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TESTING OF HIGH-OCTANE FUELS
IN TBE SINGLE-CYLINDER AIRPLANE ENGINE*

By Iritz_Seeier

-

. One of the most important properties of aviation fuels
for spark-ignition englines is thelr knock ratipg. The CFR
englne tests of fuels of 87 octane and above 8 not al-
ways correspond entirely to the actual behavior of thasase
fuels in the airplane engine. A method was therefore de-
veloped which, in contrast to the octane~number determina-
tlon, permits a testing of tho fuel under various tempera-
ture and fuel-mixture conditions,

I. PRESENT STATE OF KNOCK RATING OF FUELS IN THE CFR ENGINE

The relative knock torndency of aviation fuels, ex~
pressed In toerms of octane number is almost exclusively de-
termined by thoe CFR onginoe and, more rescently, also by the
I.G.. test zpparatus, in Germany. In both ongines the fusl
1s brought to the knocking state by varying the compruassion
ratlo. The knock intensity, which must be coantrolled in
these teates, 1ls by common egrcement, meansured by the reading
of the so-called "knock meter" (50 to 60 divisions).

The knock characteristice of the fuel to be tested
are compered with those of mixtures of reference fuels 1in
order to exclude the particular conditions of the test en-
gine. By reference fuel is meant one that, on account of
its constant characterletics, is employed for the compari-
son of the performance of varlous fusle. Ths followlng
referonce fuels are employod: .

1, Primary fuels; 1lsococtane and n-heptane;
2. Secondary fuels; pure benzens and synthetic benzine.
In Germany, ~“viation fuels are tested by'the bFE- or

I.G.-engine teste (reference 1).. The test conditions for
these two procedures -Adiffer only slightly.

. ®hpPritfung hochklopffaster Kraftstoffe im Flugmotoren-Elnzyl-
inder.% Luftfahrtforschung, vol. 16, no, 1, Jan. 10, 1939,
pp. 18-20. ) K
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Although in.most of .the countrises of the world the
standardized CF¥R-engine method is used for testing aviation
fuels, no agresement has been reached on an internationelly
recognized test prodedure. The offliclally recognized pro-
cadures in the varlous countries at the present time are
the following:

Germany: CFR-engine method, 1n = 900 r.p.m.; mixture
preheating, 1500 C,.

England and France: Modlfled CFE-engine method, a =
T, 900 r.p.nm.; mixture preheating.
. 12790 C.

Italy: CFR research method, n = 600 r.p.,m.; no mix-
ture preheating. .

U.5.A.: TU.S. Army Air Corps method; n = 1,200 r.p.n,,
no mixture preheating.

The large number of the test procedures et present em-
ployed with the CFR englne 13 an indication of the uncer-
talnty-with which the reosults obteined in the test englre
are $0 be applied to the airplmane engine (references 2 and
3). Theso difficulties became particularly evident when
aviation fuels of 87 octone and above were developed.:

II. CRITICISM OF THE OCTANE NUMBER AND NEED

FOR THE DEVELOPMENT OF KFEW TEST PROCEDURES

"In the course of development, 1t was- found that the
present method- of octane-number dotormination in the- CFR
enginoe, that 1s, the testing of the charecteristics of e
fuel under definite conditions, is not sufficlent to pre-
édict the actual behavior of the fuel in the alrplene englne.
The detoermination of the octanoc number is subject to the
following defects:

l. The knock.rating 1s determined cnly under a slingle
intake or mixture temperature, so that the tem-
perature sensitivity of a fuel is not determined.
I1f, for example, the octane number of an aviation
gasoline 1s determined at varlous mixture temper-
atures, othsr conditions of the CFR-engins pro-
cedure remeining the same, there are obtalned
the following values: ' '
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© .Mixture tempurature Octane number
: o "1'50“?3"0._ T T e
1279 6. . - 87,4
:; do"g;_ - - 92.1

2. The mi:turo Btrength 1s regulnted only for the
.- most intense knocking condition; this occurs,
according to tests, at an excess alr ratio of
approxinately 5 porcent (A = 1.05). This ra-
tio-dogs not, however, correspond to condlitlons
under flight operatlon., If, for example, the
octane number of an 87-occtane aviation fuel 1is
determined by ths CFR-ergline procedure at vari-
ous exceoes alr ratlos and the results compared
with those for the primary or seocondary fuels
under tho same conditions, it is found (see fig.
1) that the octane number also in this caseo
glves insufficiont information as to tho actual
behavior of a fuel at the mixture ratlos for
_ take-off and crulsing (referenco 4).

3. The carrylng out of the comparison tests occurs
under the condition of very intense knock, ' This
conditlon does not, however, correspond to that
occurring in the alrcraft engine. Because of the
the lack of & simple,reliable indicator, which
would esnable the dotermination of any desired
knock intensity, 1ncipient knock is the most
sultable basis of comparison because it can bdbe
most reliably determined in the test engine.
According to results obtained thus far, incip-
lent knock can bost be determinsed by ear although
in%icators are coming more into use (reference
10).

4, The tomperature sensltlvity - of the refereance fuel
ls different from that of the onglne fuel so
thet the application of such reference fuels
does not ropresent the true conditions 1an the
highly heat- streased ailrcraft englnes of today
(fig. 1). :

. The above-listed defects confirm the view that 1t 1ls
not poseslible with the present octane - number determination
in the CFR engine to obtain complete information as to the
behavior of a fuel 1in an alrcraft enginec.
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The need for testing aviation fuels in the CFR engine
from newer viewpolants was clearly brqought out at the ISA
Alr Transport séssion in Berlin, June 1938, in thoe discus~
sion on fueols. The German proposals (reference 8) particu-
larly required a testlng at varlous mixture temperatures
(50°, 100°, 1500 C0.) and at practically occurring mixture
ratios. Furtheimdre, 1n addition -to the octane number, the
determination of the permiselibdle compresslion ratio or the
power at start of knock seoms deslrable, Theese proposals
were agreed upon by the French, Italisns, and others.

These results as well as those, for example, obtalncd
in EFngland on the Bristol-Pegasus single-cylinder englnes
that took into account the condltions for take-off and
cruising all indicate the necessity for carrying out the
knock tests under varied conditions.

In order to be able to test better the applicabllity
of fuels in high-compression and/or supercharged airplane
engines, new evaluating scales wore proposed. Thus Boerlage
recommended the allowable boost at the start of kmock (ref-
erence 5); Evans, Dodd, and Garner, the maximum measurable
combustion pressure (reference 6); and M. Sorruys, the super—
charge power under definite conditions (referemce 7). The
inciplent krnock in all these procedurcs 1s determined by ear.

III., TESTING OF AVIATION FUELS FOR THEIR ABILITY TO

TAXE A BOOST LOAD

Following the proposal of Boesrlage (reference 5), a
fuel-test procedure was developed 1n the DVL that makes uso
of the permissiblec boost ms a means of rating fuels, This
mothod appearsad particularly promising because the behavior
of an aviation fuel in the englne can be directly tested in
the eirplene single-cylinder engine. Since the permissilible
boost is the only variable, it is possible to test the fuel
in any airplane single-cylinder ' engine at definite condi-
tions. '

In these tests the first audlble knock 1is chosen as
a measure of the knock 1ntensity. In thls connection, 1t
may be mentioned that,according to the view of E. L. Bass,
a skilled observer can determine ths knock 1n a slngle-
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cylinder engine long.beforo 1t can be indicated by any
temporature rise in the coylinder barrel or head with the
~moet sengitive thermoelement. _ .. .. .. .

For checking the engine condition as well as the
tester!s observations, 1t ls advisable each time before
the start of the boost-ratio tests. to employ a lesaded com-
parison benzlne. In order to avold fluctuation of the
quality of the comparlison fuel, 1t is recommended to keeop
-8 large quantity of .1t always in stock. .

Before conducting any test, the elementary -Analysls
of the fuel must be known. JTFrom the percent compositlion
of C, Hz, and Oz, the alr required is computed. .The
experimenter thus knows the theoretical air roquired (Lg),
the specific welght (Y), and the air pressure (Bg). To

fecllitate the test procedure, all the constant test wvelues
may be comblined into & slnglo constant C. It 1s thus pos~
slble without much écomputation to determino the actual air-
-excess ratlo (A). The formula then to be applied for the
fuel test 1s

where tp lg the time of tho measurced fuel.quantlty in
seaconds

and ty, that of the required alr quantity.

The excess-alr ratlo can be determined gquickly and accu-
rately with the DVL exhaust-gas apparatus (referemce 9).

The test conditions to be malintalned constant for a
BMW-132 alrplane engine cyllinder are the following:

Rotational speed. . . . » 1600 r.p.m.
Throttle sotting. . . . . Full throttls

Ignition. . . . . . « « . Best output at A = 0.7, 0.9,
1.1 at no-knock operation

Mixture ratio . . . . . . Renge of A from 0.7 to 1.3
Intake air temperature 35°, 80°, and 130° C,

Start of knock is determined by ear.
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The other test data, as compreselon, cooling-alr pressure,
etc., ‘are determined by the particuler tost-engine design.

In order to bring out the value of the boost-ratio
method of testlng of an aviatlon fuel comparison is made
with the CFR-engins-~test procedure for a fuel of octane
number 87 and the results of such 'a test are reproduced
in figure 2. The test, which ws carrled out under. the
above-mentlioned conditions, shows, 1In contrast to tho sin~
gle-point evaluation of the octane numbor, the strong de-~
pandence of the fuel on the intake-alr temperature and mix-
ture ratio. The measurement of thes mean combustion-chanber
temperaturs would also be of consldereble value in this
test.,

IV, SUMMARY

The engline-test procedure descrlibed 1s iIntended to
g€ive a more conprehensive determination of the knock rat-
ing of fuels. Tho deternination of the effect of the taom~
perature and mixture ratio on the fuel characterlstics 1s
a valuable extenslon of tha fuel-tosting proceduro.

Translation by S. Relss,
National Advisory Committeo
for Aeronautics.
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Figs, 1,2

Figure 1.- Knock rating at
various air excess

ratios,
(a) Leaded aviation benzine,
86.5 QOctane.

(b) Isooctane/n - Heptane,
87 Octane.

(¢) Mixture of benzine and
benzene (B.W. 74), 87
Octane.

Pigure 2.~ Test of 87 Octane

fuel for allow-
able boost ratio in single
cylinder vngine,
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