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THE EFFECT OF ETEYLENE DIEROMIDE ON THE
ZNOCK-LIMITED FERFIRMANCE OF LEADED AND
' NONLEADED S REFEPENCE FUEL

By Georgo R. Kinney and Richard O. ¥Nioml

INTRCDUCTION

Previous investigetions of load fouling havo indicated thet
some rdvontnges mny result 1f tho concentretion of ethylene dlbro-
mide in avietion fuel is incresssed =zbove the 1-T concentration
currontly used. (1-T or 1 theory of othylene dibromide is tho
chenicnlly correct amount required to coxbine with the totreothyl
lend in r fuel to convert all the lead to lead bromide.) Tho use
of fuel with the othylene—dibromide contort increased from 1 theory
to 1.5 theories hns resulted in decrecsod loed fouling of the spark
plugs in sircraft engines. Tho rosults of testa reportcd in refer—
ence 1 show thnt, when ethylene dlbromideo in excess of the amount
theoretically roquired to combine with the lond in the fuel was added,
hot corrosion of the exhsust~velve crown and material deposits on
the plston and tho spoark plugs were reduced.

Tests with an air-cooled, single-cylinder engine (reforence 1)
showed no reduction in the lmock-limited power of an AN-I-28,
Ancrndnent-2, fuel when the othylene—dibromide concentration was
increased from 1 theory %o 2 theories; howover, during tests por-
formed at the NACA Clevelend laboretory on lead fouling of spark
plugs, the knock~limited power of o CFR engine decrensed when
ethylone dibromlde was added ito nonleaded § referonco fuel.

These observetions suggested the possibility that the effect
of ethylene dibromide on the knock~limited power of an engine might
depend upon the eoncentration of totraethyl lead in the fuel. Tests
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were therefore conducted cn a CFR (F-4) engine to determine the
effect of ethylene dibromide on the kmock-limited performence of

S reference fuel, both nonleaded and leaded to 6 ml TEL per gallon.
The tests reported herein were maede at the NACA Cleveland labcra-
tory during October 1944 as part of an investigation of lead foul-
ing of spark plugs requested by the Alr Technical Service Command,
Army Alr Forces.

AFPARATUS AND TESTS

The knock tests were conducted with a modlfied F-4 engine.
The modifications involved only detalls of some of the engine aux-
1liary systems. '

Alr consumption was measured by a calibrated orifice, fusl
consumption was determined by an autcmatic tlme-weight method, and
temperatures were measured by chromel-alumel thermocouples. An
alternating-currvnt, induction-type dynamometer was used to measure
torque. Knock was detected by a magnetostriction-type pickup unit
(attached to the cylinder) in combination with an amplifier and a
cathode-ray oscllloscope. The knock intensity selected to establish
the knock limits of the fuels was the intensity that caused the
first perceptible indicatlion on the oscilloscope; thls intensity
was below that for audible knock.

The knock tests were performed with the followlng F-4 operating
condlitlons malntained:

Engine speed, TpM. . « . o « « o o o « o s o « o o o s s » 1800 45
Compregsion ratlo. . « o« o 2« ¢« ¢ ¢« o o« s o o « o s a s « s o = [0
Spark advance, degroes B.T.C. .+ ¢ ¢ v ¢« s & « « s s =« o 45 11
Spark-plug gap, Inchea . . « « =« ¢+ « ¢« « ¢« « o ¢ s « 0.015 to 0.025
Coolant tewmperature, ®F. . . « « ¢ v o « s+ 4 2 v o s o o o 3525
Inlet-air temperature, ®F. « « ¢ « ¢ « ¢ « o ¢ ¢ s s + s o . 225 15
Lubricating-oll temperature, ®°F. . . . . « « + + « » o + » o 165 15

The humidlty of the lnlet alr was not 1n excess of TO gralns of
water per pound of dry air.

Knock-1limited indlcated mean effectlve nressure was determined
over & range of fuel-air ratios for S reference fuel conteining
6 ml TEL per gallon with the followlng concentratlione of ethylene
dibromide in milliliters per gallon: O, 2.67 (1-T), 4.01 (1.5-T),
and 5.34 (2-T). Similar tests were also run using S reference fusl
contalning no tetraethyl lead and with ethylens-dibromide concen-
trations of 0, 2.67, and 5.34 milliliters per gallon. Comparisons of
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knock-1limited performance were made only among fuels tested on the
sume day. Corresponding bracketing stendard reference~fuel curves
were.rmm for the knock-test data obtained on each day.

RESULTS AND DISCUSSION

Enock-limited performance data obtained under F-4 operating
conditions for leaded and nonleaded 8 referemnce fuel contalining
different concentrations of ethylene dlbromide are presented in
figures 1, 2, and 3 and table I summarizes the knock-limited per-
formance data presented in these figures. The table gives, at
geveral fuel-alr ratios, the relative knock-llmited powers of the
leaded fuel with the different amounts of ethylene dlbromide with
reapect to the knock-limited power of the leaded fuel containing
1 theory of ethylene dibromide. The table also glves the relative
knock-1limited powers of tho nonleaded fusl with tko dilfferent
amounts of ethylene dlbromide with 1respect to the knock-limited
power of the nonleaded fuel contalining no cthylene dibromide.

Figure 1(a) shows that no appreclable difference in the knock-
limlted power of S roference fusl contalning 6 ml TEL per gallon
was found when thv ethylenu-dibromide content was decreased from
1 theory to 0 theory; nor was thure any appreclable difference
(see fig. 1(b)) when the ethylene-dibromide content was increased
from 1 theory to 1.5 theories. A decrease In knock-limited power,
shown in figure 1l(c), of approximateiy 8 percent at lean fuel-air
mixtures and 6 percent at rich fuel-alr mixtures occurred, however,
when the ethylene dlbromide was increased from 1 theory to
2 theorles,

The knock-limlted performance data showing the effect of
additions of 2.67 and 5.34 milliliters of ethylene dibrcmide per
gallon (amounts equivalent to 1 and 2 theorieas, respectively, for
a tetraethyl lead content of 6 ml/gal) to the nonleaded fuel are
presented in figure 2. The knock-limited performance of nonleaded
S reference fuel was reduced by the additions of ethylene dibromide
except at very lean and very rich fuel-alr mixtures where little
change was detected. The reduction in the knock-limited performance
of the fuel was greater with the larger addition of ethyleme dibro-
mide. Changes in the knock-limited power of the nonleaded fuel for
differences of 2,67 milliliters per gallon in ethylene-dibromide
content were relatlively small but were reproduclble.

Figure 3 presents knock-limited performance data obtalned in
check tests; the data check the results shown in figures 1l and 2.
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An increase in the sthylene-dibramide content fram O to
5.54 milliliters per gallon decreased the knock-limlted power of
both the leaded and the nonleaded fuel approximately the same
amount (6 to 9 percent depending upon the fuel-alr ratio) except
at very lean and very rich fuel-alr mixtures whers llttle change
in the knock-limited power of the nonleaded fuel was detected. An
increase in the ethylene-dibrcmlde content from O to 2.67 milli-
liters per gallon decreased the knock-limited power of the non-
leaded fuel as high as 6 percent depending upon the fuel-alr ratio
(excupt at very lean and very rich fuel-alr mixtures where little
change in knock-limited power was detected) but had no appreciable
effect on the knock-limlted power of the leaded fuel. An Iincrease
from O to 4.01 milliliters per gallon of ethylene dlbramide also
had no appreclable effect on the knock-limited power of the leaded
fuel.

SUMMARY OF RESULTS

The results of tests wmade with a modiflied F-4 engine using F-4
operating conditlons to determine the effect of eothylene dibromilde
on the knock-limlited performance of leaded and nonleaded S refer-
ence fuel are summarized below. The tests were made with slight
deviations from the strict F-4 instrumentation and knock-rating
procedure. The knock Intensity melected to establish the knock
limits of the fuels was determined by an oscilloscope method and
was below that for audible knock,

l. An Increase 1n the ethylene-dibromide content from 0 to
5.34 milliliters per gallon (O-T to 2-T for 6 ml TE'L/gal) decreased
the knock-limited power of S reference fuel, both nonleaded and
leaded to 6 ml TEL per gallon, approximately the same amount (6 to
9 percent dependlng upon the fuel-alr ratio) except at very lean
and very rich fuel-alr mixtures where little change in the knock-
limited power of the nonleaded fuel wes detected,

2. An increase in the ethylene-dibromide content from O to
2.67 milliliters per gallon (O-T to 1-T for 6 ml TEL/gal) decreased
the knock-limited power of the nonleaded S reference fuel as much
as 6 percent depending upon the fuel-air ratio (except at very
lean and very rich fuel-alr mixtures where little change in the
knock-1limited power was detected) but had no appreciable effect
on the knock-limited power of S reference fuel leaded to 6 ml TEL
per gallon,
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3. An increase from O to 4.0l milliliters per gallon of
othyleno dibromide (O-~T to 1.5-T for 6 ml T¥L/gal) had no appre-
cieble .offect on the. knoclk-limited power of B referonce fuel lendod
to 6 ml THL per gallon.

Aircraft ¥ngine Reaenrch Laboratory,
Fational Advisory Committeoe for Acoronautics,
Olevelend, Ohio.
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TABLE I - SUMMARY OF THE EFFECT OF ETHYLENE DIBROMIDE
IN LEADED AND NCHNLEAJZD S REFERENCE FUEL ON THE
ENOCK-LIMITED POWER OF A CFR ENGINE UNDER
F-4 OPERATING CONDITIONS

[Where two values are given in the table for the same
determination, the second value was obtalned from a

check run]
Leaded S reference fuel
Ethylene
dibromide in Relatlve powera
S reference
fuel + 6 ml Fuel-alr ratio
TEL
(ml/gal) 0.062] 0.070 | 0.090 | 0.110
2.67 (1-T) 1.00 1.00 1.00 1.00
0 (0-T) 0.98 1.00 1.01 1.00
1.01
4.01 (1.5-T7) | 1.01 1.01 1,01 1.01
.99 1.00 .98 1.00
5.34 (2-T) 0.92 0.91 0.94 0.95
.95 .93
Nonleaded S reference fuel
Ethylene b
dibromlide in Relative power
nonleaded S
reference Fuel-air ratio
fuel
(ml/gal) 0,062 0.070 | 0.090| 0.110
0 1.00 1.00 1,00 1.00
2.67 0.98 D.96 0.94 0.97
.96 .98
5.34 0.97 0.92 0.92 0.97
.94 .96

8imep (S + 6 ml TEL + test concentration of ethylene dibromide),
imep (S + 6 ml TEL + 2.67 ml ethylene dibromide (1-T))
imep (S + test concentration of ethylene dibramide)_
imep (8S)

b

National Advisory Committee
for Aeronautics
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(a) Ethylene-dibromide concentrations, 0 and | theories.
Figure |, - Effect of ethylene dibromide in S reference fuel leaded to 6 ml TEL per gallon on

knock-limited performance of a CFR engine. BEngine speed, (800 rpm; compression ratio, 7.0;
spark advance, 45° B.T.C.; coolant temperature, 375° F; inlet-air temperature, 225° F.
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(b) Ethylene~dibromide concentrations, | and |.5 theories.
Figure |. - Continued. Effect of ethylene dibromide in S reference fuel leaded to 6 ml TEL per

gallon on knock-limited performance of a CFR engine. Engine
7.0; spark advance, 45° B.T.C.; coolant temperature, 375° F:

speed, 1800 rpm; compression ratio,
inlet-air temperature, 225° F.
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Figure |. — Concluded. Effect of ethylene dibromide in § reference fuel leaded to 6 ml TEL per
gallon on knock-limited performance of a CFR engine. Engine speed, 1800 rpm; compression ratio,
7.0; spark advance, 45° B.T.C.; coolant temperature, 375° F; inlet-air temperature, 225° P,
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Figure 2. - Effect of ethylene dibromide in nonleaded S reference fuel on knock-limited per-.

formance of a CFR engine. Engine speed, 1800 rpm; compression ratio, 7.0; spark advance,
45° B,T.C.; coolant temperature, 375° F; inlet-air temperature, 225° F.
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Figure 2. - Effect of ethylene dibromide in nounleaded
formance of a CFR engine. Engine speed, 1800 rpm;
45° B,T.C.; coolant temperature, 375° F; inlet-air
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