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m o i F f f c d  fuel-inJection ~yst4mt3, a dril led-inducer type 8nd. 
4 a s p i ~ n e r  type,  that prevent  serious fuel-evaporation ic ing were 

-inetetlled 011 a V-tyke, liq&€d-oooled aircraft engineland a prelfminarg 
Investi$&ion w~b8 coduqted to; determine the e f f ec t  OD engine  operatin$ 
character is t fca .  The sp:mer system was also. -ground- and f l i@t - t ea t ed  
311 a twin-engSne f igh te r  a iq laue .  Flight moasuremente of cylinder- 
head ternpsratccts over a rmye of: fuel-air ratios and  engfne pmer 
c o n d i t i k  were mad l2  at an a l t i t b d e  -oT approximately 10,000 feet . 

u I 

Both m d i f i e d  fuGl-inJection eyst~rms requirad loss fuel-nozzle 
pressure than +,he standard system t o  Dbtain tho dosired fuel-air rcttio 
f o r  a given air-flm condition. . 

An investfgetfon of the icing chsrac te r i s t lcs  of, an aircraft- 
engine  induction sy13t.m i n  a labamtory setup consistfng of a super- 
charger aaeambly and a cwburetor   resul ted  In  the design Df two 
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fuel- inject lon modif icatione, a spinner fuel- inject ian system and a 
drll-led-Inducer fuel-tnJectim system,  both of whlch-k t i s f ac to r i ly  
prevent the fo3-mation of fuel-evayoration I c i n g  (references 1 and 2).  

An elec-tric.  motor was ueed . t o  &Ive the engine-stage supercharger 
curing icing lnvestigatione  to avoid operation af the en t i re  englne. 
The invoetigatf.o?,.?$ g+ndexl, 'using both.  fuel-fnjectf5n modif ica- 
t ions  on a full-ecaTe laboratory engine, t o  deternine whether the 
modlficationa affect& carburetor metering and @neral engine perform- 
ance. The apfnner matem was fur ther  investigated on an airplane 
during grcnmd and fli&t testa t o  obtain a cmpmlson of eng;ino o-per- 

. " 

. .  -" 

atTOn d.th the standasd sr&&-; " 

- , .  . . . - -. . 
" 

Tho resul t8  a r e  bus& on, obeervations of the ease of etar t lng  
and acce1erafA.m of the engine, as well ae on measurement of the 
cylkdc3r-hGad temperatures, which rou&ly indicate  the  nature of mix- 
ture   d i s t r ibu t ion  tc? the cylinders. 

S-pinner and drill&-inducer fuel-injection syetsms. - In  the 
spinner  fuel-inJoetion system (Yig.. lj, t h e  fuel passea fr.m t h s  
standud,  Injection  nozzle throrqh  a ,apeolai fuel-tranafer  tube t o  a 
spinner that. is mounted on a special  externall;{ threaded W e l l e r  
retaining  nut.  The f uo l  !.e radlallg ditecharged by centrifugal force 
into the  space^ betwoen the v a c a  at the-face of the impeller. 

The drilled-inducer fuel-injection ayetem (fig. 2) i s  slm!.la;r 
t o  the spinnor eys,tem except that the Pml pasees from a spinner 
through d r i l l ed  $amages in the  inducer part .  af tho impeller and ier 
then discharged botwoen t1.e 5.mpoller vanes Espprox@mtdy thir teen-  
"xteenths inch from the impe1ler f a c e .  . - . " 

Details of tho  p a r t s  used for eacG modff$cation  are  given in 
rex erenc e 2 . 

PreUm1mr;;r " engIne"testa. - A multicylindsr ongine WE~E operated 
i n  the laboratory with both nodlfiod system pr io r  t o  installaticrn 
on the airplane in order t o  insure sat isfactory flight opera%ion, 
A mtar brake was ueed t o  abaoib and mea&u the- power- output; an 
orif   ice  m e  provide& for maaowing induction-eyatem air flow; and a 
rotameter w a ~  instal led in the f u o l  Bystem f o r  fuel-flow rneseurement. 
Themocoupl..ee were used t o  mcaBuTe carburatm-blwt-atr  temperature 
and supercharger-outlet mixture temperatu&. MGxf old pressure and 
edhaust back pressure were Indicated on mercury mometere and fuel- 
nbzzlo preaame waa indicated an a prosswo gage. 

- . . . -. . . 

" 

. .  

" - 
. .. 

" 

t 
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Ground and f l i g h t  tests. - A detailed  description of t he   i n s t a l -  
l a t i on  and instriunsntation of the V-type, liquid-cooled aircraft 
engine used i n  tile twtn-engine fighter airplane for a previous  invee- 
t iga t ion  of induction-system icing is given  in  reference 3 and much 
of the 8- instnunentation and equipment W&B used f o r   t h i s   i n v e s t i -  
gation. In additlm,  themr,ouplecs were i ne t a l l ed   i n  the  cylinder 
heads approxigately  three-sixteenths  inch frm the inner sur face of 
the  combustion chamber betwem  the  exhamt-valve  eeats. (See f i g .  3, ) 

Instrumentation waa provided t u  measure f r e e - a i r  temperature, 
pressure  alt i tude,  and erspeed. For  the engine,  instrumentation w a s  
ins ta l led  t o  measure engine speed, carburstor-inlet- air temperature 
and preseure,  manifold mixture temperature and presswe, cylinder- 
hoad tmperaturee,  ompeneated and uncapensated  metaring  suction 
d2fferent ia l  pressure, mixture aetting,  coolant  temperature, and 
cool ing-a i r   t apera twe.  

Pressures and tmueraturee &-ere recorded by standard NACA pres- 
sure recordere and a recording potentinmeter,  respectively. 

The lancmpnsated  meterkg  motion  different ia l  pressure of t h e  
special ly   cal ibrated carburetor was used t o  determine the charge-air 
f l o w  through the uarburetor, and t he  canpensated metering suction 
differential Dreseure t o  determine f u e l  flow. A speclal  mixture- 
control   d isk wae installed cm the carburetor   to   obtain accurate fuel- 
air-rat io   control  and a dfyferential-preesure gage was  i n s t a l l ed   i n  
the  cockpit   to  indicate the compensated metering suct ion  different ia l  
and thus  enable the p i l o t   t o  set desired fue l - a i r   r a t io s .  

P r io r   t o  flight, a ground check WEB mado of engine performance 
with spinner fuel injection  throug3out  tho powm.ranga from idling 
t o  take-off pgwer i n  order t o  in~ure  m o t h  and detonation-free 

, operzt ion. 

Comparative fligh+,s were made at an  a l t i tude of approximately 
10,000 f e a t  w2 th  the  spinner  fuel-Injection syetem and. the  standard 
system. The dril led-inducer  fuel-injection Eyetern waB not invest i -  
gated in flight! 
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RESULTS Ama DISCUSSION 

Data obtained frm operation af the Laboratory  engine  with  both 
rnod'ifled fuel-injes%ion s;,-stems and with the standard system are  con- 
~ a r e d  tn table  I. Over the power r q o  lnvest:gatedl  engine operation 
&s satiecr'actory  with e";ther of '%he modifieg injection eisteme. 

An at'f ect  af the two modified fuel-Injection Bystams on carburetor 
metering characteriatlca ind:cated by vaxiatione frm the etandtrrd 
fuel-nozzle preomre, as 8 h m  in teble I. The f a c t  that operation 
with bath  modifisd  system resulted in larer fuel-nozzle pressure f o r  
a given f u e l  flow at constan+, air-flcrw ccmditims is par t ly   a t t r ibuted 
t o  &he reduction in back pressure obtained by cropping the   p ln t le  head 
of the standard fuel   nozzle   ( f igs .  1 and 2) .  On a standard cmbwetor  
without vwlab le  m?.xture-cmtrol dfsks, the  effect of the reduced f u e l -  
nozzle pressure of t h e  mdif ied  syetems woula be an increaso i n  fue l -  
air r a t i o  and wauld require apprcpriate  adjustlaents i n  meter -  jets. 

No apparent chaqe. in senera1 engfne qcra t- C~iW8Steri8tiCB 
oocurrod durhg the grmnd t e s t s  u s i n g  splnner r'ueb . inJ&tion t h m g h -  
out  the  ant i ro  pcwer rsnp from idline: t o  take-off. Ease of a tar t lng  
WBB not  affected at tho prevalling caybul-etor-air  temperatures (52' 
t o  76' F) and w dx'erse effect  on engine  accsleration was detected. 

The maximum and minfrmrm cylinder-!lead tegperaturoe and tempera- 
t w o  spread resul t ing from two rJf the flights at an approximate alti- 
tude af 10,000 fee,t a r o  presented In the f ollowins tab le  for both the  
standard and spinner fual- inject ion syetams throughout  the  range of 
engine power : 

" . - 
. . " .. - 
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Temperature 
(9) 

'Cool - Cylinder head cabwetor 
absolute) ant "aximumlMinimum/Bpread inlet air 

Standard f u e l  injection 
3 1 24.9 

81 367  448 67  222 35.2 2240 3 : 3  
72 347 419 62  223 2l80 2 29.9 3 
61 340 401 57 225 2200 

3 5 43.2 2540 221 . 

93 3 92 48 5 100 224 2940 7 53.8 3 
89 383 472 92 222 2800 50.1 6 3 
81 371 452  82 

1 1  24.6 2180 224 55 f 403 340 63 

3 82 36% 450 77 222 39.9 1 254-0 4 

Spinner f u e l  injection 

1 2  

93 399 492 94 222 53.7 2960 1 7  
107 389 496 93 49.8 I 2800 220 1 6  
82 376 458 79 42.7 2580  221 1 5  
81 3 71 4 52 74 221 2580 39.7 4 '  1 
80 375 453 64 223 2280 34.7 1 3  
74 352 42 6 54 221 2160 30.0 

no appreciable  variation in the  spread of maximum and minimum 
cylinder-head  temperatures  occurred  at a given  pover  condition for 
the  standard. end spinner fuel-injection t3ystenw except  between  the 
comparable runs at manifold pressures of 50.1 m d  49.8 inchea of' 
mercury  absolute and engine  speed of 2800 rpm where an unaccountable 
variation of Bo F occurred. For the remaining six power conditions, 
the maximum difference in apread wa8 only 2O F. Because of' the am~bll 
average  variation  between  the spread of  'maximum and minFmum cylinder- 
head  temperatures fur both f u e l  ayeteme,  ft  can be concluded  that  the 
spinner  fuel-injection system caueed  no 'idverse effect on mixture 
distribution. The spread between maximum and minimum cylinder-head 
temperatures for a given engine powaa: condftion  cannot be taken &B a 
dirept  criterion of the uneorml ty  of mfxture distribution  because 
the  thermocauple  installation In the  cylinder heads, althou@;h suitable 
f o r  comparing  the  effects of a change in f uel-alr  rat io, wa8 not 
accurate enough for an absolute  evaluation of' m l x t u r e  distribution. 

- When other conditions  are equal, unifommixture di8't;ribtltion in 
a multicylinder  engine  insures similar response of each cylinder ten- 
perature  to  variations of fuel-air  ratio. On this  basis,  the spinner 
fuel-injection.system gave slightly better  results  than t he  standam3 
8ystem. A cmparison of individual cylfnder-head temperatzrres with 
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varying fuel-air.r&tios  at manifold preeewes of 25 and 35 inchee of 
rnercusy absolute is presented in figure 4 .  At the low power condi- 
tion (fig. 4(a)), no  appreciable  deviation  between  the  trends af' 
cylinder-head temperatures  ocourred for either  fuel-injection system. 
A t  the high parer cordition- (fig. 4(b))  when the etsndard a y s t a  wae 
used., however, cylinders 4 L  and 5Ii did not &ai Fesponeee atnilar to 
the other oylinders; where&e, the use of the spinner fuel-injection 
eystem  resulted in uniform response of all cylindem over the fuel- 
air-rat io range. 

Figure 5 pregente a comparison a9 cylinder-head  temperature8 
throughout the range of engine  operating  conditions lor each of' the 
fue l  s y s t e u .  Differences in coolimt temperature, cubwetor-inlet- 
air temperature,  and  fuel-air ratio noted xitb the curve5 account f o r  
small changes i n  cylinder-head tmperature; however, the.curves for 
spinner and etandard f u e l  inJection f o r  each parer  cDnditlon C S O s e ~  
fo l low the E ~ M B  pattern  indicating khat the  spinner fhel-inJectfon 
caueed no adverse  effect on-kixtGe U&ribution oTier the pwer range 
of the engine. 

Complete  flight  teat data are given in table SI. 

SllbMARY OF FtESULTS 

'Ilbe operational charwterietics of two madff'isd  fuel-injection 
systems that have been shown to reduce the icing amociated with fuel 
evaporation were -investigated  on ground t e s t  stands and in flight and 
the  following  resulta were obtained: 

1. The spinner fuel-injection system did not affect engine . 

etarting and acceleration  characterletice  on  the ground. 

2. During the  flight  inveetigation, epimer fuel  injection pro- 
duced a Bpread between maxFmum and minimum cylinder-head  ttmperatures 
within 2O F of that  obtained with the  standaxd system except f o r  one 
power condition where the spread of t h e  former was 18' F higher. 

3. Variation of fual-air  ratio  at mrsnifold pressurea of 25 en& 
35 inches of mercury  absolute using apinner f u e l  injection produced 
a eimilar responee af a l l  cgliader-bead temperatures fn&icatIr,g - 

uniromn mixture  dietribution. 

4. Throughout  the parer range of the engine,  spinner fuel inJec- 
t ion  cauaed no significant change in mlxtLlre distribution baaed on 
a can-p~&~an of  1.ndfvidual  cplinder-head teaaperatures. 

b 

t 
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5. Both modified  fuel-injection systems operated  with leser fuel- 
nozzle pressure thar, tLe  staridard  system required and appropriate 
adjnstmenta in metftring jets would be neceersary t o  maintain n o m 1  
metering charac te r i s t ics  of the carburetor  with standard mixture- 
control dteks. 

Cleveland, Ohio. 

W: llson H . H u n t e r ,  
Mechanical  Zhglneer. 

Abe Si lmrs t e fn ,  
Aeronautical  Engineer. 
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3hglneIManifold Air Fuel 'ihel-'Brake 'Exhaust Carbu-  Super- Fuel- Fuel- 
speed pressure flow flow 1 air horse- back r e to r -  charger- nozzle 
( r p )  (in. Eg Mi&m ( lb/  (lb/ ra t io  power ?roesure Inlet- o u t l e t  pree- PIWE- 

Run 8bo9lUte) setti% E e C )  sac) (m. Hg sir temper- we sure 
absolute) temper- atrwe (lb/oq 

at- ( O F )  in.) in. ( Ibjsq 
( W  

Standard f u e l  injection 
68 

Auto. r i ch  39.8 2600 72. 
3.6 18.0 117 71 31.63 697 ,072 .G95 1.31 Auto. lean 32.2 2300 7 1  
3.7 18.0 1l3 70 31.63 697 .078 .lo3 1.32 Auto. r ich  32.0 2300 70 
4.0  17.5 95 68 30.08 403 ,075 ,056 .75 Auto. 25.2 1870 6s 
4.0 17.0 82 68 383 ' 29.90 0.7010.052'0.075 Auto. lean 25.2 1600 

2.9 18.5 152 72 34.63 971 ,089 .I83 2.94 Auto. r i ch  40.0 3000 73 
3.0 18.0 116 71 33.78  981  -092 .175 1.90 

Spinner fue l  injeation 
52 1600 25.0 huto. lean 0.71'0.052 0.073 378 

3.5 18.0 88 52 29.70 413 .071 .057 .BO Auto. lean 25.2 1870 53 
3.5 17.0 ao 57 29.70 

55 2300 31.8 Aut3. r i ch  1.29 .loo .a77 683 31.20 50 

2.7 18.5 132 48 33.70  951 .092 .182 Auto. rich11.98 40.0 3000 57 
2.9 18.0 100 50 33.30 984 .086 ,169 Auto. r i ch1 .94  40.0 2600 56 
3.2 18.0 104 50 31.20 679 .071 ,092 1.29 Auto. lean 32.0 2300 54 
3 .3  18.0 100 

- 
58 
59 
60 
61 
62 
63 - 

Pril led-inducer  fuel  Injection I 
1600 

1.90 Auto. r ich  40.1 2600 
2.9 18.0 123 80 31.68 683 .074 .097 1.30 Auto. lean 31.9 2300 . 
2.9 18.0 117  75 31.70 700 .078 ,104 1.34 Auto. r i c h  32.2 2300 
3.2 17.5 103 77 29.95 405 .074 ,057 .77 Aucyo. lean 25.2 1870 
3.2 17.4 94 80 29.90 372 0.075 0.052 0.69 Auto. lean 25.0 

2.1 16.0 160 .8 5 34.40 951 .090 . le2 2.01 Auto. r luh 40.2 3000 
2.4 w.0 126 78 33.70 970 .088 .168 

NRJ2IOIVP;L ADVISORY COlMI'JTm FOR Awqlr(AuTIcs 
Q) 
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L , - fuel  d l r c h a r g e  

F i g .  I 
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F i g u r e  I .  - Spjnner  fuel-injection s y s t e m  on  V-type, l i q u i d -  
cooled  aircraft  engine: 
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 fuel discharge 

F i g .  2 

COMMITTEE FOR AERONAUTICS 
N I T  I OMAL ADV I SORY 

F i g u r e  2. - D r i l l e d - i n d u c e r  f u g l - i n j e c t i o n  s y s t e m  o n  V - t y p e ,  4 

Ilquid-cooled a i r c r a f t  e n g i n e .  



F i g u r e  3. - Section  through  cytlnder h e a d  o f  a V - t y p e ,  Ilquld-cooled  alrcraft e n g t n e  ‘p 
s h o w l n g  location o f  cy tinder-head t h e r m o c o u p l e .  

L N  
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Fwl-air ratio 

(a) W f o l d  pressure, 25 inches of rabrcury a’oao1ut-e. 

Figure 4. - Effeot o f  standlrd and spinnar fuel-injection systems on cyllndsr-head t rstures OF 
v-typs, liquid-cooled Piraraft engine with vmrylng h l - a i r  r a t i o  at altitude of 10% Pert. 
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Fuel-alr ratio 

(b) Yanifold presrmre, 86 inches of neroury absoluta. C O W  ITTEE, FOR A E R W U T  IC9 
NAT I OWL ADV I SMlY 

figure 4. - Comluded. Wfeot or standard and spinner fwl-inJcatian a s t m u  on cylinder-head 
tenperatures of V-type l lquiboooled aircraft engine w i t h  varying fuetalr ratio at altitude 
o f  1O.W feet. 

... . .  . . .  
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1 2 3 4 5 6 1 2 3 4 6 
Right baat Left baaL 

Cylinder 
(a) -fold pressure, 64 inuhes of mercury absolute. 

FlgWe 5. - Conparison of oylinder-head temperatures of Y-type,liquid- 
cooled aircraft englne at altitude or 10,OOO feet using standard and 
spinner fuel-4eotlan systems. 
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' . .. .. . .. . . .. 
0 .  . . .. .. . . *. .. . .. . .... .. 
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. 
Right banlc L e f i  bank 

Cylinder 

(b) &mifold pressure, 43 inches of plercury absolute. 
w e  5. - continued. Canparison of cylinder-head temperatures of v-type, 

liquid-oooled airoraft engine at altituie of 101000 feet usinb standard 
and spinner fuel-hjection systems. 
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COMYITTEE FOR A E R W U T I C S  
HAT I ONAL ADV ISORY 

F U d  hhni Cold Coolant Carburetor- Fuel-air 
injection pressure tamprib in le ta i r  rat io  

(in. ture temperature 
absolute) (OF) (OF) 

5c 

( 0 )  Manifold-pressure, 35 inches or mercury absolute. 

Figure 5. - Continued. Comparison of cylinder-head temperatures of V-type, 
liquid-cooled aircraft engine at altltude of 10,m feet using standard 
and spinner fuel- inject ion Systems. 
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HAT I W L  AOV iSmY 
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Fue I Manifold Coolant Carburetor- Fuel-air 
injeotian pressure tempera- inlet=.alr ratio (in. Hg ture ternperatwe 

absolute) (OF) (OF> 
t. 

1 

I 

Lef% bank 
Cylinder 

(d) ?Amifold pressure, 30 inches of meroury absolute. 

figure 5, - Continued. .Comparison of cylinder-head temperatures of V-t  
li uid-cooled aircraft engine at altitude of 10,oOO feet using s t a n d a p  

, an3 spinner fuel-injeoticm systems. 
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.. . .. . . .. . .. .. . . .. .. . . .. .. . .. . .... .. 

0 
L 

Right bank Left bank 
Cylinder ' 

(e) Manifold pressure, 25 inches o f  mercury absolute. 

Figure 5 .  - Conaluded. Comparison or cylinder-head temperatures of V-type, 
liquld-cvoled airoraft engine at altitude of 10,OOO feet using standard 
and spinner fuel-injection systems. 
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