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NATIONAL. ADVISORY COMMITTEE FOR AERONAUTICS
TECHNICAL IIOTZ NO. 1117

COMPARTSON OF RELATIVE SENSITIVITIES OF THE EKNOCK LIMITS
OF TWO FUELS TO SIX ENGINE VARIABLES

By Harvey A. Cook, Louis F. Held, and Ernest I. Pritchard

SUMMARY

A sensitive fuel (42 percent S reference fuel, 40 percent
toluene, and 18 percent M reference fuel by volume + 4 ml TEL/gal;
grade 103/145) and a relatively insensitive fuel (100 percent S ref-
erence fuel + 4 ml TEL/gal; grade 153/153) were knock-tested in a
full-scale air-cooled cylinder. Sensitivity was indicated by dif-
ferent degrees of knock-linmited response to _changes in engine con-
Qitioné. Six engine variables wore investigated: (1) fuel-air
ratio, (2) compression ratio, (3) inlet-air temperature, (4) spark
advance, (5) exhavset presasure, and (€) cylinder tomuerature.

The relative chnanges in the knock-limited indicated mean effec-
tive rressure and charge-air flow of the two fuels were different
for the slx engine veriables and, except for cylinder temperature,
varied over the ranges Investlgated. These results indicate that,
in order to correlate the effects of engine variables on knock-
limited performance of fuels, mors basic knock factors than knock-
limited indicated mezan effective pressure and charge-air flow are
required. Fuel-air ratios above the stoichiometric showed the
greatest relative sensitivity of the kmock limits of the two fuels,
excent for tests at high exhaust pressure. The relative sensitiv-
itiea shown in fuel-air-ratio and exhaust-pressure tests vecame more
conslstent wlth those for the other engine variables when the fuel-
2ir-ratio date were compared on a percentage excess fuel basis
rather than on 2 fuel-air basis and the exhaust-pressure date were
compared on elther an exhaust to inlet pressure ratio basis or inlet
to exhaust-pressure difference basis rather than on the basis of
gxhaust pressure.
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INTRODUCTION

Tests were conducted at the NACA Cleveland laboratory during
April and May 1945 to determine the effect of engine operating
variables on the knock-limited performances of a sensitive and a
relatively inssnsitive fuel and to correlate the effects of engine
variables on the knock limits of fuels in a full-scale air-cooled
cylinder. Data were obtazined to show to what extent fuel-alir ratio,
compression ratio, inlet-air temperature, spark advance, exhaust
rregsure, and cylinder temperature affected the knock limits of &
gensitive fuel compared with a relatively insensitive fuel. Sen-
sitivity of a fuel i1s indicated by the degree of response of the
lmock-limited indicated mean effective pressure and the charge-alr
flow to changes in engine operating ceonditions.

APPARATUS AND FROCEDURE

The full-scale air-cooled single-cylinder test setup used in
thls investigetion is snown in figures 1 and 2. A speclal high-
compression-ratio piston was used in place of a standard piston.
All the tests were run with the fuel inJected upstream of the
vaporization tank.

Mixture temperature was obtalned with an iron-constantan ther-
moccuple in the center of the passage downstream of ths vanorization
tank. Cylinder temperatures were meagured by iron-constantan thermo-
couplas at the rear spark-plug bushing (et a point one-fourth in.
below the sparx plug and about one-half in. from the combustion
chamber), at the exhaust end zone (in the head approximately one-
eighth in. from the combustion chamber, one-fourth in. above the
barrel, and 30° to the rear of the cylinder from the exhaust side of
the head), and at the rear middle barrel.

The difference between the static pressure of the cooling air
in front of and behind the cylinder was used as the cooling-air
pressure drop. This pressure drop was multiplied by 5, the ratio
of the density cf air ahead of the cylinder to a standard alr density
of C.0765 pound per cubic foot.

All tests were conducted at an engine speed of 210C rpm. Each
engine variable was investigated sevarately. The range of each
variable and the basic value at which it was maintained in the tests
of each of the other variables are given in the following table:

%0
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Engine variable Basgic value Range investigated
Fuel-air ratio 0.078 0.058-0.112
Compression ratio 8.9 6.9-10
Inlet-air temperature, °F 200 150-325
Svark advance, both plugs, 20 15-40

deg. B.T,.C.
Exhaust pressure, in. Hg. absolute 10 10-73

Cylinder temperature at exhaust 500 446-500
end zone, CF .

SELECTION OF FUELS

The sensitive fuel was obtained by blending 42 mercent S ref-
erence fuel, 472 percent toluene, and 18 percent M reference fuel by
volume plus 4 ml TEL per gallon. For this fuel F-3 and F-4 ratings
of 103 and 145 nerformance number, respectively, were obtained at
the NACA (Cleveland laboretory.

The insensitive fuel consisted of 100 percent S reference fuel
with a concentration of TEL psr zellon sufficient to cause the
knock-limited performance to equal that of the sensitive fuel at the
basic engine conditions. A fuel-air ratlio of 0.08 was originally
gelected ag a bagic value but was changed to 0.078 when preliminary
tests on the full-scale gair-cooled cylinder showed that the xnock
limit of S reference fusl plus 4 ml TEL per gallon matched the knock
limit of the sensitive fuel at a fusl-gair ratio of 0.078. The F-3
and F-4 ratings (153 performance number) of the insensitive fuel are
by definition the same.

RESULTS AND DISCUSSION

From a congideration of the differences in F-3 and P-4 ratings
of the two fuels, the sgensitive fuel would be expected to show the
greatest change of knock-limited performance with varying engins
operating conditions. That this result 4did occur is shown by the
knocx-limited performences of the two fuels presented in figures 3
to 8.

The engine performence wlth the sensitive fuel differed from
that with the insensitive fuel in that the sensitive fuel imposed a
higher cooling load on the cylinder than the insensitive fuel.
This higher cooling load, as indicated by the higher cooling-air
pressure drops at the basic engine conditions, occurred in spite of

3
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the fact that the mixture temperature with the sensitive fuel was
about 5° P lower than that with the insensitive fuel. The differ-
ence in mixture temperature is attributed to the heats of vapori-~
zation of the fuels, whereas the difference in cooling loads 1s
attributed to combustion characteristics.

The temperature of the rear spark-plug bushing varied during
the tests, (in all of the tests except the cylinder-temperature
test, the exhaust end-zone temperature was held constant at 500° F)
thus indicating changes in the temperature distribution of the cyl-
inder head. These changes in cylinder temperature distribution
probably had little effect on the knock-test results because varying
the cylinder temperature (fig. 8) had little effect on the knock
limits of' either fuel.

The range of cylinder-temperature testa was limited by the
maximum cooling-air pressure drop available and by the noor sealing
of the plston rings at exhaust end-zone temperatures higher than
E00° F. Changes in the sealing of the piston rings were indicated
by erratic increases in the crankcase pressure (from a normal value
of 3 in. to more than 7 in. of water) and increases in barrel tem-
perature from gbout 30° to 50° F. This condition occurred more
often with the sensitive fuel than with the insensitive fuel and in
moat cases the erratic increases in crankcase pressure were accom-
panied by rough running. This same effect of high cylinder tem-
perature also occurred in the variable exhaust-pressure tests.
Short periods of operation under such conditions caused extremely
rapid wear of piston rings, which necessitated frequent replacement.

Indicated specific fuel consumptions were approximately the
same for both fuels except for a small difference at lean mixtures
in the variable fuel-air-ratio tests (fig. 3). The difference in
specific fuel consumptions near the stoichiometric fuel-air ratios
(0.069 for sensitive fuel and 0.066 for insensitive fuel) is attrib-
uted to the chemical properties of the fuels. The decresse in
indicated specific fuel consumption with high exhaust pressure
(fig. 7) 4id not appear as an equal reduction in brske specific
fuel consumption because the motoring horsepower of the engine
increased at the higher exhaust pressures.

The knock-limited indicated mean effective pressures presented
in figures 3 to 8 are replotted in figure 2 and the corresponding
knock-limited chargse-air flows are presented in figure 10. In order
that the data can be more easily compared, each curve has been
shifted, to compensate for day-to-day variations, so that all pass
through a common point at the basic engine conditions. The amounts
the curves were shifted ars shown in the following table:

4
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Amount of shift
Knock-1limited cbharge- Knoc%-l?mited %mep
alr flow 1b/8q in.;
Variable (lb/hr)

Sensitive|Insensitive | Sensitive:Insensitive

fuel fusl fuel fuel
Fuei-air ratio 0 -12 0 -4
Compression ratio 4 8 -1 3
Inlet-air temperature 14 13 1 3
Spark advance 12 10 S 3]
Exhaust pressure 1 11 3 6
Cylinder temperature T 10 3 6

The maximum shift of any of the curves is 2 percent of the valuss
at the basic engine conditions.

Variations in kunock-limited indicated mean effective preasurse
snd charge-air flow show similar trends for both fuele (figs. 9
and 10). If the engine veriables affected the knock limit of the
gensitive fuel a constant amount relative to the inecensitive fuel,
a plot of the change of the knock limit of the sensitive fuel
egainst that for the inssnsitive fuel wounld result in a straight
line. The slope of the 1ine would Indicate the relative senaitivity
of the two fuels. The fact that the data fall along several curved
lines rather than a single straight line shows that the relative
sensitivity was different for the six engine variatles and varies
over the range of the variable (fig. 11). The relative sensitiv-
ities at the basic conditions are as follows:

v Relative sensitivity 2t the basic conditions
ariable imep Charge-air flow
Fuel-air ratio 2.6 2.1
Compression ratic 1.8 1.7
Inlet-air temperature 1.6 1.7
Spark advance 1.8 1.8
Exhaust pressure 1.3 1.3
Cylinder temperature 1.1 1.2

In the casse of scme variables, the variation of the relative
gensltivity over the range investigated was quite large, Fuel-air
ratlos above the stoichiometric showed the grestest relative sensi-
tivity of the knock limits of the two fuels, except for the tests

S
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at high exhaust pressures. The results of the varlable exhaust-
rressure tests dirfer considerebly from the other test results.
Increasing the severity of engine conditions by increasing compries-
sion ratio, inlet-air temperature, or sperk advance decreased the
relative sensitivity from that shown at the basic conditions. The
change in knock limit wlth cylinder temperature was too small to
show variation, if any, in the relative sensitivity. The variation
of relative sensitivity of the two fuels to engine conditions
indlcates that, In order to corrslate the effects of engine vari-
ables on knock-limited performance of fuels, more basic knock fac-
tors than knock-limited indlicated mean effectivs pressure or charge-
alr flow are required.

The comparison of the effects of fuel-air ratio on the knock
limits of the two fuels was improved by using percentage excess fuel
(based on stolchiometric fuel-air ratio) rather than fuel-air ratio
directly. Figure 12 shows that the relative sensitivity of the two
fuels was decressed when determined on a percentage excess fusl
bagig rather than on & fuel-air-ratic basls and therefore was more
consigtent with the results of tests of the other engine variables
except exhaust pressure. The use of a percentage excess fuel basis
rather than a fuel-air-ratio basis, which improved the comparison
of the fuel-air-ratio test results, indicates that the comparison
of other engine variable test results should have been made on a
nercentage excess Tuel basis. The higher ccoling load on the engine
when using the sensitive fuel at the basic engine conditions com-
pared with the insensitive fuel was due 1In part to the fact that a
fuel-air ratio of 0.078 is 13 percent excess fuel for the sensitive
fuel and 18 percent for the insenaltive fuel.

This difference in excess fuel at a fuel-air ratio of G.078
undoubtedly has a large effect on the exhaust-pressure tests through
its effect on the temperature of the residual gases. A higher
residual gas temperature with the sensitive fuel could account in
part for the increase in relative sensitivity at high exhaust
pressures.,

The relative sensitivity of the kmock limits of the fuels to
exhaust pressure is shown in figure 13 on both an exhaust to inlst
pressure ratio basis and an Inlet pressure minus exhaust pressure
bages. Both methods show an improvement over using exhaust pres-
sure alone in that the results are much more consistent with those
of the other varlables tested. Data presented herein are too
limited to prove which of the two methods is actually the best to
use.
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The comparison of knock-test results was imwroved when the
exhaust pressure was related to the inlet mressure, which indlcates
that in comparing the sensitivitles of the knock limits of fuels to
engzine variables a constant relation of exhaust pressure to inlet
pressure should be maintained rather than a constant exhaust pres-
sure. In the fuel-alr-ratio tests, for exemple, the exhaust %o
inlet pressure ratio varied from 0.19 to 0.15 and 0.18 to 0.186 for
the sensitive and insensitive fuels, respectively. Holding a
congtant exhaust to inlet pressure relation would have tended to
lower the relative sensitivity of the knocx limlt of the two fuels.

SUMMARY OF RESULTS

From knock tests of two fuels of different sensitivity in which
slx englne variables were investigated on a full-scale alr-cooled
cylinder it was found that the relative changes 1n the knock-limited
indicated mean effective pressure and the charge-air flow of the two
fuels were difrsrent for the 81X engine variables and, excevpt for
cylinder temperature, varled over the ranges of the variables. These
results indlcate that, in order to correlate the effects of engine
varlables on knock-limited performsnce of fuels, more baslc knock
factors than knock~limited indicated mean effectlve pressure or
charge-alr flow are required. TFuel-air ratios above the stoichio-
metrlic showed the greatest sensitivity of the knock 1limits of the
two fuels, except for tests at high exhaust pressure. The relative
gensitivities shown In fuel-air-ratio and exhaust-pressure tests
beceme more consistent with those for the other sngine variables
when the fuel-air-ratio data were compared on a percentage excess
Tuel basis and the exhaust-pressure data were compared on either an
zxhaust to inlet pressure ratio basis or inlet to exhaust pressure
difference basis.

Aircraft Engire Research Laboratory,
Netional Advisory Committos for Aeronautics,
Cloveland, Ohio, March 4, 1946.



75+

NACA TN No. 1117

orifice
monometers
combustion quq//;;7
—— oy
y

air - < ¥

regulating

valve Air heareri

fuel-injectian

CUE cronkcese
. \ nozzle .
. Fuel- \J Yoporization tonk
injection Thermocoup ‘eé{, Manometer
A== Torquemeter

bumb—__ e SN
Thermocouple ’}-“

-~

Tachometer

Ay
7

R LI

i
Cooling-air

turbulence
Manometer:
vones
[ Warer
spray );)

valve

tu
valve Pressure-controi valve Honometer l

| N

1 i
9| ﬂ"_!.'/ﬂ
e H Exhaus
Altitude L\“nJ cooler
Ua

exhaust

_g_rmospherfc
) exhoust
v

'

Ep=—B8ypass pressure- water
5 control vagluve drain

NAT IONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure |. - Arrangement of apparatus for full-scale air-
cooled single~cylinder test setup.



Flg. 2 NACA TN No. 1} 1i7

Hose connection

4'; o
A . Thermocouple
2-In. logeing Vil mx,
¢ = ———Fuel-injection value
(3 » ,-‘hs
te - =]+ ]
TR 5 Ce ¥ /h,‘:.
> K 2-in. laggine
o "\ eor L —
o Y .
>y L.
X Ed T Y L—Vaporizagtion raonk
o Automatic o B 1 PS>
air-temperaoture Uil ] s 7]
5} control element- & 1 . §
/ ~ &N LY
a5 el R il @
‘Q ’ R ‘_.._’-,- A
© (" > /‘<’-<u
U 21 Rl
e 3 Bl % ~— Incilned bafflles
o] 1O b
a ':_-—g .':n
) Xg t ,g
X 3
5 2e” g b air tlou
~ ¢ G W
< ¢
& < ¥
oife— & 1 —aIn
MA
Surge ¥ ¢ The rmocou ple
1‘5 tank U A8
N V) .
b Hose conmnection
2
) _:::j_ —— Jo engine
vy +°2,

Combustion air in \\\-Hanlfold-pressure
connection

NAT IONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Bleed valve

Figure 2. - Surge tank and fuel-vaporization tank for full-
scale air-cooled single-cylinder test setup.

+SL



NACA TN No. 1117 Fig.

%

£§
g‘ e LASR] PTqE Ty LENA ] LA ER] WAL B LAERA AR AN LR | LA RA] AARRI] 1A R R T LR LA LE RN LA RS
£5 3 l 3
a:i E 10 N 2
y 55 h 3
.38 F N '
i85 [ 3
T« 480 b -
?E - ]
iy 3 3
asg - .
%3 wE -1 r‘h 3
] 3 ' 3
= ]
3 NATIONAL ADVISORY :
& < COMMITTEE FOR AERONAUTICS ]
£t el ]
o o -
3¢ E -—‘Ta;*T“~<u o 3
= : o :
é 3 . 3
s F120 ]
9 O 42 percent S reference fuel, 40 percent toluene, and E
H ., - 18 percent M reference fuel (by voclume) + 4 ml TEL/gal <
E-E C 2 O 100 percent S reference fuel + 4 ml TEL/gal E
© 70E
¢ “F s
¥ 3
i:  of - :
$§ 60 - }*E -
i 3 3
ol A :
j; E e - :
5 B - E
- 3 L~ 3
o 3 3
3 Es A;nuxa-hffo 5
-l - - 3
< 3
< 3
. se0 E 3
L] E o~ "=' 3
5 é 3 -
o 320k E] 3
H 3 A — 3
P L
a - 1824109 3
240 .nn 22238, YT PP TUUTE PRV AT RTINS SN TN SRR SANNI UN NN AR AU NI SYRNI FNE R ST W)
04 «06 <08 .10 «08 «08 .10 12

.18 .o‘
Fugl-air ratie

Figure 3. - Effeot of fuel-air ratio on knock-limited performsnoe of two fuels. Full-scale
i air-gooled oylinder; engine speed, 2100 rpm; oompression ratio, 8.9; inlet-air tempersturs,
200 °F; spsri advsnce, both plugs, 20° B.T.C., exhaust pressure, 10 inches mercury absolute;
eylinder temperature at exhaust end zone, 500 OF.



Fig. 4 NACA TN No. 1117
33
ag ”ATIONAL ADVI SORY A2 RARRE RASES RARAL RAAR] LAAA] BAAAS LidAs RAARY RARAS RARAr
;":' COMMI TTEE FOR AERONAUTICS
o 4
oo E \
g gs : - \m\\\
gg‘ GGI: 2 .
é’g ___—-F"-dh-_ s
T2 — |
i
8 &
3
[~ .

l
|

Mixture
temperature,

I TRIETERI FNIRI RN E FRUER FSRRI SYRVE SUYRI JVST SUNSI NN ISR FNURIFUNNI SO 7Y

111—?111 \iB2IRAALI RAAR] RARDE RARR X AARL] '."E." LR2RA LARA

5.
"
5Q \\
:3‘:? \
35 :\\\ .
L] e
-
2
gn. 30 -
& ol 3
% F 4 3
S E T= 3
a L P
E E a O 42 percent S reference fuel, 40 percent toluene, and E
K] 2 18 percent M reference fuel (by volume} + 4 m) TEL/gal
< g O 100 percent S reference fuel + 4 ml TEL/gal E
s2ok 3
L] E *k\ ] 3
o g0k 3 3
< E \ a 3
A 3 L u 3
o - 3
g 240 < 3
o 3 3
3 F Ny 3
E £ TN ] 3
- - 3
g 200 : !;_?
3 152451 7
1» RN FWTNI WENY selaasalensalaazalaaaefoeasbaseedaoandatatRaaaalaaaelatediortileadtisl ity
] 7 8 9 0 6 7 8 9 10
Oumpression ratio

Figure 4. — Effect of oompression ratio on knook-limited performance of two fuels. Full-scale

air-gooled cylinder; engin

200 °F; spar

advanoce,

bot

e sgeed. 2400 rpm; fuel-air ratio,
h plugs, 20° B.T.C.; exhaust pressure, [0 inches mercury absolute;
oylinder temperature at exhaust end sone, 500 °F.

0.078; inlet-azir temperature,



NACA TN No. 1117 Fig.

as m LR LR AJ LELELAL] ARSI RARAIS LR IR R RS LARAJ LB L LELELA ™

Ha L NATIONAL ADVISORY E

af COMMITTEE FOR AERONAUTICS ]

F A 3 E

" av - 3

$e & -

L4 :

b 3

LT = i

o K . 3

i38% 1

o 3 ] 3

it 3

nE 440 e - |

1 3 3

- - 3

& - s /’ r

20 / E

3 y 3

3 /) E

b / 3

¢ Bam / :

oo o / ]

0| / -

& o 3

= o 3

f B« ) 4 4 E

3 o / / e

n4 X =

o Beg ]

4 - r

o O 42 percent S reference fuel, 40 percent toluene, and 3

& 2 18 percent M reference fuel (by volume) + 4 ml TEL/gal R

E.E E o O 100 percent S reference fuel + 4 ml TEL/gal E
° 60

L 3 3

o8 = \ 4

3 3 E

gs _F 3

a5 SOk .

Aa & < 3

8t % L P

=% g B 3

N E E

A 4of -

éseo:“ <

- 3 3

E -~ J

g 3 \\ E

-t - -

o 3”_ =

\d - -

= E 3

- -

e 3 3

8 200k -

3 3 \ 3

-

.| 3 3

e k 3

X 2401 .

P =

E \1\ 182}50 3

mm-- ARSI BRI N RN PRI CS RN RN NI N NN I NN I NI G AR I ARSI RNE S SU NI NER GO NS AN AN N]
150 200 280 300 380 150 200 250 300 380

Inlet-air temperature, °F
Flgure 5. = Effect of inlet-air temperature on knock-=limited performance of two fuels. Pulle
scale air-cooled oylinder; engine speed, 2100 rpm; fuelw-air ratis, 0.078; oompression ratio,

[] OE spark advance, both pl 20° B.T.C.} @ t 1 lut
ey’l pr tenporat\ufe at exhap ug:t. ond sone, Jooghr*:' st pressure, 10 inohes mercury sbsolutes



Pviz

Fig. 6 NACA TN No.
NAT'ONAL ADV'SORY LAALS RRELES LRELES BLAAI BRAARS BRALI IEANLE LANEE RARES LRBA L .1
% | COMMITTEE FOR AERONAUTICS 3
5» - r— r
1Y I - 4 4| .-1
2., E _Z 4 -
= - v e
:5 o y’ @ —Luaxipun rhp avhilarfle 3
38 'F :
% F $—4— ]
a8 3
e
o e
85 k. :
g seof ]
5 : 3
> E 3
gg - _r—-_-+— i
] 440
MR L ]
g% g 3
' P E 3
g E 3
1 400
= p
. :
[ X1 o b 3
58 F .
80 C 5
48 F 3
i p= ]
5 » Q 42 percent S raference fuel, 40 percent toluene, and :1
& ol 18 percent M reference fuel (by volume) + 4 ml TEL/gal
s O 100 percent S reference fuel + 4 ml TEL/gal ]
3 -
o E 3
?é “F *’r\ 3
& E A E
by : \\ E
[ - b
Ed 50
- g -
3 - : ’N’-’ :1
—cé = .
§ < 3
Y :
4 Ee 3
£k E
2 E .
. [l o fyoer 3
8 ¢ hLa 3
g = E 3
> o
A 320y .
& ] \\ 3
] -
- 3 ‘\‘ ]
g = \ 3
- 280
g E X E
:‘4 - \ -
& - 3
o -47 3
[ o
I FESTI TEETI SRR NI VNS EUN Y Drn Lild ill&LLll LA blel 1%: NSl FEESE XN TN
4 s 20 30 ) io » %0
Spark advance, deg B.T.C.
Figure 6., = Effect of spark advance on knockelimited rerformance of two fuels. Pull-scale

aireoscled cylinder; engéns speed, 2100 rpm; fuel-air ratioc, 0,0783 cempression ratlio, 6.8;

inlet-air temperature &

temperature at exhaust end rone, 5000 P,

F; exhsust pressure, 10 inches mercury absolute; cylinder



temperature, °F

Rear-spark~plug-bushing

Knook-1imi ted inlet-air
preasure, in, Hg abs.

Knock-1imited imep, lb/sq in.

NACA TN No. 1117 Fig.
"" NATIONAL ADVI SORY IR RS LRRAS IR ) RAREL LAR LA RED LEARE ERAAL BRAARE LA
5§ Ejp COMMITTEE FOR AERONAUTICS E
LI ]
82 3
L » Pvs /u, 3
39 E N ]
O b 4 N\ 3
;‘E' = ) ]
83 - ~C O] 3
(2] 10 P
E 3
460
I o ] 3
o -4 3
E NC° i
- PN :
bs \ ]
E N
E N~ p
30 b 3
& Eaeo ]
:e‘ E W, —O-Q—o-‘n-c— E
. 3
;i C O 42 percent S reference fuel, 40 percent toluene, and 3
g o ) 18 percent M reference fuel (by volume) + 4 ml TEL/gal 3
g F r
e O 100 percent S reference fuel + 4 ml TEL/gal 3
& |- ]
- b ] 3]
- 1
50 |- 3
E \ ]
s R E
g ®p p
Sk 5
=] -
§ = o 5
e - 3
- 4
280 - \ =
E ; -\i 3
C 3
2 3
20 E -
200 F .
« i 3
3 x | 2s2fe 3
160 it lasy SRS ENU R NNENE SNSRI EE NN Ny FNANN AN SN EPI FNN] ISSN1LYNENI NN YN IS NNl AN
0 20 40 [ 220 - <] a0

&0 [] 20
Exhaust pressure, in. Eg abe.

Pigure 7. = Effeot of exhaust pressure on knock=limited performance of two fuels. ' Fullescale
airecooled oylinder; englns speed, 2100 rpm; fuele-alr ratio, 0.078; compression ratio, 6.9;

inlet=-air temperature, 280
at exhaust end zone,

P; spark advance, both plugs, 20° B,T.C.; cylinder temperature



ogshing

Rear~spark-plug-
temperature,

Knock-1imited inlet-air
pregsure, in. Hg abs.

Enock-limited imep, 1b/sq in.

8 NACA TN No. 117

Cooling-air pressure

Nixture

NAT'ONAL ADVISORY LAR R TITT Iy Tiny vy Trry LLRAI LA RS LRR RS RRAR] TeETTrg
COMMITTEE FOR AERONAUTICS 3
L WE .
b - ]
§ E . ]
P~ -4
4 E T paximmeoal avafiled '——h\ .
. 20F Py .
i N =
o - e au b
£ F [~ ]
108 .
E 3
ssof .
3 ~ Ln” 3
E /‘ ]
‘40: )‘ . 3
3 1 7 E
3 3
soof ]
& 1e0f :
il : e e e B
s F 3
@ F :
120 :
S ¢t b
3 3
w -l
E o o O o J
F m
sof 3
- O 42 percent S reference fuel, 40 percent toluene, and -
C 18 percent XN reference ruel (by volume} + 4 ml TEL/gal 3
o D 100 percent S reference fuel + 4 ml TEL/gal 3
g R :
g o 3
S n ]
~ < -0 o o E
S F =
KIS ]
s20f
F o _—y P p
- Ty -1
E 152483 3
zm NI T IR I NN PN I AN AW AR NN AN ISTNE) IONERSNNE] (S I EPEEINEE NI EWNN] 1411 BNl
440 480 480 500 440 480 480 500

Cylinder temperature, °P
Pigure 8, = Effeot of oylinder temperature at the exhaust end zone on knock-limited performance
of two fuels. Pulle-sozle airecooled cylinder: engine spaed, 2100 rpmj fuel-air ratlc, 0.,078;

o
:mgsiﬁgg.:auo.ls gﬁoﬁo%ege'%“ ungggiaw, 200° F; spark advance, both plugs, 20° B.T.C.}



NACA TN No. LL17

Knock=-14mited imep, 1b/3q In.

NATIONAL ADVISORY LA NN AR R AR AL RERAARNARI QAR ARARE RRARS
COMMITTEE FOR AERONAUTICS k
3 . 3
E 3
- 4
o 3
- ]
38 \ C
b Sphrk | N Fuelfalr fatlo E
< advince N\ " 3
320
- Eylinger™ p
o tpmperpture b
: NN =
a0 E < ~ N\ 3
E 1/ \ &\ 3
b - =
< \ \‘Spa % adyance E
240 | -
9 NG TN 3
o N Iglet-gir temp ture 1
F 3
200 F .
s “Conpression rftio 3
L \m..:ust presjure 3
180 F r
E (a) 42 percent S reference fusl, 40 percent toluene, d ]
b 18 percent M reference fuel (by volume) + & ml T‘EE?‘II E
3eo 3
9 R 3
E N E
320 F :
3 Cylfnl — 1
E tonpnrlturo/ Fuel-air|ratiqd J
280 '_--ﬂ'/ N \\ \ 3
E N \ Exhdust Jressyre —}Spar} advinoe E
3 N 3
240 3 3
E 3
200 £ 3
E (b} 100 percent S refereace fuel + 4 wl 3
le0 = 3
o -
:hlll e FETTI FTET EPET ITT I AR AR FYRRI ANRRT FU RN PR TN UENN I FO UV EYYS I FEE N1 BTN V]
«054 D62 «070 078 088 094 «102 «120
Fuel-alr retlo
. o 8.5 9.3 10.1
Compraesion ratio
120 160 200 240 320 360
Inlet-alr tempereturs, °F
10 20 35 40
Sperk advance, deg B.T.C.
10 70 90
Exhgust pressure, 1in. Hg abs.
420

Cylinder temperature, OF

Figure O. = Comparison of effests of six engine variables on knogk-limited indloated mean

effective pressure of two fuels.

Fullescale alr-cooled oylindsr; engine speed, 2100 rpm.

(Each engine variable was investigated eeparetely; the othsre were maintained constant at
the velue ehown for the point common to all the ourves.)



Knock-1imites charge-air flow, lb/hr

1100

1000

400

1000

NACA TN No.

NATIONAL ADVISORY 1 MRS AR
COMMITTEE FOR AERONAUTICS

\RAR2 RAEAS

12050 LEAAD BARRY RARRE LARAF

TTYY

AN

b Puel-alr
=" 10

ra

Ran

pdvante "~}

)4
\

ISTL FEPUIURUTY FEWEY ST T

r
o
=
2

{b) 100 percent S reference fual + 4 ml TEL/gal.

- tpmparptu
F \ 2 \ \ \\ h
E \ N T 1
3
o N \ ]
3 N Spark ajvancd b
3 \ \ ]
3 \ E
F X\Ir let-gir tempergture 3
F E
3 L E
9 e
9 3
< E
< \ \‘erress on ratio 1
E ‘m.-unt preagure E
L (a) 42 percent S refarerce fuel, 40 percent tuvluvene, eand ]
o 128 percent M refarsnce fuel (by volume) + 4 ml TEL/gal. 3
[ ]
3 Fusl-ais ]
F Spark ag e, o 3
E I\ belinkon e ] ;
3 \ expefa ]
E N, e - .
o \ ~ an LG8, -
E . 3
E \ \Q‘Exhl uet greesyra E
F ‘\ “~rlet-dir tdmperdture E
L 3
< N 3
o N
L
<

JERI FETEY ANUNT A PSR SN SN NN ARAN I RE RIS IS AN STE SNRN I ETNTI NN Y

162*56
FTeyI NOUN1 NEST1 FNSNE EU N

“?O& 062 070 078 086 098¢ <102 <110
Fual-air ratio
. . 8.% 8.3 10.1
Compreeaion ratioc
120 160 200 240 0280 320 360
Inlet=alr tempersture, °F
10 15 20 2 36 40
Sperk-advance, deg B.T.C.
10 30 70 90

. 5
Exhavat preassure, in. Hg aba.
420 500
Cylinder temperature, °F

Pigure 10, = Comparison of effects of six engine veriables on lnock-limited charge-air flow
of two fuela. PFull=ecale alr-cocled oylinder; engine epsed, 2100 rpm. (Each engine var-
1able wae inveetigated aeparately) the others were maintained constent at the velue akown

for the point common to all the curvee.}

17



NACA TN No. 1117 Fig.
T T T T T T T T T T T T T T T TP T T T T rrey]
® NATIONAL ADVISORY 3
a COMMITTEE FOR AERONAUTICS /—+ IAT 180 3
e 40 p n
g . C /Adaod 4 ]
-] A Q. - ’ <
e E Tﬂ\» 5.08 ]
e - SA 19— 4
D.W ok —T 1480
£ Pe 44 Basiq polint Basic polnt
Y conditions
A ] y
o Imep 310
sz 2 s #Ar 0.d7 #75° 0.076
e =40 CR 8.9
s IAT 200
33 1 Sa o}/ /4 0.0d6 SA 20
om \- Pe 10
& s F CR 817 T 500
5 .sof 4 \

- - 4 4 H -
983 < A i ]
Wf s \ i T 3

d <1 ) —eq 7 ]
& C R 1d § %l Iaq 325 - u ° :
<120 55 -120 =80 =t} I
Chenge in knock-limlted imep of insensitive
fuel from basic point, 1b/sq in.
(a) Knock-=limited imep.
< IAT 150 — ]
L 5 ~ ]
100 . 4
1 4 ]
& E F o.owumv ]
[-]
..w..w - W\J 0.0 €0 w
o] 0
£ = P h 9
ol a2 slc |polny; chdrge-3ir b

5 Pq 40 flow, 888 1b/t 3

Lol
&2 3 /4 4.07 ” 3
Bo b /& 4.066 ]
*ww <100 b 71 .
° VP >
Se I8 7/4 3
B2} 40 m
.m..l. 200 o Vi \ 1
mm . CR /’\\\

: B > Vs Verlable
el v A F/A Fuel-air ratio
8% . Al 11— ~ CR  Compression ratio °
eﬂ 3 L, Y/ —_—— M»a Wﬁpoaum.mu temparature, P
=300 —_——— park advance, deg. B.T.C.
Mm L \\\ IAY 328 ———--— Pe Exhaust Uuémmmua. in. Hg abs.
mm o Pe —_ ———~ T Cylinder temperature, 9F
PCR 1D R
3 :T\\ 152461 3
-bg 280 TS URNYENN] A AL 4 Aeaanlsassefngids 4 4.2 4 . 4848 24 44 422} Lial 1 b
=400 =300 «200 -100 [+] 100

Change in kmook-limited charge=-air flow of
insensitive fuel from bagic point, 1b/hr
(b) Knock-limited charge-zir flow.

Pigure 1l. - Comparison of changes in knock=-limited pe

cent 8 reference fuel, 40 percent toluene,
TEL/gal) and insensitive fuel (100 percent
alr-cooled oylinder.,

rformences of sensitive fuel (42 per-

and 18 percent M reference fuel by volume + 4 ml

8 reference fuel + 4 ml TEL/gal) in full-scale



m
«w
.

Change In knock~-limited 1imep of
sensitive fuel from basic point, 1b/sq in.

of sensitive fuel from basic point, 1b/hr

Change in Mmock-limited charge-air flow

12 NACA TN No. 117

L 2 An S 20 BB 40 SN S0 NN BN 2N 2 N S ED AN D An B 20 A NN A NR AN AN w4 BN GN N 2n
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

TYVveY
LLiRl

40 Equgql 1m§p

YyrveyY
LAa42

71 “Badic pdint; [imepd 310 |1b/sd in.

LAAd

aRa g

-40 ‘/'/r;

-40 0 40
Change in knocke-limited imep of insensitive
fuel from basic point, 1b/sq in.
(a) Knock-limited imep.

Ty
A4 A

—— Percentage excess fuel basis
— —— —Fuel-air-ratio basis (fig. 11}

o

: 3

L o

E / dual dhargd-air |[flow E
100f :
e -

3 p

" ; :

or - p

s BJsic Hoint§ chaige-air ]

1 fllow, [885 Ivb/hr q

" -

- v 152112 3
_100'!.11 - 2 k1 g 1 4 4 & A LA 4 A AL 4 AL A 4 2.4 A0 2 4 44 l‘ll.

=100 (o} 100
Change in knock-limited charge-alir flow
of insensitive fuel from basic point, lb/hr
(b) Knock-limited charge=-alr flow.
Figure 12. = Effect of comparing fuel-alr-ratio knock-test data
gn gercentage excess fuel basls rather than fuel-aire-ratio
asis.



NACA TN No. 1117 . Fig. 13

g

Ll

g NATIONAL ADVISORY 4
c4:; COMMITTEE FOR AERONAUTICS p
OH 0 L -
e f SBasle polnt; fmep,|310 Lv/sq} in. ]

. E& : -

-l L -
T8 3 ]
&+ L -
TS =40 - -
= . & o
T3 3 '/ d
A
O E C T E
Qo s 4
g& o I ]
g~ =80 F T o
- Q s -

: b -
%Q—o b I -
gg [ l .

wd L L
Oﬂ L -

12
= 120 3 =40 0
g p Change in knock-limlted imep of 1nsensitive

fuel from basic point, 1lb/sg in.
(a) Knock-limited imep,

of :
s ‘//)F\Baslc polint; thargp-alr) flowL b
L 8B5 lbu/hr 3
. 7 m
b -y
Y 3
=100} .
o -
! q
- ' :

-200 | ’ I

Exhaust to inlet-pressure ratio'basis
—— ~—Tnlet to exhaust-pressure difference basis
—— — Exhaust-pressure basis

Change in mock~limited charge-alr flow
of sensitive fuel from basic point, lb/hr

-300: ]

t p

152404 1

-400 Aiaal s dd e adalaaaal s add o el 2240 b s st Al 22 a2l 20 2 4] & 2 4 p
-200 =100

o]
Change 1in knock-limited charge=air flow
of 1lnsensitive fuel from basic point, 1b/hr
(b) EKnock-limited charge-air flow.
Flgure 13. - Effect of conmparing exhaust-pressure knocketest data
on exhaust pressure to inlet-presssure ratio and inlet to exhaust-
pressure difference basis rather than exhaust-pressure basis.



ATl- 8074
TITLE: Comparison of Relative Sensitivities of the Knock Limits of Tvwo Fuels to Six prerm—

E e Variables one
AUTHOR(S]: Cook, Harvey A.; Held, Louis F., and others ORIG. ROGENCY NO.
ORIGINATING AGENCY: National Advisory Committee for Aeronautics, Washington, D. C. TN-1117
PUBLISHED 8Y: (Same) FULLSATNG AGENCY NG

DATD DOC. CLASS. COUNTRY LANGUAGE 1 PAGES .| HLUSTRATIONS
Aug’48 Unglass, Us Eng, I T8, graphs

ABSTRACT:

A sensitive fuel and a relatively insensitive fuel were knock-tested in full-scale air-cooled
cylinder. Six engine variables were investigated: fuel-air ratio, compression ratio, inlet-
air temperatare, spark advance, exhaust pressure, and cylinder temperature, Relative
changes {n knock-limited, indicated mean effective pressure and charge-air flow of two
fuels were different for six engine variables and, except for cylinder temperature, varied
over investigated range. Fuel-air ratios above stoichlometric showed greatest relative
sensitivity.

DISTRIBUTION: R t copies of this report only from Originating Agency

DIVISION: Fuels and Lubricants (12) SUBJECT HEADINGS: Fuels, Antiknock - Testing (42822)
SECTION: Analysis and Testing (8)

ATl SHEET NO.: R-12-8-19

Alr Ofvision, i AIR TECHMNICAL INDEX Wright-Pottorsen Air Forca Baso
Air Mataricl Command Doyton, Ohio




