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SUNMARY

Two modified fusl-injection gystems, & drilled-inducer type and
a splnner type, that prevent serious fuel-evaporation icing were
installed on & V-tyve, lighild-cooled alrcrart engine and a preliminary
Investigation was conducted to determine the effect on engine operating'
characterlatics. The gpinner system was slgo. ground- and flight-tegted
on a twin-~engine fighter alrplane. Flight measurements of cylinder-
head tempesratures over a rangs of fuel-alr ratlos and sngine power
conditions were mad: at an altitude of approximately 10,000 feset.

‘ Starting and acceoleration of the englne on the ground were
unaffected by the fuel-injection modifications. During the flight
investigation, no appreciable variatlion occurred betwoen the maximum
and minimum cylinder-head temperatures with the standard and modified
system for the game pover condition and no Irregularity of mixture
distribution could be detocted throughout the power range of the engine
Normal mixture digtribution was also indicated by & simllar response
of cylinder-head temperatures for variations of fuel-air ratio at
manifold pressurés of 25 and 35 inches of mercury ebsclute, -

Both modified fucl-injection systems reguired less fuel-nozzle

Propegure than the standard system to obtaln the desired fusl-air ratio
for a given air-flow copdition.

INERODUCTION
An investigation of the icing characteristics of an aircraft-

engine induction sysbem in a laboratory setup consisting of a super-
charger assembly and a carburetor resulted Iln the design of two
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fuel-injection modifications, & splmmer frel-injection system and a
drilled-inducer fuel-injJection system, both of whlchk satlefactorily
prevent the formation of fuel-evaporation icing (references 1 and 2).

An electric motor was uged to drive the englne-stage supercharger
during icing investigatlons to avold operation of the entire englne.
The investigation was extended, using both fuel-injection modifica-
tions on a full-scals laboratory engine, to determine whether the
modifications affected carburetor metering and general engine perform-
ance. The spinner system was further investigated on an alrplane

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

atton with the gtandard system.

The results are based on dbeervatlone of the ease of svarting
and accelerasiicn of the engine, ag well as on measurement of the
cylinder-hesd temperatures, which roughly indicate the nature of mlx-
turse distribution to the cylinders.

APPARATUS AND PROCEIURE

Spinner and drilled-inducer fusl-ipjection ayestems, -~ In the
gpinner fuel-injection system (i'ig. l), the fuel pagsgea from the
standard injection nozzle through a special fuel-transfer tube to &
spinner that. is mounted on a special externally threaded Iimpeller
retalning nut. The fuel ig radlally discharged by centrifugal force
into the spacep between the vanecs 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 & splnner
through drilled passeges in the inducer part of the impeller and ls
then dlscharged between the impeller vanes approximatuly thirteen-

‘xteenths inch from the impeller face. _

Detaile of the parts used for eack modification are given in

rererence 2.

Prellminary engii& tesgts. - A multlcylinder engine was opsrated
in the laboratory with both modifled gygtema prior to Installation
on the airplans in order to insure satisfactory flight operation,

A water brake was used to shsorb and measure the power output; an
orifice was provided for measuring inductlon-system alr flow; and a
rotameter was installed in the fuel gystem for fuel-flow measuremsnt
Thermocouples were used to measurae carhuretor-inlet-air temperature
and supercharger-outlet mixture temperature. Manifold pressure and
exhaust back pressure wvere indlcated on mercury manometsrs and fuel-
nozzle preasurs was indicated on a pregsure gage.
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Ground and flight teste. - A detailed description of the instal-
lation and instrumentation of the V-type, liquid-cooled aircraft
engine used in tiie twin-engine fighter airplane for a previous inves-
tigation of induction-system icing is given in reference 3 and much
of the same ilnstrumentation and equlipment wag used for this investi-
gatlion. In addition, thermocouples were installed in the cylinder
heads approximately three-sixteenths inch from the inner gurface of
the combustion chamber between the exhaust-valve seata. (See fig. 3.)

Instrumentation was provided to measure free-alir temperature,
pressure altitude, and airspeed. TFor the engine, instrumentation was
installed to measure engine speed, carburetor-inlet-alr temperature
and pressure, manifold mixture temperature and pressure, cylinder-
hoad temperatures, compensated and uncompensated metering suction
differential pressure, mixture setiing, coolant temperature, and
cooling-air tempersture.

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

The uncompensated metering suctlon differential pressure of the
specially calibrated carburetor was used to determlne the charge-air
flow through the carburevor, and the coampensated metering suction
differsntlel pressure to determine fuel flow. A speclal mixture-
control disk was installed on the carburetor to obtain accurate fuel-
air-ratio control and a differentlal-pressure gage was ingtalled in
the cockplt to indicate the compensated metering suctlon differentlal
and thus enable the pllot to set desired fuel-alr ratios.

Prior to flight, a ground check wes made 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 system and the standard
gaystem. The drililed-inducer fuel-injectlion system was not investi-
gated in flight, -

The program included flighte at low-cruise and high-crulge power
conditions with varying fuel-air ratio and flights at variocus powers
unp to rated engine power with specified fuel-alr ratios. Iase of
starting and acceleration were noted throughout the investigation.

Data wers recorded for each Sé-minute reriod after conditlions 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. FXase 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 : - -

.
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Manifold (Engine Temperature
Flight pressure |speed (°F)
&b (%n'iﬂf ) (rom) [Gool- [Carburetor Cylinder head
bso-ube ent |inlet alr Iypyimum{Minimum}Spread
Standard 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 2z2 67 448 367 81
3 4 3g.9 2540 222 77 450 368 82
3 5 43.2 2540 221 . 82 452 371 81
3 6 50.1 2800 222 92 472 383 89
3 7 53.8 2940 aa4 100 485 382 a3
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 22l T4 452 371 81
1 5 42.7 2580 221 79 458 376 8z
1 6 49.8 2800 220 a3 496 389 107
1l 7 53.7 2960 222 94 492 399 93

No apprecisble varliation in the spread of maximum and minimum
cylinder-head temperatures qccurred at a glven power conditlon for
the gtandard end splnner fusl-inJjection gystems except between the
compareble rung at manifold pressures of 50.1 and 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 variation between the spread of maximum and minimum cylinder-
head temperatures for both fuel systems, it can be concluded that the
spimner fusl-injection system caused no sdverse effect on mixture
distribution. The spread between maximum and minimum cylinder-head
temperatures for a glven engine power condition cannot be taken as &
direct criterion of the uniformity of mixture distribution becauss
the thermocouple installatlon in the cylinder heads, although sultable
for comparing the effectg of a change 1n fuel-air ratio, was not
accurate snough for an absolute evaluation of mixbure distribution.

- When other conditions are equal, wniform mixture distribution in
a multicylinder engline insures similar response of sach cylinder tem-
perature to varlations of fuel-alr ratio., On this baslis, the splinner
fuel-injection system gave slightly better results than the standard
gystem. A comparigon of 1ndividual cylinder-head temperatures with
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varying fuel-air ratlos at manifold pressures of 25 and 35 Inches of
mercury abgolute is presented in figure 4. At the low power condi-
tion (fig. 4(a)), no appreciable deviation betweén 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 5R 4id not show responsss similar to
the other cylinders; whereas, the use of the splnner fuel-injection
gystem resulted 1n uniform regponse of all cylinders over the fuel-
air-ratlio range.

Figure 5 pregents a comparison of oylinder-head temperatures
throughout the rangs of engine operating conditions for each of the
fuel systems. Differences in coolant temperature, carburetor-inlet-
alr temperature, and fusl-alr ratlo noted with the curves account for
small changes in cylinder-head temperature; however, the curves for
aplnner and standard fuel injection for each power condition closely
follow the same pattern indicating that the spinner fuel injection
cauged no adverse effect on mixture distribution over the power range
of the englnse.

Complete flight test date are given in table II.

SUMMARY OF RESULTS

The operational characteristica of two modified fuel-injection
systemg thet have been shown to reduce the icing amaociated with fuel
evaporation wers-investigated on ground test stands and in flight and
the following results were obtained:

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

2. During the flight investigation, splnner fuel iInjectlon pro-
duced a gpread between maximum and minimum cylinder-head temperatures
within 2° F of that obtained with the standard system except for one
power condltion where the spread of the former was 18° F higher.

3. Variation of fuel-alr ratlo at manifold pressures of 25 and
35 inches of mercury abasclute using apinner fuel Injection produced
a similasr responge of all cylinder-head temperatures itndicating
uniform mixture dlgbribution.

4. Throughout the powsr range of the engine, spinner fusl injec-
tion caused no significant change in mixture distribution based on
a comparigon of individual cylindser-hesd temperatures.
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5. Both modified fuel-injectlion systems operated wlth less fuel-
nozzle pressgure than the gtandard system required and appropriate
adjustments in metering Jete would be necessary to maintain normal
netering characteristicsg of the carburebor with standard mixture-
control disks.
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TABLE I ~ COMPARISON OF ENGTNE OPERATION WITH STANDARD ARD MODIFIED FUKL-INJECTION SYSTEMS

EnglnelManifold Air (Fuel ; Fuel-Breke | Lxhaust (Carbu- Super- Fuel-
gpeed jpresgure flowiflow |air |horse-|back retor- jcharger- nozzle
(rpm) {(in. B8 | pyoture | (10/}(1d/ |retio|power | pressure {inlet- {outlet pres-
Run abaolute) setbing gec) |sec) (in. Hg |(air temper - gure
sbsolute) | temper-|ature (1b{sq
ature (°F) in.
(°F)
Standard fusl Injection
68 | 1600 23.2 Auto, lean|0.70{0.052{0.075] 383 25.98 &8 ge 17 4.0
6% | 1870 25.2 Auto. lean| .75| ,0S8| .075) 403 30.08 £8 95 17 4.0
70 | 2300 32.0 Auto, rich)l.32] .103} .078} 697 31.63 70 113 18 3.7
7L 1 2300 32.2 Auto. lean|{l.31| .095{ .072| 697 51.83 71 117 18 5.6
72.| 2600 39.8 Anto. rich|1.804 .175] .092] 981 33.78 71 118 l1a. 3.0
73 | 3000 40.0  jAuto, rich|2.04; ,183| ,089; 971 34.63 72 1582 18 2.9
Spinner fuel injection
52 [ 1600 25,0  1huto, lean]0.71'0,052|0,073 | 378 29.70 57 80 3.5
53 | 1870 25.2 Auto, lean| .80( .057{ .071] 413 29.70 52 88 3.5
55 | 2300 31.8 Anto, richil.29) .100} .077/[ 683 31.20 50 100 3.3
54 | 2300 32.0 Aunto. leam (1,29} ,092} .07L} 679 31.20 50 104 3.2
o6 | 2600 40.0 Auto. rich!l.54 ] .168] .086 | 984 33.30 50 100 2.9
57 | 3000 40.0 Auto. rich|1.98| .182] .092 | 951 33.70 48 132 2.7
Drilled-inducer fuel injection
58 | 1800 25.0 &uto, lean |0.69 {0.05210.075 1 372 29.90 80 94 3.2
59 | 1870 25.2 Auso, leeni .77 ,087] .Q74 | 405 29.95 77 103 3.2
80 | 2300 32.2 Anto. rich fL.34] ,104| .078 | 700 31.70 75 117 2.9
61 | 2300 | 31.¢ Auto, lean 11.30] .097{ .074 | 683 31.68 80 123 2.9
62 | 2600 40.1 Auto. rich j1.90 ] .168] .088 | 970 33.70 78 126 2.4
63 | 3000 40.2 Auto. rich P.01 | .182; .090 | 951 34.40 85 180 2.1
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TAELE i1 - RENOLTS OF FLIGHT INVESTICATION CF STARDARD JRD SPINWER FURI-INJECTION SYSTEMI ON
¥=-TYPE, LIQUID-CCOLED ATACRAMY FXIINE

"ON HNY YIOVMN

rught | Pl [Troe [Pressure [Troe |[Bngine [Manifold Carburetor- [Charge — | Fual  [Foel-air Temceraturg [°F) gl . (°F)
and  jsystem  |free- altitode air- [speed [pgtesure | deck alr flow | Mow | ratic [Cooling [Coolant [Fuel [Cartu~ ure |____ Right
ren afr | (ft) |apeed|(rpm) [(in. Bg | pressare |{1t/hr) Klb/hr) alr retor | at IS FNIE Ff“ 5 6| T Z] 3] &4 5
. (mph) abse.)  {in. Hg inlet [manifeld
m aba.) air
1-1 r | | 9,990 | 2% | s | .6 21,1 236 237 | 0.063 | A5 2, |78 |55 ML 402500 {403 96 38| 00 96 3y 362
2 % |30,070 | 268 | 260 | 2.0 21.3 A5 | g 082 | a8 221 |72 | 54 103 | ulijaze k26 R16)L05]a0s ] 419 352} L1kl &17| 7] 377
3 % |10,000 | 290 | 2280 | W7 23.9 5755 % 069 | a8 22 |8 |64 L LAk faik A8 ik 629 [a27 | 453 77 451 493 432| A10
s » v,970 | 309 | 2500 | 2.7 2.2 730 | 817 0% | 52 21 [N 128 |akd(ehd foad ek e2eaan | 453 M 406
5 37 | w,080 | u7 | 2580 | A2.7 7.1 TETA &78 086 | 52 2z |81 |m 13 | 455ekT [A52 R52(632[a30 | A58 776{ ASk| a5h| & 38 419
4 N 110,105 | 135 | 2800 | A9.8 2. s | 8% | 0@ | 51 20 | M |93 155 496 (475 476 B74|456 (453 | 480N 389] 476] 73| A56] A24
7 % |10,080 | 3% | 2660 | 53.7 0.7 10432 89 086 | 52 2z 18 | 183 |A92 k91 [L92 Na8 |59 (467 | 491 359|489 85| A67| 420
=1 r ) A7 | 10,145 | 229 | 2200 | 4.9 0.9 47 &4 | 0,063 S 221 | A0 |és 118 395 {395 [395 P95|387 | 385 | 396| 337| 393]| 15| 326 36k
2 % 310,170 | 237 | 200 | 2.9 20,8 1862 208 00 | 54 219 | oo | es U6 | 4D060Q |L0O0 j0O| 392|364 | A0k{ 340 400 500] 296] 368
3 5 |10,195 |29 | 2200 | 4.8 20.8 »R 23 o | W 22 |74 |61 10 397|397 |97 PY7| 291 | ¢ | &0L] %0 39| 99| 399| 39
& 45 | 10,090 | 2% | 200 | .8 20.9 Mm% (20 | .ov | s2 ag |77 | ek nz 395 (396 |796. D96 | 388|385 | 401( 337| 397| 277 308) 366
5 & |10,1% | a1 | 2200 | 25,0 0.9 w20 | 2 O | 2 29 |7 |62 107 W (795 Doy P94 [388(384 | 4001 3371 2081 1981 369| 368
6 45 110,105 | 2% | 200 | 2.7 0.9 106 00 | 0T | 53 29 |76 | & 109 30| %0 11 bor|385 382 | 197] 335] 195 195) 388] 366
7 &5 10,05 | ) (200 ] 2.9 20,9 3901 e | o | = 219 |75 |62 o7 167 |387 | 368 Baa 302 | 779 | 397] 38| 393 93| 3| 363
] 45 |10,130 [ 205 | 2200 | .8 2).9 5450 358 | 083 | = 20 |7l 12, (a3 L9 [k 40 (829 (426 | 439] 365 hh0| 424 398
9 M | 20,185 | 209 | 2980 | w.B 23.9 w7 %9 Q010 | 5 20 |77 478 19 A1 Lokl i) AT (630 (627 | 4i3| 367 k46| 430 407
10 4 10,198 | 290 | 2200 | 25.2 .2 5718 435 on | ose 2 |=im .| n 640 (140 a0 1029 1025 | akk) 368|445 ka5 | 432|407
n M | 10,130 |20 | 2280 | M. 23.% 5666 Lo8 mz | s ar (e UT (W3R BT RS [h2% (420 | 499|263 40| A25| 400!
12 Lo {10,130 |.200 | 22 | 35,2 .2 <TLL 412 LR | 5 2 |8 |78 ns A7 |37 B k427 (a2 | 442 366]443( bb3] 430409
1 W (10,130 [ 2 | 2280 | W.B 23.9 N | w20 O | 52 29 (78 |78 14 (4R KD RI3 25 R21 | 439] 367 | akd| A40] 426 LOL
% M (10,130 [ 290 | 22ma | 35,1 24,2 <729 413 O% | 5% 2 | % |7 Wa  [&N X R p31 123 (8| 438] 362|4 38| 438|425 | 400
3-1 |sancard] 37 {10,020 | 236 [ 2200 [ 2.9 20,9 ®25 | 252 | 0,084 | &7 s ;5 U3 a1 a0 tnon hoo [203 (389 | 400 0] 399] 399|390 68
2 Iy 10,170 | 260 | 2180 | 2.9 .0 g 30 06k | AT 2y |73162 109 419 18 kg k13 (103|402 | 411] 27(412]|412] 399|376
3 C% | 10,145 | 290 | &b | 3%.2 23.7 93 | 03 . A5 2 |6 le 110|447 Wh7 b7 RAS [ 331420 | %S| 36757 aa8] 435|407
I ©3 10,115 | 308t 250 | M9 25.1 7250 | 5 08 | 5 22 |m 132|440 [AB k9 a9 I TL 229 | 44| 368|480 ksh] 420 a0n
5 ¥ 0,05 320 20 | L33 PR 7837 | 480 001 | 55 2 |nle 17 |A52 [R50 K51 B511AD5 32 | 452|371 |452(450]437] 408
b 7 | 10,145 335 | 2800 | 0.1 2.3 9500 | 834 .08 | % 22 |72 {92 167|468 [ob8 K70 K70 1858 W5k | 471|383 472|867 455 a22
T R [10,15 | WO | Xa0 | 93.8 2.2 40 <08 L0 | 8 2y |73 A% 186 |4m1hs2 B [L71 (467 | AB4| 92 |85 |LB2| k63434
1 PBtandapdjr2 | 10,420 |25 | 200 | 2.8 20,7 3487 2% | 0,068 | A2 20 (8517 o8 37 (397 PY7 P95 1288|285 | 3963371395, 395] 3086363
2 A {10,433 | 222 | 20 [~ 2,8 0,7 372 Y O | &0 ny |80 lss 106 {400 [L0g koo 91 (399 401,339 | 98 198100 b
3 82 110,485 | 29 | 200 | .6 20.b 3020 b5 O% | M 2o 739 104 ¥ (%7 |57 Pt |89 3271 399,338 7| 08| %6
A O 110,35 {22 | 220 | 2u.e 20,6 sy 0 Om | k2 N |72 % 101 31 (P1 (K1 P91 383 (382 | 397|330 92| H2| 34| 303
5 MO 10,m5 (225 | 2200 | 2.8 | 2.4 847 3 - n ny |69 |35 % 283 383 by, has, 377 [376 | 003321 ve7| 37| ¥m0| 330
6 KL [ 10,35 (228 | 2200 ! 24,6 20,8 o0 | 2 0718 | K2 28 |70 |56 1 391 |31 91 P91 [3a, 18l | 3951336 | W2 | 192 k] %63
7 W 110,220 | 225 | 200, 24.5 2.7 £ 268 75 | R 29 |49 1% 101 3931393 593 P93 |28 (143 | 395337395 396 385] 364 !
] 0 |10,2% | 27 | 200 | Wu.8 2,8 57% %2 063 | &5 N8 |73 163 N0 (438638 138 L8425 (23 | 435 363{4351575(420| 96
] 40 | 10,155 | 223 | 2200 | L,.F 2,4 ) LO0 0o 50 219 |7 | es 108 SIS LA R L TR LM DS | R0 3661440 4L I| 42T (403
10 | Al 10,155 [ 276 | 2209 | 3.7 27 w32 | w1 o [ e A |7 ie 107 AT LT RT3 26 j2) | el 36{ 440|440 425],03
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(2) Manifold pressure, 54 inches of mercury absolute.

Figure 5, = Comparison of oylinder-head temperatures of V-type, liguid-
cooled ajireraft engine at altitude of 10,000 feet using standard and
spinner fuel-injection systems,
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Figure 5, - Continued. Comparison of cylinder-head iemperatures of V=-type,
liquid-cooled airoraft engine at altitude of 10,000 feet using starndard

and spinner fuel-injection systems.
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Figure 5. - Continued, Comparison of ceylinder-head temperatures of V-type,

liquid-cooled aircraft engine at altitude of 10,000 feet using standard

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






