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FOR RADIAL ENGINES 

By David B i e r a a n n  and  E. F loyd  V a l e n t i n e  

T i n d - t u n n e l  t e s t s  were conduc ted  on a model wing- 
n a c e l l e  c o m b i n a t i o n  t o  d e t e r s i n e  t h e  p r a c t i c a b i l i t y  of  
c o o l i n g  r a d i a l  e n g i n e s  bg f o r c i n g  t h e  c o o l i n g  a i r  i n t o  
wing-duc t  e n t r a n c e s  l o c a t e d  i n  t h e  p r o p e l l e r  s l i p s t r e a m ,  
p a s s i n g  t h e  a i r  t h r o u g h  t h e  e n g i n e  b a f f l e s  f rom r e a r  t o  
f r o n t ,  a n d  e j e c t i n g  t h e  a i r  t h r o u g h  a n  a n n u l a r  s l o t  n e a r  
t h e  f r o n t  of t h o  n a c e l l e .  The t e s t s ,  which were  of a 
p r e l i m i n a r y  n a t u r e ,  were  mnacto on a 5 - f o o t - c h o r d  ming a n d  
a 20 - inch -d i ame te r  n a c e l l e .  h 3 - b l a d e ,  4 - f o o t - d i a m e t c r  
p r o p e l l e r  was u s e d ,  
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The t e s t s  i n d i c a t e d  t h a t  t h i s  s e t h o d  of c o o l i n g  a n d  
c o w l i n g  r a d i a l  e n g i n e s  i s  e n t i r e l y  p r a c t i c a b l e  p r o v i d i n g  
t h e  wing of t h e  p r o s p e c t i v e  a i r p l a n e  i s  s u f f i c i e n t l y  t h i c k  
t o  accommodate e f f i c i e n t  e n t r a n c e  d u c t s ,  The d r a g  of t h e  
c o w l i n g s  t e s t e d  was d e f i n i t e l y  l e s s  t h a n  f o r  t h e  conven- 
t i o n a l  X.A.C.A. c o w l i n g ,  and  t h e  p r e s s u r e  a v a i l a b l e  a t  low 
a i r  speed  c o r r e s p o n d i n g  t o  o p e r a t i o n  011 t h e  ground and  a t  
low f l y i n g  speeds  was a p p a r e n t l y  s u f f i c i e n t  f o r  c o o l i n g  
most p r e s e n t - d a y  r a d i a l  o n g i n e s .  

I N T R O D U C T I O W  

The r a d i a l  e n c i n e  mas d e v e l o p e d  f rom c o n s i d e r a t i o n s  
of w e i g h t ,  s i a p l i c i t y ,  and  c o o l i n ? ;  b u t  t h e  l a r g e  f r o n t a l  
a r e a  h a s  n l v a y s  been  a d i s a d v a n t a g e .  The M.A.C.A.  c o w l i n g  
r e d u c e d  t h i s  o b j e c t i o n  t o  a n e g l i g i b l e  amount f o r  many 
y e a r s ,  b u t  w i t h  e v e r - i n c r e a s i n g  s p e e d s  a t t e n t i o n  i s  a g a i n  
f o c u s e d  upon t h e  d r a g  of t h e  e n g i n e  n a c e l l e .  A l s o ,  t h e  
power o u t p u t  of e n g i n e s  h a s  b e e n  i n c r e a s e d  many t i m e s  
w h i l e  t h e  p r o j e c t e d  a r e a  h a s  r ema ined  s u b s t a n t i a l l y  con- 
s t a n t ,  which  h a s  i n c r e a s e d  t h e  p rob lem of c o o l i n g ,  p a r t i c -  
u l a r l y  on t h e  ground a n d  a t  low a i r  s p e e d s .  



A t t e n t i o n  h a s  been drawn r e c e n t l y  t o  t h e  e f f e c t  of 
cowl ings  upon t h e  eng ine  power developed.  Por  many y e a r s  
e n g i n e e r s  have s u s p e c t e d  t h a t  e n g i n e - p r o p e l l e r  combina- 
t i o n s  i n s t a l l e d  i n  airplanes d i d  n o t  produco t h e  t h r u s t  
power t h a t  was producod when t h e  e n g i n e s  and p r o p e l l e r s  
were t a s t e d  s e p a r a t e l y .  on t h e  s t a n d s  and i n  t h e  wind tun-  
n e l s ,  U n t i l  t o r q u e  mete r s  were i n s t a l l e d  on eng ines  f o r  
f l i g h t  measurement s ,  t h e  power l o s s  was g e n e r a l l y  charged 
t o  t h e  p r o p e l l e r s ;  b u t  jdacclain and Buck i n  r e f e r e n c e  1 
show t h a t  t h o  e n g i n e  does  n o t  produca t h e  same power when 
i n s t a l l e d  on a n  a i r p l a n e  t h a t  i t  does  on t h e  t e s t  s t a n d ,  
due presumably t o  d i f f e r e n t  t e m p e r a t u r e s  of t h e  v a r i o u s  
eng ine  p a r t s ,  T i t h  t h e  c o n v e n t i o n a l  X.A.C.A.  cowling t h e  
a c c e s s o r y  compartment,  which h o u s e s  t h e  c a r b u r e t o r ,  super-  
c h a r g e r ,  and  m a n i f o l d s ,  i s  f i l l e d  w i t h  r e l a t i v e l y  h o t  a i r ;  
s o  i t  mould no t  be  s u r p r i s i n g  i f  power were  l o s t  f rom t h i s  
sour c Q . x 

The p r e s e n t  cool ing-cowling system i s  i n t e n d e d  t o  b e  
a n  improvement on t h e  N.A.C.A. cowling from t h e  s t and-  
p o i n t s  of d r a g ,  c o o l i n g  a t  low a i r  speeds ,  and b e t t e r  
c o o l i n g  of t h e  e n g i n e  a c c e s s o r i e s .  The d r a g  of t h e  N . A , C , A .  
cowl ing can be reduced m a t e r i a l l y  i f  t h e  b l u n t n e s s  of t h e  
nose i s  e l i m i n a t e d .  Cooling a t  low a i r  speeds  can bo i m -  
proved i f  t h e  p r o p e l l e r  s l i p s t r e a m  i s  u t i l i z e d  t o  a b e t t e r  
a d v a n t a g e ;  t h e  c o o l i n g  a i r  shou ld  be t a k e n  i n  a t  t h e  p o i n t  
of h i g h o s t  p r e s s u r e ,  The ongino accessories can b e  k e p t  
c o o l  i f  t h e  a i r  i s  p a s s e &  over  thein b e f o r e  e n t a r i n g  t h e  
ongine c y l i n d e r  b a f f l e  p a s s a g e s .  These r e q u i r e m e n t s  de- 
f i n e  t h o  wing-duct c o o l i n g  sys tem d e s c r i b e d .  

The purpose  of t h e  p r e s e n t  i n v e s t i g a t i o n  i s  t o  d e t e r -  
mine t h e  p r a c t i c a b i l i t y  o$ t h e  wing-duct c o g l i n g  sys tem,  
bu t  n o t  n e c e s s a r i l y  t o  f o r m u l a t e  a b a s i s  f o r  a l l  d e s i g n  
r e q u i r e m e n t s .  

APPARATUS AETD KETHODS 

L 

The $ e s t $  were conducted i n  t h e  lT.B,C.A. 20-foot pro-  
p e l l e r - r e s e a r c h  t u n n e l  d e s c r i b e d  i n  r e f e r o n c e  2. I n  view 
of t h e  p r e l i m i n a r y  n a t u r e  of t h e  t e s t s ,  no new b a s i c  appa-  
r a t u s  was c o n s t r u c t e d  except  t h o  cowl ings  a n d  e n t r a n c e  
d u c t s .  The wing used  i s  a r e l i c  of p r e v i o u s  wing-nacel le  
t e s t s  and n o t  n e l l  s u i t e d  owing t o  t h e  h i g h  camber, A 
pho tograph  of t k o  set-up i s  shown i n  f i g u r e  1 and a draw- 
i n g  i s  g iven  i p  f i g u r e  2. 



Wing.- 2ne wing ,  d e s c r i b e d  i n  r eTerence  3,  i s  of wood 
c o n s t r u c t i o n  hav ing  a spgn of 1 5  f e e t  and a  chord of 5 
f e e t .  The Amximum t h i c k n e s s  i s  1 f o o t  o r  20 p e r c e n t  of 
t h e  chord .  The s e c t i o n  i s  a Fokker d e s i g n  w i t h  a f l a t  
lower s u r f a c e .  Tne carnber i s  t h o r e f o r e  1 0  p a r c o n t ,  based  
on t h e  lower s u r f a c e  chord l i n e ,  o r  somewhat l e s s  i f  based  
on a  chord  l i n e  p a s s i n g  th rough  t h e  c e n t e r  of t h e  l e a d i n g -  
edge r a d i u s .  The aerodynamic c h a r a c t c r i s t i c s  of t h i s  ming 
s e c t i o n  d i f f e r  c o n s i d e r a b l y  f rom s e c t i o n s  now u s e d ,  i n  
t h a t  z e r o  l i f t  o c c u r s  a t  -8O a n g l e  of a t t a c k  whereas i t  
o c c u r s  a t  -20 or  -20 f o r  t h e  low-cambered s e c t i o n s  now i n  
e x t e n s i v e  use .  The o p e r a t i n g  l i f t  coefficient of t h i s  
ming f o r  c r u i s i n g  speeds  shou ld  n o t  be c o n s i d e r e d  t h e  same 
a s  f o r  rnodcrn wings because  of t h i s  marked d i f f e r e n c e  i n  
a n g l e  f o r  zero  l i f t .  This  wing should  o p e r a t e  a t  a h i g h e r  
l i f t  c o e f f i c i e n t .  

The o p e r a t i n g  l i f t  c o e f f i c i e n t  h a s  a n  impor tan t  bea r -  
i n g  on t h i s  a n a i y s i ' s  because  t h e  d r a g  due t o  t h e  e n t r a n c e  
d u c t s  i s  s e n s i t i v e  t o  a n g l e  .change, p a r t i c u l a r l y  i n  t h e  
n e g a t i v e  a n g l e  r a n g e ,  The d u c t s  were l o c a t e d  i n  a p l a c e  
t o  g i v e  t h e  h i g h e s t  presslxre ( s t a g n a t i o n  p o i n t )  when t h e  
wing was a t  a n  a n g l e  of a t t a c k  of O O .  The a n g l e  of O 0  was 
. s e l e c t e d  because i t  approximated  t h e  o p e r a t i n g  a n g l e  $ q r  
p r e s e n t - d a y  w i n g s ,  p a r t i c u l a r l y  f o r  t h e  p o r t i o n s  of t h e  
wing w i t h i n  t h e  s l i p s t r e a m .  

Cowlin_gs,- The cowl ings  wcre formed from & e e t  alurni- 
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num. An o u t l i n e  of t h e  b a s i c  cowl ings ,  d i f f e r i n g  o n l y  i n  
t h e  shapes  of t h e  . n o s e ~ i e c c s  and l o c a t i o n s  of t h e  c x i t  
s l o t s ,  i s  shown i n  f i g u r o s  .2 and  3 .  Cowling 39  i s  i n t e n d -  
ed t o  have  a s p i n n e r  nose a t t a c h e d  t o  t h e  p r o p e l l e r  h u b ,  
b u t  a  s p i n n e r  was n o t  mado because  one mas n o t  c o n s i d e r e d  
e s s e n t i a l  f o r  t h e  p r e s e n t  t e s t s .  

T h e  e x i t  s l o t  w id th  was v a r i e d  from 0 t o  1-1/2 i n c h e s  
by  moving t h e  ' n o s e p i e c e s  i n  a f o r e - a n d - a f t  d i r e c t i o n .  
The s l o t  wid th  was measured a c r o s s  t h e  minimum d i s t a n c e ,  
r a t h e r  t h a n  t h e  fo re -and-a f t  d i s t a n c e .  I n .  g e n e r a l ,  t h e  
b a s i c  cowling l i n e s  formed a  n e a r l y  c o n t i n u o u s  curve  
a c r o s s  t h e  e x i t  s l o t  except  f o r  cowl ings  3 3 ,  3 D ,  and 3C, 
which were of t h e  o v e r l a p p i n g  type .  Cowling f l a p s ,  as  a  
means of o p ~ n i n g  t h e  e x i t  s l o t ,  wcre no t  t e s t e d .  

E n t r a z c e   duct^.- The b a s i c  shapes  of t h e  wing-duct -- 
e n t r a n c e s  a r e  shown i n  f i g u r e  4. T h r e c ' b a . s i c  shapes  a e r e  
t e s t e d ,  all hav ing  a n  a r e a  a t  t h e  mouth of 25 square  
i n c h e s  f o r  each e n t r a z c e ;  a  squaro  ono ex tond ing  s l i g h t l y  



i n  f r o n t  of t h e  w ing ,  a n  e l l i p t i c a l  onc of t h e  e x t e n d e d  
t y p e ,  and  a s q u a r e  one f l u s h  w i t h  t h e  wing s u r f a c e .  . The 
s q u a r e  e x t e n d e d  one  was m o d i f i e d  by r o u n d i n g  t h e  t o p  s u r -  
f a c e  w i t h  p l a s k i c i n s ,  The e x t e n d e d  e l l i p t i c a l  one w a s  
m o d i f i a d  by moving i t  back  1 i n c h .  The m o d i f i c a t i o n s  t o  
t h e  s q u a r e  f l u s h  e n t r a n c o  aro s h o w n , i n  f i g u r e  5 ,  c o n s i s t -  
i n g  e s s e n t i a l l y  of i n c r e a s i n g  t h e  l i p  r a d i i  o f  t h e  u p p e r  
and  l o w e r  s u r f a c e s .  

Two wing d u c t s  were  n s e d ,  one on e i t h e r  s i d e  of t h e  
n a c e l l e  l o c a t e d  a t  a b o u t  0 . 7 1  o f  t h e  p r o p e l l e r  t i p  r a d i u s .  
Subsequen t  t e s t s  on a f u l l - s c a l e  p r o p e l l e r  s e t - u p  i n d i c a t -  
ed t ha t  h i g h e r  p r e s s u r e s  i n  t h e  e n t r a n c e  c o u l d  have  beon  
r e a l i z e d  f o r  g round c o o l i n g  had t h e  o p e n i n g s  been c l o s e r  
t o  the n a c e l l e ,  

The s i z e  of t h e  d u c t s  "as  a r b i t r a r i l y  d e t e r m i n e d  f r o m  
c o n s i d e r a t i o n e  of t h e  dir i iensions of t i le  wing  and  n a c e l l e .  
The q u e s t i o n  of s i z e ,  f rom t h e  s t a n d p o i n t s  of  t h e  d r a g  a n d  
t h e  i n t e r n a l  l o s s e s ,  i s  a s u b j e c t  n e e d i n g  a m p l i f i c a t i o n .  

The i n t e r n a l - d u c t  p a s s a g e s  a r e  5 i n c h e s  s q u a r o  i n  
c r o s s  s e c t i o n  a t  t h e  mouths a n d  a r o  r e c t a n g l e s ,  6 i n c h e s  
h i g h  and  7  i n c h e s  w i d e ,  a t  t h e  e x i t s  i n t o  t h e  n a c e l l e .  
Each p a s s a g e  ,makes one  900 t u r n .  Pour  e q u a l l y  spaced  
g u i d e  v a s e s  wore p r o v i d e d  i n  e a c h  t u r n  t o  conduc t  t h e  a i r  
a r o u n d  t h e  c o r n e r  w i t h o u t  e x c ~ s s i v e  l o s s e s .  O the r  t h a n  
t h e  e x p a n d i n g  d u c t s  and t h e  g u i d e  v a n e s  p r o v i d e d ,  no a t -  
tcinpt was made t o  r e d u c e  t h e  i n t e r n a l - d u c t  l o s s e s .  The 
a i r  p a s s e d  from t h e  d u c t s  i n t o  e a c h  s i d e  of t h e  l a r g e  
s p a c e  p r o v i d e d  by t h e  n a c e l l e ,  and  t i e r e  w a s  no a t t e m p t  
t o  c o n v e r t  t h e  k i n e t i c  ene rgy  i n  t h e  s t r e a m s  i n t o  p r e s -  
s u r e  e n e r g y  a t  t h o s e  p o i n t s .  

Tne r e a s o n  no g r e a t  p a i n s  were  t a k e n  i n  t h e  d e s i g n  of 
i n t e r n a l - d u c t  s h a p e  m a s  b e c a u s e  t h a t  p h a s e  of  t h e  s u b j e c t  
i s  b e t t e r  h a n d l e d  on a s i m p l i f i e d  se t -up  u s i n g  a b lower  t o  
f o r c e  a i r  t h r o u g h  t h e  p a s s a g e s  r a t h e r  t h a n  t h e  wind t u n n e l .  
T h i s  p a r t  of t h e  p rog ram i s  b e i n g  c o n t i n u e d  and  t h e  re- 
s u l t s  w i l l  b e '  a v a i l a b l e  soon. 

I n  t h e  p r e s e n t  p a p e r  t h e  r e s t r i c t i o n s  imposed by t h e  
e n t r a n c e ,  d u c t s  and t h e  e n g i n e  r e  $i star .ce  a r e  c o n s i d e r e d  
a s  one  v a l u e ,  t h e  t o t a l  i n t e r n a l  r e s t r i c t i o n  ( e x c e p t  f o r  
t h e  e x i t  s l o t s ) .  To u s e  t h e  d a t a ,  t h e  e n g i n e - b a f f l e  r e -  
s t r i c t i o n  must be  s e p a r a t e d  f r o m  t h e  o n t r a n c o - d u c t  r e s t r i c -  
t i o n ,  a s  w i l l  be  b r o u g h t  o u t  l a t e r .  



E q u i v a l e n t  baffle r e s t r i c t i q n s . -  El-iginas of d i f f e r -  
e n t  power ou tpu t  r e q u i r e  d i f f e r e n t  q u a n t i t i e s  of c o o l i n g  
a i r  f o r  a  g iven a i r  t e m p e r a t u r e  r i s e .  I n  o r d e r  t o  c o v e r  
a  wide range  of e n g i n e  s i z e s ,  removable o r i f i c e  p l a t e s  
were p rov ided .  The p l a t e s  v c r e  l o c a t e d  a t  t h e  p o i n t s  i n  
t h e  c o o l i n g - a i r  c i r c u i t  whore t h e  a i r  p a s s e d  f rom t h e  
d u c t s  i n t o  t h e  n a c e l l e .  These o r i f i c e  p l a t e s  s i m u l a t e d  
t h e  r e s i s t a n c e s  of e n g i n e s  r a n g i n g  from abou t  300 horse -  
power t o  about  1 ,500 .horsepower ,  A few t e s t s  were made 
w i t h  a n  o r i f i c e  p l a t s  l o c a t e d  i n  t h e  u s u a l  p l a c e  f o r  a 
r a d i a l  engine.  

Tho q u a n t i t y  of a i r  f l o v i n g  Tas de te rmined  from c a l -  
i b r a t i o n s  i n v o l v i n g  t h e  p r e s s u r e  d r o p s  a c r o s s  t h e  o r i f i c e  

. p l a t a s .  Tho o r i f i c e  p l a t e s  were c a l i b r a t e d  by drawing 
a i r  t h r o u g h  t h o  sys tem and a l s o  through a c a l i b r a - t e d  van- 

- t u r i  tube by means of a b l o v e r .  

idotor and p r o p e l l e r . -  The p r o p e l l e r  was d r i v e n  by a 
25-horsepower e l e c t r i c  motor t u r n i n g  a t  v a r i o u s  speeds  up 
t o  3 , 6 0 0  r.p,m. The p r o p e l l e r  used  f o r  most of t h e  t e s t s  
i s  a  4 c f 0 0 t  model of t h e  5101 t h r e e - b l a d e  p r o p e l l e r .  A 
f e v  t e s t s  were rnade w i t h  a $ - f o o t  s o d c l  o f  t h e  4412 two- 
b l a d e  p r o p e l l e r .  The t h r o c - b l a d o  p r o p e l l e r  was s e t  a t  20' 
b l a d e  a n g l e  a t  t h e  0 .75  r a d i u s  f o r  n e a r l y  a l l  of t h e  t e s t s  
because  t h i s  a n g l e  n e a r l y  r e p r e s e n t s  t h a t  f o r  t h e  t ake -o f f  
and c l imbing  c o n d i t i o n s  of many p resen t -day  a i r p l a n e s .  
The e f f e c t  of b l a d e  a n g l e  mas de termined f o r  one cowl ing 
by o p e r a t i n g  t h e  p r o p e l l o r  a t  a n g l e s  r a n g i n g  from 15O t o  
350. 

SPr53OLS 

Q, q u a n t i t y  of c o o l i n g  a i r ,  cu. f t .  p e r  s e c .  

A,, e q u i v a l e n t  eng ine  o r i f i c e  a r e a  ( o r i f i c e  c o e f f i c i e n t  
, . 

= 1 . 0 ) ,  s q .  f t .  

Ad, E q u i v a l e n t  e n t r a n c e  d u c t  o r i f i c e  a r e a ,  sq.  f t .  

A,, p r o j e c t e d  a r e a  of t h e  e n s i n o ,  sq ,  f t .  

Xe, c o n d u c t i v i t y  of e n g i n e ,  L L e / l L C ,  a. 



Kd, c o n d u c t i v i t y  .of e n t r a n c e  d u c t ,  A ~ / A , ,  Q 

K t ,  t o t a l  c o n d u c t i v i t y  of e n t r a n c e  d u c t  and  e n g i n e ,  

A p e ,  p r e s s u r e  d r o p  a c r o s s  e n g i n e  o r i f i c e ,  l b .  . p e r  sq ,  f t ,  

A p d ,  p r e s s u r e  d r o p  a c r p s s  e n t r a n c e d u c t ,  l b .  p e r  sq .  f t .  

A p t ,  p r e s s u r e  d r o p  a c r o s s  t h e  e n t r a n c e  d u c t  and  t h e  cn- 
g i n c  b a f f i c s .  

A D,, d r a g  added  due t o  s l o w i n g  down' t h e  co'oling a i r ,  l b .  

A C U a ,  d r a g  coefficient f o r  c o o l i n g  a i r  d r a g ,  

, e f f i c i e n c y  o f  t h e  c o o l i n g  sys t em,  (?TI2 2 
ADi, i n t e r f e r e n c e  d r a g  due  t o  a i r  e n t e r i n g  and  l e a v i n g  8 

t h e  c o w l i n g .  

AD,, t o t a l  d r a g  added  d u e  t o  t h e  coo l in , ?  a i r ,  Ma +- A D i .  

D p ,  t o t a l  n a c e l l e  d r a g  i n c l u d i n g  t o t a l  c o o l i n g - - a i r  
d r a g  ( a d t )  a n d  t h e  d r a g  of t h e  s q u a r e  en- 
t r a n c e  d u c t s  ( f a i r e d ) .  



D~ 
C , t o t a l  n a c e l l e  d r a g  c o e f f i c i e n t ,  = - 

i 3 ~  qAc 

p ,  mass d e n s i t y  of t h e  a i r ,  s l u g s  p e r  cu. f t .  

V ,  v e l o c i t y  of t h e  a i r p l a n e .  

Xp, 
p r e s s u r e  c o e f f i c i e n t  w i t h  p r o p e l l e r  operating, 

n ,  r o t a t i o n . a l  spsed of t h e  p r o p e l l e r ,  rov .  p e r  s e c ,  

D ,  p r o p e l l e r  d i a m c t e r ,  f t .  

C~ , d r a g  c o e f f i c i e n t  of t h o  n i n g  w i t h  tho  n a c e l l e .  
(a+w) 

C~ , l i f t , c o e f f i c i e n t  of t h e  wing w i t h  t h e  n a c e l l e .  
(X+Ir)  . 

p e ,  p r e s s u r e  i n  t h e  mouth of t h e  e n t r a n c e  d u c t s ,  l b ,  
p e r  sq .  f t .  

RESULTS ABD DISCUSSION 

The s u c c e s s  o r  f a i l u r e  of any r a d i a l - e n g i n e  cowling 
l i e s  c h i e f l y  i n  t h e  d r a g  t h a t  i t  adds  t o  t h e  minimum a i r -  
p l a n e  d r a g  and t h e  e f f e c t i v e n e s s  w i t h  which t h e  eng ine  i;s 
coo led  under  a l l  o p e r a t i n g  c o n d i t i o n s .  The c o o l i n g  prob- 
lem i s  g e n e r a l l y  c o n f i n e d  t o  t h e  low-air-speed and h igh-  
a l t i t u d e  c o n d i t i o n s  of f l i g h t  because  t h e r e  i s  u s u a l l y  lit- 
t l e  d i f f i c u l t y  i n  c o o l i n g  e n g i n e s  a t  c r u i s i n g  speeds.  

Cooling a n  e n g i n e  i s  e s s e n t i a l l y  a p r o b l e ~ n  of f o r c i n g  
a i r  th rough  t h e  b a f f l e  p a s s a g e s .  I f  t h e  q u a n t i t g  of a i r  Hr 
n e c e s s a r y  t o  coo l  a n  eng ine  i s  known and a l s o  t h e  p r e s s u r o  , 

n e c e s s a r y  t o  f o r c e  t h a t  q u a n t i t g  through t h o  b a f f l e s ,  t h e  
problem may be r e s o l v e d  i n t o  one of s i n p l e  f l u i d  mechanics ,  - , -  

The e n g i n e - b a f f l e  p a s s a g e  uay be  c o n s i d e r e d  a s  a n  o r i f i c e  
p l a c e d  i n  a t u b e  of d i a n e t e r  e q u a l  t o  t h e  eng ine  d i a m c t e r ,  
The q u a n t i t y  of a i r  f lowing  t h r o u g h  t h e  e q u i v a l e n t  e n g i n e  
o r i f i c e ,  which i s  assumed t o  have  a  c o e f f i c i e n t  of u n i t y ,  
i s  



&,/A, i s  t h e n  d e f i n e d  a s  t h e  e n g i n e  f l c o n d u c t i v i t y , H  
K,. Theodorsen i n  r e f e r e n c e  4 d e v e l o p s  t h i s  f o r m u l a  i n  a 
somewhat d i f f  e r a n t  manner,  

I n  t h e  wing-duc t  sys t em t h e r e  a r e  two o t h e r  r e s t r i c -  
t i o n s  i n  t h e  f l o w  p a s s a g e ,  t h e  e n t r a n c e  d u c t s  and t h e  e x i t  
s l o t .  A l though  e a c h  may b e  c o n s i d e r e d  a s  a n  o r i f i c e ,  i t  
was f o u n d  t h a t  o n l y  t h e  e n t r a n c e  d u c t  c o u l d  c o n v e n i e n t l y  
b e  t r e a t e d  a s  such .  The e x i t  can  b e t t e r  b e  t r e a t e d  a s  a 
s l o t  of c e r t a i n  a c t u a l  d i m e n s i o n s ,  r a t h e r  t h a n  a f  i c t i -  
t i o u s  a r e a .  The e f f e c t i v e  c o n d u c t i v i t y  of t h e  e n g i n e  b n f -  
f l e s  a n d  t h e  e n t r a n c e  d u c t s ,  mhich  a r e  i n  s e r i e s  i n  t h e  
f l o w  p a s s a g e ,  i s  g i v e n  by t h e  r e l a t i o n  

The p rob lem of t e s t i n g  a n d  p r e s e n t i n g  t h e  d a t a  f o r  
t h e  v a r i o u s  m o c l i f i c a t i o n s  of e a c h  cowl ing  i s  g r e a t l y  sim- 
p l i f  i c d  by u s i n g  K t  i n s t c a d  of Xe and  Ed s e p a r a t e l y ,  
The d a t a  a r e  l i k e w i s e  more u s e f u l  i n  t h i s  forrn. The t u n -  
n e l  t e s t s  mere made mith a wide  r a n g e  of X t  v a l u e s .  

The d r a g  of a . c o w l i n g  may b e  d i v i d e d  i n t o  t h r e e  
p a r t s :  ( a )  b a s i c  f o r m  d r a g  of t h e  n a c e l l e  o r  body,  ( 3 )  
d r a g  duo t o  s l o w i n g  down t h e  mass of a i r  which  e n t e r s  t h e  
cornling t o  c o o l  t h e  e n g i n e ,  a n d  ( c )  d r a g  due  t o  t h e  d i s -  
t u r b a n c e  of t h e  f l o *  o v e r  t h e  c o w l i n g  a n d  wing a s  a r e s u l t  
o f  t h e  c o o l i n g  a i r  e n t e r i n g  a n d  l e a v i n g  t h e '  sys tem.  The 
b a s i c  f o r m  d r a g  i s  s e a s u r e d  by c l o s i n g  t h e  e x i t  s l o t ,  
which r e d u c e s  t h e  c o o l i n g - - a i r  f l o w  t o  z e r o .  The d r a g  add-  
ed by  s l o w i n g  down t h e  c o o l i n g  a i r  c a n n o t  be  measured d i -  
r e c t l y ,  b u t  can  b e  c a l c u l a t e d  f r o m  t h o  e x p r o s s i o n  

: i f  i t  i s  assumed t h a t  t h e  l o s s  of onergy  i n  t h e  f l o w  
t h r o u g h  t h e  e x i t  s l o t  i s  z e r o .  

I n  c o a f f i c i  c a t  f o r m ,  



Since  

1.n computing t h e  e f f i c i e n c y  of t h e  sys tem,  t h a t  i s ,  
t h e  u s e f u l  power f o r  c o o l i n g  d i v i d e d  by t h o  ponor oxpended, 
o n l y ' t h e  energy l o s t  through t h e  eng ine  b a f f l e s  should  b e  
c o n s i d e r e d .  

The e f f i c i e n c y  i s  n o t  s t r e s s e d  i n  t h i s  paper  because  
t h e  p r e s s u r e  d r o p  a c r o s s  t h e  e n g i n e  i s  n o t  s e p a r a t e d  f rom 
t h e  t o t a l  p r e s s u r e  d r o p  a c r o s s  t h o  engine  and e n t r a n c e  
d u c t s ,  and a l s o  b e c a u s e  t h e r e  i s  some q u e s t i o n  a s  t o  what 
shou ld  be  t h e  b a s i s  of computing tilo .d rag  5ncroment.  Thero 
scems t o  b e  no j u s t i f i c a t i o n  f o r  u s i n g  t h e  no-flow d r a g  of 
oacn cowl ing a s  a  b a s i s  because  then tho  p o o r e s t  cowl ings  
from t h e  d r a g  s t a n d p o i n t  nay have t h e  h i g h e s t  e f f i c i e n c y ,  
a n  o b v i o u s l y  m i s l e a d i n g  c o n d i t i o n .  S t r e s s  i s  p l a c e d  r a t h e r  
on t h e  t o a l  d r a g  f o r  g i v e n  p r e s s u r e s  a v a i l a b l e ,  wixich 
accompEishes t h e  s a a e  purpose  a s  t h e  e f f i c i e n c y  method, 

The p r e s s u r e  a v a i l a b l e  a c r o s s  t h e  e n g i n e  b a f f l e s  and 
e n t r a n c e  d u c t s  wi th '  p r o p e l l e r  runn ing  i s  g i v e n  i n  c o e f f i -  
c i e n t  fo rm,  



T h i s  c o e f f i c i e n t  i s  t h e  c r i t e r i o n  of c o o l i n g  e f f e c -  
t i v e n e s s  b e c a u s e  t h e  p r o p e l l e r  p r o d u c e s  most of t h e  p r c s -  
s u r e  a v a i l a b l e  a t  t h e  low a i r  s p e o d s .  

I n  t h e  s t u d y  of  t h e  s h a p e  of t h e  d u c t  e n t r a n c e s  t h e  
c r i t e r i o n  of t i l e  b e s t  e n t r a n c e  f r o m  t h e  d r a g  v i e w p o i n t  i s  
t h e  d r a g  f o r  a g i v e n  l i f t  of t h e  wing. The c r i t e r i o n  f o r  
t h e  e f f e c t i v e n e s s  of t h e  e n t r a n c e  i n  s c o o p i n g  i n  a i r  i s  
t h e  p r e s s u r e  a v a i l a b l e  i n  t h e  mouth of t h e  e n t r a , n c e ,  P, 
and P e / p n " ~ 2 .  (The l a t t e r  f o r m  i s  p r e f e r r e d  f o r  low v a l -  
u e s  of V / ~ D ,  p r o p e l l e r  o p e r a t i n g . )  

rn 

Cowling Nose R e s u l t s  

F i g u r e s  6 t o  22 g i v e  t h e  t e s t  r e s u l t s  f o r  t h e  v a r i o u s  
c o w l i n p  nose  s h a p e s  t e s t e d .  The r e s u l t s  a r e  g i v e n  i n  two 
t y p e s  of c u r v e s .  The c r i t e r i o n  of e f f i c i e n c y  i s  g i v e n  i n  
t h e  f o r m  of Apt/q p l o t t e d  a g a i n s t  CD f o r  d i f f e r e n t  

v a l u e s  of  c o n d u c t i v i t y ,  Kt ,  a n d  d i f f e r e n t  e x i t  s l o t  open- 

i n g s .  (The e x i t - s l o t  m i d t h  vas  a l w a y s  measured a s  t h e  min- 
imum d i s t a n c e  a c r o s s  t h e  e x i t  s l o t ,  i n  i n c h e s .  I t  s h o u l d  
be  b o r n e  i n  z i n d  t h a t  t h a s o  d i s t a n c e s  s h o u l d  be  s c a l e d  i n  
p r o p o r t i o n  t o  t h e  c o w l i n g  d i a i a e t e r  f o r  f u l l - s c a l e  work. 
S l o t  w i d t a  f o r  f u l l - s c a l e  o q u a l s  t h e  
i i i a i ~ e t c r  of t h e  f u l l - s c a l e  c o w l i n s  i n  i n c h e s  - -- t i m e s  t h e  

20 
s l o t  ~ i d t h s  g i v e n  i n  t h i s  p a p e r . )  The c r i t e r i o n  f o r  p r e s -  
s u r e  a v a i l a b l e  i s  g i v e n  i n  t i l e  f o r a  of Y, p l o t t e d  a g a i n s t  
v / n ~  . P 

Drag compar i son . -  I n  f i g u r e s  23 t o  25, compar i sons  -- 
a r e  made of t h e  v a r i o u s  c o n l i n g s  f rom t h e  d r a g  s t a n d p o i n t  
f o r  t h r e e  f l o v  q u a n t i t i e s ,  o r  v a l u e s  of K t .  The most i n -  
t e r e s t i n g  p o r t i o n  of t h e  c u r v e s  f r o s  t h e  d r a g  s t a n d p o i n t  
i s  that f o r  l o r  v a l u e s .  of A p t / q Y  0 . 2  t o  0.5. b e c a u s e  
t h e s e  v ~ l u e s  c o r r e s p o n d  t o  t h e  c r u i s i n g  o r  h i 3 h - s p e e d  
f$ i , -h t  c o n d i t i o n s .  The n i y h e s t  v a l u e s  of Apt/q o b t s i n -  
s b l e  c o r r e s p o n d  t~ t h e  t a k e - o f f  a n d  c l imb  and  a r c  of s o a c  
i n t e r e s t  f r o m  t h e  c o o l i n g  s t a n d p o i n t ,  a1thou;:h t h e  r e s u l t s  
n i t h  p r o p e l l o r  o p e r a t i n g  a r o  more a p p l i c a b l e .  

Cowling 39 h a s  t h e  l o w e s t  d r a g  f o r  t h e  h i z h - s p e e d  
r a n g e  of t h e  c u r v e s  w i t h  coml ing  3 o r  39 t a k i n g  s e c o n d  
p l a c e .  Comling 33, which  h a s  an o v e r l a p p i x g  e x i t  s l o t ,  



shows up v e l l  f o r  h i g h  v a l u e s  of A p t l q ,  even i n  t h e  h igh-  
speed range .  . Small amounts o f  o v e r l a p  of t h e  e x i t  seem 
d e s i r a b l e  f o r  l a r g e  c o n d u c t i v i t i e s .  

Cowlings 3 C  and 3 D  have a n  e x c e s s i v e  amount of over-  
l a p ,  a s  may be  seen from f i g u r e  24. C u t t i n g  o f f  p a r t s  of 
cowl ings  3 B  and 3C, t h e r e b y  l o c a t i n g  t h e  e x i t  s l o t  on t h e  
curved p o r t i o n s  of t h e  n o s e s ,  had a  d e t r i m e n t a l  e f f e c t .  

The e f f e c t  of t iie blurzt n o s e  of cowl ing 1 i s  a p p a r e n t  
s i n c e  i t  h a s  a h i g h  d r a g  i n  t h e  high-speed r a n g e .  The 
maximum pres , su re  a v a i l a b l e  i s  l e s s  t h a a  f o r  o t h e r  f o r m s ,  
i n d i c a t i n g  t h e  r e a r  l o c a t i o n  of t h e  e x i t  s l o t  i s  not  con- 
d u c i v e  t o  h i g h  p r e s s u r e s .  Cowling 5 i s  poor from b o t h  t h e  
d r a g  ~ n d  p r e s s u r e  s t a n d p o i n t s .  

The one t e s t  of an  1T.A.C.A. cowling w i t h  t h e  e x i t  
s l o t  c l o s e d  i n d i c a t e s  t h a t  i t  i s  i n f e r i o r  t o  t h e  o t h e r  
cowl ings  t e s t e d ,  even though t h e  wing-duct r e s u l t s  i n c l u d e  
t h e  d r a g  of t h e  s q u a r e  extended e n t r a n c e s  ( f a i r e d ) .  The 
a c c u r a c y  of t h e  t e s t s ,  however,  was no t  such a s  t o  make 
e x t r e m e l y  f i n e  comparisons because  t h e  cowl ings  c o n s t i t a t -  
ed o n l y  abou t  5 p e r c e n t  of t h e  t o t a l  d rag  of t h e  se t -up .  
One-half p e r c e n t  e r r o r  i n  t h e  t o t a l  d r a g  would mean 10- 
p e r c e n t  e r r o r  i n  t h e  cowling d r a g .  

Fol lowing i s  a  t a b l e  g i v i n g  t h e  e f f i c i e n c i e s ,  t o - .  
g e t h e r  w i t h  t h e  v a l u e s  used  i n  t h e  computa t ions ,  f o r  cowl- 
i n g  3 9 .  The computa t ions  covor t h r e e  v a l u e s  of Kt ,  a l l  
t a k e n  a t  a v a l u e  of of 0.8. The d u c t  c o n d u c t i v i t y ,  
i d ,  i s  t h e  one e x i s t i n g  d u r i n g  t h e  t u n n e l  t e s t s ,  a l t h o u g h  
t h i s  v a l u e  need no t  a p p l y  t o  an  a i r p l a n e  i n s t a l l a t i o n .  



I t  may b e  n o t e d  t h a t  t h e  e f f i c i e n c y  d e c r e a s e s  a s  t h e  
q u a n t i t y  of a i r  i s  i n c r e a s e d ,  due  p r i m a r i l y  t o  t h e  i n -  
c r e a s e d  l o s s e s  i n  t h e  e n t r a n c e  d u c t s .  Tor exa.mple, E e a r l y  
h a l f  of t h e  p r e s s u r e  a v a i l a b l e  i s  l o s t  i n  t h e  e n t r a n c e  
d u c t  f o r  t h e  h i g h e s t  e c g i n e  c o n d u c t i v i t y ,  Ke, w h i l e  o v l y  
a few p o r c e n t  a r e  l o s t  f o r  t h e  l o w e s t .  

I f  p e r f e c t  e n t r a n ~ e  d u c t s  mere p o s s i b l e ,  a c o n d i t i o n  
wh ich  can  be a p p r o a c h e d  f o r  l a r g o  s i z e s  o r  i d e a l  expand ing  
c o n d i t i o n s ,  t h e  above  t a b l e  c o u l d  be  m o d i f i e d  a s  f o l l o w s :  



These t a b l e s  draw a t t e n t i o n  t o  t h e  impor tance  of e f -  
f i c i e n t  e n t r a n c e  d u c t s  f o r  h i g h  f low c o n d i t i o n s .  T h i s  
s u b j e c t  w i l l  be  d i s c u s s e d  more f u l l y  l a t e r .  

Cooling comparisons.- A comparison of t h e  cowlings,  -- 
from. t h e  c o o l i n g  s t a n d p o i n t  i s  g i v e n  i n  f i g u r e s  26 t o  28 
f o r  t h e  c o n d i t i o n  of zero  a i r  speed.  

The r e s u l t s  i n d i c a t e  t h a t  f o r  ground c o o l i n g ,  wide  
o v e r l a p p i n g  e x i t '  s l o t s  l o c a t 6 d  on o r  nea r  t h e  maximum 
lead ing-edge  c u r v a t u r e  produce  t h e  g r e a t e s t  p r e s s u r e .  The 
e x i t  s l o t  f o r  cowl ing 5 i s  e v i d e n t l y  t o o  c l o s e  t o  t h e  p r o -  
p e l l e r  a x i s  ( p o s i t i v e - p r e s s u r e  r e g i o n )  t o  produce  a r e a -  
sonab ly  h i g h  p r e s s u r e  d rop ,  

Cowling 3 9  was no t  t e s t e d  w i t h  t h e  p r o p e l l e r  o p e r a t -  
i n g  owing t o  t h e  f a c t  t h a t  t h e  nose  $art would have had 
t o  be a  s p i n n e r  and t h i s  would have e n t a i l e d  a  c e r t a i n  de- 
l a g  f o r  t h e  manufacture .  I t  i s  b e l i e v e d  t h a t  t h 6  C o o l i n g .  
c h a r a c t e r i s t i c s  can  be  approximated  f a i r l y  c l o s e l y ,  however,  
f rom t h e  o thor  t e s t s  of cowl ings  hav ing  s i m i l a r  . e x i t  s l o t  
open ings .  For oxample, the  c o o l i n g  c h a r a c t e r i s t i c s  f o r  
c o a l i n g  39 should  approximate  t h o s e  f o . ~  cowl ings  1 and 3 ,  
o r  cowl ing 3 B  i f  a  smal l  o v e r l a p  mere p r o v i d e d .  

The p r e s s u r e  a v a i l a b l e  i n  t h e  t a k e - o f f  and cl imb i s  
a lways  g r e a t e r  t h a n  t h a t  f o r  t h e  ground c o n d i t i o n ,  depend- 
ing ,  of course,  on t h e  a i r  speed o r  v / ~ D .  3To comparisons 
a r e  aadc  f o r  t h e s e  c o n d i t i o n s  because  t h e  ground-cool ing  
c r i t e r i a  a r e  p r o b a b l y  i n d i c a t i v e  of t h e  r e l a f i v e  m e r i t s  
of t h e  cowl ings  f o r  t h e  t a k e - o f f  and cl imb a l s a .  

, . 

Ef3ect of - p r o p e l l e r - b l a d e  s e t t i n g  and ana1.e of attack. 
of t n e  win&.- Host of t h e  p r o p e l l e r  t e s t s  were ma,d.e a t  a - . .  . . 
b l a d e  a n g l e  of 20° a t  0.75 r a d i u s ,  because  t h i s  r e p r e s e n t s  
t h e  b l a d e  a n g l e  f o r  t h e  t a k e - o f f  c o n d i t i o n  of most p r e s e n t -  
day a i r p l a n e s .  I n  f i g u r e  2 9 ,  t h e  r e s u l t s  fro'm t - e s t s  a t  
o t h e r  b l a d e  s e t t i n g s  a r e  g i v e n  f o r  one cowling.  I n c r e a s i n g  
t h e  b l a d e  a n g l e  i n c r e a s e s  t h e  p r e s s u r e  a v a i l a b l e  i n  a 
n e a r l y  un i fo rm manner except  f o r  t h e  ze ro  v / ~ D .  c o n d i t i o n .  

I n c r e a s i n g  t h e  a n g l e  of a t t a c k  of t h e  wing from 0' t o  
1.0' i n c r e a s e s  the  p r e s s u r e  s l i g l i t l y  8t l o w  v a l u e s  of V / ~ D  

'an-d more so a t  h i g h  v a l u e s .  -.. . 

Ent rance  Ducts  
. . 

The desi .gn of e f f i c i e n t  e n t r a n c e  d u c t s  i s  p r o b a b l y  



t h e  most d i f f i c u l t  p a r t  of t h e  wing-duct cowl ing system. 
The t h r e e  . impor tant  e lements  t o  c o n s i d e r  a r e :  ( a )  t h e  
d r a g ,  ( b )  t h e  p r e s s u r e  a v a i l a b l e  i n  the .  e n t r a n c e ,  and 
( c )  t h e  l o s s  i n  head through d u c t .  The l o c a t i o n ,  s i z e ,  
and  shape of t h e  mouth a f f e c t ,  th.e . f i r s t  t w o ,  mhile  t h e  
s i z e  and shape of t h e  i n t e r i o r  d u c t  a f f e c t  t h e  t h i r d .  

The s tudy of e n t r a n c e  d u c t s  h e r e i n  r e p o r t e d  i s  by no 
means complete.  Only one s i z e  and l o c a t i o n  of t h e  en- 
t r a n c e  were i n v e s t i g a t e d ,  a l t i iough  seve 'ral  b a s i c  shapes  
of t h e  moutlis were t e s t e d .  The wing on which t h e s e  t e s t s  
were made i s  p o o r l y  s u i t e d  f o r  making a c o ~ p r e h e n s i v e  
s t u d y  of e n t r a n c e  shapes  o ~ i n g  t o  t h e  e x t r e m e l y  h i g h  cam- 
b e r .  The p r e s e n t  r e s u l t s ,  which a r o  of a p r e l i m i n a r y  na- 
t u r e  o n l y ,  should be cons idordd  a s  q u a l i t a t i v e  u n t i l  a  
more complete study can be made u s i n g  a modern wing sec-  
t i o n .  

L o c a t i o n  The wing-duct e n t r a n c e s  ' should be  l o c a t e d  * -  
a l o n g  t h e  span i n  such a p o s i t i o n  a s  t o  r e c e i v e  t h e  
g r e a t e s t  b e n e f i t  f rom t h e  p r o p e l l e r  s l i p s t r e a m ,  e s p e c i a l l y  
i n  t h e  take-off  and c l imbing  c o n d i t i o n s .  The p r e s s u r e  . 
d i s t r i b u t i o a  i n  t h e  s l i p s t r e a m  of a p r o p e l l e r  depends upon 
many f a c t o r s ,  such as: b l a d e  a n g l e ,  v / ~ D ,  d i s t a n c e  be- 
h i n d  t h e  p r o p e l l e r  d i s k ,  t l ~ e ' p i t c h  d i s t r i b u t i o n ,  and t h e  ' 
p l a n  fo rm,  No s t u d y  o f  t h e  problem i s  made h e r e  except  
t o  p o i n t  o u t  t h a t  t h e  s l i p s t r e a m  necks  down c o n s i d e r a b l y  
behind t h e  p r o p e l l e r  ' f o r  h i g h  d i s k  l o a d i n g s ,  such a s  a r e  
p r e s e n t  d u r i n g  t i i e  t a k e - o f f .  F i g u r e  30 shows t h e  r a d i a l  
p r e s s u r e  d i s t r i b u t i o n  a t  0.5 . the  d iamete r  behind t h e  p r o -  
p e l l e r  f o r  t h e  s t a t i c  c o n d i t i o n .  The rnaximum~pressure 
o c c u r r e d  a t  0.55 of t h e  p r o p e l l e r  r a d i u s  f o r  t h i s  cond i -  
t i o n ,  and d e c r e a s e d  r a p i d l y  beyond t h e  0 .6  r a d i u s .  The 
peak's of thosp,  c u r v e s  w i l l  b roaden  r a p i d l y  wi4h i n c r e a s e d  
a i r  speed.  

The v e r t i c a l  l o c a t i o n  of t h e  e n t r a n c e s  was determi'ned 
f o r  t h e s e  t e s t s  f rom p r e s s u r e - d i s t r i b u t i o n  measurements 
made w i t h  p r o p e l l e r  o p e r a t i n g .  The r e g i o n  of naximum p r e s -  
s u r e  d i c t a t e d  t h e  l o c a t i ' o n  of t h e  e n t r a n c e s  a l t h o u g h  t h e  
one s e l e c t e d   night n o t  be t h e  bes t '  f rom t h e  d r a g  s t a n d -  
p o i n t .  

Drag of e n t r a n c e s , -  PolBr c u r v e s  f o r '  t h e  e n t i r e  s e t -  
up a r r g i v e n  i n  f i g u r e s  31 t o  '34 cornpiiring t h e  v a r i o u s  
e n t r a n c e  shapes.  The e n t r a n c e s  were l o c a t e d  on t h e  ming 
f o r  h igh-spoed o p e r a t i o n  a t  a n  a n g l e  of a t t a c k  of abou t  
0°, i r r e s p e c t i v e  of what t h e  l i f t  c o e f f i c i e n t  might be 



f o r  
di.s 
t h o  

t h i s  p a r t i c u l a r  high-cambered wing, I n  t h i s  way, t h e  
u r b a n c e s  c r e a t e d  by t h e  e n t r a n c e s  would approximate  
e  f o r  a  lower-cambered wing a c t u a l l y  o p e r a t i n g  a t  

a b o u t  oO,  The compar isons  shou ld  be c o n f i n e d ,  t h e r e f  o r e ,  
t o  t h e  a n g l e - o f - a t t a c k  range  above O O .  

R e f e r r i n g  t o  f i g u r o s  31 and 32,  i t  may be  seen t h a t  
a l l  t h e  e n t r a n c o s  have a s l i g h t  d r a g  a t  00 a n g l e  of a t t a c k ,  
b u t  t h e r e  i s  no measurable  d r a g  a t  about  3O. The extended - 
e n t r a n c e s  bo th  i a p r o v e  tho  C . Thero seems t o  be l i t -  

Lma x 

t l e  c h o i c e  i n  t h e  d i f f e r e n t  e n t r a n c e  shapes  i n  tho  a n g l e  , 

rango from 00 t o  5O, 

F i g u r e  3 3  i n d i c a t e s  t h a t  f a i r i n g  t h e  t o p s  of t h e  
s q u a r e  extended d u c t s  reduced t h o  d r a g  i n  t h o  c l imbing  
r a n g e ,  b u t  t h e  e f f e c t  was n e g l i g i , b l e  a t  abou t  lo. 

idodifying t h e  f l u s h  s q u a r e  d u c t s  by i n c r e a s i n g  t h e  
r a d i i  a t  t h e  t o p  and bottom of t h e  e n t r a n c o s  reduced t h e  
d r a g  t o  a n e g l i g i b l e  amount, p a r t i c u l a r l y  i n  t h e  n e g a t i v e -  
a n g l e  r a n g e .  (See f i g ,  34,) The t h i n  l o v e r  l i p  of t h e  
e n t r a n c e  a c c o u n t s  f o r  t h e  s e p a r a t i o n  a t  t h e  n e g a t i v e  an- 
g l e s .  The duc t  c r o s s - s e c t i o n a l  a r e a  mas d e c r e a s e d  by 
t h i s  p r o c e s s ,  however .. 

From t h e s e  t e s t s  i t  a p p e a r s  t h a t  i f  t h o  wing i s  t h i c k  
i n  p r o p o r t i o n  t o  t h e  e n t r a n c e  open ings ,  f l u s h  d u c t s  w i t h  
ye l l - rounded  e n t r a n c e  l i p s  w i l l  have no a p p r o c i a b l o  d r a g ,  
I f  t h e  wing i s  t h i n  i n  p r o p o r t i o n  t o  t h e  s i z e  of t h e  en- 
t r a n c e  open ings ,  extended scoops  w i l l  p r o b a b l y  be p r e f e r -  
a b l e  bccause  i t  i s  p o s s i b l e  t o  i n c o r p o r a t e  well-rounded 
l e a d i n g  edges i n  t h e  extended t y p e s ,  whereas  t h i s  i s  n o t  
p o s s i b l e  i n  t h e  f l u s h  t y p e s  w i t h o u t  r e d u c i n g  t h o  duc t  
a r e a ,  I t  i s  i m p o r a t i v e  t h a t  s e p a r a t i o n  a t  t h e  upper  and 
lower l i p s  be avo ided  even though t h e  c r o s s - s e c t i o n a l  a r e a  
of t h e  d u c t s  b e  d e c r e a s e d  by  so doing.  F u r t h e r  work on 
t h i s  s u b j e c t  of e n t r a n c e  d u c t s  i s  con templa ted .  

P r e s s u r e  available i n  t b z  e n t r a n c e  mouth,- I t  i s  
o b v i o u s l y  impor tan t  t h a t  t h e  e n t r a n c e  d u c t s  be so shapcd 
and l o c a t e d  i n  such p l a c e s  t h a t  t h e  riaximum p r e s s u r e  c a n  
be o b t a i n e d ,  p a r t i c u l a r l y  w i t h  t h e  p r o p e l l e r  running.  
From f i g u r e s  35 and 3 6 ,  i t  a p p e a r s  tha,t tine extended en- 
t r a n c e s  p r o v i d a  t h e  h i g h e s t  p r e s s u r e s  w i t h i n  t h c  a n g l e  
r a n g e  betwceh -5O and l o 0  w i t h o u t  t h e  p r o p e l l e r  o p e r a t i n g ,  
The f l u s h  e n t r a n c a s  a r o  e q u a l  o n l y  i n  t h e  rango  of a  few 
d e g r e e s  nea r  0' a n g l o  of a t t a c k .  



I t  may be s u r p r i s i n g  t h a t  p r e s s u r e s  e x c e e d i n g  q a r e  
recordeli t ,  T h i s  can  b e  a c c o u n t e d  f o r  by t h e  f a c t  %hat  t h e  
s t a t i c  p r e s s u r e  i n  t h e  t u n n e l  j e t  a t  t h e  model e n t r a n c e  
d u c t s  i s  h i g h e r  t h a n  t h e  a v e r a g e  s t a t i c '  p r e s s u r e  i n  t h e  
t e s t  chamber,  The t o t a l  head  i n  t h e  mouth of t h e  o n t r a n c e  
d u c t s  r e f e r r e d  t o  t h o  a v e r a g e  s t a t i c  p r e s s u r e  i s  t h e r e f o r e  
s l i g h t l y  i n  e r r o r  by t h e  a m o u h t . n o t e d  (2  o r  3 p e r c e n t ) .  

R e f e r r i n g  t o  f i g u r e  3 7 ,  i t  can  b e  s e e n  t h a t  m o d i f y i n g  
t h e  f l u s h  e n t r a n c e s  made t h e  p r e s s u r e  more s e n s i t i v e  t o ,  
a n g l e - o f - a t t a c k  c h a n g e s .  

I n  f i g u r e  38 t h e  b a s i c  d u c t s  a r e  compared w i t h  p r o -  
p e l l e r  o p o r a t i n g ,  I n  t h o  low V / ~ D  r a n g e ,  c o r r e s p o n d i n g  
t o  t h e  t a k e - o f f  a n d  c l i m b ,  t h e  s q u a r e  e x t e n d e d  d u c t s  a r e  
g e n e r a l l y  s u p e r i o r  and  t h e  f l u s h  d u c t s  a r e  e q u a l l y  good 
o v e r  p a r t s  of t h e  r a n g e ,  I n  g e n e r a l , ,  t h e r e  p r o b a b l y  i s  
n o t  enough d i f f e r e n c e  i n  a l l  t h e  d u c t s  t o  w a r r a n t  s e l e c t -  
in%? one o v e r  t h e  o t h e r  on t h e  b a s i s  of p r e s s u r e s  a v a i l a b l e  
a l o n e .  The d r a g  i , s  of  much more i m p o r t a n c e .  

I n t e r n a l  p r s e r t i e s  of d u c t s  .- The p a s s a g e s  e x t e n d i n g  
f rom E e  mouths of  t h e  e n t r a n c e  d u c t s  t o  t h e  e n g i n e  com- 
p a r t m e n t  shou ld  convey  t h e  a i r  w i t h  a s  l i t t l e  l o s s  i n  
e n e r g y  a s  p o s s i b l e ,  Thora a r e  t v o  :ources  of ene rgy  l o s s :  
(a) f r a c t i o n  o r  t u r b u l e n c e  m i t h i n  t h e  wing d u c t s ,  and  
(b) l o s s  of  k i n e t i c  ene rgy  i n  t h o  s t r e a m  a t  t h e  p o i n t  o f  
"dumping" t h e  a i r  i n t o  t h e  e n g i n e  a c c e s s o r y  compartment .  

- I t  c a n  b e  soon f r o m  B e r n o u l l i ' s  e q u a t i o n ,  Eltotal - 
1 H s t a t i c  + PVducta, t h a t  b o t h  l o s s e s  can  b e  minimized 

i f  t h e  v e l o c i t y  i n  t h o  d u c t s  i s  k e p t  t o  a s m a l l  f i g u r e  
o r  i f  t h e  a i r  i s  expanded o f f i c i o n t l y  upon o n t e r i n g  the 
a c c e s s o r y  compar tment .  Soim i n t  e r e s  t i n g  r e s u l t s  t a k e n  
f rom r e f e r e n c e  5 on t h e  e f f i c j . c n c y  of d i f f u s e r s  a r o  g i v e n  
i n  f i g u r e  39. The e n t r a n c e - d u c t  c o n d u c t i v i t y ,  Hd, i s  a 
measure  of t h e  o v e r - a l l  e f f i c i e n c y  of t h e  d u c t s .  I f  t h o  
l o s s e s  a r e  z e r o ,  t h e  c o n d u c t i v i t y  i s  i n f i n i t e ,  

F i g u r e *  40 s h o v s  t h e  l o s s  i n  t b t a l  h e a d  a c r o s s  t h e  
e n t r a n c e  d u c t s  f o r  t h e  t e s t  c o n d i t i o n s  and f o r  improved 
d u c t s .  . , 

Curves  showing t h e  r e l a t i o n s h i p  b e t r e e n  K t  and  X e  
a r e  g i v e n  i n  f i g u r e  4 1  f o r  two v a l u e s  of K d ,  The t u n -  

' n e l  t e s t  r e s u l t s  can  r e a d i l y  b e  t r a n s l a t e d  i n t o  v a l u e s  of 
K a n d  Ope f o r  t h e  two e n t r q n c e - d u c t  c o n d u c t i v i t i e s ,  
Xd = 0 , 1 7 7 5  and  Kd = 0 , 2 5 .  



I n  e q u a t i o n  fo rm,  

I f  t h e  d u c t - p r e s s u r e  l o s s e s  a r e  t o  b e  k e p t  t o  a c e r -  
t a i n  f r a c t i o n  of t h e , t o t a l  p r e s s u r e  a v a i l a b l e ,  t h e  en- 
t r a n c e  c 0 n d u c t i v i . t ~  must b e a r  a c e r t a i n  r e l a t i o n  t o  t h e ,  
t o t a l  c o n d u c t i v i t y  o r  e n g i n e  c o n d u c t i v i t y .  Fo l lowing  i s  
a t a b l e  of r e l a t i v e  c o n d u c t i v i t i e s  f o r  v a r i o u s  p r e s s u r e  
r a t i o s .  a -- 

1 . 0  

and  

. 9  

. 8  

.7 

From t h e  ahove v a l u e s  o r  e q u a t i o n s  t h e  s i z e s  of t h e  
e n t r a n c e  d u c t s  can e a s i l y  be  computed knowing: Ke, Ape, 
A p t ,  and  Kd. The v a l u e  of Kd must b e  g o t t e n  from 

t e s t s  of d u c t s  of g i v e n  s i z e s .    or' example,  i f  t h e  p r e s -  
s u r e  a c r o s s  t h e  e n g i n e ,  Ape, must b e  a t  l e a s t  0.8 t h e  
t o e a 1  p r e s s u r e  a v a i l a b l e ,  Apt, t h e  . en t r ance -duc t  con- 
d u c t i v i t y  must be  a t  l e a s t  2 .0 t i m e s ' t h e  e n g i n e  c o n d u c t i v -  
i t y .  . I f  t h e  p e l a t i o n s h i p  between t h e  e n t r a n c e  s i z e  and 
i t s  c o n d u c t i v i t y  i s  known ( f rom t e s t  r e s u l t s ) ,  t h e  a c t u a l  
s i z e  can  be d e t e r m i n e d  d i r e c t l y .  

1 1.22  

- - I  

3.16 ! 8.24 

'2 .98 

2.00 

1 . 8 3  1 1 .53  



The wing d u c t s  f o r  t h e  t e s t  s e t - u p  were s q u a r e  i n  
c r o s s  s e c t i o n  a n d  made one 900 t u r n .  The a r e a  o f  e a c h  
d u c t  i n c r e a s e d  somewhat d u r i n g  t h e  t u r n .  No a t t e m p t  was 
made t o  e x t e n d  t h e  d u c t  i n t o  t h e  n a c e l l e  p r o p e r .  Guide 
v a n e s  i n  t h e  900 t u r n  i n c r e a s e d  t h e  c o n d u o t i v i t y  f rom 
a b o u t  0 . 1 2  t o  0.1'775. O the r  t h a n  t h i s  s i n g l e  t e s t  w i t h  
g u i d e  v a n e s ,  no a t t e m p t  was made t o  i n c r e a s e  t h e  conduc- 
t i v i t y  of  t h e  wing d u c t s  w h i l e  t h e  s e t - u p  was i n  t h e  
t u n n e l .  R e s e a r c h  i s  b e i n g  c o n t i n u e d ,  however ,  w i t h  a 
s i r n p l i f i e d  s e t - u p  u s i n g  a  b lower  t o  draw a i r  t h r o u g h  v a r -  
i o u s  t y p o s  of d u c t s ,  The r o s u l t s  of t h i s  work %ill b e  
g i v o n  when completed. 

Use of Data 

I t  shou ld  be  r e c o g n i z e d  t h a t  t h e  p r e s e n t  t e s t s  a r e  
o f  a p r e l i m i n a r y  n a t u r e  and  a r e  l a c k i n g ,  t h e r e f o r e ,  i n  
c o m p l e t e n e s s  and  r e f i n e m e n t .  ' The r e s u l t s  a r e  n o t  w i t h o u t  
c o n s i d e r a b l e  v a l u e ,  however ,  a n d  shov.1.d p r o v e  t o  3s of 
a i d  i n  d a v a l o p i n g  o r  d e s i g n i n g  c o w l i n g s  of t h i s  t y p e .  
The f o l l o w i n g  p r o c e d u r e  i s  suggoh tod .  

S e l e c t i n g  e n t r a n c e  d u c t s . -  The c o n d u c t i v i t y  of  t h e  
e n t r a n c e  d u c t s  must b e  f i r s t  e s t a b l i s h e d .  The shape  and  
s i z e  w i l l  depend upon t h e  a i r p l a n e  i n  q u e s t i o n ,  The 
l a r g e r  t h e  d u c t s  t h e  l a s s  w i l l  b e  t h e  i n t e r n a l  l o s s e s  a n d  
t n a  g r e a t o r  m i l l  bo  t h e  p r e s s u r e  a v a i l a ' b l e  a c r o s s  t h e  en- 
g i n e .  .Unless t l i e  wing i s  v e r y s  t h i c k ,  l a r g e  e n t r a n c e s  may 
p r o v e  t o o  e x p o n s i v o  f rom t h e  d r a g  s t a n d p o i n t .  The p r o s -  
e n t  d u c t s  a r e  5 i n c h e s  i n  h e i g h t  a n d  t h e  maximum wing 
t h i c k n e s s  i s  1 2  i n c h e s .  The h e i g h t  p r o b a b l y  shou ld  n o t  
exceed  0 . 5  t h e  wing t h i c k n e s s ,  b u t  t h e  w i d t h  cou ld  be  
g r e a t e r ,  The e n t r a n c e  d u c t  c o n d u c t i v i t y  s h o u l d  b e  a t  
l e a s t  t a i c o  t h a t  of t h e  e n g i n e ,  I f  l i t t l e  e x p a n s i o n  i n  
t h e  d u c t s  i s  p o s s i b l e ,  f rom t h e  e n t r a n c e  t o  t h e  e n g i n e  
compar tment ,  t h o  a r e a  of e a c h  e n t r a n c e  s h o u l d  t h e n  be  
a b o u t  e q u a l  t o  t h o  e q u i v a l e n t  e n g i n o  o r i f i c e  a r e a .  The 
d u c t  l o s s e s  c o n s t i t u t e  t h e n  o n l y  20  p c r c e n t  of t h o  i n t e r -  
n a l  e n e r g y  o r  p r e s s u r e .  

  he s u c c e s s  o r  f a i l u r e  of t h i s  t y p e  of cowl ing  de- 
p e n d s  upon t h e  wing d u c t s .  U n l e s s  t h e  wing i s  s u f f i -  
c i e n t l y - t h i c k  t o  accommodate t h e  r e q u i r e d  d u c t s ,  o r  u n l e s s  
i t  i s  p o s s i b l e  t o  expand t h o  a i r  e f f i c i e n t l y ,  t h i s  t y p e  
of c o w l i n g  may n o t  p r o v e  t o  b,o enough b e t t o r  t han  o t h e r  
t y p e s  t a  w a r r a n t  t h e  e x t r a  c o s t  a n d  c . o ~ p l i c a t i o n s .  



S e l e c t i n g  a  cowl ing noso shape.- The shape of t h e  
nose  w i l l  depend p r i m a r i l y  upon whether o r  n o t  a s p i n n e r  
i s  t o  be  used.  The widtli  and shape of t h e  e x i t  s l o t  w i l l  
depend upon t h e  c o o l i n g  r e q u i r e m e n t s  f o r  t h o  v a r i o u s  
f l i g h t  c o n d i t i o n s .  I t  i s  o b v i o u s l y  n ~ s c e s s a r y  t o  c o n t r o l  
t h e  s l o t  w i d t h  t o  o b t a i n  t h o  b e s t  per formance  a t  a l l  
speeds .  A f o r e - a n d - a f t  method of opening t h e  s l o t  mas 
used i n  t h e  t e s t s  bocause  good r e s u l t s  were o b t a i n e d  .and 
t h o  d r a g  mas undoub ted ly  l e s s  t h a n  i t  would have been had 
f l a p s  been used.  

With t h o  eng ine  and e l l t r ance  c o n d u c t i v i . t i e s  known, 
t h e  d r a g  r e s u l t s  may be r e f e r r e d  t o  i n  o r d e r  t o  s e l e c t  
t h e  b e s t  cowling f o r  t h e  c o n d i t i o n s ,  am3 t h a  p r e s s u r e s  
f o r  c o o l i n g  can be o b t a i n e d  f rom t h e  p r e s s u r e - c o e f f i c i e n t  
c u r v e s  w i t h  p r o p e l l o r  runn ing .  

Char t  f o r  c o n v e r t i n g  Kp i n t o  p r e s s u r e . -  I t  can b e  - 
seen f r o m  t h e  e q u a t i o n  

t h a t  t h e  p r e s s u r e  i s  p r o p o r t i o n a l  t o  a  c o n s t a n t  t i m e s  t h o  
p r o p e l l e r  t i p  speed squared r"or s t a n d a r d  a tmosphere .  A s  
t h o  t i p  speed i s  u s u a l l y  known, t h e  p r e s s u r e  can be r o a d  
f rom a  c h a r t  d i r e c t l y  i n  t e rms  af  water  head.  (See f i g .  
42 . )  T h i s  t y p e  of c h a r t  i s  conven ien t  f o r  making r a p i d  
c a l c u l a t i o n s  i n  p r e l i m i n a r y  work. 

Exaimlo d e s i g n . -  Given 

Ape = 6 i n c h e s  H20 

P r o p e l l e r  t i p  speed f o r  c l imb =, . 9.00 . f t .  / s e c .  
. ..,. 

P r o p e l l e r  t i p  speed f o r  t a k e - o f f  = 950 f t . / s a c .  

S i g h  speed V / ~ D  = 1 . 5  

Wing t h i c k n e s s  s u f f i c i e n t  t o  p r o v i d e  e n t r a n c e  d u c t s  
h a v i n g  K,d = 0.25 

A ~ e  Then . K t  = 0.0927 and - = 0.862.  
A P ,  



'Po d e s i g n  a s u i t a b l e  ,cowling: 
- ."., 

Cowling 39 i s  s e l e c t e d .  .As. a p r o p e l l e r  w a s  n o t  t e s t e d  
w i t h  t h i s  nose  s h a p e ,  t h e  

=P 
must be  e s t i m t o d  from t e s t s  

of c o w l i n g s  1 and 3. 

Ground coolin_g.-,  From f i g u r e s 8  and 1 2 ,  ---- K~ 
= 0.178 f o r  

1 .5 - inch  e x i t  open ing .  I _ 

From f i g u r e  4 2 ,  

Apt = 7.5 i n c h e s  X Z O  

A p e  = 7 . 5  x 0 .862  = 6.45 i n c h e s  H,O 

Take-of f . -  Assume t a k e - o f f  spocd = 0 . 4  h i g h  speed.  - 

- - 0 0 2 8  x 6.85 = 10.15  i n c h e s  3,O 
'Po 0.178 

Climb.-. Assu~nc c l i m b i n g  speed  = 0 .6  h i g h  speed 

- V = 0.9 
"'(climb) 

0.44 900 
Ape = ---- X 6.45 X /- )2 = 14.2  i n c h e s  9,O 

0.178 \950  1 

High speed.-  The o x i t  s l o t  w i d t h  would b e  r educed  
t o  o b t a i n  . . 6 i n c h e s  H z O .  

I n  t h i s  example t h e  ground c o o l i n g  i s  c o n s i d e r e d  
s a t i s f a c t o r y ' a n d  t h a t  f o r  take- 'o f f  and c l imb  more t h a n  
s a t i s f a c t o r y .  If t h e  ground c o o l i n g  i s  n o t  c o n s i d e r e d  
i m p o r t a n t ,  t h e  e n t r a n c e  d u c t s  c o u l d  p o s s i b l y  be r educed  
i n  s i z e  i f  d e s i r e d .  The i n t e r n a l  l o s s e s  mould i n c r e a s e ,  
how cv o r .  



CONCLUSIONS 

The r e s u l t s  of t h e s e  p r e l i m i n a r y  model t e s t s  show 
t h a t :  

1. The wing-duct cowl ings  t e s t e d  had a p p r e c i a b l y  
l e s s  d r a g  t h a n  a  c o n v e n t i o n a l  X , A . C . A ,  cowl ing.  

2 .  Tine p r e s s u r e s  a v a i l a b l e  f o r  ongino c o o l i n g  a t  
low a i r  speeds  rangod from 4 t o  more t h a n  1 0  i n c h e s  of 
w a t e r ,  depending c h i e f l y  upon the propeller t i p  speed ,  
v / ~ D ,  cowling s h a p e ,  and t h e  f low r e s t r i c t i o n s  imposed 
by t h e  eng ine  b a f f l e  and wing-duct p a s s a g e s .  

3. The s u c c e s s  of t h i s  t y p e  of cowl ing f rom e i t h e r  
t h e  c o o l i n g  o r  d rag  s t a n d p o i n t  depends upon whether t h o  
wing of t h e  a i r p l a n e  i n  q u e s t i o n  i s  s u f f i c i e n t l y  t h i c k  t o  
accommodate e f f  i c i o n t  d u c t s .  

Langleg  Memorial ~ e r o n a u t i c a l  L a b o r a t o r y ,  
N a t i o n a l  Advisory  Committee f o r  A e r o n a u t i c s ,  

Langley F i o l d ,  V a . ,  J a n u a r y  7 ,  1939,  

1. biaccla in ,  A .  Lewis ,  and Buck, Richard  S.:  F l i g h t - T e s t -  
i n g  w i t h  a n  Engine Torque I n d i c a t o r .  S.A.E. J o u r . ,  
v o l .  42,  no. 2 ,  Feb. 1938 ,  pep. 49-62. 

2 ,  Weick, Fred E . ,  and Wood., Donald H . :  The Twenty-Foot 
P r o p e l l e r  Resea rch  Tunnel of t h e  N a t i o n a l  Advisory  
Committoc f o r  A e r o n a u t i c s .  T . R .  No. 300,  N.A.C.A, 
1928.  

3 .  'Zood, Donald 3. : T e s t s  of Xace l l e -Prope l1  e r  Comb,inat i o n s  
i n  Var ious  P o s i t i o n s  mi th  Rpfsrencc  t o  Wings. P a r t  I .  
Thick Wing - N.A.C.A.  Con16d X a c a l l e  - T r a c t o r  p r o p e l -  
l o r ,  T . R .  No .  415,  N . B . C . L * . ,  1932. 

4 .  Theodorsen,  Theodore,  B r e v o o r t ,  M. J . ,  and S t i c k l e ,  
George W . :  F u l l - S c a l e  T e s t s  of H . A . C . A .  Cowlings. 
T . R .  No, 592,  X . A . C . A . ,  1937. 

5. P a t t o r s o n ,  G .  N . :  Modern D i f f u s e r  Design.  The E f f i c i e n t  
Trans fo rmat ion  of K i n e t i c  Energy t o  P r e s s u r e .  A i r -  
c r a f t  E n g i n e e r i n g ,  v o l .  X ,  no. 115 ,  S e p t ,  1938,  pp .  

" 267-273. 



Figure 1,- Wing-duct cooling set-up. 

Figure 2.- Outlines of wing-nacelle set-up With cowling 39. 

Figure 3.- 3asic cowling shapes. 

Figure 4.- Basic entrance shapes. . i 
I'igure 5.- hIodifications to the square flush entrance. 

. . 

Figure 6.- Pressure available against drag for cowling 1. 
Square extended entrance, no propeller, 

Figure 7.- Pressures availab1e"for cowling 1, 
3/4-inch exit slot, propeller sot 20'. 

Figure 8.- Pressures availablc for cowling 1. 
f-$-inch exit slot, propeller set 20°. 

Figure 9.- Pressures available for comling 1. 
Kt = 0.0778, propeller set 20'. 

Figure 10.- Pressure available against drag for cowling 3. 
Square extended entrance, no propeller. 

Figure 11,- Pressures available for cowling 3, 
314-inch exit slot, propeller set 20'. 

$igure 12.- Pressures available for cowling 3, 
l&-inch exit slot, propeller set 20°, 

Figure 13,- Pressure available against drag for comling 
33 and 3B with I.&- inches cut off. Square 
extended entrance, no propeller. 

Figure 14.- Pressures available for comling 33 .  
318-inch exit slot, propeller set 20'. 

Figure 15,- Pressures available for cowling 33'. 
314-inch exit slot, propeller set 20'. . , 

Figure 16.- Pressures available for cowling 33, 
1-1/4-inch exit slot, propellcr set 20'. 

Figure 17.- Pressures available for conling 33 kith 1* 
inches cut off, Kt ='0.0778, propeller sat 
20°. 



F i g u r e  18 , -  P r e s s u r e  a v a i l a b l e  a g a i n s t  d r a g  f o r  cowl ing  3C 
and 3C w i t h  1-114 i n c h e s  c u t - o f f .  Square  
c u t - o f f .  Square extended e n t r a n c e ,  no pro-  
p e l l e r ,  K t  = 0.0778. 

F i g u r e  19.- P r e s s u r e s  a v a i l a b l e  f o r  cowl ing  3C. 
K t  = 0.0778, .propeller s e t  20'. 

F i g u r e  20 , -  P r e s s u r e  a v a i l a b l e  a g a i n s t  d r a g  f o r  cowl ing  5. 
Square  extended e n t r a n c e ,  no p r o p e l l e r ,  
K t  = 0.0778. 

F i g u r e  21.- P r e s s u r e s  a v a i l a b l e  f o r  cowl ing  5. 
K t  = 0.0778, p r o p e l l e r  s e t  20°. 

F i g u r e  22.- P r e s s u r e  a v a i l a b l e  a g a i n s t  d r a g  f o r  cowLing 39. 
Square  extended e n t r a n c e ,  no p r o p e l l e r .  

* I n c r e a s e d  d r a g  duo t o  c o o l i n g  a i r ,  

F i g u r e  23.- P r e s s u r e  a v a i l a b l o  a g a i n s t  d r a g  f o r  d i f f e r e n t  
cowl ings .  Square  extended e n t r a n c e ,  no pro-  
p e l l e r ,  K t  = 0.0469, 

F i g u r e  24.- P r e s s u r e  a v a i l a b l e  a g a i n s t  d r a g  f o r  d i f f e r e n t  
cowl ings .  Square  extended e n t r a n c e ,  no p ro -  
p e l l e r ,  K t  = 0.0778.  

F i g u r e  25.- P r e s s u r e  a v a i l a b l e  a g a i n s t  d r a g  f o r  d i f f e r e n t  
cowl ings .  Square  extended e n t r a n c e ,  no pro-  
p e l l e r ,  K t  = 0.1178.  

v 
F i g u r e  26.- P r o s s u r e  a v a i l a b l e  a t  ze ro  -- f o r  d i f f e r e n t  

nD 
cowl ings .  P r o p e l l e r  s e t  200,  K t  = 0.0469. 

T I  v 
F i g u r e  27 , -  P r e s s u r e  a v a i l a b l e  a t  ze ro  - f o r  d i f f o r o n t  

nD 
. cowl ings .  p r o p e l l e r  s e t  20°,  K t  = 0.0778. 

v 
F i g u r e  28.- P r e s s u r e  a v a i l a b l e  a t  z e r o  - f o r  d i f f e r e n t  

nD 
cowl ings .  P r o p e l l e ' r  s e t  20° ,  K t  = 0.1178- 

F i g u r e  29.- E f f e c t  of v a r i o u s  p r o p e l l e r  b l a d e - a n g l e  s e t -  
t i n g s  on K ' 

P *  
Cowling 3, 3 /4 - inch  e x i t  s l o t ,  

K t  = 0.0778. 



Figure 30.- Radial pressure distribution in the slipstream 
at 0.5 propeller diarieter behind the propel- 
ler disk. Three-blade propeller 5868-9 op- 

V 
crating at zero - From full-scale tests 

nD 
mith a liquid-cooled engine nacelle. 

Figure 31.- Comparison of various entrance shapes. 
No air flow, cowling 3, l-inch exit slot. 

Figure 32.- Comparison of various ontranco shapes. 
Kt = 0,0778, comling3, l-inch exit slot. 

Figure 33.- Effect of fairing the top of the extended square 
duct. No. air flow, cowlins 3, l-inch exit 
slot. 

Figure 34.- Effect of aodifying the square flush entrsnco. 
No air flow, cowling 3, l-inch exit slot. 

Figure 35.- Pressure available within differently shaped en- 
trance ducts. No propeller, no ,air flow, 
comling 3, l-inch exit slot. 

Pigure 3 6 . -  Pressure available ~ i t h i n  differently shaped 
entrance ducts. >To propcllc,r, Kt = 0,0778, 
comling 3, l-inch exit slot. 

3igure 37,- Pressure available vitnin various flush ontrance 
ducts. No propeller, no air f l ~ a ,  cowling 3, 
l-inch exit slot. 

. . 
Bigure 38.- Pressure availajle mithin differently shaped cn- 

trance ducts. Propeller operating, 2-blade 
4412 propeller set 13O, Kt = 0.0778. 

Figure 39.- Efficiency of diffusers (froa reference 5). 

. . 
Figure 40.- Pressure across the engine in terms of total 

pre.ssur.e available for different total con- 
ductivities. 

Bigure 41.- Engine conductivities for different total and 
entrancc conductivities. 

Figure 42,- Chart for converting prossure coefficient into 
pressure for different propeller tip speeds. 
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Nacelle drag coefficienf, CDp 

Figure 24. 

Nacelle drag coefficient CDp 

Figure 25. 
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Figure 26. 

c~;~.ua/?~iao3 a~nssa~d 

Figure 27- 

Figs. 26,27,28,29 
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0 .E .4 .8 1.0 /.2 /.4 /.6 
V/nD 

-----Figure 28. Figure 29. 



# N.A.C.A. . Figs. 30,35 

Figure 30. 



Figs. 31,252 



Figure 3 3. Figure 34. 



Angle of affack , d deg. 

Figure 38. Figure 37. 



Figs. 38,39 

Figure 38 

Angle of affack, cd deq ,. F i gure 
I 

2 8; deg. 
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