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PREIGNITION-Lil\IITED PERFORl\fANCE OF SEVERAL FUELS 

By DoNALD W. !\IALE and Jom; C. EvVARD 

SUMMARY 

Preignition-limited performance daJa v:ere obtained on a 
s-upercharged CFR engine at tv;o sets of operating conditions 
over a 'IL-ide range of fuel-air ratios to determine the preignition 
characteristics for the follou:ing fire fuels: s-s reference fuel, 
S-8 plus 4 ml TEL per gallon, AFD-38 (140-P), benzene, and 
diisobutylene. Jlaximum thermal-plug temperatures at con­
stant intal.:e-air pressures v:ere also determined to correlate the 
preignition characteristics of each fuel with ·its ability to increase 
general engine-temperature lerels. Additional runs v:ere made 
to compare the preignition-limited performance of triptane, 
triptane plus 4 ml TEL per gallon, and AN-F-28R fuel. 

The res-ults indicated thatin the fuel-air-ratio range from 0.070 
to 0.085, the relat-it·e order of the fuels according to increas-ing 
preignition-limited indicated mean effect-ire presB-ures wa-s 
diisobutylene, benzene, S-8, AFD-88, and S-8 plus 4 ml TEL 
per gallon. The relati~:e order of the fuels for the two sets of 
operating ronditioM was not the same for all fuel-air ratios. 
The addition of tetraethyl lead to either S-3 reference fuel or 
triptane raised the preignition-limited perjormanre. The plot 
of fuelfiow against air flow at the preignition limit for each fuel 
shows thar the data approximately follow two straight lines: o-ne 
for the rich-mixture region and one for the lean-mixture region. 
The respectiu slopes of tMse lines changed only slightly in the 
oorious preignitwn-limited runs. 

. INTRODUCTION 

Preignition and knock are two distinct types of fuel failure; 
the occurrence of either preignition or knock may lead to 
excessive engine temperatures or stresses with concurrent 
destruction of engine components. Each may also alter 
engine combustion and engine temperature in such a way as 
to increase the probability that the other may occur. 

Extensive investigations have been completed and are 
still being conducted to det-ermine the knock-limited per­
formance of aviation-fuel QOmponents .. Possibly because 
the preignition-limited performance of an engine can be 
radically affected by changes in design, relatively little work 
has been done toward giving aircraft fue-ls a preignition 
rating. 

Several investigations have been conducted (references 1, 
2, and 3) to det-ermine the fundamental relations that govern 
the preignition of fuels in an internal-combustion engine. 
The results of these experiments have indicated that the hot­
spot threshold t-emperature required to produce preignition 

is relatively insensitive to the fuel composition. The ability 
of a fuel to heat engine hot spots to the required preignition 
temperature either by normal combustion or by surface 
combustion depends, however, upon the fuel composition, 
the engine operating conditions, and the geometry of the 
engine and the hot spot. 

In order to study the effects of fuel composition on the 
preignition-limited performance of an engine, it is advisable 
to use an engine-heated hot spot; the integrated heat­
transfer processes as affected by the engine and the hot-spot. 
geometry, the engine variables, and the fuel composition can 
then be considered in the same manner as that when they 
contribute to the preignition temperature Of hot spots 
occurring in aircraft engines in service (such as exhaust 
valves and spark plugs). Heron, Felt, and Yaughn of the 
Ethyl Corporation ha>e obtained, in unpublished tests, 
pre-ignition-limited data for senral fuels using engine-heated 
hot spots. 

The preignition-limited data presented herein were ob­
tained at two sets of operating conditions over a wide range 
of fuel-air ratios for the following five fuels: &-3 reference 
fuel, 8-3 plus 4 .ml TEL per gallon, AFD-33 (14Q-P), ben­
zene, 1\;nd diisobutylene. ~Iaximum thermal-plug tempera­
tures at constant intake-air pressures were also determined 
to correlate the preignition characteristics of the fuel with 
its capacity to increase general engine-temperature levels. 
Additional runs were made to compare the preignition­
limited performance of triptane, triptane plus 4 ml TEL per 
gallon, and Al"{-F-28R fuel. The investigation was con­
ducted at the NACA Cleveland laboratory from April to 
July 1944. 

Until more full-scale-engine data concerning the preigni­
tion charact-eristics of aircraft fuels become available, the 
results of this and similar investigations must be considered 
only as preliminary indications of the preignition character­
istics of aviation fuels in the service engine. 

APPARATUS AND PROCEDURE 

The investigations were made on a high-speed super­
charged CFR engine coupled to a 25-horsepower alternating­
current dynamometer. The engine was equipped with an. 
aluminum piston, a sodium-cooled exhaust valve, and a. 
cylinder head with four IS-millimeter spark-plug holes. 
Unpublished data have shown that the use of a shrouded in­
take valve will decrease the sensitivity of thermal-plug 
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temperatures to knock. A. 180° shrouded intake valve 
(position of shroud shown in fig. 1) was therefore installed to 
aid in isolating the effects of preignition from the effects of 
knock. A magnetostriction pickup unit installed in the top 
spark-plug hole was used in conjunction with a cathode-ray 
oscilloscope to follow the changing pressure diagram during 
advancing preignition and to detect knock. The fuel­
metering and the air-metering arrangements were essentially 
the same as those described in reference 4. All operating 
temperatures were measured with iron-constantan thermo­
couples and a self-balancing pot-entiometer. 

The following engine operating conditions were maintained 
constant for the runs: 
Compression ratio ___ --------- ___ ---------________________ 7. 0 
C-oolant temperature, op ________________ ~.:::._______________ __250 
Engine speed, rpm________________________________________ 1800 
Oil temperature, op _ _ _ __ _ ___ _ __ ____ _ __ _ _ _ _ _ _ _ __ _ ____ _ __ __ 140 

Shroud-, -. 

Hot spot-,, _ ----Pickup 

-~k~ 

F!GURE 1.-Schematlo diagram of CFR cylinder showing position of spark plugs, hot spot, 
pickup, and shrouded Intake val'l"e. 

Two different types of hot spot were used to cause pre­
ignition. The first was a finned hot spot (fig._2). A valve~ 
eontrolled air blast was provided to permit sudden cooling 
during runaway or unstable_preignition. For the runs with 
this hot spot, a constant intake-air temperature of 100° F 
and a fixed spark a-dvance of 32° B. T. C. were maintained. 

The second hot spot (open tube) con.s.i.sted of a short piece 
of Inconel tubing silver-soldered to the center electrode of a 
spark plug (fig. 3). This hot spot Wfi.!3not used as a spark 
plug. The outside diameter of the tube was 0.10 inch and 
the wall thickness was 0.010 inch. For the runs with this 
hot spot, a constant intake-air temperature of 225° F and a 
fixed spark advance of 20° B. T. C. were maintained. _ 

For t>ach series of runs, the hot spots were installed in the 
same cylinder hole. (See fig. 1.) For determining the 
maximum thermal-plug temperatures, the preignition hot 
spot was replaced with a thermal plug. 

FIGURE 2.-8ketch of finned hot srot UEcd In fn\"c.stiJII!Ion. 

The preignit-ion-limitcJ data were obtained in lhl' follow­
ing manner: For the lean-mixture region, the ftwl flow wns 
set at a constant value and the intake-air prt•ssun• was 
decreased by decremen'ls of }i inch of mC'rcury until runaway 
preignition was encountered. Time was aiiowcd for equi­
librium to be established at each prcssuro excC'pl the pres­
sure at which preignition occurred. Preignition was stopped 
by cutting off the fuel flow or by applying the nir hlnsL to 
the :finned hot spot; and the data were recorded at the pe­
nultimate i.r_ttake-air pressure, that is, M inch of mercury 
higher than the point at which prl'ignilion occurred. For 
the rich-mi."tture region, thesame proccdme was used cxccpl 
that the intake-air pressure was increased hv inC'rcmcnls of 
~ inch of mercury instead of being dc>crcns;d nnd the dnla 
were recorded at ~ inch of m<'rcury lower than the pressure 
required_to produce preignition. 

In order to obtain the maximum thermal-plug tempet·n­
tures, the intnke-air pressure was h<'ld at a constant value 
and the fuel flow was varied until the maximum thcrmnl-plug 
temperature was est-ablishNl. Temperatures were dett•r­
mined for the five fuels at intakl'-air pressures of 20, 30, nnd 
40 inches of mercury absolute. The spark advance wns 14° 
B.T.C. 

RESULTS AND DISCUSSION 

The values Of the preignition-limited intlic·atcd mcntl 
effective pressure and intake-air pressure and the indicated 
specific fuel consumption obtained for the fivo fuels al the 
two sets of operating conditions arc shown as fmwt ions of 
fuel-air ratio in figures 4 and 5. The gen<'rnl shnpc of the 
curves of preignition-limited indir:at-cd ml'an t'ITeclive pri.'-S­
sure is the same for both sets of data and for all five fuds. 
A minimum point occurred at tt fut-1-air ratio somewhnt. 
richer than stoichiometric. The displacement of the benzene 

'f'en lnconel fube 
I 

I 

Frauu 3.-Bkctch oC open·tube hot spot wod In In \"CStlpt!on. 
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ct.U"Ve toward the richest mixtures in each case was probably 
due to the fact that its stoichiometric-mh:ture ratio is 
appreciably larger than that of the other fuels. 

In the range of fuel-air ratios from 0.070 to 0.085, the 
relative order of the fuels for both types of hot spot according 
to increasing preignition:.limit-ed indicated mean effective 
pressure was diisobutylene, benzene, S-3, AFD-33, and S-3 

.8 

.2 

200 

~ /80 

1)-., 
~/60 

g: 
.§ 1-40 
"tl-
0 

]120 
1 . § ,,00 
kao 

\. 

' '\ 

..... 

l\ 
~ 

\ 
'-

\ 
~ ~ ...s:>-" 

~ ,..A' 

"' ~ ""i oo-

['. 

.A. .A _A !.P pot 

\ 
\'\ 
\"-1--< 

,....... 

~ ~ ,) 1--P 

" !\.. ~ ~ ~ ......... 

" " ...... 

l/" ~ 
............ W:: ~ 

,.fY' _.IJ ,..A 
.1'0!! V" / ~ 

l)!- .>" ./ 
,.. 

"' / 
... ..J>.-"' ....... 

....... v ..- . 

c 
~ (61" .. 

J<~ 
,# ...-

OS-3 
1 FUel 

c S-3 plus 4 m~ 1 TEtfga. 
o I.FD-33 (140-P r 
~>.Benzene 

v Diisobutytene .l . I 
TaUed points ina/Cafe S-3 cneak 
runs made on different days 

p 

v :! 
:/ J . 

/I /'1/ 
,/ / 10 7 

;Y / / I 
/ 

v ·~ I I 
" / / 

I 

o::) v .I 
y' 

/V 
/ 

/ 

..,_v. ? 
-~ -6

l!n5 .06 .07 .08 .(]9 .10 J/ .12 .13 ./4 
Fuel-air ratio 

32 x/0 -$ 

..-
r , 

8 
J} / I/,... 

f.IJ ·~ v....,. .:¥ 
li ~/ ~ v 
r.A )/ ~ 7 :;:::: / 

J/\J. ./. t/" v C/ 
I ..... / / v_.... 

6 
1/ / v • .. 

..... ../- / 

12 
I 1/ 
l...o 

8 
8 12 16 20 24 28 32 'Jiix!0-4 

Fuel flow, lbfsec 

FIG un 5.-Prelgnltlon-llmlted perf0l'lll8l1Ce of fl.>& fuels nsfn& an open~ hot spot. Bnpero 
chacged CFR engine-; compression ratio, 7.0: lntak~alr temperature, m• F; coolant 
temperature, 2M" F; sparlr. advance, 1!0" B. T. C.; snglne speed, 1800 rpm. 



86 REPORT NO. 811-NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

plus 4 ml TEL per gallon. The spread in the curves of 
preignition-limited indicated mean effective pressure of the 
fuels was greater for the runs plotted in figure 5 than for 
those plotted in figure 4 and an interchange in the order of 
preignition ratings at rich fuel-air mixtures for benzen~ and 
diisobutylene occurred. 

The reproducibility of the preignition-limit-ed data is 
shown by the three sets of data points for the 8-3 reference 
curve, which were obtained on different days. (See figs. 
4 and 5.) The deviations of the individual data points from 
the mean curve are no greater than are normaJly experienced 
in similar knock-limited-performance checks. 

Plots of air flow against fuel flow for the two sets of data 
are also presented in figw·es 4 and 5. The curves approxi­
mately follow two straight lines, one for the rich region and 
one for the lean region. The respective slopes of these 
curves are nearly alike for all five fuels and for both sets of 
data. The plots of air flow against fuel flow in conjunction 
with the data for indicated specific fuel consumption have 
been quite useful for checking the fairing of the curves of 
preignition-limited indicated mean effective pressure plotted 
against fuel-air ratio. 

Because the capacity of a fuel to increase. general engine 
temperatures may influence its preignition characteristics, 
the maximum tpermal-plug temperatures at constant intake­
air pressures were determined. The temperatures are listed 
in the following table together with the rich preignition­
limited fuel-air ratios of figure 4 obseryed at the same intake­
air pressure. The engine conditions for the thermal-plug 
temperatures are the same as for the data in figure 4 except 
the spark advance, which was 14° B. T. C. :\1ore retarded 
spark timing was used to minimize knock for the thermal­
plug temperatures at the higher intake-air pressures. Similar 
data taken at 33° B. T. C. indicate that according to thermal­
plug temperatures, the fuels are in the same order as in­
dicated by the data at 14° B. T. C. 

Intake-air pressure (ln. Hg absolute) 

~ 30 .j() 

Fuel 
Thermal- Prelgnl- Thermal- PrelgnJ- Thermal-

plug tlon- plag tloo- plug 
tempera- limited temJXll'1l- llmltcd tempera-

tare fuel-air tare !aeJ.alr tare 
("F) ratio ("F) ratio ("F) 

(a.) (b) (a) (b) (a) 

&azene .• --·---··--- Ml 0.123 669 0.135 161 
Dll'IObutyiPne ........ 541 .106 649 .123 736 
B-3 reference fue I. .. __ 520 .093 631 .110 715 
AFD-33 (140-P) ...... 637 .089 641 .Il4 728 s-a reference feel+ 

4ml TEL per gallon 520 ----- 631 .108 716 .. 

(&) Observed at a fuel-air ratio for maximum thermal-plug temperature. 
(b) Data taken from tlg. 4. 

Prelgnl-
tlon-

limited 
tael-a.lr 

ratio 
(b) 

0.141 
.133 
.118 
.126 

.us 

Although the S-3 and the S-3 plus 4 ml TEL per gallon 
reference fuels have the same thermal-plug temperatures, 
they have different preignition characteristics (fig. 4) and 
therefore thermal-plug temperatures, in general, cannot be 
relied upon to establish a preignition rating. If the five 
fuels are divided into two classes, however, those containing 
tetraethyl lead (8-3 plus 4 ml TEL/gal and AFD-33) and 
those tested clear (8-3, benzene, and diisobutylene), the 
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PREIGNITION-LIMITED PERFORYANCE OF SEVERAL FUELS 87 

rich-mixture fuel-air ratios required to prevent preignition 
at a given inlet-air pressure agree in their relative order with 
the thermal-plug temperatures. Thermal-plug t-empera­
tw-es were not determined at an inlet-air tempe:r:atw-e of 
250° F; therefore no comparison can be made with the data 
of figw-e 5. 

The data present-ed in figures 4 and 5 for 8-3 reference 
fuel indicate that the addition of tetraethyl lead to a fuel 
may raise its preignition-limited indicated mean effective 
pressw-e.' (This effect has also been noted by other investi­
gators.) Runs were therefore made on triptane and triptane 
plus 4 ml TEL per gallon to determine whether another 
fuel would be similarly affected. The data presented in 
figure 6 show that triptane was similarly affected by the 
addition of tetraethyllead. 

The preignition-limited performance of triptane plus 4 ml 
TEL per ga1lon was about the same as that of .A..J.'\-F-28R. 
A cw-ve for an 8-3 run (slightly different from that 
presented in fig. 5) made during the course of the triptane 
and .A..J."'{-F-28R runs is included in figw-e {} for comparison. 
Under the conditions investigated, the preignition-limited 
performance of triptane was inferior to that of 8-3 reference 
fuel; a comparison of figures 5 and 6 indicates that triptane 
plus 4 ml TEL per gallon was also inferior to S-3 plus 4 ml 
TEL per gallon. 

SUl\-1:\IARY OF RESULTS 

The following results were obtained from preignition­
limited performance investigations of several fuels: 

1. In the range of fuel-air ratios from 0.070 to 0.085, the 

relative order of the fuels according to increasing preignition­
limit-ed indicated mean effective pressures was d.iisobutylene, 
benzene, 8-3, AFD-33 (14Q-P), and 8-3 plus 4 ml TEL 
per gallon. The relative order of the- fuels for the two sets 
of operating conditions was not the same for all fuel-air 
ratios. 

2. The addition of tetraethyl lead to both 8-3 fuel and 
triptane raised the preignition-limit-ed performances but had 
no effect on maximum thermal-plug temperatures. 

3. The plot of fuel flow against air flow at the preignition 
limit for each fuel showed that the data approximat-ely follow 
two straight lines: one for the rich-mh::ture region and one for 
the lean-mh:ture region. The respective slopes of these lines 
changed only slightly in the various preignition-limited runs. 

A!RCR.:\FT ENGINE RESEARCH LABORATORY,, 

NATIONAL An\"'SORY Cm..OIITTEE FOR AERONAUTICS, 

CLEVELAND, OHIO, October 1, 19#. 
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