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SUMMARY -,

An investigation was conducted to correlate the knock-limited
performance of flight and single-cylinder engines under a veriety
of operating conditions. Knock-limited performance of 28-R,
triptane blend, and xylidine blend was determined on a full-scale
alr-cooled single cylinder mounted on a CUE crankcase. The
inlet -air temperatures were such that the mixture temperatures
were the same as the multicylinder engine with high and low
blower ratios. ) '

The single-cylinder enginé knock-limited charge-air flow is
in good agreement with that of the flight engine for all engine
operating conditions tested. Similarly heasd temperatures for the
two engines showed good agreement, but the barrel temperatures for
the flight engine were higher than for the single-cylinder engine.

INTRADUCTION
- " At the request of the Air Technical Service Command, Army Air

Forces, tests are being conducted at the Cleveland laboratory of
the NACA to evaluate triptane in relation to other high antikmock
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campounds as a camponent of aviation fuel. One phase of this pro~
gram is the correlatiom of the performence of a full-scale
alr-cooled single cylinder with that of the seme model multi-
cylinder engine in flight in a four-engine alrplene.

Part I of this series of reports {reference 1) shows that the
cooling characteristics of the flight engine and the single cylinder
match for the oylinder heads but differ slightly for the oylinder
barrels. The effect of valve clearance on the correlation of the
flight and single-cylinder engines kmock-limited performance has
been investigated and is reported in reference 2. Data obtained
during March and April of 1945 are presented herein to show how
well the knock-limited performance of three fuels with different
temperature sensitivities match in the single-cylinder and multi-
cylinder engines. Data for the m:lt:lcylinder engine were taken
from flight tests of reference 3.

APPARATUS AND TEST FROCEDURE

Single-cylinder engine data were obtained on & full-scale .
air-cooled cylinder mounted on a CUE crankcese. The arrange-
ment of the setup is shown in figires 1 and 2. This setup is .
identical with that reported in refersnce 1. Cylinder and mixture
temperatures were measured the same as on the flight engine. (A
detalled account of the flight installation and test procedure
is presentsd in the appendix of refersnce 4.)

Thése temts ‘'wére conductéd at engine speeds of 1800 and 2250 rpm
with spark advances of 25° B.T.C. and 32° B.T.C. and with inlet-air .
temperatures giving mixture temperatures the same as the multi-
cylinder engine w:l.'l'.h high and low blower ratios. «-

The dry '.tnlet-a.ir temperature was held constant in each knock
test at a value which gave approximately the' same mixture tempera-
ture as that obtalned with the mzl‘blo;linﬂ.er- eng:lne- for the corre-
sponiling test conﬂ.:l.'bion.

The data. Tresented in this repor‘b are ‘on three fuels: 28-R,

e blend of 80 percent 28-R + 20 percent triptane (leaded to 4.6

ml TEL/gal), and & blend of S7 percent 28-R + 3 percent xylidine
leaded to 6.0 ml TEL/gal). These percentages are on a volumo basis.
These fuels will herelnafter be deeigna.ted 28-R s triptane blend,
and xylidine blend.

All de.ta presented hsrein were run at consta.nt cooling-air
pressure drops, Bhe pressure drope on both flight and single-
cylinder sngines were measured in the seme manner. (Soe reference 4
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for flight measurements.) The pressure distribution, however,

ror the two instellations was different and as a result the pressure
drop for the single-cylinder engine was higher for the barrel and
lower for the head than those usef on the flight emgine. For the
seme test condition the over-all average preesure drop of the head
and barrel for the two setups was approximately the same.

Enock on both installations was detected by magnetostriction
pickups in the cylinder heads and a cathode-ray oscillograph.

The cold valve clearances on the single-cylinder engine were
set at a value to glve rumming valve-1ift diagrams thet closely
approximated those specified for the mmlticylinder englne (refer-
ence 2). Multicylinder cold valve clearances were set at the
values specified by the engine memufacturer.

RESULTS AND DISCUSSION

A comparison of the knock-limited cherge-alr flow of 28-R,
triptane blend, and xylidine blend fuels on the flight end single-
cylinder englne is presented in figure 3. This figure shows that
ovei> the range tested speed, spark advance, and inlet-alr tempera-
ture have no noticeables effect on the matching of the kmock-limited
charge-alr flow. The shape of the curves of charge -air flow for
the two engines are the same, the maximum difference being approx-
imetely 8 percent. It should be noted: that there is better agree-
mont botween the two engines with 28-R and triptane-blend fuels
than with the more temperature-sensitive xylidine-blend fuel.

The cylindexr- temperatures of the two englines, in general, show
aood agreement between the head temperatures but the barrel temper-
ature of the flight engine is considerably higher than for the
single~cylinder engine. This result is in agreement with data
reported in reference l.

SUMMARY OFF RESULTS

The Tollowing resulte on the kmock-limited performwance of a
full-scale air-cooled single-cylinder engino with three fuels
and over a range of speed, spark advance, and inlet-alr temperature
vwere obtalned.

The single-cylinder engine knock-limited charge-alr flow is
in good agreement with that of the flight engine. Similarly head
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temperatm-es' for the two englnes showed good agreement, 'but"b-arrel '
temperatures for the flight engline were higher than for the single-
cylinder engine.

Lircraft Engine Research Ia'boratbry »
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2.

3.

4.

National Advisory Committee for Aeronautics,
Cleveland, Chio, October 12, 19245.

REFFRENCES

Wilson, Robert W., Richard, Paul H., end Brown, Kenneth D.:

Correlation of the.Charecteristics of Single-Cylinder and
Flight Engines in Tests of High-Performance Fuels in an
Air-Cooled Engine. I - Cooling Characteristics. NACA
MR No. ESJO4, 1945.

Cook, Harvey A., Richard, Paul H., and Brown, Kenneth D.: The

Effect of Valvse Clearance on Knock-Limlted Performance and
Engine Cooling. NACA.MR HNo. ESD18, 1945. . -

White, BH. Jack, Pragliola, Philip C., and Blackman, Calvin C.:

Flight and Test-Stend Investigatlon of Hlgh-Performence Fuels
in Modified Double-Row Radial Air-Cooled.Engines. II -~ Flight
Knock Data and Comparison of Fuol Knock Limits with Englne
Cooling Limits in Flight. NACA MR No. ESHO4, 1945.

We"'ner, Milton, Blackman, Calvin C., and White H. Jack: Flight

and Test-Stand Investlgation of High-Performa.nce Fuels in
Modiflied Double-Row Radial Alr- Cooled Engines. I - Determin-
ation of the Cooling Characteristics of the Flight Engine. NACA
MR No. ESG09, 1945.



NACA MR No. EbBJIZ

oFitice -

magnometers
Combustion UIEq//);7
air — I e n
ressure-
regulaoting
valve
7”””?°?“”? Automotic oir-temperature
Fuel-injection control element
nozzle -yaporization tank
CUE craonkcose
Fuel- Monometer

injection
injectlio Thermocouple

Torquemeter

Cooling-air
turbulence

tmospheric
erhgust

Exhaust
cooler

alritude
exhaust

8yposs pressure- Water
control! volve drain

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure |I. - Air-cooled single-cylinder setup.
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Figure 2. - Induction system used in single-cylinder setup.
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(a) spark advance, 25° B.T.C.; engine aspesd, 1800 rpm.

Figure 3. - Comparison of knock-limited charge-air flow, mixture tempersture, and cylinder
temperatures on flight engine and full-scale eingle cylinder with three fuels and at con-
stant cooling-air pressure drops. Compression ratio, 6.7.
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(b) Spark advance, 25° B.T.C.; engine speed, 2250 rpm.
Figure 3. - Continued.



NACA MR No. EbJI2

NATIONAL ADV'SORY LBARE RAARI LB EAS RARE] SAAAREAR AR RANAEE RAREE ARAR] "":
COMMITTEE FOR AERONAUTICS .
: -4
E ]
- -
o Simulated high blower .:
o b
- idine bl E
» WooF .
® s p
g - ]
m 3
g F -
bs F ]
A 4360F
)2 p
=g L p
28 F ]
2 0 -
0 1
I ]
o 320 3
[ o 3
i Kyl end .
280_ =4 ]
o N ]
[ VA 2 BN 7]
s Wi LN rj.pﬁge Hlend
- o ,l/ [+] <k -———-Flight engine ]
T - / f .\ Single cylinder 3
E 240 R o #ylidlne blend
N 3 o] [u] riptane blend .
® r ]
85 ’ R O 28-R ]
- P -
zs F % [ < 4 Talled symbols denote 3
9 : check points, .
: oo s -
g+ s =y 3
&2 ]
160f .
o I ]
o, F .
» = -4
g I O o 2 1
- A4
= F 015\\@3\-a~ ;
(73 - -
*“1.20 .
® - 7
5 o ]
> -5
o] -
= F 3
& 3600F .
ph E \ XyfLiding blepd ]
a ) o ]
f&g . = Iribt
LT - i:;:iﬂhs 3
i L farj==t -O——t-0— :
- <500
€ x o - 3
-0 o R
PR s |3
- el hand -
s f B = ]
g% 110-416
ll-OG ISl NEWE Adiadiaagdiaad i ta e dd el tand i d st d il iaasdaaasl ot v g
Ol +06 .08 «10 «12
Fuel-atr ratio

(o) Spark advance, 32° B,T.C,; engine speed, 1800 rpm.
Figure 3. - Concluded.
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