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cowltnp e x i t  was negl; , ; ible.  Cooling w a s  shown t o  be 
adequats Yn l e ~ ~ e 1  fl:L-lt ar-d 3robaSiy adequate i n  c l i n b  
an3 on thc 5:rovnd. Ilc d e f - i n i k  conclusior- could be made 
f o r  t h e  1 ; l t t e r  t w n  r n n d f k i n f i s  h e c g - ~ . z ~ _  the t e s t s  :I:c-:: 
terminated due t o  i i n sa t i s f ac to ry  engine operaticn and 
the dhta were tkerofore  l imi ted .  'The cooling-pressure 
dz-ops w e m  as I-%@ as coiild be obtafned wlthout z u j . l i a r y  
boosting _such 9 s  use cf a fan .  Fi i r tker  Prprovement i n  
coolfng of the  s r b j c c t  Dower-?lcnt L c s t a i l a t i o n  rzq i i i r=s  
so,ne medns c t b c r  than cowling des ign .  

TI-3 c0oli:ig of? a Franklln 6-L\C-298 h o r i z o n t a l l y  
oyposefi cylinc',er a t r -coolc  d 3ng-i.n? j n s t a l l e d  i n  a 
Fleetwings mociel 33  t r a i n e r  ;vas i n v c s t i g z t e d  Ln f l i g h t  
a t  t h c  Lingley  ?,:emorial Aeronautical. LaSors  t o r y  dur ing  
Novernber pr id  Decem'uer l9!;l. T h i s  i n v e s t i g a t i o n  was 
.undertaken a t  the  reques t  cf the  Army Air Forces,  
Mater ie l  Comnctnd. 3uc t o  hi5her p r t o r i t y  of  o t h e r  
work no f ' i ~ s l  r e p o r t  m z i 3  wr i t ten  o f  tho  F e s u l t s  a t  tf?e 
completion of the  t e s t s .  Th3 present  r e p o r t  has  bceri 
w r i t t e n  h response t o  s e v e r a l  recc;iit inqii ir ics as t~ 
t3s cool-mg cl ier*acteI ' i s t ics  o f  t h i s  typo o f  on,;ins and 
ins  t s l  I s t i o n .  

Tha or ig l r i le l  corr l iqg for t he  6-AC-298 engi re  3n 
the  Flee twings 2 i r i7 la i Js  usin: i n l e t s  abom the cen te r  
l i q e  cf' che cy l inders ,  h v i n g  no b s T f l z s ,  and d i s -  
charging t h e  a j r  from below the  cy l fnders  through s!.cie 
an3 b o t t o n  o u t l e t s  vas rencrt3:d by the  contrsctor a s  
providtng u n s a t i s f a c t o r y  cool i r?g.  The type o f  cowling 
u s e d  i n  t h e  o ? j  gin31 Flqetwi.qgs S n s t a l l a t i c n  is unsa t i s -  
fackory .nroir an ae7~ci;vnc: r, ~tcnclpo'nt .  The i n l e t - a i r  
riassages are small arAd t hi?lL-%locj t y  fl CJW undouotedly  
C Y ~ J E I C S  blizh qressure losqes .  '1"e Trnbaffiea spaces 

l i n d e r s  a'lcw 2 l a r g e  f l q w  o f  air t h a t  
e s  II? c v l , - y ~ c  ~ n 2  t h e  a f r  t h a t  Coes flow 

tyrough t?ie f i n  rjassages sepa ra t e s  frcq the  cg l indc r  a t  
t 3 e  s ides  snd f L . i l s  t o  Yeack tl-e dovmstrem s ide  of  the  
cjT14nder. The ray t l  a t  chn be obtafned i n  the i n l e t s  
a s   righ hi ally loczited i s  h l s o  much l m e v  t h a r  can be 
o b t a f n e d  w 2 t 5  G s lnc le  inlet below the p r c p e l l e r - t h r u s t  
a x i s  aEfi beklnd G :'lore a c t i v e  na r t  of t;:e vroneller 
blades .  
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The objec t  of t h i s  repor t  1 s  t o  descr ibe  a new 
cowljng w.6 cy l inde r  baffles designed. and constr*ucted 
under tb  d i r e c t i o n  of the NACA w i t h  the  o b j z c t  of  
ob ta in ing  t h o  maximum p o s s i b l e  cool tcg  and t o  present  
r e s u l t s  of f l t g b t  t e s t s  made to determine the ccolirlg 
obtained. The f l i g h t  t e s t s  were conducted by personriel 
o f  the Fleetwtngs conlpanp undci- tlie d i r e c t i o n  n f  
Mr. Car l  DeGariahl. 
o f  er ,gim and f l i g h t  condi.tions f rom a l t i t u d e s  o f  
1@00 t o  10,000 f e e t .  T h e  i n s tnu len ta t ion  used t o  obtain 
t .be d a t a  was T-iil'lted 61.13 t o  tile s i z e  cf tke ac r r l ane  
and the t ime ava i l ab le  f o r  t?m t e s t i n g .  Although the 
in s t runen ta t ion  i s  n c t  consldered adequate f o r  ob ta in ing  
tha b e s t  resu1t.s f o r  cool i .ng t e s t s ,  the r e s u l t s  a r e  
consLdered s a t t s f a c t o r v  frox the s t m d p o i n t  o f  p rov id ing  
an a i d  to d e s i g m r s  odn airplanesusin-g this  type of' engine.  

Tksts w8re rad.?  cver 2- l a rge  r m g e  

f l o w  ai-ea a t  various s t a t i o n s ,  f e e t 2  

ve loc i ty  c f  souad ir, a'Lr (49.24-0), 
pe r se c ond 

f e e t  

a ccnstar, t  

propelleri  c'iamete?, f e s t  

??ngine-piston Zis;3Iace:nerit, inches 2 

compre s s ibf li t y fac t c r  , (1 + + & ... h- 40 
a c c e l q r a t i o n  due $0 Sravi ty ,  f e e t  p e r  second pe r  

sen,or,d 

t o t a l  p r e s s w e ,  pounds Fer fgot2  3r inctles 913 water 

ind ica ted  "orseD,ower of engine a t  tezperatui-e,  T, 

in?icti ted 'qorsenower o f  engine at t e m y r a t u r e  
o f  6 0 ~  F 

a c o n s t a r t  

Mach nunbe r , V/a 



iri I constant  

.p 

V 

ei?$lne speed, rpm 

n *  a constsnt; 

r 

PC 

B 

T 
m 
'a 

Tb 

Tc 

?h 

TX 

v 

X 

AI1 

?x.ake power o f  wigim?, font-pounds Ter second 

Sack rr9ssi?re on e n g h e ,  i-ric.hes of mercury absolu te  

manifGld nressii.re, inches of rnarcurg &bsolxte  

d.;naz&c F!'_nessure, pounds p e r  f o o t  

I.nd.icated dyna:n!.c Pressure, pouncls pe r  f o o t  

pr ope I l e  r thr us C, po7md s 

cco l fng -a i r  an2 carSuTetW-air  f enpe ra tu re ,  F 

avcrtlge c y?-inder-barrel  teinperatv.re o f  egdine,  OF 

2 

2 

0 

e f f e c t i v e  gcs teirperaturz,  C~ 

e f fec t ive -gas  tsrriperatiire a t  OO F carburs  t o r - a i r  

sversge cyl!ncler-hezd ternpr.a+vure o f  m g i m ,  O F  

cglinder-yvall tenmera Lure , G~ 

velocct::, f e e t  3er second 

weig7lt o f  cc\ollng ai.r f lowhig  over engine,  pounds 

te2pera ture  OF 

p e r  k o - x  

.* 

"' 

a constant  

c o o l i n g - a f r  pressure d r o p  across  cy l inde r  heads 
a 

o r  cyli.nc?er ' h r r e l s  o f  erigiL1e, inches o r  water,  
(Ti2 - "3) 

.) 
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A t ,  tempsrature r i s e  o f  c o o ~ r ~ g  a i r  across  engine,  OF 

a sngle o f  a t t a c k  o f  a i rp lane  

A denotes increment 

r; p rope l l e r  e f f i c i e n c y  (TVJP) 

P dlensity o f  cool ing z i r ,  sliigs per cublc f o o t  

stand-ard a i r  dens i tg ,  s lugs psr cubic f o o t  
(0 .0023. i8)  

P S  

nean dens-ity oi' a i r  between s t a t i o n s  1 and 2, p1,2 slugs per  cubic f o o t  

mean densit?: o f  a i r  between s t a t i o n s  2 snd 3 ,  
% , 3  s l u g s  per  cubic f o G t  

mean d e n i i t y  of a i r  Setween s t a t i o n s  3 and 4, 
p3 ,4 s lugs  ner zuSic f c o t  

fmep 

~"hp f r f s t i o n  h o r s e p w e r  

f r i c t l o n  mean e f f2c t ive  pressure, pounds per inch  2 

Subscr ip ts :  

0 

1 

2 

3 

4 
5 

and *. 

J 

I f r e e  - s t re  a m  con:-' i t i  on 

s t a t i o n  a t  duct o r  cowling entrance 

s t a t i o n  a t  face cf engine 

s t a t i o n  a t  rear of  engine 

I See f i g u r e  15 
[ f o r  s t a t i o n  

nos i t i ons .  I 
I s t a t i o n  at f l a p  hinge 

s t a t i o n  a t  f l a y  e x i t  
i > 

Theat-! s i i b s c r i n t s  a re  iised t o  def tne  H ; n ,  A ,  q, 
p a t  the various s t a t i o n s  i n  the duc t  system. 
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A IiiFLAYE ALTERAT I O N S  

Coiullng and I n s t a l l a t i o n  Changes 

%e d e t r i l s  c,f the o r i g l n a l  and redesrgned power- 
p l a n t  i n s t a l l a t i o n s  a re  surniarfzec? i 3  t a b l e  I. Fig- 
ures  1 and 2 show the airplar ,e ,  which i s  a low-wing 
two-plhce monopl-me w l t h  the o r i g r n s l  cowlfng and power- 
y la l? t  i n s t a l l s t % o P .  The a i rp l ane  w 9 s  equi2ped with wing 
? l a p  arid a two-blade f i x s d - p i t c h  propel le l . ,  
design 76PA54. 
zon ta l ly  oppossecl. s ix -cy l inde r  6-AC-298 msxpercharged 
a!r-cooled enginc r a t c d  130 bralie horsepower a t  2550 rpm 
a t  sea l e v e l  v i l t l i  a 7i:iP.ifold preasure o f  29.92 inches 
of T e r c u r y  snd a ca rbure to r -a i r  temperature o f  600 F. 
T1-,.e ccn!press ion  r a t i o ,  boye, and s t roke  o f  the engine 
a r e  ?:I, it.?? inches,  and 5.5 inch-es, respective3.y.  %e 
airp1ar.e was equFnpd w i t h  dual E i s m a m  i g n i t i o n  and 
w i t h  two Xarvel carSuretors. T h e  cazbcre tors  were 
equi.Q?ed vvfth ;nmual mixt?ue c o n t r c l  

t ab l e  I, the  c c o l i n ~  n l r  anterec! twa srrall openings i n  
tke no2e 02 the cowlir,g behind $he 'o1ae.e shanks ( s e s  
f i g s .  7, and 2), passed o v 3 r  the cy l inde r s  f'rm top  t o  
bottom,8nd t13eii o u t  openings a t  the s ides  and S o t t o n  o f  
the cowlin2 bslow the englrie. TbLe r e s e r v o i r  between 
the tops o f  t he  cy l inde r s  arid the top  sur face  o f  the 
cow1;'rig was not  very  l a rge  and tliera vias a c.hance o f  
having saxe ve loc i ty  he& 2-i thts space w5ich s o u l d  
c&uso I j O O T  cooling-pressuro 6is : ; r ibut icn frcm cy l inde r  
t o  c . v l - i . ~ d e ~ .  %.e space between the Sottom o f  the 
cyl inders  znd the Sottcm surface o f  the cowling was 
crowded. with ensine accessor iea ,  carbure tor  hea t tng  
d i x t s ,  and two o l l  coolers  which intctrfered with the 
pnssige of the cool ing a i r  from the cowling. Further  
d e t a i l s  of confiSur3t:on A a r e  gfven i n  t a b l e  I. 

The a l t e r e d  

The power n l z n t  was a Frankl.in h o r i -  

In the or ig i r ia l  I n s t a l l a t i o n ,  conf igura t ion  A of 

The f i r s t  ,?;tep i n  irn9rcvirzg the cool ing of  the 
eng ' iy  was t o  redesign th.e cowli.ng. 
cowling, as shown. in fi lagraimatic forr;i i n  f i g u r e  3 ,  
w 8 s  designee a t  t h i s  '1,aboratsrg i n  coorera t ion  w i t h  
r fpresents t i .ves  of the Flee twings Solapmy t o  take the 
aool.f-ng aLr arid c;?r:_712i-etor a i r  In. one l a r g s  opaning i n  
tke lower  h a l f  of th? c o w l l . ~ g  2ose and discharge t h e  
cooli2g air a t  the t ,op rcsr of tl1.e cowl sk i r t .  This 
t y p o  o f  t o p  c u t l e t  " 3 s  coilsidered s a t i s f a c t o r y  on 

-' 

V 

.4 
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this partrcular power-plant i n s t a l l a t i o n  as i t  wa3 being 
developed f o r  a p i l o t l e s s  a i rp lane ,  For a normal 
arrangement o u t l e t s  shou ld  be c a r r i e d  around t o  the 
s i d e s  o f  the cowling t o  avoid o i l  from the engine 
impairing the p i l o t ' s  vis ion through the windshield.  
The d i rec t ron  o f  a i r  flow across the engine was reversed, 
a s  compared t o  the or igir la l  i n s t a l l a t i o n ,  because the 
space below the engine was nuch l a r g e r  tkan t h a t  above 
the engine thus forming a large pressure  chamber below 
the engins  i n  which the ve loc i ty  o f  the a i r  was small .  
The pressure d i s t r i b u t i o n  across the cy l inde r s  would 
therefore  be more uniform that i f  the a i r  was discharged 
from a small  sDace a3 i n  the  o r i g i n a l  i n s t a l l a t i o n ,  The 
i n l e t  opening was located as low a3 poss ib le  i n  the 
cowling nose i n  order  t o  tske advantage of  a possible  
increase  i n  f r o n t  Dressire  due t o  the openlng being behind 
the a i r f o i l  s ec t ion  of  the p r o p e l l e r .  V i e w s  o f  the 
cowling ou t l ine  f o r  conf igura t ion  A ( see  t ab le  I)  and 
the  i n l e t  A r e  sllown i n  f igure 4 and a close-zp o f  the 
i n l e t  i n  f igu re  5 .  A close-up view o f  the compartment 
below 'she e q i n e  with the new i n s t a l l a t i o n  i s  given i n  
f i g u r e  6 .  

The s i z e  of' the i n l e t  opening was determined from 
the e s t i n a t e d  q u a n t i t y  of coo1iF.g a i r  and carbure tor  
a i r  requi red  by an engine o f  a l i t t l e  g r e a t e r  horse- 
power than the r a t e d  power o f  the engine i n  the a i rp l ane ,  
because of possible  fu ture  increases  i n  power, and the 
cool-lng a i r  reqii ired by the oil coolers  a t  12,000 f e e t  
a l t i t u d e .  Tho deslgn was based on the assumption t h a t  
the v e l c c f t y  i n  the i n l e t  would be limited t o  one-half  
the v e l o c i t y  o f  the a i rp lane  a t  t h a t  a l t i t u d e .  This 
gave an a r e a  o f  115 square inches.  The s i z e  o f  the 
cowling e x i t  f o r  adequate cooling could no t  be determined 
a c c u r a t e l y  because the cool ing c h a r a c t e r i s  t i c s  o f  the 
engine were unknown. F o r  t h i s  reason t h r e e  s i z e s  o f  
e x i t  opening were t e s t e d :  41 (configurakion B ) ,  
75 (conf igura t jons  C ,  D, E, F, and G ) ,  and 135 (con- 
f i g u r a t i o n  e )  square inches.  Configurat ion Ii a l s o  
included 8 fixed f l a p  ( f l g s .  3 and 7 )  s e t  a t  a 30° angle 
t o  the cowlins sur face .  Extrene care  waa taken t o  s e a l  
the compartment below the sngine from t h a t  above the 
e rq ine .  

In  add i t ion  t o  a l t e r i n g  t h s  cowling the  o i l  coolers  
below the engine were replaced with a s i n g l e  large cooler 
slung below the fuselage J u s t  a f t  of th6 cowling s k i r t .  
Although the o i l  cooler  i s  an important p a r t  o f  a power- 
v l a n t  i n s t a l l a t i o n ,  the present  t e s t s  on ly  involved the 
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c o o l h g  o f  the engirle i t s e l f  The cQoler  i n s t s l l a t i o n  

t e s t3 .  Other cl-ean-up o f  the space below the engine was 
Rads TncludiEg the  i n s t a l l a t i o n  of a new carbure tor  duct  
svs tem as  shcwn i_r, f l g u r e s  3 and 6.  The new c a 3 m r e t o r  
duct system was arranged such t h a t  cold a l r  o r  ho t  a i r  
could h e  taken into che eligine 37 operz t iqg  a l inkage C 
( f i g .  3 )  :..rnich held e i t h e r  free-swinzing docr  A or 3 
sh.ut. Cold a l r  was taken In a duct  n t  the l n l e t  opening 
of t'ne cowljng.  (See f i g s .  3 ,  5, and 6.) The ho t  a € r  
was oStsin2ci by connecting 6uc t s  t c  shrouds around the 
exhaixst r ? t p e s  ( f t g s .  3 and C ) ,  the i n l e t s  t o  the shrouds 
being open t o  the chanber helow the encine.  The duct  
s y - s t 2 m  was equii3Fed w?. t h  a backf i r e  arrangement such 
t h a t  when a backcire  occurred the free-swinging d c o r s  A 
and 3 wculd c l o s e  a g s i n s t  d o o r  s t o p s  snd a backf i re  
eoor C ( f i g .  3 )  would cpen. The us3 or this system 
cleaned u n  t.Le space below the e:lgiile appreciably.  

wzs only si tem;?orary means o f  cool ing the o i l  dur ing the J 

C'T-3.indcr Baff les  

The eng!.ne vias no t  e q u i p p d  with cy l inde r  b a f f l e s  
i n  t'nc o r i g i n a l  i n s t a l l a t i o n  (confi&uat ion A ,  t a b l e  I ) .  J 

A s e t  of' Sa f f l e s  was made, as  shown i n  f igu re  8 and 
d.iagrar.maticslly i n  f:gures 3 and 9,  which f i t t e d  t i g h t  
aga ins t  the fin t i p s  a t  the r e a r  o f  the cy l inde r s ,  the 
space hetween the c;ylir?.det-s being close6 t o  the passage 
of' air by the b a f f l e s .  The e x i t  a r ea  of the b a f f l e s  w a s  
made 1.6 t h e s  the free-flow are& between. the f-ins. 
These b a f f l e s  w e r e  used with a l l  o f  the altered cowling 
conf i g u r a t i  ons . Se ve ~ a l  ba r f  l e  rrodi f i c a t  ions we r e  
t e s t ed  based on the r e s u l t s  of the t e s t s  with the 
cyliniler bal'fles. These modi f ica t ions  includ.ed spark- 
p lug  b a f f l e s ,  a b l a s t  tubo, and b a f f l e  duc ts .  The spark- 
p l u g  S s f f l e s  w e ~ e  p l a t e s  placed over the large cut -outs  
around the spark plu.gs i n  th.e o r i g i n a l  cy l inde r  b a f f l e s  
( f i g .  l O ( a ) ) ,  the idea  being t o  keep h igh -ve loc i ty  air 
3.n coctact  w i t : ?  the cv l inde r  f o r  a g r e a t e r  d i s t ance  
a r o m Z  thg c;;l!nder. The b l a s t  tube d i r ec t ed  cold. a i r  
or? t o  the spark plug. Th!e b a f f l e  duc ts  ( f i g .  1 0 ( b ) )  
ca r r i ed  a i r  direct ;  from ths  pressure chamber 5elom the 
engine t o  the h o t  sides o f  the cy l inde r  heads.  Fur ther  
d e t a l l s  as on what cy l inde r s  the b a f f l e  modif icat ions 
were used snd. with what cowling conf igura t ion  a re  given 
in t a%le  I. 

b, 



b 

C@OLI.I?G TESTS 

Instrumentation 
3 

v n 
1 3 Temperatures o f  the cylinders were measured by 

r 4  36 themlocouples loca ted  a s  s'rlown f n  the sketch on 
f igu re  11. Six o f  >he thermocouples were gcskot-type 
therrnocoirples under the snwk-plug  f h n g s ,  s i x  were 
embedd.ed th.eraocou.ples i n  the b a r r e l  flanges, arid the 
c t h e r  24 were mbecldcd OP spot-weldad thzrmocouples 
evenly d i s t r i511 tad  ove r  %he f r o n t  and. rear of the b a r r e l s  
and heads of the cy l inde r s .  Two bsc3ts o f  three therrno- 
couples, each s e t  conr,ected in s e r i e s ,  were used t o  
measure the tsmnerature of tine cool tng  a i r  i s s u h g  from 
t h o  bs.ffles,  one s e t  on each s i d e  of the engine.  Xach 
t h e n o c a u n l e  o f  a s e t  was located direct l :?  behind. a 
cylinder.  as shown i n  ??giire 3 .  A thermocou?le was 
loca ted  on the anterm, s t r u t  showr, i n  f i g u r e  4. The 
te-nperature recorde.: by t h t s  thermocouple was used f o r  
the inlet-cowling a i r  and the chrburetor-ai  r. temperatures.  
A t'rlermoco?~.p1'3 was placed i n  the canbvretor duct  but the  
t e n p e r a t w e  rocordc?d was 30 c lose  t o  the an tenna-s t ru t  
tem7erat.me t h a t  the I . a t t e r  was l-ised f o r  the carbure tor  
tenDerature as noted. Therrnocov-yles wem a l s o  used t o  
record the temperatures D f  the ri:a&netos, accgsoory com- 
partment,  a thme-way .gasoline -d is  bribut ' iun.  valve in 
the  accessory compartment, a gasoline s t r a i n e r ,  and the 
cil piirn? -In oxder t o  i n s u m  s a f e  opera t ion .  The t.bree- 
wa.y valva cnd strainer temperatu.res were  obtained because 
t h e m  was some yves t ion  9s t o  whether vapor lock  was 
proscmt a t  t imes I n  the gasoline l i ne .  The thermocouples 
were made of  ir*ori-constantsn wlre and were l ed  back t o  
the pear cockpi t  where they were connected thr0v.g.h 
s e l e c t o r  s w i t c h e s  t o  a milLlivoltmetcr shown i n  figure 12. 
The temperature of the r e a r  cockpi t  was used f o r  the 
cold- junct ion tempeTaturc 2nd was mneasured. with a l i q u i d -  
i n s g l a s s  thermometer . (St.$ f i g ,  12. ) Oi l - in  and oil-out 
temperatures ol" the ongino welrc obta ined  w i t i ?  r e s i s t ance -  
type bulbs connected t o  mi l l i vo l tme te r s  i n  th:? f r o n t  and 
rear cockp i t s ,  

;i sckei?atiLc lagoi:t of the l o c s t i o n s  o f  the pressure  
tubes ?laced on the  a i r p l a n e  i s  sh-own i n  f igu re  1 3 .  
2akes of total-and s t a t i c - p e s s u r e  tubes a s  shown ii? 
f igu re  5 were used t o  o b t a i n  the p re s su res  i n  the cowling 
i n l e t .  Two rakes of ',Ibes were used t o  ob ta in  the Dres- 

and 8. ) Front -baf f le  nressure3 and r e a r - b a f f l e  pressures  
s ~ ? ~ ? ~  !n t h e  e x i t  s l o t  2f the cowling. (See f?.gs. ?(b) 
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were messired wi th  t o t a l  prgssure tukes located. i n  the  
nanner shown i n  f i g u r e s  3 and 3. X!.thoi@-L the  r e a r -  
b a f f l e  prsssilre was oktzLn.ed tvl.th an. opzn-end t u b e ,  the  
v e l o c i t y  head at. the point  o f  measuremsnt was n e g l i g i b l e  
alnd f c r  that reason rea--baff le  pressures  hsve been 
des igna ted  i n  f i g w e  13 w i t h  an x, ahicki denotes s t a t l c  
preszxrl?. T?le tubes were 12d back t o  t h e  r e s r  cockpi t  
t o  a junct ion board showx I n  f'igurz 12. 

I n  addit5on t o  these nessv.reaeEts i n s t n m e n t s  were 
proviZied a s  shown i n  f i g u r e  12 f o r  ob ta in ing  the a l t i t u d e ,  
en@ne speed, oil pressure ,  ;j.sr.speecl, ms r i i fo ld  pr9ssure,  
and f u e l - z i r  rp.tio. 

EnTlne-cooling chsL-actei-i-stics .- A r e l a t i o n  between 
cvlinclda- temperatures dnd eng;?"ne azo cool lng condi t ions  
from whfcb t3e cool ing cYLzrsc te r i s t ics  o f  an engine can 
be dc t emined  K i t h  a r n l ~ l m ~ m  alroun?t cf' t e s t i n g  h q s  t e e n  
d e r ?  ve3 'in r e t e rence  1. Fy use ot' thl s r e l a t i o n  the  
otherv;i_se neccssarT7 but una t ta inable  m q u i  rem;nt of exac t  
dunlicatFon o f  a l l  cool lng condi t ions  i n  successive COP- 
pa ra t iv s  f l i g h t  tssts Is amicted aqd the  r e s l i l t s  can bs 
pr2sonti:d I n  a gelieral  forb, fYoni whJch perfoTmbnc2 can be 
e s t i x a t a d  foi- cond; i;ions Pot a c t u 3 l l y  flovvn. T h i s  r*ela- 
tion i s  given below. 

where 

c yllnder-wall- t e q e r h t u r e ,  OF 

cooling-air terrperatlire, OF 

e f fec t fve  gss  temperature, 

Tx 

6 T 

K,m,nt constants 

I ind ica ted  ho:-se :- iner o f  engfne 

A IT c?oLing-,T.ir presnure d r o p  across  heads o r  b a r r e l s  
c f  engine,  inches o f  water  (B2 - H 3 )  

.' 
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II;z t o t a l  messure a t  f r o n t  o f  heads or b a r r e l s  of 
3 englne,  inches o f  wa te r  

t o t a l  vressiire a t  ;’ear o f  heads or  bar re l s  of 
engine,  ir,ckss o f  waber  

r a t i o  of d e n s l t y  o f  aii’ a t  f r o n t  or“ hescis OP 
b a r r e l s  02 en,Tir.e t o  s tandard d e n s i t y  

d a n s i t y  o f  di.1 a ?  f r o n t  o heads o r  b a r r e l s  o f  

s t a d a r c  dens:! ty, s l u g s  per  f o o t 3  (O .OO23 ’73 )  

v H3 

A 5 

1 
3 

( M P  SI 2 

p2 engir,e, s!.ugr per f o o t  4 
P S  

Relat ions l i k e  eqliation (1) can be s e t  up for the 
average of al l .  head. tein?eratwes C I ~  a l l  cy l inde r s  (in 

t w e  s o f  a l l  cy l inde r s  
of each ind iv idua l  po in t  
t e ~ p e r a t u r s s  were pressr ibef i  for t5e  rear-spark-plug 
gasket  anc? the cylfr.de?-bass flange e Therefore,  rela- 
t i o n s  between t h e  kerDeratures a t  these points and th3 
cool ing and erg! ne ccnd.? t i  ons were r eqx i r ed  t o  determine 
1.f the c o o l i g E  was s a t i s r a c t o r y  for specTf’iz condi t ions .  
To f a c 2 l i t a t e  the malysfs  01’ ths d s t a  relst!-or,s l i k e  
eq:?atior, (1) were e s t a 3 i i s h s d  between the cogl ing and 
ongir,a cor,di”,icl?s ar,d Th and Tg. Then ciirves of Th 
n l o t t e d  against t k  spark-plu8-gaske t tmperatun-e o f  each 
cy l fnder  and %b rJ lo t  ted a@ns t +he cgl inder-base 
fl:!ng2 t emera . tu re  cf each cyl inder  were cons t ruc ted  t o  
e s t a b l i s h  the r e l a t i o n s  Se tmen the average and the 
individus. l  te l rperaturss .  P r e d o u s  t e s t s  on o the r  engines  
hsd showr, t b a t  d3f j .n i te  r e l a t i o n s  existe6 betrleen the 
average hnd %?,.e ini ividua.1 temperatures.  

which case T, = Th), of all bayrcl  tempera- 
~ n d  tkAe temperature 

L i r i  t i i ig  

In order t o  estzhlish th? r e i & t i o n s  between average 
head and b a r r e l  tenperaturea a d  the  cooling and itngine 
c o n d i t i o n s ,  t e s t s  wers conducted Ln which I was the  

t e s t s  wliere bcth CJpAFi and I were v8.ried the 
cons t sn t s  K and m were obtaf r led  b : ~  p l o t t i n g  

L 
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Tests Psve shown ( r e fe rence  1) t h a t  nl/m i s  
aTproxirmtely 2 for a number of  cy l inde r s  m d  equa- 
t i o n  (1) can be w r i t t e n  i n  the f o r i  

, and the d t a  f 

where 

Tgo temperature,  OF 

Ta. 

e f f e c t i v e  gss temperature a t  0' F ca rbure to r -a i r  

carbure t o r - a i r  temgerature,  OF (equzls  cooling- 
a i r  temperature in present  t e s t s )  

r an engine: can be p l o t t e d  on logar i thmic  
ccord ina tss  according t o  t h i s  equat ion and a s t r a i g h t  
l i n e  will r e s u l t .  The symbol f denotes s ' funct ion of . ' I  

If the value o f  nl/m i s  not  c l c s e  t o  2 ,  the d a t a  can 
s t i l l  be Dresented i n  the f c r m  o f  equa t ion  ( 2 )  by 
s u b s t i t u t i n g  n?/m f o r  the  exporient 2 ii? t h a t  ecruation. 

In the present  t e s t s  the ind ica t ed  horsepower was 
obtained from f igu . ra  14 knowing the carbui?etor-e.ir 
temTerature,  engine speed, manifcld. p ressure ,  and back 
pressure on. the engine (obtained. from the hl t i rneter  
readfng  and standard atmospheric t a b l e 3  1-eference 2 ) .  
The in6 ica ted  horsepower for a @veri pm, pb, and N 
a t  600 F carburetor-air temperature 5 s  ob-tain.sd from 
the cinves a t  th.e t o p  of  f i g u r e  14 an?. then the i n d i -  
ca t sd  horsepower a t  the temperatwe o f  the t e s t  i s  
cb t8 ined  by means of' the co r rec t ion  curve a t  the bottom 
of fiil;ure 14. The curves o f  f i gu re  14 were ca l cu la t ed  
from cali l .)ration curves o f  the nanufac turer  by a method 
which i s  unFublished. The e f f e c t i v e  gas temperature for 
an unsupei-charged engine var ies  with f u e l - a i r  rztio, 
s p a r k  setting, ca rbure to r -a i r  t enpe ra tu re ,  compression 
r a t f o ,  and exhaust pressure .  Th.e p r i n c i p a l  v a r i a t i o n  
occurs w h e n  f ue 1 - a i r  r a t i  o and carbure t  o r  - air temperature 
are varied.  T h e  vari  A t i o n  with c a r b u r e t o r - a i r  tempera- 
t u r e  has been approximated by the following equat ion 
derlved .?from t e s t s  given 5n re ference  1: 
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I '  

T e s t s  pi-' seve ra l  cy l inders  ( re ferences  1 an?, 3 )  have 
shown t h a t  7Ig, 
i n a t , e l j z  536O F f o r  the b a r r e l s  and 1086' F for the heads 
o f  the cy l ince r s .  These values were assu.ned appl icable  
t o  t ' io PranIclin 4-t"ic-298 engine.  In e s t a b l i s h i n z  equa- 
t ions  Like equat ions (I) ail$! ( 2 )  f o r  t h i s  engine,  TcT 
a.t fiiel-aii2 r a t i o s  different thsn 0.03 was rzbtsirled 
from the  zurves o f  figure 15,  wlzfch xere  obtained fron 
reference 14 bec2use wLth the carbure t o y 1  provided with 
the englne tbp, f t e l - s i r  r s t ? - o  co:lli?, i lo t  be v a r i e d  o v 9 r  
a wide eno--z@ ranee t o  e s t a b l i s h  a curve l l k e  f igu re  15. 

at a fv,el-air  ratio of 0.03 i s  approxi- 

00 

Th.e above equetfozls &?e appl lcable  w5en equi l ibr lum 
tempsratures are obta 'ned. For  t k e  2ase where e q u i l i b -  
rium t e m e r a t u r e s  Ere not  obtained, as i n  a f a s t  climb, 
the r e l a t i o n  be tween cylinder* temper>akures and f l i g h t  
condi t ions can Se  o h t a k e 3  by methods givea i n  r e f e r -  
ence 3 ,  Ixsuf ' f ic ien t  daLa, bcivemr, were obtained i n  
t h e  p r e s e r t k  t e s t s  f o r  s e t i s f k c  to ry  a q l . f c a t l o n  o f  these  
methods a d  theref 'ore ths 3ctual t expera turcs  obtained 
during th3 climb t e s t  were p lo t t ed  aga ins t  the a l t i t x d e  
for specif'li,c t e s t  condi t ions.  

C m 1 t i c r z  c h a r a c t e r i s t i c s . -  The ob jec t  of  the fol lowing 
tinalyTis i d  t o o 3 t a i n  cowling c h a r a c 2 e r i s t i c s  from which 
I t  i s  2oss ih le  t o  dsterrcine the weight o f  cool ing a i r  
f lowing &id thus the s m l i i l g  c b a r a c t e r l s t i c s  o f  the 
engine , f roc i  the pressure an i l2k r l e  a c r c s s  the cowling 
for given cowling-exit  a reas ,  zonl ing-f lap anglos ,  
cnglne condl t ions ,  and f l i y h t  c o r i d l t i o n s  01' t o  determlne 
the exlt area needed f o r  c o o l i n ?  when the engine and 
r l i g b t  condi t ions ,  f l a p  an$e, m e -  weight o f  coolins 
air are  kiown. 

The r e l a t i o n  between t l -e  t o t a l  c1res9ure 103s through 
the cowling and the ST-un of the  l o s s e s  of the duct  elements 
may be r;epiieseqteC! bv tbe !'ol.lowing eqixit ion: 

(4) 
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where 

H t o t a l  p ressure ,  polinds pe r  square f o o t  

1, s t a t i c  pressure ,  pomds  per  square foo t  . 
4 Aynarnic pressure, p o m e s  F e r  square f o o t  (+pV? 

TJ ve loc i ty  of' a i r ,  f e e t  p e r  second 

a v e l o c i t y  o f  so-mc? ia a i r  (49.2\/T, + 4.60). f e e t  

cir temperature,  O F  

per  second 

Ta 
Subscripts  : 

0 f r e e  - s tream con.; i ti on 

1 s t a t i c n  a t  duct  e n t r m c e  

2 s t a t i o n  a t  face of' engine 

3 s t a t i o n  a t  rear o f  engine 

I!. s t a t i o n  a t  f l s n  hinge 

5 s t a t i o n  a t  f l a p  e x i t  

The s t a t i o n  positions a re  shown i n  the ske tch  in f i g -  
ure  16. 

The f 7 - O W  l o s ses  throiigh any p a r t  o f  the duct system 
can be apnroxi lnsted 3 y the f o l l o w i n g  e q m t i o n  Drovided 
the cowling gzonetrv docs  no t  change: 

WX 
P 

A H = C -  

where 

average dens i ty  o f  the a i r  f o r  the pa t o f  the P 
svstem i n  qucs t ion ,  slugs per  f o o t  3 

( 5 )  



x an exponent whose value i s  near  two 

C a c m s t a n t  

ry T weight o f  ailr ?assing throngh the systen;, pounds 
i\? a per  h o w  

I 
GI 

For  low s p e c i s ,  low a 1 t l t u r l e s ,  and satlll h e a t  inputs  
p i n  equat ion ( 5 )  1 s  aFproximate1-y equal t o  po and qo 
can bs  used i n  plece o f  q90 with l i t t l e  e r r o r .  For 
such con-dit ians and s u b s t l t u t i n g  spnropr ia to  values  f o r  
tLe constar?t i n  equation (5) f o r  eac? p e r t  o f  the system 
equ-stfon ( 4 )  can he ap rox ima ted  bS the fol lowing 
oquation: 

‘N weight o f  a i r  passing through cowling, p0und.s pe r  
h o u ~  

C 1 - 2 9 C 2 - 3 ~  e t c .  

rl a constant ~. . ssoc ia ted  with t h e  dyramic pressure  in 

cons tan ts  assoc ia ted  xlith p r e s s w e  losses 
from s t a t i o n s  1 t o  2 ,  2 t o  3 ,  e t c .  

”5 the co:.rling e s f t  

A5 
x a constant  

f l o w  srea a t  flaD e x i t ,  square f e e t  

Althox3ch the dynamic nressure a t  the exit var i c s  as 
( :“i /A5)2,  the assunntior, wzts nade t h a t  it vsried as 
(“id/A5)” a s  x is c lose  t o  2 as mentioned prsviously.  
Then i’rom equet ion ( 6 )  
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O n  the basis cf the foregoing assumptions,  the 
' pressixe loss acToss the eng:ne is: 

Equaticn ( 2 )  i s  a baS!c equhtion givlrig the r e l a t i o n  of 
t b e  coO~~g-a i r - In~ow rate ana&i?slty t o  the l o s s  i n  t o t a l  
pz-es?nre across  the eapi;ie 

Tkre r a t i o  n f  the l o s s  In t o t a l  pressure across  the 
engine  t o  the dLt'fer2nce Setwenn thz t o t a l  p ressure  a t  
W e  sowling in l t . , t  and t5e s t a t l c  p rz suure  at the ccwljng 
e x l t  i p  o 3 t i i n s d  by tlfvir3ing eqiiation ( 8 )  by equzt ion ( 7 ) .  
Or 

"5 

Tk.e symbol $ denotes " f 'umt ion  of .'I The pressure-drop 
rstto el" equatlori ( 9 )  de,pends only on thg e x i t  a r ea .  
lahen the vari.atj.on i s  !inovm i t  i s  possible t o  p red ic t  
(112 - H 3 )  f o r  given vhluzs  o f  El arid p5 

Kith the prclpeller rezovsd and with a good i n l e t  
t he re  F s  -uv . a l ly  no loss between stations 0 and 1 due 
t o  ex te rna l  ex-pansion o f  the all- o r  
eql-ial t,o z e r o .  If' a FTopeller having a i r f o i l  shenk 
secti .ons i s  opsrut ing ir, fz-ont of' the cowling i n l e t ,  

by an a.mowit deyendlrig on the th.rvs'i, losdf. l ic of the 
p r o p i l o r ,  the angle  of '  s t t a c k  a o f  t ha  airplane, mc? 
W e  locat lor ,  cnc! shape o f  the I n l e t .  The r e l a t i o n  Setween 
the free-stream m?d 3-xle t - to ta l  pressv.res f o r  a given 
L n l s t  m l i ~  he exnressed bv tke f'o1.lowfng eqnat ion:  

H, - HI is aSout 

t h o  r n l e t  press7m-e E1 may be g r e a t e r  or l e s s  than % 

4 

c 



' P  brake pGiver' o f  engine, foot-pounds pel7 s e c m d  

a i ~ p l o ~ e  s m 4 d ,  f e e t  pe r  9econ3 
vO 

c propel. ler d i a a e t e r ,  % e t  

P O  

a :mgli! o f  a t t a c k  9f' a i r y l m o  

d e n s i t y  o f  r t i r  In f r e a  stream, s l u g s  per  root3 

$ 5 e no ,t e s f=m c ti on o f 

nor a li.nit,c? range o f  f14ght  conr i i t ims  and with 
a fixed ~ i t c ?  r3Pop.l1oT, t h e  propeller-power c o e f f i c i e n t ,  
- c  9 (= I?/povo 3 ~ 2 )  i s  npc rcs ;mte l y  p r o p o r t i o n a l  t o  T ~ .  
FrJr t h e s e  condi t ions  w d  bechuse of the f h c t  that f o r  
tL,is t y p e  of  cowlirig --- i s  p r a c t i c a l l y  inzer,si-  

t i v e  t o  a, the loss or ,gain oi' l o t 2 1  pressure fron 
t h e  free strear, t n  the i n l a t  m"*y be a-pprox3.n1ate7.~y 
d e t e r l i n e d  b y  mems of the fol lowing equat ion:  

H, - HI 
q 0  

The s y ~ b o l  $ 1  dcnotes  f u n c t i o i i  of P, and is d i f f a r e n t  
Irom t;he usec! i n  equat lon (10). Xquetion (I?.) nay 
be useC t o  predict thu? cowl ing- in le t  pressure for condi -  
t i o n s  of' power, a l . r smed,  ;nd a l t l t u d e  o t h e r  than those 
f o r  vhLch t h e  t ' 3 s t s  were m,ir?s.. 

I? has be?n shown ( r e f e r e n c e  5 2nd o the r  r e f e r -  
ences not  mntS <cnedi ' ne re ln )  that ,  -?or a givcr: angT'e of 

a t t a c k ,  denends x a i n l y  on the c o w l - f l a p  

s e t t i n 3  and t178 l o c a l  3lLpstre3.m ve locf ty .  The 
e W e c t s  of t':!r-~ s l i y i s t ~ e a ~ ,  ha~7e k e e n  t m n r e d .  sini:e the 

ITo - p- 

g0 

, 0"'- 
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t e s t s  were nct s u f f l c i e n t l g  conq le t e  t o  i s o l a t e  them and 
t’nb foliowing exnressiov hss  besn used t o  c D r r e l a t e  the  
o u t l e t  DrTs9ures: 

n2 (H2 - E 3 )  versus  i,\r ( l o g z r l t h a i c a l l y )  

F.2 -- E3 
HI - p5 “5 
---- 

€I, - 
q0 

V ~ ~ S U S  flap ingle 



versus W e s t ab l i shed  was used t o  determine the weights 
o f  air f o r  all other  exit a reas  frcm the pressure-drcp 
d a t a  a c r o s s  the e n g h e .  Such 2 procedure was u s s d  
because th.e rakes  sgannod o n l p  part o f  the cowl.ing e x i t  
when the l a rge  e x i t  &re&$ were testec?. XO f l a p  was 
used with the 41- and 7T-square-inch-cowllng exLt ar'sas 
and the p r e s s u r e s  recorded .I.n the cxi.t we~w i;l?e p r e s -  
sxre  s according t o  the symbolization i: f t : , h 5 ~  
r e p c r t O P 5 I n  the t e s t s  w5.th the 135-squtire-inch e x i t  the 
rakes were p laced  approximato1.y a t  s t a t i o n  L+ and the 
pressures  pr wero ca lcu la ted  froin thi: c e a s w e d  pres-  
s u m s  assmi& Er equals H4. 

T k  d e n s i t y  p 2  ins tead  of p, was w e d  t o  
e s t ab l i sh  the y e l a t i o n .  between '!I and (II2 - E 3 )  t o  
c o r r e c t  f o r  small  changes i n  r2ensit-y t h a t  o s c w r e d  
between s t a t lo r?  0 and. 2 .  Us3 o f  p2 i n s t e a d  of  po 
for t!etermfn:-ng E-:;.l.a r e l a t i m  i s  morle r t g o r o u s  and 
Ynvolved no complication i n  the relatio1:l. 31.1ch :A,sage, 
however, i n  the n tb .e r  aerodynmic r e l a t i o n s  w m l d  have 
complicated t,!-lem und.cly. 

.,I 

The brake power used i n  determining P, was 
ca lcu la t ed  b:; s u b t r s c t i n g  t,he f 'rictj.cn horsepcwer 
f ron t?te ind ica tgd  horsepower. The method 0.f 
o b t z i n h g  the i n d i c a t s d  horsspowe1- has keen given 2.n 
the  cooll:?g a n a l y s i s .  The f r t c t i o n  hoi-sepowey wa3 
ca l cu la t ed  from the e q m t i o n  

The 
the  manifold pressure ,  back pres3iim, anc! engine speed 
o f  each tgst .  The  method o f  ob ta in ing  f'mP from the 
curves is se l f - ev iden t  on the figure. 

frnep was obtained from 'the curves o f  fl,yure 1-7 for 

Test Progrdn 

Tes ts  o f  the tFFe shown ii7-  thg f o l l o w i n g  t ab le  were 
made ' t o  d.Sterci4ne the cowiini? .ad coo l ing  cha rac t e i . i s t i c s .  
Tize f u e l - a i r  r a t l o  was rnsint;ine< as close t o  c . 0 9 ~  as 
q o s s i b l o  in all o r  tL.e t e s t s  c z c e n t  t e s t  8 .  ~ i z e  fue l -  
a i r  r a t i o  was v a r i 9 d  In  t'lis t s s t  in ort4er  t o  a t t smpt  
t o  ob ta in  i t s  e f f e c t  on t b ~  va r f a t ion  01' e f f e c t i m - g a s  
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temperature.  A s  p r e v i o u s l y  mentioned, however, the 
carburetor i i u e d  would n o t  perr;.lit a 1.arge enough range * 

o f  f u e l - a f r  r a t i o  t o  ssbablish the re?.:ition. Seve ra l  
runs O C  som4 t y p e s  of t e s t s  wem isade f o r  check yurposes 
01- t o  dcter:n!.ne the e f f e c t  oi' baff le  and cowling a l t e r a -  
t i ons .  A m i n i m u m  of 5 mfnutos wa3 allowed for tiis tem- 
peruturov to s t a b i l i z e .  
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a t t a i n e d  i n  high-speed l e v e l  f l i g h t  a t  about 1900 f e e t  
s l t i t n d e  with the same i n s t a l l a t i o n  c m f i g u r a t i o f i  a r e  
a . l s o  shown i n  t a b l e  11. It i s  q x i t e  ev ident  t h a t  the 
engli2.e woule riot c o o l  s a t l s f a c t o r i l v  a t  CA.4 standard- 
a i r  t e i -qs ra tu re s ;  the head t e m ; ~ e r a t . ~ m s  of a t  I c a s t  
four  cy l inde r s  would exceed tha l i n i t  and possibly th;3 

flange temperatures o f  two cylinders 

The spark-plug temparatures a t t a in3d  in climb 
from s e a  l e v e l  t o  1 0 , C ~ C G  f e e t  with c o n f ~ g u r z t i o n  B a m  
shown i n  f i g u r e  21 along with o the r  p e r t i n e n t  da t a .  I\Tc 
po in t s  a r e  shown Gn 2bLe curves a s  they 'Yljere obtained 
froin Pa l r ed  curves of the  d a t a  p l o t t e d  agair ,st  t h e .  
T b  h o t t e s t  t e  e r a t u r e  occurrc3d a t  the low a l t i t u d e s  
and pr~bab1.5: , a  ouple  o f  cy l inde r s  x i l 1  bc o v e r  the 
temperatine 1hi.t a t  these alti.tiidl.rs if the a i r  tem- 
pera ture  i s  C A A  standard. Terngerstwea s a l c u l a t e d  from 
the  coc l ing  and. engiil,e condi t ions using the cur-res o f  
f ig-ares 15, 18, 19,  und 20 S ~ O V J C ~  f a i r  agy 
t b  observed temtmratares at khhc l c w  a l t i i . l ld2s .  A t  
high a l t i t u d e s  Y l e  a g r e e w n t  was f a i r  6xcopt fgr 
c;i l inders 1 and 6 .  Inasmuch. as the  s lopes  of the 
temperature C U P E B  w?tk a l t i t u d e  v a r i a t i o n  of f i g w e  21 
f o r  cp l inde r s  1 and 6 a r e  much d f f f a r e n t  than the s l o p e s  
o f  the carves f o r  the o t h e r  cyifridsrs,  t t  i s  thought 
that  probably the thermocouple readings wer'e i n  error 
f o r  these two cy1:tnders e t  thu? high a l t i t u d e s .  

Pecause the temperatures xere h o t t e r  a t  low 
a l t i t u d e s  tk?.an tit high. a l t i t u d e s  anc! becausa t h a  
calculated teinperatures il?, c l i x b  were i n  fair agree- 
ment with the  observed t m p e r a t u r e s  which ind ica t ed  
t h a t  th3 l a t t e r  were neap t h e  equilibrium values,  
a l l  t e s t s  t o  de te rn ine  the e f f s c t s  of changes i n  
b a f f l e s  and cowling wer8 con5ucted z t  about 103G f e a t  
a l t i t u d e  and in l e v e l  f l i g h t .  No o r i g h a l -  da.ta a re  
given here  f o r  t 5 e  e f f e c t s  of these chsngcs because 
t h e  c o r d i t i c n s  during the tesks  var ied and the observed  
temperatures cannot be compared. Th.6 comparisons of 
these temperatures ca lcu la te2  f o r  spec i f  I c  condi t ions  
a re  given l a t e r .  

I Aerod.ymrnlcs o f  cowling i n s t a l l a t i o n .  - The p res -  
s u r e  ar0.p am5theen&m-fox7var-ious a i r  q u a n t i t i e s  
flowing, ca l cu la t ed  frcm data obtained with the 
41-square-inch e x i t ,  i s  sho-k'm Tn f i g u r e  22. The poFnts 
f i t  the curve v e r y - w e l l ,  thus g iv ing  confidence i n  the  
pressure measuremeiits a t the e x i t  from wh! zh t h e  weight 
of a i l ,  was c s l c u i a t e d .  
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The r e l a t i o n  of ( ~ 2  - H5),+l - p5) t o  cowling- 

a t  each 

e x i t  area 1s given i n  f ' i p r e  2 3 .  The po ln t s  a r e  a r i t h -  
met ical  averazes of a l l  t e s t s  lnade with each a ~ e a  
because the v a r i a t i o n  o f  (H2 - H3)/(131 - 135) 
s r ea  w i t h  t e s t  ccndit5ons was m a l l .  Figure 23 sk,ows 
t h e  g a i n  i n  what might be c a l l e d  uaef'ul pressure drop 
(H2 - H3) as the a rea  inc reases .  A t  41-square-inch . 
area,  on ly  about 0.5 of the pressure d i f f e m n c e  f r o n  
f r o n t  t o  m a r  o f  the cowling i s  ava i l ab le  f o r  coo l ing  
but with 135-square-inch ai'ea about 0.8 of thc t o t a l  
d i f fe rence  i s  a v a i l a b l e .  This increase  Fn pressure  
d i f fe rence  ava i l ab le  for cool ing  r e s u l t s  i n  a d i r e c t  
increase in coo l ing -a i r  q u m t l t y  flowing through the 
cowling and thus an improvenent i n  coolfng. 

The r e l a t i o n  between El, the propeller-power 
c o e f f l c i e n t ,  P,, and free-s t ream condi t ions can be 
obtained f ron  figure 24. Poin ts  for &11 o f  the t e s t s  
conducted a re  given In the f igure .  A t  th6 l?iEhest 
value of P, a valiie of ( i i0 - "1>/90 OP a l n o s t  
-0.8 was obtained showing %hat  the free-s t ream Dres- 
sure was Socsted a l x o s t  0.8q0 a t  the cowling i n l e t .  
Thts value i s  mzch hqtgher than -pressures t h a t  a r e  
~ i s u a l l v  obka fned  'n  i n l e t s  and indjcates tha& the 
loca t ion  and design o f  the i r i l e t  was more than s a t i s -  
factory.  

(BO - ~ 5 ) / 9 0  i s  p l o t t e d  i n  f ' l gu re  25 a g a i n s t  f l a p  
angle. The value3 o f  var ied l i t t l e  a t  
any one-flap s e t t i n g  s o  t h a t  a l l  the values for each 
e x i t  a r ea  were  averaged and: these averages p l o t t e d .  A s  
no f l a p  was used w i t h  the  141- and 75-3quare-inch e x i t s ,  
i t  would be expected t h a t  p5 would about equal  po. 
T h a t  such was the case i s  shown i n  f igu re  25 because 
(KO - p 5 ) p 0  f o r  these two areas was about 1.9. With 
t h e  300 l r ip  a b o o s t  of 0.3q0 in Po - p5) above 
t h a t  a t  Oo f l a p  angle was obtained. No t e s t s  were nade 
a t  o t h e r  f l a p  angles  s o  an assumed l i n e  has been  drawn 
through the datcl based on o the r  t e s t  r e s u l t s .  

Tln,e over-all l o s s  th rough  the cowling 

.. 
The weights of a i r  flowing through t h o  cowling f o r  

a l l  t he  t e s t - r i m s  a re  p l o t t e d  i n  f i g u r e  26 aga ins t  the 
pressure l o s s  o0(H1 - H2). The weights o f  a i r  were 
obtained from f igu re  22 knowing the pressure drop ac ross  
t h e  engine.  Some s c a t t e r  of the d a t a  about a l i n e  drawn 



with the slope t h a t  :s usua l ly  obtained i s  apparent ,  
The pressure d i f f e rgnces  were so  low, howgver, a s  t o  be 
wi th in  the i;ccuracy of  t b e  pressure measuring equipment. 
The loss f ron  the cowling i n l e t  t o  &e face o f  tht? Gngine 
was roughly 0.2 o f  thrt free-stream dTyrmnic pressurie. 
No curve on t h i s  hasis :.s g9ven f o r  the loss 
as  this l o s s  was neg l ig ib l e .  

(E3 - K4) 

FRED IC TED C O O L I N G  ?ERFOR?$AIJC E 

Effec t  of Cowl.ing and Baffle Alterbat ions 

Several  cowling nnd b a f f l e  a . l te-at ions were m.ade 
-t.n order  t o  Improve t h e  engine cool ing c,btainsd with 
c o n f i g u r a t l m  B. These a l t e r a t i o n s  a r e  deka i led  i n  
t a b l e  I, conf igura t ions  C t o  H.  In  determlning ths  
e f f e c t  cf' the  a l t e r a t i o n s  the engine ternpgraturos f o r  
conflgu-rations 3 t o  Ii were calcr?.leted f o r  C A A  n i r -  
temperature cond-it ions.  The t e s t  values o f '  in2 ica ted  
horsepowsr, brake horsepoweT, density Gf the f r e e  ELI*, 
Tg, 0 2 ,  and. qo were a l l  cor rec ted  t o  CAA a.5.r 
t emmra tu re .  In ca l cu la t ing  qo the as3ixnption WBS 
made t h a t  the  drsg  c o e f f i c i e n t  znd propulsiva G2ffi.ciency 
were the  same f o r  the standa.rd corzditfons a s  f o r  the 
t e s t  condi t ions .  For grounci rillis i t  was assmed t h a t  
OF of the t e s t  remained unchmged when t m p e r a t u r e  
varied.  The temperatures wers then ctll.culated using 
t h e m  cor rec ted  da ta  and f igu res  18, 19 ,  20, 23, 
and 24. 

The r e s u l t s  cf the ca l cu la t ions  for the various 
conf igura t ions  ;ire shown In tab le  111. W t h  the 
41-square-inch e x i t  a rea ,  conf igura t ion  B, most  o f  
the spark-plug temperatures and scme of the f lange  
temperatures exceadad the limits i n  the ground run 
( t e s t  1, run 6). 
t e s t  ( t e s t  5,  run 2 )  two spark-plug temperatures 
exceeded the l i m i t .  
nuqbers 3 and ).c. (See f i g .  11.) A few t e s t s  were 
conducted on the ground t o  dstemnine whether the l a rge  
teinperature change from cyl inder  t o  cylinden. was 
caused by poor f u e l  d i s t r i b u t i o n  by  determining the 
fuel-air r a t i o  o f  each cylind.er fro= exhaust-gas 
samples. Th.e f u e l - a i r  r a t i o s  of  the cy l inde r s  were 
found t o  be about the same. 

conf igura t ion  C ,  the temperature decreased about 40' F 

In the f u l l - t h r o t t l e  l eve l - f l i . gh t  

The h o t t S s t  cy l inde r s  were 

. 
~ 

I 

With the 75-square-inch-cowling e x i t  a r ea ,  
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on the ground and a53ut 30' F i n  l e v e l  f l i g h t  a t  
1000 f e e t  a l t i t u d e  3s conoared t o  the res?xlts with 
ccnf igura t lon  B. Bo temperature was over 5 t s  l i m i t i n g  
vzlue i n  the l e v e l - f l i g h t  t e s t ,  althougli cylindei-  4 
spark-plug temperature was c l o s e  t o  the lilnit (5150 F), 
but i n  t h e  ground. t e s t s  cy l inde r s  2, 3 ,  and 4 spark- 
p l u g  temperature exceeded the li.mi t i n g  value.  

Tests  were then made w i t h  a p ~ k - p l u g  b a f f l e s ,  
a b l a s t  tube, and kJaff1.n d u c t s  St;t the t e s t  r g s u l t s  
were inconclusive and i n  genera l  l i t t l e  o r  no decrease 
i n  tenpera tures  was obtained. 

Although the t e s t  r e s u l t s  w1.th the spark-plug 
b a f f l e s  had proved i n c o n c l - s i v e  they  were I n s t a l l e d  
on cy l inde r s  numSerf33 and 4 when the e x i t  area wiis 
increased t o  135 square inches and a f ixed  flap was 
used (confZguraticn 11). The spark-plug texpera tures  
o f  cylindei?s 3 and 4 ;it 1000 f e e t  a l t i t u d e  and i n  
1.5~31 f l f .g l i t  wfth this c o n f i g u r a t i o n  v&e?s c\6cI'CA.SC!1 
about 450 F and the o the r  cy l inder  spark-plug t e x p r a -  
tu res  about 3 5 O  F as compared t o  the r e s u l t s  with con- 
figuration C. O f  course,no f l a p  would be used Ln high- 
speed l e v e l  f l i g h t .  It was necessary  t o  ope ra t e  the 
a i rp l ane  in such a manner i n  order  t o  c b t a l n  d.ata upon 
which the des ign  of the e x i t ,  t o  be given i n  the next 
sect ion,  coulc? be based. The engine began t o  ogerate  
m s a t i s f a c t o r i l y  a t  t h i s  po in t  and. the t e a t s  were 
discont inued.  No climb o r  ground t e s t s  were made with 
configurat ion H. The area o f  the cowling exit r equ i r ed  
f o r  adequate cooling was c a l c u l s t e d  in s t ead  fo" b o t h  
l e v e l - f l i g h t  and climb c o r d i t i o n s  f 'rox the da t a  t h a t  
had been obtained up t o  the t i m e  of d i scont inuing  the 
t e s t s .  

4 

Cowling-Exit Area f o r  -4dequate Cooling 

The cowling-ex€ t a rea  reqiiired f o r  adequate cool ing 
was ca lcu la ted  f o r  engine and c o o l i ~ g  condi t ions  f o r  the 
cl imb t e s t  a t  1000 f e e t  a l t i t u d e  f o r  a high-speed l e v e l -  
. f l igh t  t e s t  a t  1000 f e e t  a l t i t u d e  ( t e s t  5 ,  run 1 3 )  and 
for a leve1-fl.igSht high-3pee.d t e s t .  a t  10,000 f e e t  
a l t i t u d e  ( t e s t  3 ,  run 1) cor rec t ed  t o  CAA alr temperature 

areas  were ca l cu la t ed  on ths basis  of no spark-plug 
tempeyature exc?edir,g 5 2 5 O  F using the cor rec ted  con- 
d i t i o n s  and figures 15, 13, 19, 2 3 ,  2i, .--;:d 2'3. For* high- 
speed l e v e l  f l i g h t  a f l a p  angle 0 .  

as explalncd in the n r e v i o a s  s e c t f o n  of the  r e p o r t .  The 4 

Oo was used and f o r  - 



climb a 30° s n s l e  wacj w e d .  
l a t i o n s  are given f n  tab le  I?. 

EL? resu l t s  of' ths calcu- 

The r e s u l t s  i n  t11e t ab le  shcw t h a t  &d.eqr!atc cogl ing  
w i l l  result with 63-sqi.mre-tnch e x i t  area !.n high-speed 
l e v e l  flight a t  1 O C O  f e e t  a l t i t u d e .  This tzonclusion i s  
YubstdntiateZ in t a b l e  TI whera f o r  approx 
sane condi t ions  and 75-aquare-imh. area t h e  temperature 
of  cy l in3e r  4 was 5-150 F. A t  10,000 f e e t ,  due t o  tl-!e 
rapic? f a l l  cff t n  sn3;lr.e p o w e ~ ,  oii1.y 32-~qmire-!-nc.h 
e x i t  area Cs requi red .  For climb a t  1000 f e e t ,  Q 

value o f  (H2 - ?i5),/(Hl - "5j, of  0.9 was o b t a h e d  for 
t h s  condi t ions s e t  up. Th!- was beymd the rang4 o f  
tke t e s t s  and f o r  t h l a  rmaon t?ie m i t  a rea  req1.11rscl 
has 'aeerz denote? rn  tah1.e IV as being sone-uhnt grr:a.tor 
than 135 square inchss .  There i s  sone douSt tha t  the 
value of' 0.9 could be obtalned because the curve in 
f igu re  23 is flattenlng ra?id. ly .  It is thought,, k;owever, 
t h a t  the engifie w i l l  c o c l  i n  climb w r l t h  the f l a p  prc- 
vided and 135-square-inch e x i t  &rea  because the  tem- 
peratures  fa1.l o f ?  r s p l d l y  8 s  a l t i t u d e  in s reas s s  (fig. 2 1 )  
and i n  add i t ion  equi l ibr ium t e m p e n t u r e s  a r e  not  usually 
a t t a i n e d  ir, climb. I f  the 38313 decrease i n  temperatures 
is 0-Btai-d on the ground a s  in flislit when. the e x i t  
area i S  changed from 75 t o  135 i;qu.ar(3 inches and a f l a p  
i s  used, the grvm-d cooling w i l l  be adequate. AS 
mentioned p r e v i o u s l y ,  n o  t e s t s  W P ~  ?nacle t o  chsC1i these 
po in t s  bscause ~ i '  unsa t i s f ac to ry  ojxrat-f.cn of  the engine. 

To smi up, the aero2pas i ic  r e s u l t s  of the cowling 
design used wei'e good, e 3 p c i 6 1 l y  the high-cowling i n l e t  
b r e s ~ u r e s  obtained. Any tmprovement in c o o l i n g  w i l l  have 
t o  be obtained hg improved f i n  des igns  on thg en,rine 
cy l inde r s  m d / o r  use o f  a coolfyig blower. 

W.th the cowling i n l e t  re loc-ate? z.3 2.n the new 
d.esign behinc the ac Li ve part 0.f  the F r c p l l e r  ':he highos t  
t o t a l  FFessure : n  the Inlet was about O.Bqo greatei? 
than  t h a t  In  the f r e e  stream. This  v m s . T u r e  13 much 
h'gher thrin those u.suallg o b t a i m d  i.n cowling irife ts. 
:Vith ;1 cowl-fla? angle of 0" the pr:ssv.re a t  tho cowling 
e x i t  p was aSoi.it oqua l  t c  freo-strcan: s t a t i c  
pressure po, The g r e a t e s t  p ressure  d i f f c ranca  ( H i  - p ~ , )  5 
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fron cowling i n l e t  t o  cowling exit with thi.s f l a n  angle 
was thus about 1.8qo. 
depression a t  the cowling e x i t  was -0.3qc givink; a 
rcaximm value o f  H1 - p5 of Z . l q ,  a t  h i g h  values of 
nropelier-Tower c o e f f i c i e n t .  These v a l u e s  of  31 - p5 
decreased t o  1.5 and l . e ,  r e spec t ive ly ,  a t  Icw vzlues 
of the proneller-power c o e f f f c i e n t .  

Viith a ? l a p  anele of 30°, the  

The l o s s  i n  t o t a l  pressure Pron the conl ing i n l e t  
t o  the upstream face  o f  the engine wfth th? ; l t ? r cd  
cowling i n l e t  was roughly 0.2 o? t,ho free-strsam dynamic 
pressure, The l o s s  from the doanstrean: s i d e  of the 
engine t o  the cowling e x i t  was n e g l i g i b l e .  T i t h  the 
a l t e r e d  cowl!ng adequate cooling can 3e obtained i n  
high-speed l e v e l  f l I g ' r t  w!th a cowling-exit  a r ea  o f  
63 square inches at ar, a l t - l tude  of' 1000 f e e t  and 
32 square inches a t  lC,OOO f e e t .  It i s  proSable t h a t  
coo l ix l :  in climb and on t h e  groiXdt ~ € 1 1  be s a t l s f a c t o r y  
wlth 135-square-lnch-cowling e x i t  area and a f l a p  angle 
of 30°. Fur the r  improverwrit i n  cocli i lg of' the sub jec t  
power-plan t i n s t a l l a t i c n  ?lust be obtainer! by some mems 
other than the cowling design. 

Langley Memori a1  A e  ronau ti c a l  Labora tory ,  
National Advisory Committee fox' Aeronautics 

L a ~ g l e g  F ie ld ,  V a . ,  Mag 13, 19@+ 



REFERENCES 

1. Pinkel ,  Benjamin, and El lerbrock,  Herman H., Jr,: 
Cur re l a t ion  of Cooling Data from an Air-Cooled 
Cylinder and Several  Mult icyl inder  Es---gines . 
NACA Rep. No. 683, 1940. 

2. Brombacher, W. 0.: Altitude Pressure Tables Based 
on the United S ta te8  Standard Atmosphere. NACA 
Rep, No, 538, 1935. 

3 .  Schey, Oscar W., Pinkel,  Benjamin, an6 El lerbrock ,  
ZIerman H., Jr,: Correction of Temperatures of 
Air-Cooled Engine Cylinders f o r  Variat ion I n  
Engine and Cooling Conditions,  NACA Rep, No. 645, 
1938, 

4. Corson, Blake W., Jr,, and MoLellan, Charles H.: 
Cooling C h a r a c t e r i s t i c s  of a P r a t t  & Whltneg 
R-2800 Engine I n s t a l l e d  in an NACA Short-Nose 
H i  h-Inlet-Veloci ty  Cowling, NACA ACR No. ~ 4 . ~ 0 6 ,  
19b. 

5. Beckcl-, John V.: Ylind-Tuilnel T e s t s  o f  ALP LnZzt 
aiid. Outlet; Cgeiiinfzs on  a Si;i-car:li ne ;3ody. 

f NACA ACR, N ~ V .  19Go. 

6. EnGincering Section: Cooling Tes t s .  Ce r t i f i ca t e  -.. 
ReL:ulatloil, U. S. Dept, Coixnerce, Jul?~  17, 19 9 ~1. and InspeqtFon 5 ~ 1 ~ .  %lease )TO. 59, CAA SaTet 



I I 1 
k a 1  I I 

I 

I 
I *  





I I I  I- 

c 
1 

1 
E 
1 

L 

I 
1 

! 
i 

E 

E 

1 

I 

c 
I 
t 



I 

L 

1 
(0 
zrl 
e 4  

! 

P a  

t 

jl 

8 

J 





ad 

I 

w 
0 

B a, 
3 
.r( 

4 
F: 
0 
k 
k-4 





(a) Side view. 

(b) Three -quarter view, 

(c) Front view. 

Figure 4.- Fleetwings model 33 trainer with first cowling alteration 
(configuration B) . 







(a) Side view. 

P '-=- 

(b) Rearview. 

Figure 7.- Views of cowling exit with flap. 
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Figure 8.- Two views of engine showing baffle installation. 
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(a) Spark-plug baffle. 

Baffle  d u c t s  

(b) Baffle ducts. 

Figure 10. - Modifications to cylinder baffles. 
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Bottom s i d e l  

Fi+e I / .  -Thermocouple locatibns fw Frunklin 6 - A C - m  
engine. 



Figure 12.- Front and rear cockpits of Fleetwings 
model 33 airplane showing instrumentation. 
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figure 13.- SKetch sbow/np locat/on of static and total  
pressure tubes in mou/f/eu cowimg. 
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FronKhrr 6-AC-298 engine. 
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figure /..- Variation o f  effective gas temperature with 

Fue/- air ratio 

fuel- air rat io.  
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f igure 17. - €sfhaTed f r i c  fion mean effective 
pressure chart for f r ink l in  P A C  -298 engine. 
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figure /Q - Variation of rear-spark --dug temper>tures with 
average head temperature. 
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