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SUMMARY

Two modified fuel-injection systems, a drilled-inducer type and
& splnner type, that prevent serious fuel-eveporation icing were
installed on & V-type, liguid-cooled aircrart engine- end a preliminary
Investigation was conducted to determine the effect on engine operating'
characterigtics. The spinner system was algo ground- and flight-tested
on a twin-~engine fighter alrplane. Flight measurements of cylinder-
head temperatures over a rangs of fuel-air ratlos and engine power
conditions were mads at an altitude of approximately 10,000 feet,

/ Starting and acceleration of the engine on the ground were
unaffected by the fuel-injection modifications. During the flight
investigation, no appreciable variation occurred between the maximum
and minimum cylinder-head temporatures with the standard and modified
system for 'the same pover condition and no irregularity of mixture
distribution could be dstocted throughout the power range of the engine
Rormal mixture digtribution was also indicated by a similar response

of cylinder-head temperaturss for variations of fuel-air ratio at
manifold pressurés of 25 and 35 inches of mercury ebgolute, - ,

Both modified fucl-injection systems required less fuel-nozzle

pregeure than the standard system to obtaln the desired fuel-alr ratio
for a given air-flow condition.

INEROTDUCTION
An investigation of the icing characteristics of an aircraft-

engine induction system in a laboratory setup consisting of a super-
charger assambly and a carburetor resulted in the design of two

UNAVAILABLE
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fuel-injection modifications, & splnner fuel-injection system and a
drilled-inducer fuel-injJection system, both of whlick satiefactorily
prevent the formation of fuel-evaporation icing (references 1 and 2).

An electric. motor was used to drive the englne-stage supercharger
during lcing investigations to avold operation of the entire englne.
The investigation was extended, using both fuel-injectlion modificae-
tions on a full-scals laboratory engine, to determine whethsr the
modifications affectel carburetor metering and general engine perform-
ance. The splnner system was further investigated on an alrplane

during ground and flight tesgts to obtain a comparison of engine oper-

atton with the gtandard system.

The results are baged on obgervatlons of the eage of starting
and acceleraiion of the engine, ag well as on meagurement of the
cylinder-head temperatures, which roughly Ilndicate the nature of mlx-
turse distribution to the cylinders.

APPARATUS AND PRCCEIURE

Svinner and drilled-inducer fusl-inJjection ayetems, -~ In the
gpinner fuel-injection system (i'ig. l), the fuel pagsgea from the
standard injection nozzle through a speolal fuel-transfer tube to a
spinner that.1s mounted on a special externally threaded Iimpeller
retaining nut. The fuel ig radlally discharged by centrifugal force
into the spaces between the vares at the—face of the Impeller,

The drilled-inducer Tuel-injection system (fig. 2) is similar
to the spimmer gystem except that the fuel passes from & splmner
through drilled pasmsges In the inducer part of the impeller and is
then dlscharged between the impeller venes approximatuly thirteen-

‘xteenths in¢ch from the impeller face, =~

Detaile of the parts used for eack modification are given in

rererence 2.

Preliminary engiii® tests. - A multicylinder engine was opsrated
in the laborstory with both modifled systemsa prior to installation
on the airplane 1n order %o insure satisfactory flight operation,

A water brake was used to sbsorb and measure the power output; an
orifice was provided for measuring inductlon-system alr flow; and a
rotameter was ingtglled in the fuel system for fuel-flow measuremsnt
Thermocouplea were uged to measure carhurctor-inlet-air temperaturs
and supercharger-outlet mixture temperature. Manifold pressure and
exhaugt back pressure vere indlcated on mercury manocmetsrs and fuel-
nozzle pressure waa indicated on a pressure gage.

-y |
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Ground and flight tests. - A detaliled description of the instal-
lation and instrumentation of the V-type, liquld-cocled aircraft
engine used in tiie twin-engine righter airplane for a previous inves-
tigation of induction-gystem icing is given in reference 3 and much
of the same instrumentation and equlpment wasg used for this investi-
gation. In addition, thermocouples were instelled in the cylinder
heads approximately three-sixteenths inch from the innsr surface of
the combustion chamber between the exhaust-valve seats. (See fig. 3.)

Ingtrumentation was provided to measure free-air temperature,
pressure altitude, and airspeed. For the engine, instrumentation was
installed to measure engins speed, carburetor-inlet-alr temperature
and pressure, manifcold mixture tempersture and pressure, cylinder-
hoad temperatures, compensated and uncompensgated metering suction
differential pressure, mixture setting, coolant temperature, and
cooling-air temperature. .

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

The uncompensated metering suctlon differential pressure of the
gpeclially calibrated carburebor was used to determine the charge-air
flow through the carburesor, and the cumpensated metering suction
differentlal pressure to determine fuel flow. A special mixture-
control disk was installed on the carburetor to obtain accurate fuel-
alr-ratio control and a differentlal-pressure gage was installed in
the cockplt to indicate the compengated metering suctlon differential
and thus enable the pllot to set desired fuel-ailr ratios.

Prior to flight, a ground check wes msde of engine performance
with spinner fuel injectlon throughout the power range from idling
to take-~off power in order to insure gmooth and detonation-free
opsration.

Comparative flights wers made at an altitude of approximately
10,000 feet with the spinner fuel-injection eystem and the standard
system. The drilled-inducer fuel-injection system was not investi-
gated in flight, -

The program included flighte at low-cruise and high-cruise power
conditlons with varying fuel-air ratio and flights at various powers
np to rated engine power with specified fuel-alr ratios. Fase of
starting and acceleration were noted throughout the investigation.

Data were recorded for each 3%—minute period after conditions were
stabllized, ’
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RESULTS AND DISCUSSION

Data obtained from operation of the laboratory engline with both
modified fuel-injectlon gystemg and with the gtanderd syctem are com-
pared in table I, Over the power range investigated, engine operation

wag satlafactory with either of the modified injection systenms.,

An effect of the two modified fuel-inJection systems on carburetor
metering characterigtics is indicated by variations from the standard
fuel-nozzle pressure, as shown In teble I. The fa¢t that operation
with both modified systems resulted In lower fuel-nozzle pregsure for
a given fuel flow at comstant air-flow condltions is partly attributed
to the reduction in back pressurs obtained by cropping the pintle head
of the standsrd fuel nozzle (figs. 1 and 2). On a standaerd carburetor
without variable mixture-control disks, the effect of thes reduced fuel-
nozzle pressure of the modified pystems would be an increase in fuel-
alr ratio and would regiire apprecpriate adjustuents in metering Jets.

No apparent change In general engine operating charactsrlstics
ococurred during the ground tests using spinner ruel injection through-
out the entire power rengo from idling to take-off. Fage of starting
was not atfected at the prevalling carburetor-air temperatures (52°
to 76° F) and no adverse effect on engine acceleration was detected.

The maximum and ninimm cylinder-head temperatures and tempera-
ture spread resulting from two of the flights at an approximate alti-
tude of 10,000 feet are presented in the following table for both the
gtandard and gpinnier fual-injection sygtems throughout the range of
engine powery : . o -

.
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Manifold (Engine Temperature
Flieht pressure |speed (°F)
&b (%n'iﬂf ) (rom) [Gool- |Carburetor Cylinder head
absoute ant |inlet air MaximumlMinimum Spread
Standard fuel injection
3 1 24.9 2200 | 225 57 401 340 681
3 2 29.9 2180 | 223 62 419 347 72
3 3 35.2 2240 | 2za2 67 448 387 81
3 4 39.9 2540 | 222 77 450 368 az
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 3gz2 93
Spinner 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 2580 2zl 74 452 371 81
1 S 42.7 2580 gal 79 458 376 82
1 8 439.8 2800 | 220 93 496 389 107
1l 7 53.7 2960 222 94 492 399 93

No apprecisble variatlon in the spread of maximum and minimum
cylinder-head temperatures qccurred at a given power condlilon for
the gtandard and splnner fuel-inJjection aystems except between the
comparable runs at manifold pressures of 50.1 end 49.8 inches of
mercury absolute and englne speed of 2800 rpm where an unaccountable
variation of 18° F occurred. For the remaining six power conditioms,
the meximum difference in spread was only 2° F. Because of the small
average varliation between the spread of meximum and minimum cylinder-
head temperatures for both fusel systems, it can be concluded that the
spinner fuel-injection system caused no sdverse effect on mixture
digtribution. The spread between maximum and minimum cylinder-head
temperatures for a glven engine power condition cannot be taken as a
direct criterion of the uniformity of mixture dlstributlon because
the thermocouple installation in the cylinder heads, although sultable
for comparing the effects of & change in fuel-air ratio, was not
accurate enough for an absolute evaluation of mixture distribution.

-~ When other conditions are equal, wniform mixiure distribution in
a multicylinder engine insuvres similar response of sach cylinder tem-
perature to varlations of fuel-alr ratio, On this basis, the spinner
fuel-injection system gave glightly better results than the standard
system. A camparison of individusal cylinder-head temperatures with
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vexrying fuel-air ratios at manifold pressures of 25 and 35 inches of
mercury absolute is pregented in figure 4. At the low power condi-
tion (fig. 4(a)), no appreciable deviation between the trends of
cylinder-head temperatures occurred for either fuel-injection system.
At the high power condition (fig. 4(b)) when the standard system was
used, however, cylinders 4L and SR did not show responses similar to
the other cylinders; whereas, the use of the splnner fuel-injJection
system resulted in uniform response of all cylinders over the fuel-
air-ratlio rangse.

Filgure 5 pregents a comparison of cylinder-head temperatures
throughout the ranges of engine operating conditions for each of the
fuel systems. Differences in coolant temperature, carburetor-inlet-
alr temperature, and fusl-air ratic noted with the curves account for
small changes In cylinder-head temperature; however, the curves for
splnner and standard fuel inJection for each power condition closely
follow the seme pattern indicating that the spiuner fuel injection
cauged no adverse effect on mixture dfstribution over the power range
of the englnse.

Complete flight test date are given in table II.

SUMMARY OF RESULTS

The operational charecteristica of two modified fuel-injection
systems thet have been ghown to reduce the icing asasociated with fuel
evaporation were-investigated on ground test stands and in flight and
the following results were obtained:

1. The spinner fuel-injection system did not affect engine
starting and acceleration characteristice on the ground.

2. During the flight investigetion, spinner fuel injectlion pro-
duced a gpread between maximum and minimum cylinder-head tempsratures
within 2° F of that obtained with the standard system except for one
power condition where the spread of the former was 18° F higher.

3. Variation of fuel-air ratlo st menifold pressurss of 25 and
35 Inches of mercury abasclute using apimnner fuel injection produced
a simllar responge of all cylinder-head temperatures indicating
uniform mixture dlstribution.

4. Throughout the power range of the engine, spinner fuel injec-
tion caused no significant change in mixture distribution based on
a comparison of individual ecylindesr-head temperatures.

aw
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5. Both modified fuel-injection systems operated with less fuel-
nozzle pressure than the gtandard system required and appropriate
adjustments in metering Jete would be necesgsary to maintain normal
metering characterigticg of the carburetor with standard mixture-
control disks.
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TABLE I ~ COMPARISON OF INGINE OPFRATION WITH STANDARD AND MODIFIED FUEL-INJECTION SYSTEMS

InginslMenifold Alr jFuel |Tuel-;Brake |Exheust |Carbu~ |Super- |(HFuel- |Fuel-
agpeed |presgure flowflow | air |horse-| back retor- jchargsr-|pump |neczzle
(rpn) |(in. B8 | wyyture |(10/|(1b/ |retio|power | pressure |inlet- |outlet {pres- |pres-
Run abeolute) setting pec) |sec) (in. Hg {air tempsr~ lsure |eure
sbsolute) |temper-{ature {{1b/sq (1b(sq
ature (°F) {in.) |in.
(°F)
Standard fusl Injection
68 { 1800 25,2 Mo, lean|0.7010.052;0.075] 383 29.98 68 82 17.0 4.0
83 | 1870 25.2 Auto. lean| .75) .056] .075) 403 30.08 E8 25 17.5 4.0
70 | 2300 32.0 Auto, rich)l1,32] .103} .078)} 697 51.63 70 113 18.0 3.7
71 | 2300 32.2 Auto, lean{l.31{ 093 ,072| 697 31.63 71 117 18.0 5.6
72.1 2600 39.8 Anto, rich|1.90f .175] .092| 981 33.78 71 118 18.0 3.0
73 | 3000 40.0 Auto, richi2.04 183} ,089) 971 34,63 72 152 18.5 2.9
Spimner fuel inj)ection
52 | 1600 25.0 |futo, lean 0.71;0,05210,073} 378 29,70 57 80 17.0 3.5
53 | 1870 25.2 Auto, lean| .80{ .057{ .071] 413 29.70 52 88 18.0 3.5
55 | 2300 31.8 Auto, richil.29) .100} .077| 683 31.20 50 100 18.0 3.3
54 | 2300 32.0 Auto, lean{l.29} ,092} .07L1} 679 31.20 50 104 18.0 3.2
56 | 2600 £0.0 Auto. richil.54] .162] .086 | 984 33.30 80 100 18.0 2.9
57 | 3000 40,0 Anto. rich|1.98| ,182] .092 | 951 33.70 48 132 18.5 2.7
Drilled-inducer fuel Injection
58 ¢ 1600 25.0 Auto, leen |0.69 {0.05210.075 ] 372 29.90 80 94 17.4 3.2
53 {1870 25.2 o, leani .77 | ,087{ .074 ] 405 29.95 11 103 17.5 3.2
80 | 2300 32.2 Anto. rich [L.34] ,104| .078 | 700 31.70 75 117 18.0 2.9
61 | 2300 31.9 fnto, lean ]1.30} .097{ .074 | 683 31.68 80 123 18.0 2.9
62 1} 2600 40.1 Auto. rich J1.90| .168] .088 | 870 33.70 78 126 %8.0 2.4
63 | 3000 40,2 Auto. rich 2.0L ] .182; .090 | 951 34.40 85 160 18.0 2.1

NATTONAT, ADVISORY COMMITTEE FOR AERORAUTICS
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TABLE II - RESOLTS OF FLIGHT INVESTICATION CF STANDARD AND SPIMNER FURL-INJECTION SYSTEMS ON
Y=TIPE, LIQUID-CCOLID ATACRAFT ENIINE
Fiight | Poel  [Proe [Pressure [True |Engine [Manifold [Carboretor- [Charge — | Futl  [Foel-air ature (°F) —_-__Lrlinder-hesd wemmoratyre (° F)
and  [system |free- [aYtitude juir- [speed [ppresure| deck alr flow | Nlow | ratic [Ccoling [Coclant [Fuel [Carbu- ure |____ Ment
ren air | (ft) |apeed|{rpm} |(in. Bg are |{1t/hr) Xlo/hr) air retor | at 11273 hﬂk s]Te | 1] 2] 3] & 8
. (mph } abs.) {in. Hg inlet [manifeld
m abs.) air
1-1 r|® | 9,990 | 2% | um0 | .6 21,1 k- 23 | 0.003 | as 20 |78 |55 M 402400 (03 196|388 383 38y 342
2 k) 10,070 | 28 | 60 0.0 21.) 859 ki 02 A5 22 72 | 5 103 L111424 tA26 R16 |05 408 L1A| K17] 397 377
3 % | 10,090 | 290 | 2880 | N7 23,9 5755 x4 069 Y] 22) |61 | o m b bk thAB ik [429 427 53 AR ML
h b ] 9,970 | 309 | 2580 | 3.7 5.2 7330 817 NN 52 21 N | ™ 124 k) (b3 43 AL | 2% Ja2h b8 L29] 406
s 37 | 10,080 | 7 | 2580 | x2.7 F ™% 878 /086 | 52 2 |8 ™ 13 455|047 452 52 |a32{a30 h55) 498 419
& n 10,105 | 335§ | 2800 A9.8 2.} 91LL L3 06T a1 220 8 |93 165 496|476 [hT6 R7A |456 |45 476 N73| 456] A2
7T » ) 339 | 2660 £3.7 3.7 10432 896 086 £2 22 n | 9% 143 A92 |L91 92 W88 |59 (467 L89| A85| A67] 420
=1 r | k7 10,1L5 | 229 | 2200 24.9 20.9 7 sy 0.063 Sk Fri} A0 | &5 us 335195395 P93 |3aT|3es 93| 195| 306| 5%
2 2 10,170 | 2377 | 100 4.9 20,0 3862 28 008 54 219 a | & 14 4001400 |LO0 K00|392 | 368 400| 3901 368
3 A5 10,195 | 23 | 2200 25,0 20,8 na 203 K 59 22 Th | 81 uo NT |WT |77 P71 | b 5| 199| 39| W9
A A ] 10, 2% | 200 | 2u.8 20.9 385 20 08 52 bk 77 | % n2 395 (396 | 396.D96 | 304 | 385 7| 397 288 366
5 &% 10,120 | a1 | 2200 | 25,0 20.9 ¥ =6 N 51 a9 |7 |62 1w 14|16 Dok 94 388384 08 18| 369] e
6 45 10,105 | 23 | 2200 2,7 0.9 Bo6 300 o7 53 219 % | & 10% 3901990 1391 ) |385 | 382 15| 3856 W06
T &5 0,08 | 24 | 200 24,9 20,9 3901 Jo8 O 52 219 RE o7 367 (287 |28 paR 3/ (379 93| 24| 353
B &5 | 10,130 | 2085 | 2200 | .M 3.9 <650 38 063 57 20 |7alTe L, A9 477 LAO F4O[429 426 LA0| 424|398
9 Ay 10,145 | 289 | 2380 .8 23.9 wn bt ] 010 5 220 7T 19 AbL GAL fhAT BAT 430|427 L4641 430 43I
10 Ay 10,193 | 290 | 1200 35.2 2.2 57118 45 .on 7] 21 | - n &40 (G40 (A0 BA0 1829 [a25 M| a3 40T
n Iy 10,130 | 209 | 22M x.2 23.9 bbb 408 .n2 5 a7 ™| 17 &3 R33 W33 X3 a2k (420 N0 A25| L,OO
12 4 {20,230 |00 | 22m | 35,2 2%.2 L, 412 Oor | s 2 |m |7 19 A7 (637 (8 R (427 [a2y hh3|&30{ 403
13 [*N 10,130 | 289 | =M .8 23.9 &% £20 O L4 29 78 |78 11 AR RIIADS 421 A&0| 426, 400
h13 Ay 10,120 | 290 | zamd 35,1 24,2 % 433 O % 221 % | T8 AT Y (519518 %10 S Qiv5 101 ) 438|425 | £00
31 Brandard| ¥ {10,120 [ ;8 [ 2200 | 2.9 20,9 w25 | 22 |0,064 | a7 2 lmim 13 [a01 ol 5oy koo (393|389 19| 30| 2
2 ) 10,170 | 260 |, 214) 2.9 1.0 W17 30 Y &7 2) 73184 109 &9 418 k19 K13 L0302 4121 999| 376
2 ©3% 10,145 | 290 | a0 | 352 23.7 93 403 070 | A5 2 1 ®67 110 kT [RAT eh7 a6 233 1420 8| 435|407
[ M 10,115 | X8 | 25,0 ».9 25.1 7250 b5 00, 53 W82 myn 132 b9 A8 i haT a3l 29 Lbb] 430] K06
5 » 10,145 320 | 2540 | L) .l 7837 680 087 55 22 nie 137 A52 (650 (851 K51 [R5 L2 5014 37} 408
) 7 10,145 i 335 ; 2800 £2.1 29.3 9500 a1 088 h 22 72 92 1467 408 458 K70 BTO {458 W54 T as5| 422
7 r 10,185 | MO | 2940 13.8 3.2 LU0 “08 087 S 20 73 A 186 i8] 462 [ A k8 [LT] W67 L3
-1 Ptandard | &2 10,420 | 215 | 2200 2,8 20,7 W57 250 0,063 A 20 85 1% 108 A7 (7T P97 DS 1I88 1385 | 2963371295 395] 306 363
2 hl {10,435 | 222 | 2200 |~ 24,8 20,7 W72 i, n &0 g |s |35 106 A00 406 k00 EOD (191 (389 | 401,339 1798 1981 390 366
3 L2 10,685 | 219 | 2200 Uyt 20,6 3820 w3 0T M 0 |73 1% 104 ¥ a7 1397 P79 327 | 39933813971 197] We| 36
'Y O 110,35 |22 | 220 | 2.8 20,6 kL 20 018 | a2 ny |72 | 101 LB |11 P9 (383 382 | 397|336 392| W2] 34| 363
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] A} 10,35 | 228 | 2200 2.6 20,8 3640 299 78 [+ 218 70 | 56 1m 391 {391 |91 P92 |34 |81 1 3951336 | 392 | 192| 38k | 363
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9 K 10,165 | 223 | 2260 | u.# 0.4 §7) 400 Q70 50 29 |74 |es 108 L3838 B8 BRI R25 | RAO| 3661440 403|427 | 403
10 | sl 10,159 | 276 | 2262 .7 2.7 53¢ (AN ) 0 49 6 LR 17 W77 3T b7 126 23 | 4a0 (365|420 8LD]A25] 40D
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12 &l 12,155 | 276 | 2280 u,7 23.? 3 [A¥] o9 9 4 72 - ba 104 &7 s k26 26 016 37 | 436|361 |6 w s |a22] 7o

NAT JONAL ADV ISORY
COMMITTEE FOR AERONAUTICS

"ON NY VIVN

®¥07 93



http://www.abbottaerospace.com/technical-library

/84 1342

NACA RM No. E6L0Q4a

Figure

b

Ty W e v v
A

Spinner fuel-injection system on vy-type,

fuel discharge
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
=
o
-
.
bt \
—
X a -
: SANS =
: i N
- — — ... . e T - y
A SN 1

‘—Fuel-transfer tube

Cropped pintle

Fuel-injection nozzie

Spinner
Special impeller retaining nut
inducer

{mpeller

liquid-

cooled aircraft engine.


http://www.abbottaerospace.com/technical-library

L AR LS

L

NACA RM No. E6LO4a Fig. 2

discharge NAT IONAL ADVISORY

Fuel
COMMITTEE FOR AERONAUT_!CS

aa -
ss x
a o
. . -
as s -
t .
2 T N Y A,
- S 4
N _J
o~
\‘ LS
; s
3 A 4
2]
s e ¥ ‘_‘v
w !
e
o
‘A
'~
~ *
£
2
L)
~ P
-~
<%
\‘A‘ ‘
/ N Fuel-transfer tube
H »
i *: .
N . Cropped pintle
1 “-,‘-_
__L,fmf..- \\': .
:\*' Fuet-injection nozzle
L
. ' : )
Spinner
LTS Prilled inducer
: impetier

2. - Drilled-inducer fuel-injection system on V-type,
id-cooled alrcraft engine.

- o

0=
co


http://www.abbottaerospace.com/technical-library

—

( SN
N I
sl
S
frare s, oqple 4
‘.-7.]?"-&-. 3t

Exhauat sparw.
¢ Plug bushing

Nt AR PR 4 I N 9
. * R NAT IONAL ADV ISORY q
' N COMMITTEE FOR AERONAUT \CS /
- P X
AA/-/:/‘)' ) —— i G : £
Figure 3. - Section through cyllinder head of a v-type, llquld-cooled aircraft sngline

showlng location of ¢ylinder-head thermocoupie,

*ON NH YIOVUVN

g7 0193

*B6id

g


http://www.abbottaerospace.com/technical-library

¢ - LA e ™

.
e
-

Left bank Right bank
Standard fuel injection
410
6 -
370
& ~h Flight 4
g 380 Rums 17
+ S Cyllndor
o o —Jb__
& 330 i - 1o 1
& g 2
+ O 5
A &
3 : |
6
% 410 Spimmer {uel injsction
& %90 2
b B Flight 2
o s R .
«080 «068 018 084 080 +068 076 +084
Fusl-air ratio NAT IONAL ADY ISORY

COMMITTEE FOR AERONAUTICS
(a) Manifold pressure, 25 inchas of mercury absolute,

Figure 4., ~ Effeot of standard and spinner fuel-injection systems on cylinder-head t ratures of
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Figure 4. - Conoluded,

temperatures of V-type liguid-cooled alrcralt engine with varylng fue

of 10,000 feet.
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NACA RM No. E6LO4a Fig.
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R Fuel Manifold Coolant Carburetor- Fuel-air
%ee” injection pressure tempera- inlet-air ratio
o o"% (in. Hg ture temperature
“eded? absolute) (OF) (°orF)
O Spinner 53.7 222 94 0,086
O Standard 53.8 224 100 +087
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(a) Manifold pressure, 54 inches of mercury absolute.

Figure 5. - Comparison of oylinder-head temperatures of V-type, liquid=-
cooled aircraft engine at altitude of 10,000 feet using standard and
spinner fuel-injection systems.
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Fuel Manifold Coolant Carburetor- Fueleair
injection pressure ULempera~ inlet-eir ratio
{in. Hg ture temperature
absolute) (°F) (or)
O Spinner 42,7 221 79 0,086
O Standard 43,2 221 82 087
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(b) Manifold pressure, 43 inches of mercury absolute.

Figure 5. - Continued.

Comparison of cylinder-head temperatures of V=-type,

liquid=cooled airoraft engine at altitude of 10,000 feet using standard
and spimner fuel=injection systems.
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Fuel Manifold Coolant Carburetor- Fuel-air
injection pressure tempera~ inlet-air ratio
(in. Hg ture temperature
absolute)} (oF) (oF)
O Spinner 4.7 223 64 0.069
0O Standard 3562 222 67 +070
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(o) Manifold pressure, 35 inches of mercury absolute.

Figure 5. - Continued,

Comparison of eylinder-head temperatures of V-type,

liquid-cooled aircraft engine at altitude of 10,000 feet using standard
and spinmmer fuel-injection systems.
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NACA RM No. E6LO4a Fig. 5d
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Fuel Manifold Coolant Carburetor- Fuel-air
injection pressure tempera~ inlet-alr ratio
(in. Hg ture +temperature
absolute) (°F) (°F)
-
‘© Spinner 3060 221 54 0.062
3 Standard 29.9 223 62 «064
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{(d) Manifold pressure, 30 inches of mercury absolute.
Flgure 5. = Continued. .Comparison of cylinder-ﬁead temperatures of V-tyse,
ar

liquid-cooled aircraft engine at altitude of 10,000 feet using stand
.and spimner fuel-injection systems.
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NACA RM No. E6L04a Fig. b5e
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Fuel Manifold Coolant Carburetor- Fuel-air
injection pressure tempera- inlet-air ratio
{in. Hg ture temperature
absolute)  (°F) (°F)
© Spinner 24,5 224 55 0,063
O Standard 24,9 225 57 « )54
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(e) Manifold pressure, 25 inches of mercury absolute.

Figure 5, - Concluded. Comparison of cylinder-head temperatures of V-type,
liquid-cooled airoraft engine at altitude of 10,000 feet using standard
and spinner fusl-injection systems.
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