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EFFECT OF AN AROMATIC MIXLTURE ADDED TO TWO 100-OCTANE FUZLS
ON ENGINE TEVMPERATURES AND FUEL CONSUMPTION

By Alois Krsel, Jr., and Anthony W. Jones

SUMMARY

Tests were conducted with an air-cooled cylinder on two
fuels rated at approximately 100~octane number by the C.T.R.
aviation method with and without a 40-percent addition of an
aromatic mixture, The aromatic mixture consisted of 50 percent
toluene, 37.5 percent xylenes, and 12,5 percent benzene, the
percentage being determined on a voluue basls,

‘The data obtained indicate that the aromatic mixture had
little or no effect on engine temperatures, indicated mean ef-
fective pressure, or indicated specific fuel consumption in the
fuel-air ratio range used by present-day alrcraft engines. Ths
deta also indicate that in the rich region the aromatic fuel in
gsome caces gave a lower gpecific fuel consumption than did the
straight paraffin fuel,

INTRODUCTICHN

The effect of additions of aromatics on the performance
of several 100-octane fuels was reported in reference 1, which
was written upon the recormendation of the NACA Subcommittee
on Aircraft Fuels and Lnbricants, It is shown in reference 1
that certain benefits can be realized from the addition of
aromatics. There is some question regerding possible detri-
mental effects of aromatics and the advisability of using aro-
matics in aircraft fusls, - It has been believed that aromatics
cause higher engine temperatures, which would prohibit their -
use in aircraft fuels, The test work reported in reference 1
was conducted on a liquid-cooled cylinder, Sufficient tempera-
ture data were not obtained to make a compleote temperature
study., TFor this reason, it was decided to.conduct further
tests, using an air-cooled cylinder to investigate the effects



of an aromatic mixtire on enzine temperatures. The air~cooled
cylinder is better sulted.for temperature stvdles than the liguid-
cooled cylinder because the higher tempsrature areas in the air-
cooled cylinder respond more to differences in heat Input.

FUELS TESTTD

NACA fuels 9 and 11, described in reference 1, were usecd in
theae teats. EFach fuel wan vgsed with =nd without a 40-psrcent
addition of an aromatic mixture, This mixture, which had been
ueged in previous teot worik on aromatics consigted of 50 percent
toluene, 37,5 percent xylens, and 12,5 percent benzene on a
volume basis. For convenience, the arcmatic blend conslsting
of 60 percent fuel 9 and 4C pe“cenb nixed aromatics will be
designated fuel 9B in this repo‘t with the same blend of fuel
11l designated 11B,

The octans number by the C.F.R. aviation method (roference 2)
and the tetraethyl lead content wore approximately the same for
both fuels, Fuel 9, having an octane mumber of 97.9, contalned
2.91 ml totraetiiyl lead per gallon and fuel 11, having an octano
number equivalent to isooctane plus 0.01, contained 3,00 ml ‘
tetraethyl lead,

TEST PROCEDURE

Tests were conducted on a Wright G-200 cylinder mounted on
a C,U,E, crankcase, The following conditions were held constant
during all the tests:

Engine speed, rpm ., . . I Jolole
Spark ad—vanco, deg B‘T.Ct [ . L] 4 . L L] *» [ ] * L] » [ ] o LJ L] 20
Compression ratio , v o 4 o 4 4 o o o v s o o o o o o o o s 1,0
Inle't-ail‘ temperature, degf ¢ '] v [] . ; . [ » [] ] [ [} . 250
Inlet-air pressure, in, Hg abe:

Fuel 9 . L] * . . L ] ’ [ . * . (] [ 1] * 4 » L] * L[] L L] L] L] ] 26

Fu-el ll . . L] . . L L] L] * ¢ . L . . L] » . . o . 4 [ . L] 21

Cooling-air pressurc drop, in, water . , « « + v o o & o & 3



™

The first tests were made with fuels 9 and 9B, with the
inlet-alr pressure edjusted so as to remain below the incipilent
knock level over the entire fusl-alr range. After the tests
with fuel 9 were comple.ed, the engine was used for a different
type of test before the work was oontinued with fuel 11. When
fuel 11 was tested, it was necessary to lower the inlet-alr
pressure to 21 Ilnches of mercury absolute to avold knock, al-
though. fuel 11 had a slightl;” higher ootane rating than fuel 9,
An examination of the cylinder, the piston, and the rings after
the tests did not give an explanation for the lower inlet-air
pressure required by fuel 11,

TEST RESTTTS
Engine Performance

Performance data for fuels 9, 9B, 11, and 11B are shown
in figures 1 and 4, Fuel 9 =hows a higher indicated mean ef=-
fective pressure and lower indicated spocific fuel consumption
than fuel 9B in the lean :reglon below a fuel-alr ratlo of 0,065
but shows no apparent difference in the rich rogion, Fuels 1l
and 11B show equal pcrformance in tho lean reglon with the fuel
blonded with aromatics showing an advantoge in the rich region.
Tho volumetric efficiencies obtalned with the straight fuels
were fram 0,75 to 1,50 percont higher than thase obtained wilta
the blended fuels.

Flgures 2 and S5 present the poerformance data on a lean-
and rich-mixture basis, the absclssa scale used being the ratio
of tho fuel-alr ratlos obtained to the chemlically correct or
thooretical fusel-air ratio for perfect combustion. Any vertical
displacement of the fuel-comsumptlion ocurves plotted on a percont-

.lean or a percent-rich basis 1s due either to a differonce in

net or lower heating value or to a difforence in thermal ef-
ficiency of tho fuels in the englne or to both, As the ratlo
of the not or lower heating values of any two fuels romaln
constant, thelr consumptlion curves would be parallel, provided
thelr thermal efficiencios were idontical, The consumptlion .
ourves for fuels 9 and 9B show a divergence in the loan and
in tho rich regions, indicating that the blond has a thormal
efficlency different from that of tho straight fuel, The con-
sumption curves for fuels 11 and 11B are practlcally identical,
indicating that tho thermal efficlencies of the fuels are in-
versoly proportional to tholr lowoer heats of combustion,



. . Engine Temperatures

For fuels 9 and 9B at fusl-alr retlaos greater than 0.07
there was no difference In the engine temperatures as shown in
figure 35 - average head; average barrel; rear spark-plug bush~-
ing; cylirder barrel, middle, rear; above cylinder flange, rear;
center of head between valves; exhaust end zone; and inlet end
.zone., For fuel-alir ratlos leaner than 0.07, the temperatures for
the straight fuel were about 15° I' highe.r than for the blended
fuel, Higher temperatures were also recorded for fuel 11 in the
lean region, but in the rich reglon the temperatures obtalned
with fuel 11B were, in geroral, 15° F higher than those obtained
with the straight fuel, as skown by flgure 6.

The largest difference occurred in the tsmperature of the
exhaust gases fram fuels 11 and 11B, In the fuel-air ratio
range from 0.070 to 0.105, ti:e exhaust temperavures from fuel
11B were 90° F higher than from fuol 11. The exhaust tempora-
tures from fuel 9B were coaslstently kigher than from fusl 9
over the entire fuel-alr range, with a maximum dilfference of
5G° F in the rich region, The termjeratures recorded at the
exhaugt-valve gulde were 20° F higter for fuels 9B and 11B
than for fuels 9 and 11 within the fuel-air ratio range of

.0.068 to 0,110, With mixtwres leoaner than 0,068, there was

no temperature difference between the straight fuels and thelr

aromatic blends. The maximum spark-plug-electrode temperatures
for each fuel and 1ts sromatic blend were almost identical, As
the mixtures were enriched, the tamperaturcs for the fuels with
the arcmatic blend decrecsed less than the temperatures for the
straight fuols.

ANALYSIS OF TEST RESULTS

. In the general rating and comparing of fuols from consid-
eration of economy, much empkasls is placod on the nct or lowor
hoating values of tho fuols in question. Tue usual assumption
is made that the fuel with the highest net heating valuo will
perform with the lowost indlcatod spocific consumption, It 1s
known that indicatod speclific fuel consumption is proportlonal
to tho product of several factors, such as cycle officloncy,
combustion efficlency, anid hoat of comtustion. These factors
aro functions of the many variables introduced by the fuol, the
ongine, and conditions of ongine operation. Some of the varil-
ebles that influence cycle efflciency are speed of combustion,



specific heats of the combustlon gases, heat of combustion,
ccmbustion efficlency, expansion ratlo, and heat losses. The
""varlabled that influence cambustion efficiency include equilib-
rium constants, teuperatures, time, and combustlon products.

The. heat of combustlon ¢ the heating value of a.fuel is entirely
dependent upon the chemlcal nature of the compound. Since the
heat of combustion is determined under conditions very different
from actual engine condltions, these variables enter into the
engine combustion process as deleterious or compensating agents.

Upon consideration of the data on aromatic. fuels given in
reference 1 and the data included here, it is evldent that some
type of compensation was occurring, The higher fuel consumptions
expected from the arcmatic fuels bdacause of thelr lower net heat-
ing values do not appear in the tcat data. For this reason, the
araratic fuels should not.to penslized vecanse of their lower
net heating values.

Higher combustion temperctures wore anticipated with tke
aromatic fuels because of tholr lower nydrogen-carbon ratios,
compared with the straight fuels. A lovar hydrogen~-carbon ratlo
would indicate a smaller quantity of water formed and a reduction
in heat capacity of the combustlon gases, The exhaust-gas tempera-
tures (fi7. 6) show this reduction in heat capacity of the cambus-
tion geses, It 1s inSeresting to note tliat tho difference in ex-
haust temperatures did not appear in the heed and the cylinder
teamperatures.,

CCNCLUSTONS

l. An aromatic mixture up to 40 percent, when added to
current paraffinic aviatlion fuels, results in a small decrease
in indicated mean effective pressure in the leansr portion of
the fuel-air range of practical interest, 0.065 to 0,100,

2, The aromatic mixture showed ro effesct on the indicated
specific fuel consumption other than & possible decrease In
specific fuel consumption in the rich region and a posslible
increase in consumption in the region of fuel-alr ratlos
leaner than 0,070,

3. Fuels containing up to 40 percent aromatics should have
their consumptlion rates detosrmined by performance in an englne
and not estimated by & comnarison of heating values.



4, The aromatic mixture ocaused a decrease in volumetric
efficiency of about 1 percent.

) 5, The temperature differences caused by the aramatic
nixture in the engine head and the cylinder were of no prace-
tical importance,

6. The maxIimum spark-plug-electrode temperatures for each
fuel tested and 1ts aramatic blend were identical,

7. The ercmatic mixture caused a 90° F rise in exhaust
@as temperature when used with one of the two fuels tested.

From considerations of ongine tauporatures, indicated
speclific fuel consumption, and indicated mean effective pres-
sure, the data presented herein Indicate that aromatics up to
40 percent by volume can be added to ourrent aviatioan fuels
with no appreciable deleterirmus effocts,

Langley Memorial Aeronautlcal Laboratory,
National Adviscry Coxmittee for Aeronautics,

Langley Field, Va.
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Fuel-air ratio

Figure 1. - Relation between fuel-air ratio and engine performance for NACA fuel

9 with and without addition of L0 peroent mixed aromatios. Wright G-200

oylinder; engine speed, 2000 rpm; spark advance, 20°; oompression ratio, 7.0;

inlet-air pressure, 26 inches Hg absolute; inlet-air temperature, 250°7;
coolingApronuro drop, 3.0 inches water.
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