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By Donald R Mulholland and Edward D. Zlotowski

SUMMARY

Two modified fuel-injection systems, a drilled-inducer type and
a spinner type, that prevent serious fuel-evaporation icing were
-installed on a V-type, ligiid-cooled aircrart engine - and a preliminary
I nvestigation was conducted to deternine the effect on engine operating |
characteristics. The spinner Systemwas al so--ground- and flight-tested
on a twin~engine fighter airplane. Flight measurenments of cylinder-
head tenperatures over a range of fuel-air ratios and engine power
conditions were made at an altitude of approxi mately 10,000 feet.

J Starting and accel eration of the engine on the ground were
unaf f ected by the fuel -injection medifications. During the flight
investigation, NO appreciable variation occurred betwcen t he maximum
and mininm cylinder-head tempsratures W th the standard and nodifi ed
systemfor 'the same power condition and no irregularity of mxture
distribution could be detocted throughout the power range of the engine
Hormal m xture distribution was al SO indicated by a similar response

of cylinder-head tenperatures for variations of fuel-air ratio at

mani fol d pressures of 25 and 35 inches of nercury absolute, ,

Both nodified fusl-injection systens required | oss fuel-nozzle
pressure than the standard systemto obtain the desired fuel-air ratio
for a given air-flow condition.

INTRODUCTION
An investigation Of the icing characteristics of an aircraft-

engi ne induction systemin a |laboratory setup consisting of a super-
charger assenbly and a carburetor resulted In the design of two
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2 NACA RM No. E6LO4a b

fuel-injectionnodi ficatione, a spinner fuel-injection system and a v
drilled-inducer fuel-injection system, both of whick satisfactorily
prevent the formation of fuel-evaporation icing (references 1 and 2).

An electric. motor was uaed to drive t he engine-atage supercharger
during icing Investigations to avoid operation of the entire englne.
The investigation was .extended, using both fuel-injectison nodifica-
tions on a full-sc¢als | aboratory engine, to determ ne whet her the
modifications effected carburetor nmetering and general engine perform
ance. The spinner system was further investigated on an airplane
during ground and £light tests to obtain a comparison of engine oper-
ation with the standard system. o

The results are bused on obeservations of the ease of starting
and acceleration of the engine, as well ae on measurenent of the
cylinder-headt enperatures, which roughly indicate the nature of mx-
ture distribution to the cylinders.

APPARATUS AND PROCETURE

S-Pinner and drilled-inducer fuel-injection systems., - In the
Spi nner fuel-injection system(rig. 1), the fuel passes from the
standard I njection nozzle through a speoial fuel-transfer tube to a .
spi nner that.1is mounted on a special externally threaded impeller '
retaining nut. The fuel ig radlally discharged by centrifugal force
into the spaces between the vanes at the-face of the impeller,

The drilled-inducer fuel-injection syastem (fig. 2) is similar
to the spinner gystem except that the fael passes froma spinner
through drilled passeges in the i nducer part of the inpeller and is
t hen di scharged between t he jmpeller vanes approximately thirteen-
-*xteenths i nch fromthe inpeller face, o

Details of the parts used for each modification are given in
rererence 2.

Preliminary engli® tests. - A multicylinder engi ne was opesrated
in the [aboratory wth both nmodified systema prior to installation _
on the airplane in order to insure satiefactory flight operation
A water brake was used to absorb and measure the power output; an
orifice was provided for measuring induction-eyatemair flow, and a
rotameter was installed in the fuel system for fuel-flow measurenent.

Ther nocoupl e8 wer e used t 0 measura carburetor-inlet-air tenperature

and supercharger-out!| et mixture tenperature. Manifold pressure and .
exhaust back pressure were | ndi cated on nercury manoneters and fuel-
nozzle preasure waa i Ndicated on a pressure gage.

-y |
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Gound and flight tests. - A detailed description of the instal-
lation and Instrumentation of the V-type, liquid-cooled aircraft
engi ne used in the tw n-engine fighter airplane for a previous inves-
tigation of induction-systemicing is given in reference 3 and nuch
of the same instrumentation and equi pment wag used for this investi-
gation. In addition, thermocouples Were installed .the cylinder
heads %gproxinately three-sixteenths inch from the inner surface of
the conbustion chanber between the exhaust-valve geats. (See fig. 3,)

Instrumentation was provided to measure free-air tenperature,
pressure altitude, and airspeed. For the engine, instrumentation was
installed to measure engine speed, carburetor-inlet-air tenperature
and preseure, manifold mxture tenperature and pressure, cylinder-
head temperatures, compensated and uncompensated Metering suction
differential pressure, m xture setting, cool ant tenperature, and
cool i ng- ai r temperature.

Pressures and temperatures were recorded by standard NACA pres-
sure recorders and a recordi ng potentiometer, respectively.

The uncompensated metering suction differential pressure of the
specially calibrated carburetor was used to determne the charge-air
fl ow through the carburetor, and the compensated netering auction
differential pressure to determine fuel flow A special mixturs-
control disk was installed on the carburetor to obtain accurate fuel-
air-ratio control and a differential-pressure gage was installed in
the cockpit to indicate the conpensated metering suction differentia
and thus enable the pilot to set desired fuel-air ratios.

Prior to flight, a ground check wes made of engine performance
with spinner fuel injection throughout the power range fromidling
to take-off power in order to insure snooth and detonation-free
operation

Conparative flights were nade at an altitude of approxi mately
10,000 feet with the spinner fuel-injection system and t he standard
system  The drilled-inducer fuel-injection system was not investi-
gated in flight,

The program included f£lights at | owcruise and high-cruise power
conditions with varying fuel-air ratio and £lights at various powers
up to rated engine power Wth specified fuel-air ratios. Ease of
starting and acceleration were noted throughout the investigation.

Data were recorded for each 3z-minute period after conditions were
stabi |i zed. 2
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RESULTS AND DI SCUSSI ON

Date obtained fromoperation of the [aboratory engine with both
modified fuel-injection sysgtems and with the gtandard systemare com
pared in table |. Oyer the power range investigated, engi ne operation
wag gatiafactory W th efther of fhe modified injection systems.

An erfect of the two nodified fuel-injection systems on carburetor
nmet eri ng characterigtics is indicated by variations from t he standard
fuel -nozzl e pressure, ag shown in teble |. The fact that operation
with both nodifisd systems resulted in lower fuel-nozzle pressure for
a given fuel flow at constant air-flow conditions is partly attributed
to the reduction in back pressure obtained by cropping the pintle head
of the standard fuel nozzle (figs. 1 and 2). ©On a standard carburetor
W t hout variable mixture-control disks, the effect of the reduced fuel-
nozzl e pressure of the nodified gystems woul d be an increase in fuel -
air ratio and woul d reguire apprecpriate adj ustnents in metering jets.

No apparent change in general engine gpers ting cliaractsristics
oocurred during the ground tests using spinner fuel injection t hrough-
out the entire power rango from idling to take-off. Eage of starting
was not affected at the prevailing carburetor-air tenperatures (52°
to 76° F) and no edverse ef fect on engine accel eration was detected.

The maxi mum and minimm cylinder-head temperatures and tenpera-
ture spread resulting fromtwo of the flights at an approxinmate alti-
tude of 10,000 feet are presented In the followingz table for both the
standard end spinrier fuel-injection systems throughout t he range of
engi ne power:

f
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Mani f ol d tEngine Tenperat ur e
Fliaht |z [BEE88EEE speed (°F)
'9 (gn~| Eg |(rpm) [Cool - Car bur et or Cylinder head
absol ute) ant  [inlet airfyaximim M ni num Spread
Stand wd fuel injection
3 1 24.9 2200 | 225 57 401 340 61
3 2 29.9 2180 | 223 62 419 347 72
3 |3 35.2 | 2240 | 222 67 448 367 81
3 4 33.9 2540 | 222 17 450 36% 82
3 5 43.2 2540 | 221 82 452 371 81
3 8 50.1 2800 | 222 92 472 383 89
3 7 53.8 2940 | 224 100 485 392 93
Spi nner fuel injection
1 1 24.6 2180 | 224 55 403 340 63
1 2 30.0 2160 | 221 54 426 352 74
1 3 34.7 2280 | 223 | 64 453 373 80
1 4 39.7 2560 | 221 74 452 371 81
1 5 42. 7 2580 |, 221 79 458 376 82
1 6 49. 8 2800 | 220 93 496 389 107
1 7 53.7 2960 | 222 94 492 399 93

No appreciable variation in the spread of maxi mum and m ni num
cylinder-head tenperatures occurred at a given pewer condition for
the standard and spinner fuel-injection esystems except between the
conparable runs at nanifold pressures of 50.1 and 49.8 inches of
mercury absol ute and engine speed of 2800 rpm where an unaccountabl e
variation of 182 F occurred. For the remaining six power conditions,
the maxi mum di fference in spread was only 2° F. Because of the snal
average variation between the spread of 'maxi num and minimum cylinder-
head tenmperatures for both fuel systemg, it can be concluded that the
spinner fuel -injection systemcaused no 'adverse effect on mxture
distribution. The spread between maxi num and m ni num cyl i nder-head
tenperatures for a given engine power condition cannot be taken as a
direct criterion of the uniformity of mixture distribution because
the thernocouple installation in the cylinder heads, although suiteble
for comparing the effects of a change in fuel-air ratio, was not
accurate enough for an absol ute evaluation of mixture distribution

- When other conditions are equal, uwniform mixture distribution in
a nulticylinder engine insures simlar response of each cylinder tem
perature to variations of fuel-air ratio. On this basis, the spinner
fuel -injeotion.system gave slightly better results than the standard
system. A comparison of individual cylfnder-head tenperatures with
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varying fuel-air.rati os at menifold pressures 0f 25 and 35 inches of
mercury absolute ig presented in figure 4. At the | ow power condi-
tion (fig. 4(a)), no appreciable deviation between the trends of
cylinder-head tenperatures ooourred for either fuel-injection system
At the high power condition (fig. 4(b)) when the etandard system was
used, however, cylinders 4, and sR di d not show responaes Sinilar to
the ot her oyI|ndere whereas, the use of the spinner fuel-injection
system resulted in uniformresponse of all cylinders over the fuel-
air-ratio range

Figure 5 pregents a conparison of cylinder-head tenperature8
t hroughout the ran?e of engine operating conditions for each of the
fuel system erences i n cool ant tenperature, carburetor-inlet-
air tenperature, and fuel-air ratio noted with the curves account for
small changes i n cylinder-head tenperature; however, the curves for
spi nner and etandard fuel injection for each power condi tion closely
follow the semepattern indicating that the spinner fuel-injection
oaueed no adverse effect on mixture dfstribution over the power range
of the engine

Complete flight tee-t data are given in table II.

SUMMARY OF RESULTS

The operational characteristics of two modified fuel-injection
systens that have been shown to reduce the icing associated With fue
evaporation were-investigated on ground test atande and in flight and
the fol |l ow ng results were obtained:

1. The spinner fuel-injection system did not effect engine
starting end accel erati on characteristice on t he ground.

2. During the flight investigation, epinner fuel injection pro-
duced a spreasd between maximwm and minimum cylinder-head temperatures
within 2° F of that obtained with the standard system except for one
power condition where the spread of the former was 18° F hi gher.

3. Variation of fuel-air ratio at mani fol d pressurss of 25 and
35 inches of nercury absol ute using apinner fuel injection produced
a similaer response Of all cylinder-head temperatures | ndi cating
uniform m xture dietribution

4. Throughout the power range of the engine, spinner fuel injec-
tion caused no significant change in mixture distribution baaed on
a comparigon of indfvidual cylinder-head tenperatures.
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5. Both nodified fuel-injection systenms operated with less fuel-
nozzl e pressure than the standard systemrequired and appropriate
adj ustment s in metering jets woul d be necessary t o nai ntai n nor nal
metering characteristics of the carburetor with standard mixture-
control disks.

Aircraft Engine Research Laboratory,
Nat i onal Advisory Committee for Aeronautice,
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Mechani cal Engineer.
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TABLE I ~ COMPARISON OF ENGINE OPYRATION WITH STANDARD AND MODIFIED FUEL~INJECTTON SYSTEMS

B3OISH "ON HWE VOVN

EnglnelManifold Air [Fuel TFuel-|Breke |Exheust |Carbu- |Super- |Fusel- |Fuel-
gpeed |prespure flow| flow|air |horse-|back retor- |charger-|pump |nozzle
(rmu)| (in. Hg&| mixture (1b/| (1b/ | retio | power | pressure |inlet- |oubtlst |pres- |pres-

Run abgolute) setting sec) [sec) (In. Hg |air temper- |sure |eure
sbsolute) |temper- |ature  |(1b/sq (1b<sq

ature °r) |in.) |in.
(°F)
Standard fusl Injection

1600 25,2 Mo, lean|0.70{C.052,0.075| 383 29.98 68 g2 17.0 4.0

€9 | 1870 25.4 Auto. lesn| .75| .056| .O75| 403 30.08 £8 95 17.5 4.0
70 | 2300 3z.0 Anto, rich| 1,32 .103 .078 | 687 31..63 70 113 18.0 3.7
2300 32.2 Auto. lean| 1.31 .093 ,072 | 697 31.83 71 117 13.0 5.6
2600 39.8 Anto, rich| 1.90 .175] .092 | 981 33.78 71 118 18.0 3.0
3000 40.0 Auto, rich| 2. .185 .089 | 971 34,83 72 158 18.5 2.9

Spinner fuel injJectlon

1600 25.0 tuto, lean [0.71,0,052[0.073 | 378 29.70 57 80 17.0 3.5

1870 25.2 Auto, lean| .80| .057( .071 | 413 29.70 52 88 8.0 3.5
23500 31.8 Auto, rich| 1.29 .10 .077 | 683 31.20 50 100 8.0 3.3

54 | 2300 32.0 Auto, lean | 1.29 ,092 .071| 679 31.20 50 104 3,2
596 | 2600 40.0 Auto. richl.84| ,169| .086 | 984 53.30 50 100 2.9
57 | 3000 40,0 Anto. rich{l.98| .182| .092 | 951 33,70 48 132 2.7

¢Drilled-inducer fuel injection

58 | 1600 25.0 Anto, leeni1.89(0.052|1.075 | 372 29.80 80 94 3.2
59 | 1870 25.2 50. lean fL,77| ,0857| .074 | 405 29.95 77 103 3.2
60 | 2300 32.2 Ato, rich {1.34] ,104| .078 | 700 31.70 75 117 2.9
61 | 2300 31.9 duto. lean H.30| .097| .074 | 683 31.68 80 123 2.9
62 | 2600 40.1 Auto. rick 1.90) ,168| .088 | 70 33.70 78 126 2.4
63 | 3000 40.2 Auto. rich ,0L| .182| .090 | 951 34.40 85 180 2.1

NATTONAT, ADVISORY COMMITIEE FOR AERONAUTICS
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TARLE 11 - RESOLTS OF FLIGHT INVESTIGATION CF STANDARD JRD SPINKER FURL-INJECTION SYSTEMS ON
Y=TYFE, LIQUID-CCOLID ATACRAFY EXIINE

"ON HNY VIOVN

etrD1 93

twl [frue Pressure [Troe |Engine|Manifold Carburetor-(Charge - | hal [Foel-ai °r) sl o
gystem |freee (altitnde [alr- [speed |ppresure deak alr flon | low ratin oling [Coolant, [Fuel ~ ure [___ _ Right
asr | (ft) |apeed|(rpm) |(in. Bg | presanre [{1t/nr) | b/hr) air “ttor | at 17273 hﬂh s 6| 1] 2] 3[ & 5
(mph) ibs,) {in, Hg nlet | wifeld
m abe.) alr

1) {Spdmmer | 8 9,590 | 2% | 280 | 4.6 21.1 k- A1 | 0063 | AS 2 |78 |55 UL B Y7 ] 196 38| 00 38y 362
2 » 10,070 | 286 | 260 0.0 21.3 859 2 062 AS 22 72 | 56 103 11 (A6 A26 R16JLOS|A06 | 419 352} L1A| k17| 397| 377
3 3% | 10,090 | 29¢ | 04 | N7 23.9 5155 » 069 "] 223 |81 | o4 m bl ahh Thh8 ik (429 427 | A5 Y7 K51 & 53] 432|411
& N 9,970 | 309 | 2580 ».7 5.2 7330 617 08 52 21 [N | 12¢ hi) (647 [u43 Ak |20 |628 | A5 3T £29| 406
5 3 | 10,080 | 17 | 2560 | &2.7 7.1 T 78 086 | 52 21 |8l |m 134 455 |4AT [152 R52]832]030 | 458 376 A38 419
6 77 | 10,105 | 135 | 2800 | &9.8 2.3 951L 8% Qe | 2 20 |m |93 165 496 (175 476 B74 |456 (453 | 4801 389 h56] 424
L » 'y 939 | 2960 53.7 0.7 132 B96 |.M 52 22 |no | 9% 15 A92 |49] 92 881159 (867 | 491 399 AG7 21
| foptmner |17 [ 20,5 [220 |00 | 29 | 200 wmer | o [V | s [ 22 [0 |es | me | a95]3es s pes|aer|ses| 3ee] ax 306 364
2 Lb 10,170 | 237 | 200 4.9 20,8 382 268 .09 Sk 219 8 |65 116 D0 160G [L0Q W00 | 392 | 368 | 4Gk 0] 2901 368
3 &5 | 10.195 | 2% 24,0 20,8 P2 203 O | W a2 |7k |81 10 T |97 |97 7|61 | a0 w0 19l 39
A 45 | 10,000 | 23 | 200 | 2.8 209 385 290 O | 52 as |77 | o nz 35 (196 [196.Pos | 388|385 | 401 377 88| 366
5 & |10,13 |3k | 2200 | 25,0 0.9 %20 296 0% | A3 | |62 107 94 |95 %4 P94 (388|344 | 400 377 389] 368
6 45 10,105 | 2% | 2200 | 24.7 20.9 o6 300 .on 3] 29 |76 | & 109 3019¥0 K] [l |385|382 | 3971 33 15| 38a[ 366
7 &5 10,115 | 4] | 2200 2.9 20.9 A 308 ] =2 219 5| 62 un 3BT 267 |38 388 382 | 379 | 397| 339|393 93| 384|363
B &5 10,130 | 205 | 220 XA 2.9 5450 38 063 b1 220 ™| j-7% 3 1% LAO LU0 |29 426 | 49| 365 2| 98
9 [YY 10,155 | 289 | 2280 .8 23.9 wn % 010 7 220 M| 19 hhL WAL [RA) BAL 830|427 | Mk3| 367 WX 409
10 4 | 10,195 | 290 | 20 | 35.2 2L.2 5718 435 on | s 2 | |m .| 1 R0 (A0 A0 Bk0 1829 (425 | 404 268 Ax|aoy
n & [ 10,130 | 289 | 2200 | 3.8 239 5666 Lo8 002 | & ar || 1u7 A3 133 33 33 [n24 (420 | 439 263 125|400
12 W [10,13 | 20 | 28 | 35,2 Y. 2 <L 412 O | % 2 | |me 19 &7 (637 (38 KO8 (427 [R2 | 4k2] 366 &30{ 403
13 M [ 10,130 e | W.B 23.9 7% 120 On | 57 29 |74 |78 Do [4BRD BT RIS W21 | 439 26 &26] L0
% My 10,12 280 15,1 2.2 724 w13 O 5 2 &% |7 114 AN AR K212 A8 ] 48] 362 W25 &00
31 Btandard! W (10,090 | 238 | 22w | 2.9 20.9 w5 | 22 |o084 | 47 2 |m|m 113 [0 koL 00 k0o (393|389 | 400 340 0| %68
2 'n 10.170 | 260 | 2140 29.9 31.0 W ] 06k L7 2) |73 |62 109 419 [L18 119 123 |60 402 | 4L1] K7 9| 36
J A 10,145 | 290 | Z0 35.2 23.7 13 03 070 A5 w2 @ | 67 1o &h7 (W7 KAT A6 433 130 | Akb] 367 WY1 A07
b ©3 | 10,115 [ 308 | a0 | w9 25.1 7250 05 08 | 8 2 |m|m 12 L0,9 [hh8 ki a9 WL 029 | k9| 68 40| s08
5 k] 10,185 320 | 250 L3.2 F o8] e &80 0 55 22 n|n 137 A52 l50 (651 K51 145 32 | A52] 371 L3T7{uD8
b Y | 10,145 335 | 2800 | 501 29.3 9500 ) 088 | 5 22 |12 | % 167 468 [0 k70 k7o lasa s | 47138 4S5|a22
7 r 10,1k5 | 30 | 2940 53.8 3.2 10409 “0% 08T & R 73 a 186 W8] WB2 L B8 W71 (A6T | ABL| D92 W09 A3
Cl  Ptandard| a2 | 10,420 | 215 | 2200 | 2.8 20,7 3457 250 | 0,065 | A2 20 |85 |7 108 7 (W7 7 pos s 385 | we1 37 306363
2 A 10,435 |2 | 20 24,8 0,7 72 nh 0n &0 g B |5 106 00 0% k0O 10D (391 |39 § 401399 00 Wb
3 42 | LOA85 | 29 | 200 [ 4.8 20.b 3820 3 7k 18 0 |73 |57 104 37 (97 |97 o7 |39 327 ] 399338 8| 364
A &l 10,30% | I | 220 .8 20,86 ke ] xo 078 A2 ne n | s 101 HLIPLIF1 D983 (a2 ] 397|330, 384|363
5 [+ 10,%5 | 229 | 2200 24.5 2.6 3867 k7Y o w 17y 69 | 55 9% 38 38 84, P, (377 |376 § 3901332 m|n
b &l 10,85 |28 | 200 .6 20,8 3630 295 e 12 218 70 | 56 1M 391391 W1 P91 |aas 8L 1 395336 5,363
7 %0 | 10,20 | 225 | 200 | 2.5 2.7 o5 b ] Q75 | &l 219 |89 | s 100 393|197 593 P93 (386 A3 ) 395|337 %9 | 19 385 364 !
. K0 110,220 | 2% | 2200 | .8 1,8 510 %2 063 | kS ng |73 |63 10 438 .08 KO8 138 K25 W23 | A35]303{4351475]|420] 6
g A0 | 10,155 | 273 | 2260 | Wu.P 23,8 5Tl Lo 070 50 209 |76 |65 108 438038 .38 L3R 1590 028 | 40| 3661440003427 403
10 [ 10,155 | 276 | 2200 .7 217 sa92 AL} o2 [X] bl b 107 &7 1037 |37 |37 (626 2] | ka0 36{ 40| 4L0) 4251 403
1 Al | 10155 |75 | 2260 | %.7 23.7 5757 121 013 | 50 Ne | b 107 WY L ke b7 os 122 ] end 268 jasd | nal [426]403
12 Al {19,155 | 276 | 2280 | W7 23.7 =711 L53 09 | W9 Ay |2 104 w27 25 k26 k2o (6 17 | 3 (36! |4 % |03 |022] 399
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V~type, liquid-cooled aireraft engine with varying fuel-air ratio at altitude of 10.000 Pert.
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COMMITTEE FOR AERONAUT ICS
Fuel Manifold Cool ant Carburetor- Fuel-air
i njection pressure tenpera- inlet-air ratio
(in. Hg ture temperature
absol ut e) {oF) (°oF)
o Spinner 53.7 222 94 0. 086
g Standard 53.8 224 100 «087
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(a) Mamifold pressure, 64 inshes of mercury absol ute.

Figure 8. = Conpari son of sylinder-head t enperat ures of V-type, liquid-
cooled ai rcraft englne ataltitude of 10000feet using standard and

spinner fuel-injection systems.
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Fuel Manifold Cool ant Carburetor- Fueleair
injection pressure GULempera~ imlet-air ratio
{in, Hg ture  temperature
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o Spinner 42,7 221 T9 0,086
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(b) Manifold pressure, 43 inches of mercury absol ute.

Figure 5.

- Conti nued.

Comparison of cylinder-head tenperatures of V-type,

[i qui d-oool ed airoraft engine at altitude of 10,000 feet uwsing standard
and spinner fuel=injection systens.



NACARM No . E6LO4a

Fig
) NAT IONAL ADV ISORY
l COMMITTEE FOR AERONAUTICS
Fuel Manifold Cool ant Carburetor- Fuel-air’
injection pressure tempera~ inlet-air ratio
{in. Hg ture temperature
absol ute) (oF) (OF)
O Spi nner 34.7 223 64 0. 069
o Standard 35.2 222 67 +070
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Figure 5. = Continued. Conparison of cylinder-head tenperatures ef V-type,
liquid-cooled aircraft engineat altitude of 10,000 feet using standard
and spinmer fuel -inj ecti on systems.
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figure Se= Continued. .Comparison of cylinder-head tenperatures of V-t

13;3ui d-cool ed aircraft enaine at altitude of 10,000 feet using standaFr
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Fuel Manifold Cool ant Carburetor- Fuel-ail-
injectian pressure tenmpera- inlet-air ratio
{in. Hg ture tenperature
absol ut e! (°F) {°F)
R o Spi nner 24.6 224 55 0.063
T g Standard  24.9 225 57 054
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Figure 5. - Concluded. Conparison of cylinder-head tenperatures of V-type,
liquid-cooled aircraft engine at altitude of 10,000 feet using standard
and spinner fuel-injection systems.
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