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A

SUMMARY

An Iinvestigation was made on a supercharpged CFR englne to
determine a mothod for .estimating lead susceptibllitles of pure or
blended pareffinic fuels. Concentrations of tetraethyl lead up to.
8 ml per gallon wore investigated,. In order to further extend the
datae, the effects of variations of Inlet-alr temperature, spark -
advance, and fuel-alr ratio on lead susceptibllity were examined.

As a result of these studies a chart comsisting of a series of
stralght lines passing through the origin was developed to represent
the lead susceptibilities- of pure and blended paraffinic fuels in
terms of knock-limited indicated mean effective pressures and octane
numbers.

INTRODUCTION

The study of clear and leaded hydrocarbon-fuel ratings (refexr-
ence 1) indicated that the lead susceptibility of.paraffins and -
cycloparaffins could be represented by stralght lines pessing through
the origin by plotting the kmnock-limited indlieated mean effective
pressures (supercharged conditions) of the pure hydrocearbons against
the knockrlimited indicated mean effective pressures of the leaded
hydrocarbons at constant fuel-aly ratio and concentration of tetra-
ethyl lead. This relatlion means that, at one set of englne operating
conditlons, the percentage increase in knock-limited indicated mean
effective pressure for a glven tetrasthyl-lead addition is a constant
for all paraffins and all cycloparaffins although the respective con-
stants for the two classifications are different.

At the time of the emnalysis in reference 1, data were not avail;
able to test the validity of this linear relation under supercharged
conditions for concentretions of tetraethyl lead other than 1.0 ml
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"Per gallon or fuel-air ratios other then 0.07. On *he assumgtion
that the lincar relation wes velld for all concentrutions of tetra-
othyl lepd, the suzgestion was mide in reference 1 -‘hat a chart could
be prepered from data on one paraffinic Ffuel which yould permit the
estimation of lead susceptibilities of any other puraffinic fuel or
blends of pereffinic fuels from the knock-limited porformence of the
unleaded fuel.

The obJect of the present investigation 1s to Jrepars such a
lead-susceptibility chart for paraffinic fuels as rap~esented by
blends of 8 and'M reference fuels anl to show how tii= chart is
affected by variations of inlet-alr tempsrature, sparic advence, and
fusl-air ratio.

The preparation of the lead-susceptibllity chait discussed In
thls analysis 1s essentially & method of averaging data. For this
reason, occaslonal diff:roncos between the lead-susce>tibllity chart
and the experimental dasa will be Ffound.

' The investigetion was mads et the Alrcraft Englne X :search
Leboratory of the NACA, Clevel.and, Ohio, between July an' October
19435 and 1s part of an investigation of lead susceptibilit , the
first part of which was reported in reference 1.

APPARATUS AND TEST PROCEDURE

All tests were mede in a supercharged CFR engine modifisd as
describoed in refererce 2.

.. Knock-limitéd Performance data necossary for the lead-
suscertibility chart were cbtained by testing blends of S-2 and
M-3 refere¢nce fuels. These blends. were tested clear and with 1, 2,

4, 6, and 8'ml tetmathyl lead per gallon at the following engine
_cond.i‘tions- ’

'Engine speed, rpm . .

Compression ratio » ..« + % v ¢ v ¢ o « o =« .« o . o . 7.0
Spark edvance, deg@ BiT.Ce » « v 3 « 5 o o v o = = o o o « s s « 35
Inlet-alr temperature,; F . . ¢ vt &« ¢« ¢« & v v ¢ « + s « « « 250
Inlet-coola.nt temperature, O 't 4 e st e e e e « -« . 250

These tests exhausted 'bhe supply- of 8-2 reference fuel » and the rest
of the test progrom was completed on 5-3 reference fusel.

- At inlet-air temperatures of 150°, 200°, 250°, and 325° F, S-3
reference fuel was tested clear and with 2, 4, and 8 ml tetraethyl
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lead per gallon. Tests were also made of 8-3 reference fuel clea.r
and with 2 ml tetrasthyl lead per gallon at spark advances of 20°

and 35° B4T.C. During the test of any one of the conditions all
other engine conditions were the seme as those used in the preceding
tests on blends of S-2 and M-3 reference fuels.

For each test the knock-limited indicated meen effective preas-
sures were obtained over a range of fuel-air ratlios fram 0.07 to
0.12.

The preclsion of the engine data is indicated by the curves for
8 reference fuels in figure 1. The date are frqm tests made at the
beginning and the end of the progream as well as from intermedlate
rms. In the present analysis fuel-alr ratios Iin excess of 0.10 are
not treated. The precision with fuels contalning high concentrations
of tetraethyl lead was not so satlsfactory as the precislon shown 1in

figure 1.

Afterfiring and spark-plug fouling were encountered in the tests
of fuel blends containing 6 and 8 ml tetraethyl lead Per gallon.
These dlfficultles were partly elimineted Dy the use of new spark
Plugs for each test.

TEST RESULTS

The experimental results recorded at AERL on which this analysls
is based are presented in figures 2, 3, and 4. The average reference-~
fuel curves (fig. 5) supplied by the Coordinating Research Council
for the F-4 rating method and data of the seme general type (presented
later) obtained by and published with the permission of the Ethyl Cor-
poration are lncluded in the analysis.

T

DISCUSSION

Develo t of lead-susceptlbility chart. Eeron and Beatty
(reference 5? have shown that, for supercharged tests, a linear rela-
tion exipts between the reciprocal of the knock-limited indicated
mean effectlive pressures and the ootane mumbers. This relatlon is

-used In figure 6 to relate the indicated mean effective pressure, the
rercentage of B-2 reference fuel in M-3 reference fuel, and the con-
centration of. tetraethyl lead for the data presented in figure 2. The
points shown are cross-plotted from the falred curves in figure 2.

The 1ines of constant tetrasthyl-lead concentration in figure 6
can be represented by ‘the equation ¢f an equilateral hyperbola:

' 4
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P(A-%) =5 @
P ¥nock-1imited ind.ica.ted. meai effective pressure -
A comstent . .
N volume percentage of 5-2 1n M-3
5 . .

.8lope-

The asymptotes of the.hyperbola rebresented by equsation (1) are zero °
and A. For the date in figure 6, the congtant A 1is independent of
tetragthyl-lead: concentra.tion and fuel-eir ratio and is equal tor 145 -
(the intersection of the curves with the zero ordinate).

. In figure 7 the lead susceptibility of peraffinic fuols es

represented. by blends of S-2 and M-3 reference fuels is shown &=

a plot of the knock-limited indicatod mean effective pressure of ’

the clear fuel agelnst the knock-limited indicated mean effective
pressure of the leaded fuel. This figure is a cross plot of the
faired lines 1n figure 6. Thls type of plot has ean advantage over
thaet in figure 6 because the lead su.scegti‘bility can be represented

by a linear relation without the use of a reciprocal scale. The fact
that figure 7 consists of g series of stralght lines which pass through
the origin shows that, for a glven additlon of- tetraethyl lead, the
percontage increase in.power ls constant for blends ‘of S-2 and M-3 ref-

oranco fuols rogardless of the rating of the clear blends.

The octane scale shown in figure 7 was 'determined by assuming
a linear relation between the percertage S-2 in M-3 and the octane
number. This scale corresponds to the ordinate values of knock~
limited indicated mean effective pressure; that is, a 90-octane fuel
vhether clear or leaded (fig. 7(a)) has a knock-limited indicated
mean effective Pressure of 85 pounds per square inch under the con-
ditions presented..

The res'ults preaanted. in figures 6 and 7 show that a lead-
susceptibility chart consisting of a series of straight lines passing
through the. origin cen be prepared for paraffinic fuels. From- the
data presented in reference 1, it is probable that a single chart
will represent all paraffinic fuels at one set of englne conditions
and can be constructed from data of kmock-limited indicated mean
effective pressure for one paraffinic fuel tested with and without
totrcothyl load. If .such 1s tho caso, only tho unlocdod fuol ncod
be testod in ordor to cetimate the -lead responso of any paraffin.



NACA ARR No. E4J02 5

The chart may be used to obtaln either the kngck-limited indicated:
mean effective pressure or the octene number of the paraffinic fuel
. _with various quentities of_ tetrasthyl lead.... . .

The estimation of lead susceptibility according to the fore-
going procedure 18 of value in the study of paraffinic fuels 1n which
the quantity of fuel available for testing is limited. In such'cases
the. rating of the clear fusl could be obtained by a standard rating
mothod such as the F~4 rating method, and the rating of the test
fuel plus various amounts of tetraethyl lead could be estimated from
the lead-susceptibility chart -for the rating method used.

The average reference~fuel curves used by the Coordinating
Research Council for the F-4 rating method can be used to construct
a lead-susceptibility chart representative of the F-4 conditions.
Such & chart is shown in figure 8, which was obtained by cross-
Plotting the data from figure 5. The values below 90 octane number
on the rating scale in figure 8 wore estimated. Inasmuch as data
for the lead susceptidbility of 8 reference fuel (fig. 5(a)) wore
the only data aveileble for the F-4 rating method, figure 8 repre-
sents a rather wlde extrapolation of data and should be considered
only as an l1llustrative chart.

The specific velues shown in figures 7 and 8 agree reasonably
woll for concentratlons of 2 ml tetraethyl lead per gallon but are
not the seme for 4 and 6 ml tetraethyl lead per gallon. The differ-
ences result from either lack of precision at the higher concentra-
tions of tetraethyl lead or differences 1n engines and engine con-
ditions. |

Effect of fuel-alr ratio on lead susceptibility. - Figures 6,
7, and 8 show that the lead susceptibilities of paraffinic fuels

are affected by fiuel-alr ratio. This effect can readlly be sesn
in figures 9 and 10, which present curves calculated fram the data
in figures 7 and 8, respectively.

In figure 9 the percentage increase in power {lead susveptd*
bility) caused by a given addition of tetraethyl lead-is approxi-
metely the same at fuelwrair ratios of 0,07 and 0.085. The deta in
Tigure 10 for the F-4 rating method show consliderably groater speed.

Effect of dwmlet-air temperature on lead susceptibility. - The
lead susceptibility from tests atdifferent inlet-alr temperatures
(£1g. 3) are represented-in-figure 11 dby-a plot of knock-limited
indicated mean effective pressure of the clear fuel against the
¥nock-1imited indiceted mean effective pressure of the leaded fuel.
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Figure 11 does mot agree with figure 7 for tetraethyl-lead concen-
trations of 4 and 8 ml pér gallon. -This difference can poss:!.bly ba
attributed to the previously mentioned difficultles encountered in
tests of blends containing high concentrations of tetraethyl lead
or to changee cauged. by the englne overhaul, .which did not show up
in the check runs op unleaded-S~3 -reference. fuel. These data

(fig. 11) show that, -for_the ramge of .inlet-air temperatures exsmined,
the lead susceptibility of 8-3 reference fuel was constant; that is,
the percentage increase of knock-limited indiceted mean effective
Pressure caused by the-afdition.of & -glven amount of tetrmethyl lead.
was the semr rega.rd.'l.ese of the Inlet-alr temperature.

Effect of spark advance and Mne speed _on lead susceptibi- .
1ity. - The tests mede- on.S-3 reference fusl clear a.nd with 2 ml tetra- .

ethyl lead per gellon at: spark advances of 20° and 35° B.T.C. are
presented in figure 12 (cross-plotted from fig. 4). These data
indlicate that the legd gusceptlpility of Sr3.reference fuel is
independent of varlations of spark esdvance.

Date obtained by‘the E’shxi Corporation c_in- an englne of
"17 .6-cubic-inch displacement (fig. 13) also indicate that leed sus-
ceptlibllity 1s not affected by spark advance or englne speed.

CORCLUSIONS

The following conclusions are drawn from tests on amall-scale
engines to lnvestigate the leoad susceptlbility of paraffinic fuels
end are believed to be indicative of the results that might be
obtained on other. eng:l.nes*

1. A cha.rl:. coneie‘bing of & seriee of straight lines pa.ss:!.ng
through the:origin cen be prepared to- represent. the lsad suscepti-
bilities of pure or blended paraffinic fuels 1n terms of knock-
limited 1nd.ica'bed. mean effective pressures and octans numbers.

2. Frcm such a chart prepared. from one paraffinj.c fuel the

lead susceptibility of any pure or blended pare.ffinic fuel can be
estimated provided that the kmock-limited indicated mean effectlve
pressure or octane number of the clear fuel is known.

3. The relations shown in ths chart tre mot affected by vari-
aetions of inlet-ailr temperature or spark.advence .but are chenged by
variotions of fuel-alr ratio and changes in englne design.

1 .

Alrcreft Engine Research Laboratory,
Nationel Advisory Commlttee for Aerenautics,

Cleveland, Ohio.
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Figure 13. - Effect of engine speed and spark advance on the lead
susceptibility of S-1 reference fuel. 17.6 engine; inlet-air tem-
pergture, 225° F; compression ratio, 5.6; inlet-coolant temperature,
300° F; fuel-alr ratio, approximately 0.07. (Courtesy of the
Ethyl Corporation.)
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