 to 2 pounds per horsepower is possible on an engine
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developing 400 horsepower at sea level. The reduc-
tion in weight per horsepower would be larger for a
smaller-sized engine.

To reduce, by boosting, the weigh~horsepower ratio
of an engine operating near sea level or at very low
altitudes is difhcult unless rLlarge amount of boosting
is used. The weigh&horsepower ratio of an engine
developing 400 horsepower unsupercharged maybe re-
duced from one-half to three-fourths pound per horse-
power by boosting the carburetor prbmure 10 inches of
mercury. However, when the specific weight of the
supercharged engine for the above condition is compar-
ed with that of an unsupemharged engine of the same
power output, the difference in weight is negligible.
There me special cases, however, where the use of a
supercharger is justiihd even though there is no reduc-
tion in specific weight. In such caseathe supercharger

*.
Cbrbiretor pressure, bzof &

FIarmiE 8.—Effezt of Mostlng at dffkmnt mmpmssfon rotfco on the Mat lcses to
Uv3cmlfng V7ater

I

Cbrbwetor pressure kL of Hg

FmmE 10.—Effeot of hating at dMorent wmpmsfon rath on eqm@8Bs
telqmatmea

corresponds, in a practical sense, to an extension on
the throttle, because the amount of “rmxture taken in
can be increased by increasing the pressure at the
carburetor. This case could be used advanweously
to aid in the take-off of heavily loaded airplanes or to
improve the speed or climb performance of scouting
airplanes operating at low altitudes.

Although it is not the purpose of this report to com-
pare from the commercial operator’s point of view the
high-compression engine with that of the supercharged
medium-oppression engine, a few computations were
made to determine which engine is the most economical
to operate. These computations were based on many
assumptions, on the meager data available on operating
costs, on the little information available regarding
reliability, life, and cost of upkeep of the two kinds

149900-33-9

of engines, and on the experimental data presented in
this report on fuel consumption and power. The re-
sults of these computations show that for low and
moderate altitudes the high-compression engine is most
economical. For operating at high altitudes; about
25,000 feet, the supercharged medium-compression
engine is more economical than the normal high-com-
pression engine, but even for these favorable conditions
it is questionable whether it would be equal to the high-
compression engine operating at low altitudes.

Heatlosses to the cooling water and exhaust gases,—
Ihcressing the weight of mixture burned by increasing
the pressure at the carburetor results in a larger quan-
tity of heat being- liberated; consequently, a greater
quantity of heat units must be carried off by the cooling
water. The results for these tests, as shown by the
h.n-vesin Figure 8, indicate that th”equantity o~ heat
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that would be carried away by the cooling water in-
creases directly with the carburetor pressure for each
comprcmion ratio and that the heat losses to the cooling
water decrease considerably with an increase in com-
pression ratio. It follows that the increase in radiator
area will be the same for a given amount of boost
regardlessof the compression ratio. However, the per-
centage increase in radiator area will be higher for the
high compression ratio, because the size of radiator
used on a normal high-compression engine would be
smaller than that used on a normal low-compression
engine. The curves in Figure 9 show the percentage
incrimsein radiator areanecessmy, at each compression
ratio, for various amounts of boosting. lhcreasing the
horsepower of an engine of 3.5 compression ratio 50
per cent by superchrwging results in a 20 per cent in-
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crease in 10sss9to the cooling water; increasing the
horsepower of m engine of 7.5 compression ratio 50
per cent by supercharging results in an increase of 34
per cent in 10sss9to the cooling water.

The curves in Figure 10 show the efl!ectof boosting
the carburetor prwure on the exbmu+gas tempera-
ture. It is interesting to note that boosting at high
compression ratios has very little tiect on the exhaus~
gaa tsmpsratunx%whereas boosting at low compression
ratios results in a definite increase in the exhauat+gaa
temperature. The advantage of supercharging an
tie of high comprtion ratio is apparent when one
considem that the intensiiy of the hmt is more detri-

Fmtm 11.-llfkot of kcattnc at dfffmnt wmprmsfon inWL9on mmhnfml
emcfenoy

mental to engine reliability than the quanti~ of heat.
Considering the high eihaust+ys temperatures, the
low power, and the high fuel consumption one can
safely say that the supemharging of engines of very
low compression ratio is impracticable. To obtain
good performance by boosting the compression ratio
used should not be less than 4.5.

Mechanical efiioiency and f. m. e. p.—As the f. m.
e. p. and mechanical eiliciency are more or leas related

they will be discussed together. The curves in I?igure
11 ahow that boosting the carburetor pressure 10
inches of mercury results in an inoreaae in gross me-
chanical efficiency of about 5 per cent at the high
compression ratios and about 7 per cent at the low
compression ratios. This increase in mechanical effi-
ciency is caused by reduced pumping losses and in-
creased power output. The gross mechanical efficiency
represents conditions when the power required to drive
the supercharger is not considered. The net mechani-
cal efficiency curves represent conditions when the
supercharger is driven directly by the engine. Noti
that the difference between the gross and net mechani-
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oil efficiency decreases with an increase in compression
ratio and that the optimum net mechanical efficiency
ia reached at a lower carburetor pressure on a low-
compression engine than on a high-compression engine.
The effect of boosting on f. m. e. p. is shown by the
curves in Figure 12. The reduction in friction is
caused by higher pressures on the piston during the in-
take stroke. Alowerfriction waa obtained with the 3.5
compression ratio, because a different piston waaused.
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EFFIICI! OF INCREASED CARBURETOR

Thermal effloienoy.-The total compression ratio of
a supercharged engine is equal to the product of the
compression ratio of the supercharger and of the engine.
Many investigators are of the opinion that the thermal
efficiency of a supercharged engine is lower than that
of an unsupercharged, because iti expansion ratio is
not equal to the total compression ratio. This does
not seem reasonable, because the efficiency of an engine
depends on the expansion ratio and not on the total
compression ratio. As the expansion ratio remains
the same, it is reasonable to e~ect that the thermal
efficiency of a boosted engine should be aflected only
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against which the valve must open when a high degree
of boosting is used. The b. m. e. p. and the maximum
cylinder pressure values given on the cards correspond
to those obtained during the run when the card was
taken.

CONCLUSIONS

1. Boosting the &rburetor pressure 10 inches of
mercury resul$s in a net increase of 44 b. m. e. p. for
an engine of 3.6 compression ratio and a net increase
of 56 b. m. e. p. for an engine of 7.5 compression ratio;
these reauh%indicate the de&ability of boosting an
engine of the highest practicable compression ratio
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to the extent that boosting effects the combustion
efficiency and net mechanical efficiency. The curvca
in Figure 13 show that boosting results in only a slight
decrease in net thermal eficiency.

Compression pressures.-The compression pressure
obtained for each compression ratio with &flerent
degrees of boosting is shown by the curves in Figure
14. The measurements were obtained with the
balanced-diaphragm indicator with the engine motor-
ing at Qspeed of 1,600 revolutions per minute.

Indicator cards.—The indicator cards in Figure 15
show the effect of supercharging at difkyent compres-
sion ratios on the pressures at various points in the
cycle. These cards are valuable because they help
visualize what takes place within the cylinder. They
also show the high pressures at the end of the stroke

Volwne

consistent with the degree of superchmging dwired and
the nondetonating qutity of the fuel used.

2. A large increase in net engine power can be
obtained by boosting at medium compression ratio
with very little increase in mtium cylinder pressure
and with only a small increase in fuel consumption, as
compared with operating normally at slightly higher
compression ratios.

3. Within the limits of these teats the decrease in
thermal eiliciency with boosting is negligible.

4. Boosting results in a percentage increaae in power
that is larger than the percentage increase in 10sss9to
the cooling water. Increasing the power 50 per cent
increasea the loss to the cooling watar 20 per cent at a
compression ratio of 3.5, while increasing the power 60
per cent increasw the 10ssto the cooling water 34_’per
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cent at a compression ratio of 7.5. In each case the
actual increase in heat loss was the same.

5. Boosting the carburetor pressure 10 inches of
mercury increases the exhaus&gas temperatures about
75° l?. at a compression ratio of 3.5, but at a im-
pression ratio of 7.5 the increase is only about 10° l?.

6. Boosting the carburetor pressure 10 inches of
mercug- increases the mechanical efficiency approxi-
mately 5 per cent for the high compassion ratios and
7 per cent for the low compression ratios.

timaw Mn~oRrAL AEEONAUTICtiLABORATORY,
~ATIONALArwrsopY CoanmmmMFOR&RONAmCS,

LANGLEYFIELD, VA., il~ay 29,1931.
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