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P B T L U,

MODERN METEODS OF FUEL TESTING™

By F. Seeber

The knock ratling of aviation fuels by the conventilon-
al octane scale in the CFR engine 1s defectlve and proceeds
from misleading premises.

After a brief eurvey of the commonly uesed single-value
test methods,.the importance of the determinatlion of the
inclplent knock for the octane number 1s discussed and 1m-
provements suggested for the knock testing in the CFR en-
glne. But the difficulty of transferring the flndings
from the test engine to sinzle-cylinder and multicylinder
alrplane engines 1s atlll unsolved.

The DVL supercharze test method with 1ts superiority
of direct determination of fuel knock in each single cyl-
inder of an airplane enzine without involving structural
chanzes, 1a described and the advantages of a multiple-value
method enumerated. Owinz to the far—-reaching adaptadbllity
of the test conditlons of the sunerchar3e method to the
conditions of flight operation, a dlegrammatic presenta-
tion of the knock characteristice 1a made poscible, which
1s of <4reat slgnificance for the furthor development of
high-output aircraft englnes end thelr fuels.

IRTRODUCTION

The demands made on aviation fuels for high take—off
power and for low fuel consumption at comparatively -high
crulsing powers are, as is known, limited by the fuel
knock in spark-ignition engines. High en4ine powers are
most favorably achieved by hizher mean effective pressures.
The latter are most severely affected by the octane number
of a fuel, according to ®Tllor (reference 1). But, tried
out in the airplane engine, it was found that the rating
of knock tendency by octane number under fixed test condi-
tions, ls insufficient and may lead to erroneous conclu-
slons. The remedy called for new scales of appralsal,
which are described in the presernt report. The treatment,

*tNeuere Yerfahrean der Kraftstoffprﬁfung." Luftfahrt-
forschung, vol. 16, no. 8, Auzust 20, 1979, pp. 431~
437.
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however, 1s confined exclusively to the short—-time tests
in single-cylinder assemblies; any discussion of the test-
ing of fuel-endurance behavior would vpe premature, since
this test 1s s8ti1ll in the expsrimental stage.

ENOCK TESTING IN THE CFR ENGINE

a) Rating by Octane Number

The knock rating of aviation fuels 1s at preseant al-
most exclusively carried out in the CFR enZlne, and in
Germany, of late, in the I.G. test apparatus. In both the
fuel is made to knock by changing the compresslon ratlo.
The intensity of the knock, which is malntalned in these
tests, is defined for a coertaln deflection on the knock
meter,

The knock characteristics of the teat fuel are, as
is well known, compared with those of blends from refer-
ence fuels - the standard reference fuels belng iso-octane
and n-heptane. The knock rating of lso-~-octane was arbi-
trarily set at 100, and that of n-heptane at O.

Thus the knock rating of fuels today is by me~ro
of the octane number; i.e., the amount of iso-octane of a
blend of lso-octane and n-heptane which, under certailn
test conditions has the same knock characterlstice as the
fuel to be tested.

Since this test was chiefly intended as a check on
the fuel manufacture and therefore on the uniformity of
the delivered product, it was believed trhat the testing of
the knock characteristics of the various fuels could be
effected without recording pressure, temperature, or heat
transfer.

The followlng test methods are in present use (refer-
ence 2):

1., OFR research method (Italy)

2. CFR and I.G, engine methods, resvectively (Ger-
many )

’

3. Modified CFR engine method (Englend, France)
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4, -CFR low-temperature method (U.S.A.)

5. COFR-L 3-method (U.S.a.) 7

6. U.S. Army test method in modified OFR engine
(U.85.4.)

All these methods confine themselves to one slingle
characteristic value which, with the exception of the U.S.
Army method, i1s determined at a comparatlively severe knock.
The test condltions of the methods differ from one another
only 1ln the inlet-zir temperatures, in the mixture ratio,
or in the r.p.m.

All the named single-value methods, even 1f they rate
the fuels occaslonally at different requlrement stazes,’
woere -~ by themselves - no useful 1indicatlion, since fuels
of the same octane number frequently manifested a widely
varying knock behavior in practical flight-operating con-
dltlons. This applies 1in particular measure to aviation
fuele of class 0Z 87 and over.

b) Discussion of Octane Rating

The cnuse of the defentlve determination of the knock
tendency of different fuels by . these test methods 1s to De
found almost exclusively in the errorneous assunption that
the testing under one sinfle - even if uander always rigld-
ly nrescribed - test condition, would bve -sufficlent to
draw conclusions for all other fuel requlrerents. The
greatly changing temperature, pressure, and heat-transfer
conditions in flight operation cannot be reproduced by the
change of one single test condlition - even 1f the estabd-~
llshed value i1s obtalned at the air-fuel ratlo correspond-
ing to the groatest knock intensity.

As attractive and adventaZeous as a sinyle-value
method seemed at first in regard to the short test period,
the cheapness of the method and the small amount of fuel
needed for a test ~ as the bost solution for the knock
rating of fuels ~ the results proclaimed the neocd for a
mpltiple—value rating, which ultimately leads to tho dla-
grammatical presentation of the knoeck rnting of fuels. In
the opinion of the DVL, the conventional rating by octane
number has the following defects:

1. The rating is achieved at a too sovere knock, as
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confirmed in the DVL tests (reference 3) made in 1934-35.
In these experiments the different aviation fuels -~ while
retaining all test specifications of the CFR englne method =
the 1nciplent knoeck, 1.,e., the compresslion ratio at which
the firet uniform audible knock occurred, was ascertalned
(fig. 1). It 1s merely pointed out in this connection

that stralght-run fuels with a knock characteristic of

over 100 octane units - which prove of predominantly aromat-
ic character, such as pure benzol, for examnle - possess,
under the requirements of the CFR engine method (mixture
‘temperature 150° C.), =a far earlier inciplent knock than
leaded benzene-lilke fusls, despite the fact that the com-
presslion ratios were the same 1n all casses. This fact was
affirmed by supercharge tests.

2. The determination of the octane number at only
one-mixture temperature does not revroduce the temperature
susceptibility of the fuel. This fact 1s disclosed by the
different dlscrepancies of the research- and engine-octans
aumbers of B87-octane fuels of different chemical comvosi-

tion,
Fusls predominantly
olefinic |aromatic | naphthalenic |paraffinic
Research 0OZ 98.5 93.6 88.0 88,0
" Engine 032 87.2 86.5 85.5 86.3

Difference in
octane units 11.3 7Tel 2.5 _ 1.7

%. The testing =2t only one-mixture ratio, condl-
tioned bv the maximum deflectlon of the knock indicator
asread upon, is insufficient for rating a fuel (fig. 2, smd
reference 4). The testing of 87-octane fusls over the en-
tire practical mixture ran3oc discloses the knock charac-
teristic of leaded gasolines, esveclally by excess fuel,
to be far zreater than that of the standard and substand-
ard reference fusls. Figure 3 1llustrates the test data

"ovaer the entire mixture ranze for 80~ and 100-octane fuels
at 80°% and 130° C. mixture temperatures.

4, Lastly, the use of the conventional standard and
substandard reference fuels for very knock-reslstant fuels
leads, because their temperature responsc is unlike that
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of leaded gasolines to erroneouns knock rating, as saen
" -from the earlier picture (fig: 2).  The use of leaded ref-
erence Zasollnes should remove this drawbdback.

¢) Formulation of Octane Rating and New BRating Scales
for the Concept of EKnock Tendency

The testing of aviation fuels in the COFR engine prob-
ably fares much better 1f, as sugzested elsewhere (refer-
ences 9 and 10), the fuel knock is recorded:

n) at different inlet and mixture tomperatures, re-
spectively; for instance, at 50°, 100°, and
150° ¢.;

b) for different mixture ratios;

¢) at incipient knoek or, at any rate, at a less
severe knock thnn that of the CFR englne method.

These tests could be mnde forthwith, with the compres—
slon ratlo as vearianble, but other scnles have also been
Proposed. Thus Boerlaze suggested the allownble boost
pressure nt incipient knocl (reference 5); Evans, Dodd,
and Garner (reference 6),the maximum combustion pressuro
measurable at inclplent knock. What the correct procedure
will be nobody knows, since the problem of finding a cor-

rect knock-rating scale in a knock-test engine, is ren-
‘"dered difficult Dby:

1) the difficulty of ascertaining the same rating
quantity even 1in structurally identical test
engines for an 1dentical fuel under 1dentical
test conditions (reference 7);

2) the uncertaln transferability of the data to
the single~cylinder or multicylinder alrcraft
englne as a result of not knowing the actual
operating requirements in the aircraft engine,
KENOCK-~-RESISTANCE TESTS IN THE SINGLE CYLINDER
a) Advantazes of Supercharge Test

The lack of agreement in fuel rating for practical
flight operation in the CFR engine, prompted the DVL also
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to rate the fuel knock according to modern viewpolints.
Since, first of all, the question of transferablllity of the
CFR deta to the alreraft engine remalned unanswered, the
urgency of the problem of determining the knock tendency

of fuels as deflnitely as posslidble for alrcraft-englne
condltions, sugsested a test procedure in single cylinders.
Boorlage'!s vproposcd cholce of boost pressure as varilabdle,
soomed the most favorable since 1t permitted tho dotermlina-
tlon of the knock tendency of fuels in any desired single
cylinder under condltions similar to those of the complete
engine wlthout requiring structural changos.

b) Determination of Knock Limitation

The development of the knock test showed that the
knock intenslty maintained ln the octane rating in no way
resembled the requirements of the fuel in an alrcraft en-
gine. The occurrence of the very first knock impacts -
l,0., tho incivient knock, constitutes a moment of danger
for the circrnft engine, and for thls reason the DVL super-—
charge method chose the inciplent knock as the 1ndication
for the knoclk intensity. Since tho present state of devel-
opment of the indicators makes the determinstlion of the in-
ciplent knock a complicated and drawn-out procoedure, the
audlble method wns at filrst employed. According to the eox-
periences of the DVL, thls inciploncy 1s hest represonted
by 8lx to ten sharp knocks per minute. The accuracy of the
mothod 1s 15 mm Hg. Tho suvcrcharge power was diasregarded.

¢) Choico of Teat Conditions

To make the supcrcherge method definitely superior to
the octane~ratinz method, the selection of the test condl--
tlons had to be made with due consideration to the condi-
tions of the complete engine.

The fuels of modern hizh-output sircraft engines must
have, first, a high take-off power, i.e., high mean effec-
tlve pressure at full throttle performance. Accordingly,
the supercharge test should include a run at:

a) starting speed;
b) with approximately 20-percent excess fuel;
¢) the inlet alr temperatures corresponding to the

supercharger installation for the different
deslgn types.




N.A.C.A. Tecanical Memorandum No. 924 7

Fuels for high-output alrcraft engines must, further,
have good leaning properties ~:i.e., corrsspondingly high
Me8.Pe in the throttllneg range or, in other words, a test
at: : :

a) cruieing flight r.p.m.;

b) highest possible excess of alr;
c) respective inlet-alr temperstures.

Hence the supercharg&e tost has to bPe made under vari-
ous condltlons. For tests in the alr-cooled BMW 132 single-
cylinder, the conditions were as follows:

l., Speed at 1,690 r.p.m. because of the audidle meth-
od and saving of the englne, since testinz nt the knock
limit at hizher r.p.m. in 0Z 87 onglines, would result in
serlous disturbances. Althouzh this r.p.m. doea not corro-
spond to the starting conditions. it could bo proved in a
large numbar of tests thnt the order of rating for differ-
ont fuels at difforent r.n.m. was the same. Hence tho low
speecd is in nowiso objectionandle.

2. The mixture rntio was chosen for a range from
A =0.7 to 1.3, thus comoprisinz the conditions
of excess richness to Ireatest possldle lean-
ness,

%. Inlet—alr temneratures at 759 80% and 130° ¢.

4., For testlinz the best epark advance, achieved wlth
excess ailr Tactors A = 0.7, 0,9, 1.1, and 1.3
for knock-free comobustion. (Fuarther details
may be found in Luftfahrtforschung, vol. 16, no.
1, 1939 (reference 8)).

d) Effect of Test Conditions on the
Superchargeavlllity of 87-octane Fuel

The results of the DVL sunercharze test method are
now discussed. TFiliure 4 =ives the limiting curves of the
allowable mean effective pressure of a commerclal aviation
gasoline that characterizes the CFR entgine method with oc-—
tane No. 87 for @ifferent inlet-air temperaturecs (35°%, 80°,
100°, and 130° C.) plottod agZalnst the oxcess nir. The
lines of equal specific fuel consumption are included.
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) Flgure 5 indlcates the changes ln mean effectlve vres-
sure (in vercent of rated power) for the limiting curve of
an 87-octane fuel under the previously clted DVL condi-.
tions at:

1. 1,200 gnd 2,700 r.p.m.;

2, B35° and 130° G inlet-szir temveratures.
Ffigure 6 illustrates the effect of:

l. &a 25-percent throttle setting;

2. change of nﬁmber of knocke (zero);

3. spark advance to 40° crank settinz on the dis—
placement of the orlginal limiting curve.

It is noted in passinzg that no identification of in-
ciplent knock was possible with the help of the »pt dia-
gram or its first derlivative. Measuremerts of the abso-~
lute incipient knock with tne ald of the second differen-
tial guotient (equation 12) confirm, however, the permis-
8lble superchargesadllity obtalned by the audidle method
(fig. 7). These measurements were made in the CFR enzine.
The results with the BMT 132 sinzgle~cylinder ars shown in
figure 8. The tect point obtained dy the audlble method

lies in the bend of the characteristic curvos of —z for

A =0.,75, 0.9, and 1.0. Thore oxperimonts were made by
the Ingtltute for Fuel Research in collaboration with .
Lichtenberzer, and arc to be contlnued so ns to yleld n
qulck ond simple determination of the inclvlent knock, 1in-
dependent of anudition. U.S. supercharge teosts dDy Rothrock
and Biermann (reforence 11) - who also determined the irn-
cipient knock by the electrical method ~ likewise dls-
closed a parallel course to the limitineg curves defined dy
audible knock.

Waile the test data cited so far were obtained 1in a
3.06~1lter engine, figure 9 shows the superchargeebility
of an 87-octane fuel under different operating conditions
in a 2~liter liquid-cooled single-cylinder test engine.
The order of the effects-of the different operating condi-
tlons or the allowable superchargeadllity =nd mean effective
pressure (in percent of the rated power) is as follows:
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l. Compression ratio 4. Inlet-alr temperature
2. Spark advance 5. OCoolant temperature
3. Xxcess ailr 6. Revolutions per minute

What effect the size of the swopt volumo under dls-
slmllar cooling has on the allowable superchargeadbllity
in relation to excess air may be soen from the four exam-
ples 1llustrated in figure 1l0.

Other results for single cylinders of difforent de-
slgn typoe made 1n the DVL by Dr. Borg, aro omitted for
lack of space.

e) Allowable Superchargeability of Fuels of
Equal Octane Number - Thelr Chemical Composition

The significaence of the chemical composition of fuels
for the obtalnable allowable boost pressure 1s of partic-—
ular interest for the development of avintion fuels as 11-
lustrated on a few solectod examples. Fizure 1l shows tho
relation of allowablo suncrchargeabllity of three chemlc-
ally dissimllar 87-octane fuols to the mixture ratio un-—-
der ldontlecal tcst conditions in a llguid-cnoled single-
cylinder cngino. Tho hizh suporchergeadility of strongly
aronntic fuels, espocially with éonsidersble excess rich—
ness, ls plalnly apparent while on leaning with increas-—
ing aromatic content of the fuels, a more proround reduc-—
tlon of the limiting curves 1s noticeable in contrast to
the paraffinic-naphthylic fuels. Figuroc 12 shows the re-—~
lation of allowable boost pressure to inlet-alr tompera-
ture with A = 0.9 for the same fuels. These tests re-
veal, aside from the superiority of aromatic fuels at low
inlet-alr temperatures, thelr grent temperature suscepti-
bility. TFuels of paraffinic-naphthalenic nature have far
more temperature gstadility.

Fizure 13 shows the extrerme areas of obtalnahle m.e.D.
ln percent of rated power) at equal numder of knocks plot-~
ted agalnst excess alr and inlet-alr temperature for 87—
octane fuels, The effect of the dlssimilar chemical com-
position of the fuels 1s readily apparent. Figure 14 is
the graph for two 100-octane fuels and manifests the temper-
ature susceptibility of the aromatic fuel. In spite of the
ldentical octane numdber of the paraffinic fuel and its mi-
nor temperature relation, its superiority is slight and,




10 N.A.,C.A. Technical Memorandum No. 924

at that, confined to the excess alr range at very high
inlet~alr temperatures. The correctness of thls rating was
confirmed in recent alrcraft-engine tests.

THE SIGNIFICANCE OF THE DVL SUPERCHARGE

TEST MBETHOD IN PRACTICE

The correlation of the supercharge test at several
inlet-alr temperatures with the octane numbers obtalned dy
varlous methods, affords the conditions 1llustrated 1in
flgures 15 and 16. A similar result i1s obtalned from a
comparison of the dlfferences of the research~ and engine-
octane numbor with the differences of tho allowabloe boost
pressure at different inlet-alr temperatures and A = 1.05
excoss of alr., It means, in other words, that the rating
of fuels in the CFR englne by any method, does not simu-
late thelr requirements in the single cylinder.

With the newly devcloped DVL supercharge method, on
the other hand, a rating is offercd that corresponds to
the actual requiroments.

Itse chlef advantazes are as follows:

l. The knock tendency of fuels is tested direct in
actual engine cylinders.

2. The fuels are tested under conditions most
closely approaching actuel servics.

3. The rating by several values permits conclu-
slons for the development of 100-octane en-
g€ines and fuels.

Translation by J. Vanler,
Natlional Advisory Committes
for Asronautics.



10.

11.

12,

N.A.C.A. Technical Memorandum No. 924 11

REFERENCES

Ellor, J. B.: ZIEinigze AufgZaben bdei der Aufladung von
Flugmotoren. jahrbuch 1939 der Deutschen Luftfahrt-
forschung, Erganzungsband S. 200,

Seeber, F.: EKraftstoffe f&r Flugmotoren. Luftwilissen,
Bd. 5, Nr. 9, Sept. 1938, S. 321-330.

]
Seedber, F.: ﬁber die Bezisehunsen zwlschen motorischen
Verhalten von Kraftstoffen und den Betriebsbedingun-
gen. Luftwissen, Bd. 3, Nr. 11, 1936, S. 326-328.

Seeber, F.: Klopffestigkeitsprﬁfun;en an Otto-Motoren
RDT, Bd. 18, ¥r. 39, 1938, S. 2.

Boerlage, G. D., Peletier, L. A., and Tops, J. L.,: The
"Allowable Boost Ratio." A New Method of Knock Rat-
ing for Aviation Fuels of Hizh Antiknock V:riuec.
Aircraft Engineering, wvol. 7, no. 82, 1935.

Evans, E. B., Dodds, E. M., and Garner, ¥, H.: The Na-
ture of the Octane Scale. Jour. of the Inst. of Pe=
troleum Tech., vol. 21, no. 146, 1935, pp. 1000-1012.

Philippovich, A. von: Der VerbrennungsvorgZang 1lm Explo-
sicrgmotor. ILuftfahrtforschung, Bd. 13, 1936, S. 199-
209,

Sceber, F.: Prﬁfung hochklopffester Kraftstoffe 1m
Flugmotoren-Eingylinder. ILuftfahrtforschung, 3d. 16,
Nr. 1, 1939, S. 18-20,

Philippovich, A. von: 8. Aussprache S. 20-21, Protokoll
{ber die 7. Hruptsitzung des Comitees ISA 20 (Luft-
fahrt), Berlin, June 24-27, 1938,

Baecker, A. BE.: Effect of Test Conditions on Fuel Rat-
ing. ©S5.,A,E., Jour., vol. 42, 1938, pp. 62-72. )

Baas, E. L.: Prﬁfung von Kraftstoffen f&r Hochlelstunga-
lugmotoren. Luftfahrtschrifttum des Auslandes 1in
bersetzuneen, Bd. 3, Nr. 1, 1937.

Rothrock, A. M., and Biermann, Arnold E.: ZEngine Per-
formance and Knock Rating of Fuels for High-Output
Alrcraft Engines. T.N. No. 647, N.A.C.A., 1938.

Lichtenberger, F., and Seeber, F.: Beltrag zur Frage
der Klopfmessverfahren. A.T7.2., Heft 14, 1938,
S, 372-374,



N.A.C.A. Technical Memorandum No. 924

Pigs. 1,2,3,4,8

v — Pure benzol CFR-test engine
o Ny S ~_(CFR-method)
o ¥ ¥ Engine bengol
el L ) i
3 g gz Y — Jeo-octane + 0.12% by volume of tetraethyl lead
ke W —— o " + 104 ¥ ) “ " "
] VAR — » " + " " " " L]
] .0
R =
> e ./;' {m m‘é \ Pure benezol
a o /\ ¥/ FOctane.
B $07 incipient knock §- Engine bengol
(&3 Compression ratio by
audible method
40 . . .

60 W a0 g0 00

Benzol value

Pr—e
BN
\\peaded aviation
:45 Xe gasoline,
o \o 86.5 octane.,
- e
a 40 \‘\ > x N o/
P \{ 87.5-0ctane fuel /
8 \ \\ / '
B PN $_Bi-Bo blend™ 1 7
2 | N TN @¥. ) /.’/ ¢
2.ﬂ—~:>\\<: * 87-octanew" /=
& - J50- (ctando, 0\ \ //
8 gl \6\0 o, //// 4
6 Do S \‘*;:2623"
%7 48 49 w0 1 12 3 A ¥

Figure 2.- Knock chareacteristics at
different excess air, CFR

motor.
Mixture temperature
80 °C 130 °C
I w 7z
[o]
2 1\ AN
b1 ]
8N _/oo- & oL\ |100-
A
a . Octane § \\?ctanﬁjf
Q L ot |
3 N a .
R A cians
;Q"i \...oﬂav- §' ! ,./
2] Octane © Veogr
i & | J &
96 40 0 12 74 g g2 {0 12 1

Excess air a

Tes¥ condrtions
Krock aharac

Carrespond +o CFR ertg. merfroc,
Figure 3.- Knock characteristics of

87-and-100-octane fuels
at different excess air factors.

teriafics 50

&
3

Deflectéon

Pigure 1.- Relation between test compression
ratio and compression ratio at in-
cipient knock for 100-octene and over fuels.

Test condrtian correspands fo D.v. L.
. Supercharge
Y

T method but
xAQ75 wiffr orme

o Q9 —spark plug.
10 Leaoded
87 octane
gasoline

17,

/

1
| /)
==L

==t g —
v

Incipient KNock oy
qudrble method.

200 mmi
Z11oweble bo@gt pfggsure "

Figure 8.- Absolute incipient
knock in BMW 132
single cylinder engine.
116
|

&

°

/

8

7
1)

Inlet-air

w

00

1

temperature

92

4

84 3

[

9
% we

b.w.e.p. in % of rated power

N\
Y
&
47 ” 29 10 17
Excess air 2
1 ] 1 ] ]
7];7.? 16 perid #s ik id

Air-fuel ratio

Figure 4.- Testing of 87-octane
fuel by DVL super-
charge method.



N.A.C.A. Technical Memorandum No. 924 Figs. 5,6,7,9.10.11,12

w -
ot e T T 7 T 1.7 T 1]

§ [hnoc inﬁ: zone. Limiting curve for | N Knocking sone

% 11512000 | reference gasoline | & /3 | | |

Q ) N A N ERI S | vt Thro#le closed - |
S5 i s , e

:g 147(% ’w’“’b -Wlllliil'/v ) E w o . Luniting curve

9 7 g 7~ Fer —
N - NS Pl |3 [ Wome | P 7 e

§ " 20 \on Fooond \\r M7 ai ¥nocking \%

I ) M= ' )

8 R = zgone AT

g T o O e UGS

5 & 130 ‘. i :

Vo iyl | § | BO08Y, PEOBEHTE, [ frers oo

s | N | < g7 25 29 70 7 72

I T 29 7 7 T Excess air 2 o
Excess aira Pigure 6.- Effect of changed throttle
Figure 5.- Effect of knock lim- setting, number of knocks
itation curve &8 a and sperk advence on the knock limit.
result of chenged r.p.m. and in- &ation curve.
let air temperature. ®. & Fuel
{0 o K
/ 30% 75%
ﬂ% /ﬁ/ - g- peraf-naphttenic | Aromatic Aromatic
4 p=flt) p"g
V) . © I‘\
20 Figure 7.- Record of &4 i S "
absolute B howi— e — 1 -
s-752'incipient knock by P gyl T Mt

4 | 7 mesns of pressure &cCe "

2 = celeration (2. derive anfy AR
=] q H i 4
25 ﬁ // / ative of p.t. diagram) :m PR / =
PP /| in the CFR engine. 8 M P N
37” LF U e

5 {7 — o e e
[ O O sy|Rickh »telean | Rich e Lean | Rich == Lear
804’/ Incipient knock by iy ] TR IR

654 gmfﬁ :m//q w5y aadible method < d Excess air A

bt _ Figure 11l.- Superchargeability
v Compress- | Spark Excess | et  Cooling .
ANyl oo | ovance| TG0 | air peme: airteme | DO of 87-octane fuels
E‘EE, # A\JQ IR S e B~ of different chemical composition.

KRC I N 7,4 HOUSI B R Dt SR S S i e et |
Qkié’ g
U - ]

-3 ® \
v am —r = — — - %, 3
%égm{— B N A S K17 -‘ = Q..E 748 \.\
3 h#w.iﬂ [ Z'ﬂ & AN @8 YL Wwae e g WN o a » [N \\'\ \‘
T £ Crarmk angle® 2 v © r.0.m. E. (g q’) 17 VY
Figure 9.- Superchargeability of g 2 X
- & :
87-octane fuel under Figure 12.- Knock 7
different operating conditions. limit- &

© 262 207 28 20 ation curves for '4'.90/",”/;;
oW Glycol | Air | Water [Glycol, different fuels a- 2’ J
D g P LA L[ 1 VY |seainst inlet-air o mnff Y
O A = ' 7| 1 temperature. b FARRY
3 ; 24 ) 7 - B B SN
—t Q0 AV n RN
< J ® NN

g — fa. —

#uu wwyr Bov L 7T
Excess air A 2
11 f o LA R R R
Pigure 10.- Superchargeablility o 8
60
(]

87-cctane fuel in daiff- 7] 7] %0 0 %0
erent single-cylinder engines. Inlet air temperature



N.A.C.A. Technical Memorandum No. 924 Figs. 13,14,15,16

& ["_JFvel predominantly eromatic tQOIH % A
1] ] rapithenic 0080 %/ ‘

= iﬂz J‘]ﬂfll deromatic
W 07 - S5 Octare

Tatraethy! Lead Q2 2R

K% Benzine mpanrnfi{

S
L 3
p‘lfl.
o
@
i
)
S ow
temp. w42
8
/4 ———
ol _’-/J /// WI}] Inlet a%r ‘;‘ w
[ ’ [ )4 . 5 )
L e —— ———® temp., “C ° 2®
v oy \ e O @
— L1e -1 Qﬁ' Lo
,-Dﬂwr / . 3
sa v oV e W o 2 s
R N v / 5o
S Bwrr N/ v » )4 %? =
< o 47 N, /I ‘% . — —_—
w p 2 i3
& 7 & i w ] _ ZInlet air temp.
600 ——yp 7 QO! z - -]
T A W % vo? L= - Y
Fue! cansumptron, 9/kp/a.
Figure 13.- Obtainable b.m.e.p. Figure 14.- Obtainable b.m.e.p.
at knock boundary at knock boundary
of two 87-octene fuels by DVL of two 100-octane fuels by DVL
test method. test method.
m, 1Y/ w - &
41—.@ T T 1T T {cl [%d Sn @ P T T I1J [T 1%
i ™~ Supercharge for pea ower'“- oo T Superchar or pea.k gower,
“"mm— about 20 excess fue 1 i T ”:“é’/m- about 20 % excess fue
Y
w3 T, Minimum supercharge about o+ | Minimum supercharge about 4
_§v/w— 5 tg GX("?SS air[ ” e ’%IW' 5 excess air:
uh il werh 2 H[ Y o Z
. dsl” o W rE e
u§ &1 g wt 1 upig AN *
% 205~ IYoug 4z oL T s [ 7 o 14t 7
":\3.1”0 For 9455 ol ‘:c;( j B Zd';l o U:éw “ 9 " t,'j
Y [3) o 0. p
“ g’ %‘”ﬁ i/;‘m”"llfrf "ﬂ[ '”!l " u_:.’ B Nl o /3
ulgm %J ﬂ”‘”ﬁ‘_ T U[%” “ Y J"-'/r' i
§ ”1/ & % L Y] 9 w w § VL G4 # r W w
Octarre numiber, CFAR research methad Octare aumber, CFR rescarch methoo
Pigure 15.- Relation between CFR Figure 16.- Relation between CFR
research octane num- regsearch octane num-
ber and boost pressure at inclp- ber and boost pressure at incip-
ient knock in the BMW-132 aero- jent knock in the BMW-132 aero-

engine, single cylinder. engine, single cylinder







