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The results o f  a n  e x p e r i m e o t a l  i n v e s t i g a t i o n  o f  s e v e r a l  
low-drag w i n g - n a c e l i e  c o m b i n a t i o n s ,  i n c o r p o r a t i n g  . i n t e r n a l  
a i r - f l a w  s y s t e m s ,  are p r e s e n t e d .  T b e  e x t e r n a l - d r a g  i n c r e -  
m e n t s  due t o  t h e s e  n z c e l l e s  a r e  b e t w e e n  one-half  a n d  two-  
t h i r d s  o f  t h o s e  o f  c o n v e n t i o n n l  n a c e l l e  fo rms ,  This improve-  
ment  i s  a c c o n 2 l i s h e d  w i t h  o n l y  m i n o r  e f f e c t s  o n  t h e  l i f t  a n d  
moment c h a r a c t e r i s t i c s  of t h e  wing.  The p r o c e d u r e  employed  
t o  d c t e r m i n e  t h e  e x t e r n a l  s h a p e  of such low-drag n s c e l l e s  i s  
c o n s i d e r e d  i n  d e t a i i .  

The d e s i g n  o f  a n  e f f i c i e n t  i n t e r n a l - f l o w  s y s t e m ,  w i t h  o r  
w i t h o u t  e blower o r  t h r o t t l e ,  p r e s e n t s  n o  s e r i o u s  p r o b l e m s ,  
The e n e r g y  l o s s e s  i n  t h e  e x p z n s i o n  b e f o r e  t h e  c n g f a e  and t h e  
c o n t r a c t i o n  t h e r e a f t e r  c a n  be  k e p t  small. 

It i s  b e l i e v e d  t h a t  t h e s e  nzcelles h.avs a w i d e  appl ica-  
t i o x  i n  housing e n g i n e  p u s h e r - p r o p e l l e r  u n i t s  a n d ,  w i t h  s o m e  
a l t e r a t i o n ,  j e t - p r o p u l s i o n  d e v i c e s .  I t  i s  p r o b a b l e  t h a t  t h e  
l o w  e x t e r n a l  d r a g s  n s y  not b e  r e a l i z e d  if such n a c e l l e s  a r e  
u s e d  with a t r a c t o r  . p r o p e l l e r  b e c a u s e  o f  t h e  high l e v e l  of  
t u r b u l e n c e  i n  t h e  p r o p e l l e r  s l i p s t r e a n .  

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

The r e s u l t s  cf ac e x p e r f m e n t s l  i r v e s t i g a t i o n  of  t h e  
boundary-layer g r o v t h  on t h e  s u r f a c e  o f  e wing- fuse l age  corn- 
S i n a t i o n ,  wherein t h e  n o s e  o f  t h e  f u s e l a g e  p r o t r u d e s  forward 
of  t h e  w i n g ,  E r e  r e T o r t e d  ir r e f e r e n c e  1. I n  t h e t  5 q v e s t i -  
g z t i o n  i t  was f o u n d  t h a t  a l t h o c g h  t h e  t r t n s i t i o n  f r o m  l a m i n a r  
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t o  t u r b u l e n t  f l o w  o c c u r r e r i  f a r  b a c k  a l o n g  t h e  s u r f a c e  a t  
p o i c t s  d i s t a n t  f rom t h e  w i n g - n a c e l l e  j u n c t u r e ,  i n  t h e  j u n c -  
t u r e  i t s e l f  t r a n s i t i o n  moved f c r w a r d  t o  t h e  w i n g  l e a d i n g  
e d g e .  

S o n e  z d d i t i o n a l  d r a g  must  i n e v i t a b l y  c c c u r  w i t h  t h i s  
f o r w a r d  rrovement of t r a n s i t i o n  i n  t h e  j u n c t u r e ,  T h i s  i s  at-  
t r i b u t a b l e  t o  (1 )  t h e  i n c r e a s e d ' s u r f a c e  s h e a r  a s s o c i a t e d  
w i t h  t h e  t u r b u l e n t  b o u n d a r y  l a y e r ,  a n d  ( 2 )  t h e  r e d u c e d  p r e s -  
s u r e  r e c n v e r y  a t  t h e  t a i l  which w i l l  accompany t h e  t h i c k e n e d  
boundary  l a y e r  a t  t h e  mi~ i rnum D r e s s u r e  p o i n t .  

I n  r e f e r e n c e  2 i t  was c o n t e n d e d  t h a t  p r e n a t u r e  t r a n s i -  
t i o n  t o  t u r b u l e n t  f l o w  i n  s u c h  j u n c t u r e s  i s  d u e  t o  t h e  f a c t  
t h a t ,  o n  t h e  f o r w a r d  p r o t r u d i n g  n o s e  of t h e  b o d y ,  t h e  air 
c l o s e  t o  t h e  s u r f a c e  i s  f i r s t  a c c e l e r a t e d  a n d  t h e n  r e t a r d e d  
as  i t  a p p r o a c h e s  t h e  w i n g .  The b o u n d a r y  l a y e r  besomes  un- 
s t a b l e  i n  t h e  r e g i o n  w h e r e i n  t h e  f l o w  i s  r e t a r d e d  s o  t h a t  
t r a n s i t i o n  t o  t u r b u l e n t  f l o w  o c c u r s .  I t  was r e a s o n e d  t h s t  
b y  making  t h e  n c s e  o f  t h e  body a n t  t h e  l e a d i n g  e d g e  of t h e  
wing  c o i n c i d e n t ,  a d v e r s e  p r e s s u r e  g r a d i e n t s  n e a r  t h e  l e e d i n g  
edge  w i t h  c o n s e c u e n t  p r e m a t u r e  t r a n s i t i o n  c o u l d  b e  a v o i d e d .  

S e v e r a l  wing--nace l le  u c i t s  i n c o r p o r a t i n g  t h i s  f e a t u r e  
were  c o n s t r u c t e d  2 n d  t e s t e d  iri t h e  Anes 7- by 10-foot  wind 
t u n n e l  ( r e f e r e n c e  2 ) .  The wing a n d  n e c e l l e s  w e r e  s o  m a t c h e d  
t h a t  t h e i r  rnicinuri  p r e s s u r e  . p o i n t s  w e r e  l o c a t e d  a t  t h e  same 
c h o r d w i s e  s t a t i o n .  The e x p e r i m e n t a l  r e s u l t s  o f  t h e s e  t e s t s  
conf  i r n e d  t h e  f o r e g o i n g  c o n t e n t i o n ,  Over t h e  RegnGlds  number 
r a n g e  of t h e  t e s t s ,  t r a n s i t i o n  o c c u r r e d  b e h i n d  t h e  minimum 
pressure p o i n t  in t h e  w i n g - n a c e l l e  j u n c t u r e  as  w e l l  zs a t  a11 
o t h e r  p o i n t s  02 t h e  s u r f a c e .  I n  c o n s e q u e n c e ,  t h e  drag i n c r e -  
men t s  for t h e s e  n e c e i l e s  were  b e t w e e n  one-half  a n d  t w o - t h i r d s  
t h a t  f o r  c o n v e n t  i o n a l  n a c e l l e s .  

The n a c e l l e s  o f  t h e  p r e l i n i n a r y  i n v e s t i g a t i o n  ( r e f e r e n c e  
2 )  were  s t r e a s l i n e  b o d i e s  w i t h o u t  i n t e r n a l  a i r  flow, bu t  i t  
was a n t i c i g a t e d  t h a t  t h e  i n t r o d u c t i o n  o f  i n t e r n a l  a i r  f l o w  
c o u l d  3 e  made w i t h o u t  d e s t r o y i n g  t h e  low-drag c h a r a c t e r i s t i c s .  
However ,  i t  w a s  e x p e c t e d  t h s t  some d i f f i c u l t i e s  would  b e  en- 
c o u n t e r e d  i n  p r o y e r l y  s h a p i n g  n a c e l l e s  i n c o r p n r a t  i n g  air-  
i n d u c t i o n  s y s t e n s .  I n  t h i s  r e p o r t ,  t h e  r e s u l t s  of  a n  e x g e r i -  
Ir,er,tal i n v e s t  icet ior ,  o f  s e v e r a l  s u c h  w l z g - n s c e l l e  combina t ions  
w i t h  i n t e r n 2 1  f l e w  a r e  p r e s e n t e d .  -4 d i s c u s s i o n  of t h e  p r o p e r  
s h a p i n g  05 s u c h  c ~ c e l i e s  i s  i n c l u d e d ,  

.... . -  . .  



B A C A  A C B  K O .  5-415 3 

I 

133:s C3IPT IOX OF KODELS 

The  N A S A  35-215 w i n g  o f  r e f e r e n c e  2 ,  t h e  o r d i n a t e s  of 
wh ich  a r e  g i v e 2  i n  t a b l e  I ,  wes u s e d  % g a i n  i n  c o m b i n a t i o n  
w i t h  t h e  n a c e l l e s  of t h i s  r e p o r t .  However ,  t h e  z e t h o d  of 
x o ~ n t i n g  t h e  w i n g  i n  t h e  t u n n e l  W R S  c h a n g e d ,  a s  i s  d i s c u s s e d  
u n d e r  t h e  s e c t  i o n  D e s c r i p f f o n  o f  . 4 p p s r s t u s .  

The n a c e l l e  s h a p e s  u s e d  i n  t h i s  e x p e r i m e n t a l  i n v e s t i -  
g a t i o n  were  d e r i v e d  from t h e  NACA 133-30 n a c e l l e  s h a p e  o f  
r e f e r e n c e  2 ,  t h e  o r d i n a t e s  of wh ich  a r e  g i v e n  i n  t a b l e  11. 

--_--_------- N a c e l l e  n o s e  shaDes . -  A n e t h o d  was  d e v e l o p e d  i n  r e f e r -  
e n c e  1 f o r  a l t e r i n g  t h e  ' nose  of  a n e c e l l e  t o  p r o v i d e  e s a t i s -  
f a c t o r y  n o s e  e i r  i n l e t .  The t e s t  r e s u l t s ,  g i v e n  i n  t h a t  
r e f e r e n c e ,  s h o w e d  t h a t  t h e  p r e s s u r e  g r a d i e n t s  o v e r  t h e  f o r -  
ward  p o r t i o n  o f  a n a c e l l e  s o  o b t a i n e d  were  f a v o r a b l e  f o r  a l l  
e x c e p t  t h e  i o w e s t  i n l e t - - v e l o c i t y  r R t  i o s .  

The  Iliethoh f o r  a i t e r i n g  t h e  n o s e  s h a p e ,  as o u t l i n e d  i n  
r e f e r e n c e  1 ,  i s  n o t  g e n e r n l l y  e - p p l i c a b l e  End WR.S a c c o r d i n g l y  
r e v i s e d  t o  make i t  s u i t a b l e  f o r  t h e  n a c e l l e s  o f  t h i s  r e p o r t ,  
T h i s  r e v i s e d  n e t h o d ,  w h i c h  i s  g i v e n  i n  a p p e n d i x  A ,  was u s e d  
t o  d e v e l o p  t h e  s h a p e  of t h e  n o s e  !LT1 o f  t h e  f i r s t  n a c e l l e  
t e s t e d  E s i n g  t h e  nose-shape  pq.rrtrneter o f  r e f e r e n c e  1. The 
s u b s e q u e n t  d e v e l o p m e e t  of  n o s e s  N,, X s ,  I?,, a n d  ITS, and 
t h e  r e s s Q n s  f o r  eqch  c h m g e  a r e  r e l a t e d  i n  t h e  s e c t i o n  o f  
t h i s  r e p o r t  d e v o t e d  t o  a d i s c u s s i o n  o f  t h e  r e s u l t s .  F i g u r e  
1 g i v e s  a c o c p s r i s o n  o f  t h e s e  n o s e  s h a p e s .  The o r d i n a t e s  
z r e  g i ~ r e n  i n  t a b l e  1 1 1 ,  a n d  t s . b l e  IV ? r e s e n t s  t h e  nondimen- 
s i o n a l  nose - shape  p a r a m e t e r  nsed. i n  t h e  n e t h o d  o f  P-ppendix -4. 

D e v e l o o n e n t  of  n z c e l l e  t a i l  s h a p e s  .- W i t h i n  c e r t a i n  ----------- 
l i m i t s ,  c o n s i d e r e d  i n  t h e  s e c t i o n  l i e s u l t s  and D i s c u s s i o n ,  
i t  i s  d e s i r e j l e  t o  b r i n g  t h e  p l a n e  o f  t h e  p u s h e r  p r o p e l l e r  
a s  n e a r  a s  p o s s i b l e  t o  t h e  t r a i l i n g  e d g e  o f  t h e  wirig, i t  i s  
o b v i o u s  that bg s o  d o i n g ,  t h e  a e r o d y n a m i c  c l e s ign  of  t h e  con- 
b i n s . t i o n  o f  n ~ c e l l e  Qnd w i n g  becornes m o r e  a n d  rcore  c r i t i c a l  
b e c a u s e  o f  t h e  s t e e p  p r e s s u r e  r e c o r e r y  t h a t  e x i s t s  i n  t h e  
j u n c t u r e  o f  t h e  w i a g  and the  m c e l l e .  If t h i s  p r e s s u r e  g r a d i e n t  
becomes t c o  s e v e r e ,  s e p z r a t i o n  o f  t h e  f l o w  f r o o !  t h e  s u r f a c e  
w i l l  o c c u r  w i t h  c o x s e q ~ e n t  a d v e r s e  e e r o d y n a n i c  e f f e c t s .  The 
p r o b l e n  t h u s  c o a f r o n t i c g  t h e  d e s i g n e r  i s  t o  & e v e l o p  a n a c e l l e  
f u L f i l l i n g  ths .  d e s i g n  r e q u i r e m e n t s  o f  r e f e r e n c e  2 i c  m a t c h i n g  
t h e  p r e s s m e  d i s t r i b u t i o n  of wing 2nd  n a c e l l e ,  w h i l e  a t  t h e  
s a n e  tii:.e s k o r t e n i r _ g  t h e  n a c e l l e  w i t h o u t  i n c u r r i n g  flow separa t ion .  
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N o  r a t i o n a l  b a s i s  was knowr, f o r  d e t e r z i n i n g  t o  what  ex- 
t e n t  t h e  n a c e l l e  t z i l  n a y  b e  s h o r t e n e d  w i t h o u t  e x c e s s i v e  
dra .g  i n c r e a s e .  The t a i l  s h a p e s  d e v e l o p e d  h e r e i n  a r e  t h e  r e -  
s u l t  o f  judgrnent  End e x p e r i e n c e  g s i n e d ’ w i t h  t h e  t e s t  of e a c h  
s u c c e e d i n g  s h a p e .  The f i = . s t  t a i l  T, was d e s i g n e d  for a 
p r o p e l l e r  p o s i t i o n  a b o u t  15 p e r c e c t  w i n g  c h o r d  b e h i n d  t h e  
wing  t r a i l i n g  edge .  The c o n t o u r  o f  t n i s  t a i l  d e v i a t e s  t o  a 
n a r k e d  d e g r e e  f r o m  t h e  l i n e s  o f  t h e  o r i g i n a l  N A C A  133-30 
n a c e l l e ,  a s  n a y  b e  s e e n  i n  f i , u r e  2 ,  T a i l  T, conforns z o r e  
c l o s e l y  t o  t n e  o r i g i a z l  n a c e l l e  l i n e s ,  es may b e  s e e n  f r o m  
t h e  sa i le  f i g u r e ,  a n d  h a s  a p r o p e l l e r  p o s i t i o r ,  a b o u t  30 per -  
c e n t  c h o r d  b e h i n d  t h e  t r a i l i a g  e d g e .  T a i l  T3 r e p r e s e n t s  
a s h a p e  i n t e r z i e d i z t e  b e t w e e 2  t h e  f i r s t  t w o  c o n t o u r s  w i t h  E 
p r o p e l l s r  p o s i t i o r  o f  s b o a t  21 p e r c e n t  wirg c h o r d  S e h i n d  t h e  
t r a i l i r - g  e d g e .  The s e c t i o n  o f  t h i s  r e p o r t  d e v o t e d  t o  d i s -  
c u s s i o n  r e l a t e s  t h e  s t e p s  i n v o l v e d  i n  t h i s  d e v e l o p c e z t .  
T a b l e  V g i v e s  t h e  o r d i n a t e s  o f  t h e  v a r i o u s  t a i l s .  

---- O - i t l e t  R E O  s o i n 9 e r  d e s 5 c a s . -  S i n c e  it was d e s i r e d  t o  
t e s t  t h e s e  n a c e i l e s  t h r o u g h o u t  R wide  r b e e  of  f l o w  c o e f f l -  
c i e n t s ,  i t  V I E S  necessary t:, F r o a i C e  rt t - n r i ~ 3 l e  o u t l e t  a r e a ,  
T h i s  w z s  a c c o n p i i s h e d  w i t h  T, a n d  T 2  by u s i n g  R t h r o t t l e  

s l i d i n , -  along t h e  a x i s  o f  t h e  s p i n n e r .  T h i s  t h r o t t l e  W R S  s o  
d e s i g n e d  tn?-t t h e  z n r i u l c r  d u c t  b e t w e e n  t h e  t h r o t t l e  and t h e  
i E s i d e  o f  t h e  t B i l  cone  w9s o f  n e R r l y  c o n s t a n t  are6 f o r  a9g 
g i v e n  t h r o t t l e  s e t t i n g  t o  s i n i n i z e  acy o r i f i c e  l o s s  w h i c h  
n i g h t  o c c u r .  F l o w  c o e f f i c i e n t s  a b o v e  t h e  =axinurn v a l u e  et- 
t a f n a b l e  w i t h  t h r o t t l e  fuil open w e r e  o b t a i r . e d  by  using an 
a x i a l  b l o w e r  ir_ t h e  n o s e  o f  t h e  - o d e 1  t o  overcome t h e  in-  
t e r n a l  r e s i s t a x l c e  o f  t h e  c?uct. 

S p i n n e r s  o f  t h e  s 8 n e  s h a p e  and l e n g t h  b e h i n d  t h e  o u t l e t  
w e r e  u s e d  w i t h  t x i l s  T, azB T ,  w i t h  p r o v i s i o n  f o r  a l t e r -  
i r?g t h e  p o i n t e d  t i p  t o  a b l u r t  s h a p e .  

The t h i r d  t a i l  T ,  was t e s t e d  w i t h  a c o n s t a r i t  o u t l e t  
2 r e a  a n d  t h e  v a r i a t i o r ?  i n  f l a w  c o e f f i c i e n t  o b t e i E e d  by  vary- 
i n g  t h e  s p e e d  o f  t h e  a x i e l  b l o w e r .  The s p i n n e r  u s e d  w i t h  
t h i s  t e i l  W R S  of  a p 2 r o x i n s t e l p  t h e  sane f o r 3  as t h a t  u s e d  
w i t h  t k e  & u s h e r  n a c e l l e  o f  r e f e r e n c e  3. O r d i n a t e s  o f  e l l  
s p i s n e r s  2r.d t h r o t t l e s  a r e  g i v e n  i n  t r - b l e  V I ;  

-------I- I n t e r n s 1  d 2 c t s . -  I t  h n s  been shown i n  r e f e r c c c e  4 t h A t  

t h e  e f f i c i e r i t  c o n v e r s i o n  o f  a x i a l  k i n e t i c  e n e r g y  cf s n  alr 
s t r e a 3  t h a t  p o s s e s s e s  r o t a t i o n a l  k l a e t i c  e n e r g y  a s  well, 
Kay be n a d e  i n  9. & i f f u s e r  o f  c u c h  s h o r t e r  l e n g t h  t h a n  if t h e  
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r o t a t i o n 2 1  cor.;ponent i s  n o t  p r e s e n t .  F u r t h e r ,  t h e  c o n v e r s i o n  
o f  t h e  r o t a t i o n a l  k i n e t i c  e n e r g y  i t s e l f  n a y  b e  e f f e c t e d  by 
n n k i n g  t h e  d i f f u s e r  c r o s s  s e c t i o n  a n  a n n u l u s  o f  i n c r e a s i n g  
area alor,;r t h e  a x i s .  

These  p r i i c i p l e s  w e r e  i n c o r p o r a t e d  i n  t h e  d e s i g n  of  
t h e  i n t e r n a l  d i f f u s e r  b e t w e e n  t h e  a x i a l  b l o w e r  a n d  t h e  baffle 
p l a t e  a i n u l a t i n g  t h e  e n g i n e .  The o r C i n a t e s  of  t h e  s u r f a c e s  
are r i v e n  i n  t a b l e  V I I .  The i n t e r n a l  d u c t  b e t w e e n  t h e  b a f f l e  
p l a t e  a x 5  t h e  o u t l e t  L i d  n o t  r e q u i r e  r e f i n e d  d e s i g n  e x c e p t  
t h e  s e c t i o n  a l o n g  t h e  a x i s  o f  t h e  t h r o t t l e ,  p r e v i o u s l y  men- 
t i o n e d ,  s i ~ c e  t h e  l o s s e s  s u f f e r e d  i n  a c o n v e r g i n g  d u c t  a r e  
u s u a l l y  smal l .  

The b a f f l e  p l a t e  s i n i u l a t i n g  t h e  e n g i n e  w a s  d e s i g n e d  t o  
h a v e  a c o n d u c t a n c e  K o f  0 . 2 5 ,  but n o s t  t e s t s  w e r e  made 
w i t h  2- s u f f i c i e n t  n u z b e r  of  h o l e s  p l u g g e d  t o  g i v e  R v a l u e  o f  
E equal t o  0.10. 

A x i a l  > l o w e r , - -  The a x i a l  b l o w e r  u s e d  i n  t h e s e  t e s t s  con- 
s i s ~ e d  of e i g h t  b l e d e s  of  Clark Y s e c t i o n  s o  a t t s t c h e d  t o  t h e  
ku’c t h a t  t h e  b l a d e  m g l e  was a d j u s t a b l e .  S e v e r a l  b l a d e  a n g l e s  
w e r e  u s e d  i n  t h e  t e s t s  o f  ~ R T ~ O X  n a c e l l e s  t o  s a t i s f y  t h e  r e -  
q u i r e d  o p e r a t i n g  c o n d i t i o n s .  P n r t  o f  t h e  t e s t s  were ncde w i t h  
f i v e  Clr-rk Y s e c t i o n  c o u n t e r v a n e s  i n  p l z c e ,  F o r  t h e  p u r p o s e  
3f t h e  n a c e l l e - d r a g  t e s t s ,  t h e  f a n  i s  c o n s i d e r e d  o f  i n t e r e s t  
o n l y  i n s o f a r  as  i t  was u s e d  t o  v a r y  t h e  flow, -4 s e p a r e t e  re- 
port on t h e  f s n  o p e r a t i o n  ~ t s  i t  a f f e c t s  t h e  i n t e r n e l - f l o w  
c o c d i t i o n s  z n d  as i t  mey b e  u s e d  t o  i n p r o v e  o p e r e t i n g  condi-  
t i o g s  a t  a l t i t u d e  i s  p r o p o s e d .  

----- 

I n  d i s c u s s i n g  t h e  n a c e l l e s  b e r a f t e r ,  e v e r y  c o m b i n a t i o n  
o f  n o s e  a n d  t z i l  will b e  n o t e d  by g r o u l j i n g  t h e  d e s i g n e t i o n  
o f  each  s o  t h a t  t h e  c o n b i n a t i o n  of n o s e  2 end t a i l  2 ,  f o r  
i n s t s n c e ,  will be  g i v e n  es N,T,, 

A s e c t i o n a l  v i e w  o f  N,T, i s  g i v e n  i n  f i g u r e  3. F i g -  
E r e s  4 t o  1 0  show v a r i o u s  v i e w s  o f  t h e  n a c e l l e s  z iounted  i n  
t h e  tunne l . .  

DESCZiIPTION 03’ AFPARATUS 

T e s t s  o f  t h e  v a r i o u s  w i n g - ~ a c e l l e  c o m b i n a t i o n s  were 
made i n  t h e  Anes 7- by 10- foo t  w ind  t u n n e l .  T h i s  t u n n e l  
i s  o f  t h e  c l o s e d - t h r o a t  , r e c t a n g u l a r - s e c t i o n ,  s i n g l e - r e t u r n  

. .  - 



t y p e ,  capable o f  a f r s p e e d s  o f  300 miles p e r  h o u r .  The tur-  
b u l e n c e  l e v e l  of t h e  a i r  s t r e a m  i s  s u c h  t h a t  i t  was p o s s i b l e  
t o  m a i n t s i n  laminar  f l o v  e v e r  t h o s e  p c r t i o n s  o f  t h e  w i n g  sub- 
j e c t  t o  a f a v o r a b l e  p r e s s u r e  g r a d i e n t  up t o  t h e  maximum at- 
t a i n a b l e  t e s t  B e y n o l d s  number.  

3 a c h  w i n g - n a c e l l e  c o n b i n ~ t i o n  was n o u n t e d  es EL t h r o u g h  
r o d e l  s p a n n i n g  t h e  7- foot  d i m e n s i o n  o f  t h e  t e s t  s e c t i o n .  
End g l a t e s  flush w i t h  t h e  walls o f  t h e  t e s t  s e c t i o n  b u t  
c l c e r i n g  t h e  w a l l s  by a gap o f  3 / 1 6  i n c h  w e r e  n o u n t e d  on t h e  
e n d s  o f  t h e  wing .  

The i n t e r n a l  drag of all r ? s . c e l l e s  e x c e p t  n a c e l l e  N,T, 
w z s  o 3 t ~ i n e d  p r i o r  t o  t h e  d rac  t e s t s  b y  g e a s u r i n i j  t h e  t o t f i l -  
h e z 6  losses m d  s t ~ t i c  j ? r e s s u r e  a t  t h e  o u t l e t  w i t h  p1 rake 
c o n s i s t i r , g  of 45 total-head rzr-,~? t h r e e  s t ~ t i c  t u b e s .  T h i s  
r a k e  i s  showr. i n  f i - r e  11. D u r i n g  t h e  f o r c e  t e s t s  o f  na- 
c e l l e s  M,T,, hT,T4, e n d  X5T5, t h e  i n t e r n a l  d r a g  W R S  m e a s u r e d  
w i t h  an o u t l e t  rRke  o f  n i n e  to t r , l -head  sad t h r e e  s t a t i c  t u b e s  
( f i g ,  8 ) ,  s i ~ c e  slf t e s t s  were  n s d e  w i t h  t h e  s x i a l  b l o w e r  
o p e r s t  i n g .  

The f l o w  ~ u n n t i t i e s  x e a s u r e d  w i t h  t h e  o u t l e t  rake w e r e  
use?. t o  c , % l i h r a t e  t h e  o r i f i c e  p l R t e  s i n u l s t i n g  t h e  e n g i n e  r e -  
s i s t a c c e  s o  t h a t  t h e  p r e s s u r e  d rop  % c r o s s  t h i s  p l a t e  could b e  
= s e d  t o  o b t a i n  a n y  d e s i r e d  flow c o e f f i c i e n t .  This o r i f i c e  
p l a t e  o f  1 / 2 - i n c h - t h i c k  s t e e l  p l a t e  was p e r s f o r a t e <  w i t ?  9 0  
s h a r p - e d g e  h o l e s  r a n g i n g  i n  s i z e  f r o a  25/32- inch  t o  k - i n c h  
d i a n e t e r .  T o  adjust t h e  s i m i l a t e d  e n g i n e  c o n d u c t a n c e  t o  e 
v e l u e  of 0 . 1 0 ,  a o u n b e r  c f  t h e  holes w e r e  p l u g g e d  w i t h  corks. 
T o r  t e s t s  o f  o t h e r  e n g i n e  c o n d u c t a n c e s ,  t h i s  a r r a n g e n e n t  o f  
c o r k s  x e s  a l t e r e d  t o  o b t a i n  t h s  C e s i r e d  pressure h o p ,  

NaBe surveys  c f  t h e  d r a g  were  n a & e  w i t h  a r a k e  of- 48 
t o t a l - h e a d  t u b e s  a n d  t h r e e  s t e t l c  p r e s s u r e  t u b e s  Sec t ion -  
d r a g  c o e f f i c i e n t s  were  c o n p u t e d  f r o m  t h e s e  d ~ t e  by fin aiiapta- 
t i o n  o f  t h e  Jones z e t h o 8  which  c o n s i d e r s  t h e  e f f e c t  of f l u i d  
c o c p r e s s i b i l i t y  e n d  t h e  t e m p e r a t u r e  r i s e  i n  t h e  wake, 

3 o u n d s r y - l a y e r  p r o f i l e s  w e r e  n e a s u r e c  w i t h  a smell sur- 
f?*ce  r a k e  o f  s i x  t o t a l - h e a ?  t u b e s  2nd  ore s t a t i c  t u b e ,  P r e s -  
sures o v e r  t h e  n a c e l l e ,  t h r o u s h  t h e  i n t e r n a l  ?uct, ani! & l o n g  
the w i n g - c a c e l l o  j u n c t u r e  were  m e a s u r e d  t h r o u g h  0,020-i11ch- 
f l u s h  o r i f i c e s .  
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Ti3STS AND TXST METHOD 

During a l l  t e s t s ,  t h e  s u r f a c e s  o f  t h e  w i n g  and the nacel les  
w e r e  n a i n t a i n e d  i n  a n  a e r o d y n a m i c a l l y  s m o o t h  c o n d i t i o n .  A l l  
ba lance - sys t em n e a s u r e n e n t s  were  m a d e  w i t h  t h e  p r e s s u r e  ori- 
f i c e s  s e a l e d  a n d  f i l l e d  s o  as t o  be  f l u s h  w i t h  t h e  Dodel  
surf a c e .  

A l l  data  p r e s e n t e d ,  e x c e p t  t h e  p r e s s u r e - d i s t r i b u t i o n  
r e s u l t s ,  h a v e  been  c o r r e c t e d  f o r  tunnel--we11 i n t e r f e r e n c e ,  
The c o r r e c t e d  c o e f f i c i e n t s  ( p r i m e s  i n d i c E t i n g  t e s t  r e s u l t s )  
a r e  as f o l l o w s :  

0 . 9 8 0  CD' 

f 

c /4 
0 , 9 8 0  c, + 0 . 0 0 8 2  CL' 

a 1.009 B 1  

C o e f f  i c i e r t s  fclr t h e  winG.g-nacelle c o a b i n s t f o h s  ere b a s e d  
on z wing c h o r d  o f  4 f e e t  end a wing E r e a  of 28 squzre f€et, 
D r a g  c o e f f i c i e c t s  f o r  t h e  nacelles a r e  basoc? on t h e i r  pro-  
j e c t e d  f ro : i ta l  a r e a  o f  2 .58  s q u ~ r e  f e e t ,  The p r e s s u r e  d i s -  
tr ibut i o n s  z l g ~ g  t h e  wing-nzcelle j u n c t u r e s  and a l o n g  t h e  
t o p  acd b o t t o n  E e r i d i a n s  o f  t h e  n a c e l l e s  ?.re p l o t t e d  a g a i n s t  
wing-chcrd s t s t i o r s  s o  t h a t  t h e  &Eta f o r  t h e  v a r i l s u s  nacelles 
zr e c or3par ab1 e .  

The d r e g  f o r c e  due t i  t h e  i n t e r n a l  f l o w  i n  the d u c t  W R S  

d e t e r r , i c e d  f r o m  n e e s u r e n e n t s  o f  t h e  Rverage  t o t e , l  h e e d  m a  
s t e t i c  gressure at t h e  9 u t l e t ,  c o n s i d e r a t i o n  3e in .g  g i v e n  t o  
t h e  e f f e c t s  o f  fluid c o n g r e s s i b i l i t y .  A c a l f b r a t l o - n  o f  the 
p r e s s u r e  d r o p  across t h e  o r i f i c e  plate w i t h  v a r i o u s  i n t e r n f i l -  
f l o w  r e t e s  was r a & e  t o  f ; . , c i l i t a t e  t h e  d e t e r m i n a t i o n  o f  t h e  

' f l o w  c o e f f i c i e n t  and  t h e  i n t e r n a l - - d r a g  coefficiert .when the 
o u t l e t  r z k e  w a s  nlst i n s t a l l e d ,  

3 u r i n g  t h e  course o f  t h e  t e s t s  when t h e  nacelle-drag 
c o e f f i c i e n t s  o b t a i n e d  f r o &  b a l a o c e  n e a s u r e m e n t s  were compared 

C- Y *  
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w i t h  n a c e l l e - d r a g  c o e f f i c i e n t s  d e t e r m i n e d  f r o n  wake s u r v e y s ,  
i t  was a p p a T e n t  t h a t  t h e  p r e s e n c e  o f  t h e  n a c e l l e  was i n f l u -  
e n c i n g  t h e  flow a t  t h e  w i n g  ends  t o  s u c h  a d e g r e e  as t o  
c h a n g e  t h e  t z r e  d r a g .  T h i s  was c o n f i r m e 0  by a c o m p a r i s o n  o f  
t h e  d r a g s  d e . t e r n i n e c i  5p wake s u r v e y s  n e a r  t h e  e n d s  o f  t h e  
s p a n  f o r  t h e  w i n g  a n d  t h e  wing n a c e l l e ,  t h e  w i n g  n a c e l l e  show- 
i n g  a d e c i d e d  i n c r e a s e  o v e r  t h a t  f o r  t h e  wtng. The e f f e c t  
w a s  snall et low s p e e d s  a n d  i n c r e a s e d  when t h e  s p e e d  i n c r e a s e d .  
T h i s  d i s c r e p a n c y  i n  t a r e  W A S  d i s c o v e r e d  h u r i n g  t h e  t e s t s  o f  
n z c s l l e  I\T,Tz* F o r  t h i s  n a c e l l e  a n d  f o r  N,T,,  P 5 T T , ,  a n d  
E S T 5 ,  t a r e s  w e r e  d e t e r m i n e d  b r  m a k i n g  s p a n w i s e  surveys of 
t h e  d i s t r i b u t i o n  o f  d r a g  c o e f f i c i e n t  a t  a flow c o e f f i c i e n t  
o f  0 . 0 5 5 ,  f i n d i n g  t h e .  n a c e l l e  d r s g ,  a n d  c o n p u t i n g  t h e  t a r e  
f r c n  t b e  r e l s t i o n  o f  t h i s  d r a g  t o  t h a t  d e t e r m i n e d  f r o m  t h e  
b a l a n c e  f o r c e  n e a s u r e m e n t s .  The t a r e  was t h e n  a p p l i e d  t o  the  
b a l a n c e - d r a g  c o e f f i c i e n t s  t o  o b t a i n  t h e  v a r i a t i o n  o f  n z c e l l e - .  
d r a g  c o e f f i c i e n t  w i t h  f l o w  c o e f f i c i e n t .  Two o f  t h e  s u r v e y s  
from which t a r e s  were  d e t e r m i n e d  are shown i n  f i g J r e s  12 a n d  
13, These  e x h i b i t  t h e  same t y p e  o f  s p c n w i s e  O i s t r i b u t i o n  o f  
s e c t i o n - d r z g  c o e f f i c i e n t  as f a r  t h e  n a c e l l e s  o f  r e f e r e n c e  2. 
The r e s s o n s  f o r  t h e  a p p a r e n t l y  a b n o r m a l l y  l o w  s e c t  ion-drag 
c o e f f i c i e n t s  n e e r  t h e  j u n c t u r e  a r e  d i s c u s s e d  i n  t h a t  r e p o r t .  

S i n c e  n a c e l l e  E L F L  d i d  n o t  e x h i b i t  d e s i r e b l e  c h a r a c -  
t e r i s t i c s ,  n o  t a r e  d e t e r n i n a t i o n  was made by t h e  t e d i o u s  
moc,er?tuo s u r v e y s  e x c e p t  a t  t h e  i d e a l  l i f t  CJ, = 0.213. 6'15: 
o t h e r  d a t z  a r e  b a s e d  on b a l a n c e  m e a s u r e m e n t s  only. 

I t  m u s t  b e  n o t e d  t h a t  t h e  d r s g s  d e t e r m i n e d  by wake sur-  
v e y s  a r e  l o w  by t h e  amount  of t h e  i n d u c e d  drag r e s u l t i n g  f r o m  
t h e  d i s t o r t i o n  i n  s p z n w i s e  l i f t  d i s t r i b u t i o n  d u e  t o  t h e  in-- 
f l u e n c e  o f  t h e  n a c e l l e .  A t h e o r e t i c a l  study i n d i c a t e s  t h a t  
t h e  induced-drag  c o e f f i c i e n t  b a s e d  on D r c j e c t e d  f r o n t a l  area 
05 t h e  n a c e l l e  i s  0 , 0 0 1  a t  a l i f t  c o e f f i c i e n t  o f  0.23. T h i s  
i n d u c e d  drag w i l l  varg a p p r o x i m a t e l y  l i n e a r l g  w i t h  t h e  l i f t .  
S i z c e  s u c h  a n  i n d u c e d  d r a g  would vary w i t h  p r o p e l l e r  t h r u s t  
f o r  powered  n e c e l l e s  a n d  c o u l d  b e  a d j u s t e d  t o  p r a c t i c a l l y  
z e r n  by a l t e r a t i o r ,  of  t h e  c h o r d w i s e  d i m e n s i o n s  o f  t h e  w i n g  
ne?-r t h e  x i e c e l l e ,  i t  i s  c o n s i d e r e d  t h a t  €his i n d u c e d  d r a g  is 
l i o t  p r o p e r l y  a c h a r z c t e r i s t i c  o f  t h e s e  n a c e l l e s .  I n  conse-  
q u e n c e ,  E O  i n d u c t i o n  c e r r e c t i o n  h R s  b e e n  i n c o r p o r a t e d  i n  tmy 
o f  t h e  t e s t  r e s u l t s  p r e s e o t e d  i n  t h i s  r e p o r t .  
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SESGLTS ABD D I S C U S S I O N  

i t  w’is found fr t h e  t e s t s  o f  the f i r s t  n a c e l l e  NITI 
t h a t ,  2 s  z n t i c i p a t e t ,  l a ~ i n a r  f l o w  coals b e  u a f n t a i n e d  up t o  
t h e  m i n i s u n  p r e s s u r e  p o s i t i o r  i n  t h e  w i n g - n a c e l l e  juncture 
B S  w e l l  a s  or? t h e  o t h e r  s e c t i o n s  o f  t h e  w i n g - n a c e l l e  surface. 
i iowever ,  e n u c b e r  of u n d e s i r z b l e  f l o w  C h a r a c t e r i s t i c s ,  d i -  
r e c t l y  a t t r i b u t a b l e  t o  i n p r o p e r  s h a p i n g  o f  t h e  Ease snd t he  t a i l  
of  t h e  n a c e l l e ,  w e r e  o b s e r v e d .  I n  t h e  following paragraphs 
t h e s e  z d v e r s e  c h a r a c t e r i s t i c s  a r e  d i s c u s s e G  t o g e t h e r  w i t h  
t h e  d e v e l o p n e n t  o f  s a t i s f a c t o r y  n o s e  a n 6  t z i l  s h s p e s .  

-------- X G S ~  d e v c l o u n e n t  .- The pressure d i s t r i b u t i o n  o v e r  the 
e x t e r i o r  and i n t e r i o r  s u r f a c e s  i n  t h e  v i c i n i t y  o f  t h e  n o s e  
o f  a n z c e l l e  i n c o r p o r p - t i s g  an a i r - i n d u c t i o c  s y s t e z  i s  a func- 
t i o n  o f  t h e  n o s e  i n l e t - v e l o c i t y  r n t i o  V i / V o .  I t  i s  c l e a r  
t h 8 t  a t  a s u f f i c i e n t l y  low i n l e t - v e l o c i t y  r a t i o ,  a l o w  p r e s -  
s u r e  p e a k ,  w i t h  e c o n s e q u e n t  l o c a l  e d v e r s e  p r e s s u r e  g r n d i e n t ,  
s u s t  o c c u r  on t h e  n o s e  e x t e r i o r .  An a d v e r s e  p r e s s u r e  grad%- 
e n t  on t h e  e x t e r i o r  s u r f s c e  w i l l  p r o c o t e  I j r e n z t u r e  t r a n s i t i o n  
t o  t u r b u l e n t  f l o w  and s o  r u s t  b e  avoided i f  l o w  d r a g  i s  t o  
b e  o b t a i n e d .  One c r i t e r i o n ,  t h e n ,  i n  t h e  d e r e l o > x e n t  o f  R 
s e t i s f s c t o r y  n o s e  s h n p e  i s  t h a t  R t  t h e  l o w e s t  i c l e t - v e l o c i t y  
r a t i o  which  w i l l  c c c u r  i n  h igh-speed  f l i g h t  P-t l o w  a l t i t u d e s ,  
no e x t e r i o r  s u r f a c e  p r e s s u r e  peak i s  p e r z i s s i b l e .  A t  a high 
i n l e t - v e l o c i t y  r a t i o ,  a low p r e s s u r e  peak is t o o  n s r k e d ,  it 
w i l l  l o w e r  t h e  c r i t i c z l  Mach n u n b e r  o f  t h e  c o n b i n a t i o n  b e l o w  
t h a t  C i c t n t e d  b y  t h e  n i n i z u n  p r e s s u r e  p e a k  i n  t h e  wing-nscel le  
j u n c t u r e .  A n o t h e r  c r i t e r i o n ,  t h e n ,  i n  t h e  d e v e l o p n e n t  o f  a 
s ~ t i s f a c t o r y  n o s e  s n a p e  i s  t h a t  at t h e  h i g h e s t  i n l e t - v e l o c i t y  
r s t i o s  w h i c h  o c c u r  i n  h i g h - s p e e d  f l i g h t  a t  h i g h  a l t i t u d e s ,  
t h e  peak p r e s s u r e  on t h e  n o s e  i n t e r i o r  n u s t  n o t  b e  as l o w  as 
t h e  l c w e s t  p e a k  p r e s s u r e  on t h e  e x t e r i o r  s u r f q c e  o f  t h e  wing- 
n a c e l l e  u n i t ,  

A s  A f i n a l  c r i t e r i o n ,  i n  a r d o r  t o  i n s u r e  t h e  a t t e - i n n e n t  
o f  l o w  dI.9,- i n  c l i s b ,  t h e  r a n g e  of l i f t  c o e f f i c i e n t s  f o r  low- 
& r a g  c o e f f i c i e n t s  w i t h  r i o O e r e t e  t o  h i g h  v z l u e s  o f  t h e  i z l e t -  
v e l o c i t y  r a t i o  s h o u l d  be  a t  l e a s t  R S  g r e a t  as f o r  t h e  wing,  

Viewed i n  t h e  l i g h t  of  t h e s e  c r i t e r i z ,  t h e  nose P, 
was u c s s t i s f ~ c t o r y ,  A s  riay be s e e n  f r o =  t h e  pressure  lots 
o f  f i g u r e s  14(a) and 14(b), 2.t t h e  w i n g  i d e a l  l i f t  c o e f f i c i e n t  
( a b o u t  9 . 2 ) ,  e - n o s e  i n l e t - - r e l o c i t y  r z t i o  o f  o v e r  0.5 w a s  re- 
q u i r e d  t o  p r e v e n t  t h e  o c c c r r e n c e  o f  m a d v e r s e  pressure 
g r z d i e n t  o n  t h e  n o s e  e x t e r i o r ,  A l t h o u g h  but one pressure 
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o r i f i c e  w a s  l o c a t e d  on t h e  a o s e  i n t e r i o r ,  t h e  n e a s u r e d  pres- 
s u r e s  et  t h i s  o r i f i c e  i n d i c a t e d  t h a t  ~n e x c e s s i v e l y  l o w  pres- 
sure would o c c u r  h e r e  z t  only a n o d e r s t e l y  h i g h  i n l e t - v e l o c i t y  
r a t i o .  K o r e o v e r ,  8 p r e s s u r e  s u r v e y  showed t h a t  f o r  m o d e r a t e  
t o  h i g h  i n l e t - v e l o c i t y  r a t i o s ,  t h e  l i f t - c o e f f  i c i e n t  range f o r  
which  n o  e x t e r i o r  a e v e r s e  p r e s s u r e  g r a d i e n t s  o c c u r  w a s  much 
l e s s  t h a n  t h a t  f o r  t h e  wing..  

T w o  a t t e o I ; t s  were  z a d e  t o  improve  t h e  nose shape w l t h  
n o s e s  I T 2  rlnd 11,. The s h a p e  N2 ZLiffored f r o n  N, i n  hav- 
i c g  a s o s e w h e t  l c r g e r  n o s e  r a d i u s  as w e l l  R S  s o n e  i n c r e a s e  
o f  t h i c k n e s s  and c a c b e r ;  t h e  s h s p e  IT3 i n c o r p o r a t e d  an  evon 
l a r g e r  c o s e  radius P,S w e l l  as s o n e  f u r t h e r  i n c r e a s e  i n  t h i c k -  
n e s s  a n ?  c a z b e r .  T h e s e  s h s p e s  a r e  shown i l z  f i g u r e  1, The 
d i s t r i b u t i o n  o f  p r e s s u r e  o v e r  N , ,  shown i n  f i g u r e s  15 t o  1 9 ,  
i n d i c a t e s  a g z n e r a l  i m r r o v e m e n t  o v e r  n o s e  N, .  A pressure 
s u r v e y  i n d i c a t e d  t h a t  t h e  n o s e  r a d i u s  o f  N3 was t o o  l a r g e ,  
arid n o  f u r t h e r  t e s t s  = s i n g  t h i s  n o s e  s h a p e  w e r e  n a d e .  

Eone o f  t h e s e  n o s e  shay.es pernitted a s u f f i c i e n t l y  w i d e  
r e r ige  cf  l i f t  c o e f f i c i e n t s  f o r  which n o  a d v e r s e  pressure 
g r a d i e n t s  would  o c c u r  a t  n o d e r a b e  t o  h i g h  i n l e t - v e l o c i t y  
r a t i o s .  s?,n e x m i c a t i o n  o f  t h e  Tressure d i s t r i b u t l o n s  f o r  t h e  
f i r s t  t h r e e  n ~ s e  shapcs i n d i c a t e d  a means f o r  i m ? r o v i n g  this 
c h e r a c t c r i s t i c .  I n  t h e  c a s e  o f  t h e s e  n o s e s ,  a t  t h e  wing Ideal 
l i f t  c o e f f i c i e n t ,  t h e  u ~ ~ e r - l i ~  shage.  p r o d u c e d  a n  e x t e r n a l  
l o w  p r c s s u r e  ;?eak b e f o r e  t h e  lower 119 as t h e  i n l e t - v e l o c i t y  
r a t i o  w a s  r e d u c e & .  G o n v e r s e f y ,  2 s  ' t h e  i n l e t - v e l o c i t y  r a t i o  
was i n c r e a s e d ,  t h e  l o w e r  l i y  p r o a u c e d  a n  i n t e r n r z l  l o w  Freg- 
s u r e  Teak b e f o r e  t h e  u;;?er l i p .  I f  t h e  nacelle n x i s  w e r e  
c u r v e d  t o  t h e  s h n F e  o f  t h e  wing nean-camber l i n e ,  t h e n ,  a t  
t h e  iseel l i f t ,  t h e  pressure d i s t r i b u t i o n s  o v e r  t h e  n n c e l l e  
u 2 F e r  and l o w e r  n o s e  113 woulcl be e i m i l a r  E t  any g i v e n  i n l e t -  
v e l o c i t y  r a t i o .  I n  t h i s  c a s e ,  t h e  l i f t - c o e f f i c i e n t  range 
o v e r  which  e d o e r s e  Fressure graeients w e r e  e b s e n t  for t h e  
wing  2 n d  t h e  w i a g - n e c c l l e  u n i t  would  more  c l o s e l y  c o r r e s p o n d .  

For n o s e  she ;~es  Y4 2nd E,, sone n a c e l l e  c e o b e r  was 
e f f e c t i v e l y  i n c o r p o r a t e d .  The l o w e r  l i? o f  N, and I?, w a s  
k e p t  t h e  sallie as  f o r  S a ,  s i n c e  i t  h s d  been  f o u n d  t o  b e  
s e t i s f e c t o r y .  The u p 2 e r  l i T s  of  t h e s e  n o s e  shapes ,  were  ex- 
t e n d e d  and d r o o i j e d  R S  shown in figure 1, They d l f f e r s d  only 
i n  t k z t  t h e  l e a d i o g - e d g c  r s d i u s  of  If4 was l a r g e r  t h s n  that 
of  N 5 .  -4n e x a c i n a t i o n  of t h e  e x p e r i c e n t a l  p r e s s u r e  distri- 
b u t i o n s ,  shown i n  f i g u r e s  20  t o  2 9 ,  shows t h e  shape NS t o  

C 
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b e  s o n e v h a t  s u p e r i o r  t o  hT,, although b o t h  a r e  c o n s i d e r e d  . 
s a t i s f a c t o r y  i n  l t g h t  o f  t h e  t h r e e  c r i t e r i a  p p r e v i o u s l y  
d i s c u s s e d .  

-------- Tail d e v e 1 o p e n t . -  I t  has b e e n  shown i n  r e f e r e n c e  5 
t h e t  i t  i s  u n d e s i r a b l e  t o  p l a c e  t h e  p l a o e  of  t h e  p r o p e l l e r  
c l o s e r  t h a n  15  p e r c e n t  w i n g  c h o r d  b e h i n d  t h e  t r a i l i n g  edge 
o f  t h e  wing i n  a p u s h e r - p r o p e l l e r  w i n g - n a c e l l e  combination 
b e c a u s e  o f  t h e  a d v e r s e  e f f e c t s  o f  t h e  flaps on t h e  p r o p e l l e r  
c h n r z c t e r i s t i c s .  A t  t h e  same t i m e ,  i t  i s  d e s i r a b l e  t o  bring 
t h e  p r o p e l l e r  l o c a t i o n  as n e a r  t h e  wing  t r a i l i n g  edge as 
p o s s i b l e  b e c e u s e  of t h e  s a v i n g  i n  w e i g h t .  A c c o r d i n g l y ,  t h e  
t a i l  s h a p e  T ,  wss d e s i g n e d  t o  o b t a i 2  a p r o p e l l e r  l o c a t i o n  
1 5  p e r c e n t  wing  c h o r d  b e h i n d  t h e  w i n g  t r e i l i n g  edge ,  The 
t a i l  s h a p e ,  R S  n o t e d  p r e v i o u s l y ,  was o b t a i n e d  by simply cdn- 
t r a c t i n g  t h e  o r i g i n a l  NACA 133-30 nacelle. T h i s  c o n t r a c t i o n  
was s o  s e v e r e  as t a  p r o n o t e  f l o w  s e p e r e t i o n  i f  t r a n s i t i o n  
was s h i f t e d  f o r w a r d  st v e r y  low i n l e t - v e l o c i t y  ratios. This 
c h a r c c t e r i s t i c  i s  e x h i b i t e d  by t h e  d e t r .  of figure 30 which  
s h o w  t h e  mzrked h y s t e r e s i s  i n  t h e  v a r i a t i o n  o f  drag c o e f f i -  
c i e n t  with mass-?low c o e f f i c i e n t ,  

7 .  - . i g x r e  31 p r e s e n t s  t h e  v a r i p . t i o n  o f  d r a g  c o e f f i c i e n t  
w i t h  f l o w  c o e f f i c i e n t  a t  t h e  i d e a l  l i f t ,  t h e  o n l y  lift coef-  
f i c i e n t  f o r  which t a r e  w a s  d e t e r m i n e d  f o r  N,P,, I i y s t e r e s i s  
d i d  2 o t  o c c u r  and  i t  i s  c o n s i d e r e d  t h a t  t h e  f l o w  rena ined  
s e p ~ r a t e a  st a l l  flow c o e f f i c i e n t s .  I n  s p t t e  of  t h i s - ,  t h e  
drzg o f  t h e  n a c e l l e  i s , n u c h  l e s s  t h a r ,  f o r  u s u a l  ne . ce l l e s :  
T h i s  c r z t i c s l  c h a r a c t e r i s t i c  of t h e  f l o w  i n  t h e  w i n g - n a c e l l e  
j u n c t u r e  i s  f u r t h e r  i n d i c a t e d  i n  f i g u r e  32 by a r e d u c t i o n  
i o  t h e  =!axinurn l i f t  c o e f f i c i e n t  f o r  t h i s  w i n g - n a c e l l e  r i n i t  
es compared w i t h  t h a t  f o r  t h e  wing  a l o n e  o r  w i t h  t h a t  for 
t h e  o t h e r  wing--nace l le  combina t  i o n s  * 

I n  a n  e f f o r t  t o  e v o i d  t h i s  u n d e s i r a b l e  aerodynzmic ef- 
f e c t  i n  subsequent d e v e l o p m e n t s  I t h e  o r d i n a t e s  of t h e  t a i l  
s h a p e s  f r o n !  the maxinun ordiaate l o c a t i o n  t o  t h e  nacelle 
s t a t i o n  o p ~ c s i t e  t h e  wing t r a i l i n g  edge  were  h e l d  c l o s e l y  to 
t h e  u r d i n a t e s  o f  t h e  XACA 133-30 n a c e l l e ,  which  showec? no 
f l o w - s e p a r a t i o n  e f f e c t s .  With tail f,, f o r  w h i c h  t h e  pro-  
p e l l e r  l o c z t i o n  w a s  f i x e d  a t  30 p e r c e n t  w ing  chorc? b e h i n d  t h e  
w i n g ,  t h e  c o n t r a c t i o n  b e h i n d  t h e  s t a t i o n  a t  t h e  wing  trailing 
eOge W E S  s l i g h t l y  m o r e  s e v e r e  t h a n  f o r  t h e  o r i g i n a l  NACA 
133-30 n a c e l l e .  Tho t e s t  r e s u l t s  f o r  t h e  N,T, n a c e l l e ,  
g i v e n  i n  f i g u r e  33,  show t h a t  nacelle e x t e r n a l - d r a g  incre- 
~ e n t s  c o z p a r e b l e  with t h o s e  of r e f e r e n c e  2 w e r e  o b t a i n e d  and 
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t h e t  s e p a r a t i o n  w 2 s  a v o i d e + , a s  i n d i c a t e d  by t h e  a b s e n c e  of 
h y s t e r e s i s  i n  t h e  v z r i a t i o n  o f  e x t e r n a l  d r a g  w i t h  f l o w  coe f -  
f i c i e n t .  F u r t h e r ,  t h e  c o n t r a c t i o n  of t h i s  t a i l  c o n e  i s  n o t  
s o  s e v e r e  as  t o  r e d u c e  t h e  saximum l i f t  c o e f f i c i e n t  a p p r e c i -  
ably below t h a t  for t h e  w i n g ,  as i s  shown by t h e  d a t a  o f  
f i g m e  32. 

I t  i s  c o n s i d e r e d  t h a t  w h i l e  t h e  t a i l  T, was s a t i s f a c -  
t o r y  i n s o f a r  as a e r o d y n a m i c  c h a r a c t e r i s t i c s  a r e  c o n c e r n e d ,  
t h e  p r o p e l l e r  p o s i t i o n  i s  t o o  f a r  b e h i n d  t h e  w i n g  t r a i l i n g  
e d g e  f o r  m o s t  a p p l i c a t i o n s .  With T3 t h e  p r o p e l l e r  l o c z -  
t i o n  was c h z n g e d  t o  a b o u t  2 1  p e r c e n t  w ing  c h o r d  b e h i n d  the 
wing  b y  c a n t r a c t i n g  t h e  t a i l  cone  more r a p i d l y  b e h i n d  t h e  
wing  t r e i l i n g - e d g e  s t a t i o n  t h a n  f o r  T,. The d r a g  t e s t  re- 
s u l t s  f o r  t h e  N,T3 n a c e l l e ;  g i v e n  i n  f i g u r e  34, show a g a i n  
t h a t  l o w  drag w 2 s  o b t a i n e c ?  a n d  s e l ; a r a t f o ~  was a v o i d e d .  I n  
f i g m e  3 2  t h e  l i f t  c i i r v e  f o r  t h e  N 5 T 3  w i n g - ~ a c e l l e  u n i t  i s  
shown.  I t  i s  s e e n  t h a t  t h e  l i f t  c u r v e  f o r  t h i s  w i n g - n a c e l l e  
u n i t  i s  v e r y  simi1e.r  t o  t h e t  f o r  t h e  l i , T 2  u n i t .  

A l t h o u g h  T, W A S  f o u n d  t o  b e  n n s a t i s f a c t o r y ,  zrs ev i -  
d e n c e d  by  t h e  d r a g  h y s t e r e s i s  w i t h  f l o w  c o e f f i c i e n t  a n d  the 
r e d u c t i o n  of t h e  mzxinun l i f t  c o e f f i c i e n t  a c c o m p a n y i n g  t h e  
a d d i t i o n  o f  t h e  n c i c e l l e  t o  t h e  w i n g ,  i t  Is a o t  b e l i e v e d  t h a t  
T, n e c e s s a r i l y  r e p r e s e n t s  t h e  s h o r t e s t  s a t i s f a c t o r y  n a c e l l e  
s h a p e  w i t h  e x t e r n a l  s p i n n e r .  R a t h e r  ,’ i t  i s  c o n s i d e r e d  t h a t  
T, w2s c o n t r a c t e d  t o o  r n p i & l y  i n  t h e  r e g i o n  from t h e  maximum 
d i a m e t e r  t o  t h e  wing  t r a i l i n g - e d g e  l o c a t i o n ,  w h i c h  p r o m o t e d  
a n  e x c e s s i v e l y  s e v e r e  a d v e r s e  pressure g r a d i e n t  i n  this reg5m. 
Zis ing t h e  t a i l  c o n t r a c t e d  et  a r a t e  n i d w a p  b e t w e e n  t h a t  for 
T, and  r P 3 ,  w i t h  2 s p i n x e r  s i m i l a r  t o  t h a t  f o r  T,, won ld  

. allow a p r o p e l l e r  l o c z t i o n  a b o u t  1 5  p e r c e a t  w ing  c h o r d  ’beh ind .  
t h e  wing.  Such  a n s c e l l e  would p r o b a b l y  h z v e  s a t i s f a c t o r y  
a e r  odynam i c c h a r  a c t  e r  i s  t i c s . 

I n  t h e  i n v e s t i g a t i o n  o f  r e f e r e n c e  1, s e v e r a l  n a c e l l e s  
were  t e s t e d  f ron !  which  a i r  was e x h a u s t e d  t h r o u g h  a c i r c u l a r  
o p e n i n g  a t  t h e  end  of t h e  n a c e l l e ,  Such ,  n a c e l l e s  m i g h t  be- 
c o n s i d e r e d  t o  b~ r e p r e s e n t a t i v e  of a j e t - p r o p u l s i o n  u n i t  
o r  a p r o p e l l e r - p r o p u l s i o n  u n i t  w i t h  a submerged  p r o p e l l e r  
h u b .  F o r  c o n p a r i s o n  w i t h  t h e s e  n a c e l l e s ,  t h e  t , a i l s  T4. a n d  
‘25 were  c o n s t r u c t e d .  3 0 t h  were  f o r m e d  frorr; t a i l  T 3  by 
r e m o v i n g  t h e  s p i n n e r  a n d  e x t e n d i n g  t h e  s k i r t  s o  ZLS t o  r e d u c e  
t h e  d i a m e t e r  of  t h e  e x h a u s t  o p e n i n g ,  However ,  w i t h  T 4  t h e  
t r a i l i n g  e d g e  w a s  s h a r p  but not c u s p e d  as w i t h  T,. 

. .. 
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The r e s u l t s  o f  t h e  t e s t s  o f  t h e s e  t a i l  s h a p e s  a r e  shown 
i n  f i g u r e s  3 5 ( ~ )  and 35(b). N o  i n d i c a t i o n  o f  h y s t e r e s i s  o f  t h e  
d r a g  c o e f f i c i e n t  w i t h  f l o w  c o e f f i c i e n t  w a s  f o u n d .  I t  i s  note- 
w o r t h y  t h a t  t h e  e x t e r o a l  drag of t h e  c u s p e d  l?, tail is l e s s  
t h a n  t h a t  f o r  t h e  T4 t R i l .  Thls  characteristic o f  c u s p e d  
t a i l  n z c e l l e s  was p r e d i c t e d  i n  r e f e r e n c e  1 a n d  l f i t e r  realized 
i n  t h e  t e s t s  o f  r e f e r e n c e  6 .  I t  i s  c o n s i d e r e d  t h a t  t h e  c u s p  
t y p e  s k i r t  t r a i l i n g  e d g e  would b e  s i m i l a r l y  beneficial f o r  
n z c e l l e s  w i t h  a n n u l a r  e x h a u s t  o p e n i n g s ,  as f o r  tails T,, T,, 
a n a  T,. 

T a b u l a t e d  be low a r e  t h e  e x t e r n a l - E r a g  c o e f f i c i e n t s  f o r  
t h e  E a c e l l e s  l ? ,T , ,  B4T2, E S T 3 ,  e n d  X 5 l l 4  o b t a i n e d  z t  
B t  t h e  w i n g  i d e a l  l i f t  c o e f f i c i e E t  ( 0 . 2 1 3 )  and  a t  t h e  design 
flow c o e f f i c i e n t  ( 0 . 0 4 4 ) :  

B a c o l l e  € I I T l  CD = 0.0325 .I 

N a c e l l e  N,T,  CD = 0 . 0 2 5 8  

E ' a c e l l e  K5T3 GD = 0,0240 

X a c e l l e  B, T, CD = 0.0257 

I t  i s  s e e n  t h - a t  w i t h  t h e  e x c q t i o n  o f  K I T l ,  t h e s e  drag 
c o e f f i c i e n t s  are very n e z r l y  t h e  s a c e  a n d  are a p p r o x i a a t e l y  
e q u a l  t o  t h o s e  f o r  t h e  n a c e l l e s  o f  r e f e r e n c e  2. W h i l e  t h e  
N I T l  n a c e l l e  i s  i n f e r i o r  t o  t h e  o t h e r s ,  i t  s t i l l  r e p r e s e n t s  
a c o n s i a e r n b l e  i 6 p r o v e n e n t  ove r  z a c e l l e s  o f  t h e  u s u a l  f o r n .  
The d r a g  c o e f f  i c i e l i t  f o r  n a c e l l e  IT, T5 3 s  n o t  i r t c l u d e d  i n  
t h i s  t a b l e  s i n c e  t h e  n i n i n u n  flow c o e f f i c i e n t  o b t a i n a b l e  was 
g r e a t e r  t h a n  t h e  d e s i g n  v a l u e  e v e n  thougfs t h e  o u t l e t  area 
w2s t h e  s a z e  a s  f o r  T q .  This e f f e c t i v e  i n c r e a s e  i n  t h e  out- 
l e t  Ftrea is due t o  t h e  c u s p e d  t a i l  c o n e  a n d  was n o t e d  also 
i n  t h o  t e s t s  o f  r e f e r e n c e  6 .  

- 

The drag c o e f f i c i e n t s  of t h e  n a c e l l e s  w e r e  i n v e s t i g a t e d  
a t  l o w  l i f t  c o e f f i c i e n t s  t h r o u g h o u t  t h e  Eeynolds number r a n g e ,  ~ 

b u t  o o l y  minor v a r i a t i o n s  were  f o u n d .  A t  CL = 0,325 the 
drag c o e f f i c i e n t  d e c r e a s e d  s l i g h t l y ,  w h i l e  a t  CL = 0.525 
t h e  dreg c o e f f i c i e n t  showed a slight i n c r e a s e  w i t h  Reynolds 
n m b e r .  T h e s e  d z t a  a r e  n o t  p r e s e n t e d  s i x c e  t h e y  show, only 
t h e s e  small c h a n g e s .  

T e s t s  of t h e  n a c e l l e  W,T, t h r o u g h  t h e  S e y n o l d s  numbe 
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An i n c r e z s e  in t h e  n a c e l l e  d r a g  c o e f f i c i e n t  of a b o u t  0.0.01 
o v e r  t h a t  f o r  t h e  p o i n t e d  s p i n n e r  w a s  f o u n d .  

The v a r i a t i o n  o f  d r a g  c e e f f  i c i e n t  w i t h  l i f t  c o e f f i c i e n t  
f o r  t h e  B,Ta c o n b i n a t i o n s  a t  a Beynolds number of 3 , 7 0 0 , 0 0 0  
i s  shown i n  f i g u r e  36 .  T h i s  v a r i a t i o n  was t y p i c a l  o f  a l l  t h e  
n a c e l l e s  e x c e p t i n g  N I T , ,  The p e c f i l i a r  v a r i a t i o n  o f  - n a c e l l e  
d r a g  c o e f f i c i e n t s  a s  e x h i b i t e d  by t h e s e  d a t a ,  i n s o f a r  as the 
d r e g  c o e f f i c i e n t s  a t  C x  = 0 a n d  CL = 0.525 a r e  c o n c e r n e b ,  
is u n d e r s t e n d a b l e  i f  a s t u d y  of t h e  effect of t h e  nacelle on 
t h e  p r e s s i l r e  d i s t r i b u t i o n  o v e r  t h e  p o r t i o n  o f  t h e  w i n g  out-  
b o a r d  of t h e  n a c e l l e  is made. The p r e s e n c e  of t h e  n a c e l l e  
s o  d i s t o r t s  t h e  f l o w  p a t t e r n  i n  t h i s  r e g i o n  t h a t  a sharp 
p r e s s u r e  p e a k  u s u a l l y  a p p e a r i n g  on  t h e  n o s e  o f  t h e  wing  at 
t h e s e  l i f t  c o e f f i c i e n t s  d o e s  n o t  o c c u r  s o  t h a t  t h e  t r a n s i t i o n  
p o i 2 t  d o e s  n o t  move forward. C o n s e q u e n t l y ,  t h e s e  p o r t i o n s  
of t h e  wing e x p e r i e n c e  l o w e r  drag c o e f f i c i e n t s  t h a n  a r e  usu- 
ally o b t a i n e d  a t  t h e s e  l i f t  c o e f f i c i e n t s ,  S O  t h a t  t h e ‘ t c t a l  
i n c r e n e r i t  i n  drag d u e  t o  t h e  n a c e l l e  i s  l e s s  t h a n  f o r  t h e  
o t h e r  a n g l e 5  o f  a t t a c k .  T h i s  phenomenon o c c u r r e d  with a l l  
t h e  n a c e l l e s  t e s t e d .  

AE i n v e s t i g e t i o n  o f  t h e  v a r i e t i o n  of e x t e r n a l - - d r a g  c o e f -  
f i c i e n t  w i t h  i n t e r n e l - f l o w  c o e f f i c i e n t  f o r  nacelle X 4 T ,  
( f i g .  33)  r e v e a l s  t h a t  as t h e  f l o w  c o e f f i c i e n t  i s  i n c r e a s e d  
f r o a  z e r o ,  a n a r k e d  r e d u c t i o n  i n  d r E g  i s  o b t a i n e d .  T h i s  is 
a t t r i b u t e d  t o  t h e  r e d u c t i o n  i n  mean v e l o c i t y  o v e r  t h e  ex- 
t e r i o r  of t h e  n e c e l l e  a n d  t o  t h e  f a v o r a b l e  e f f e c t  af i n c r e a s -  
i n g  f l o w  c o e f f i c i e n t  on t h e  l o c a t i o n  o f  t r a n s i t i o n  on t h e  
n a c e l l e  w h i c h  i s  b r o u g h t  a b o u t  by t h e  r e d u c t i o n  a n d  E v e n t u a l  
e l i m i n a t i o n  o f  t h e  ? r e s s u r e  p e a k  o n  t h e  n o s e  e x t e r i o r .  A s  
t h e  flow c a e f f i c i e n t  i s  f u r t h e r  i n c r e a s e d ,  t h e  d r a g  is ye- 
d u c e d  b u t  a t  2 l e s s e r  r a t e  an& is  a minimun f o r  t h e  minimum 
flow c o e f f i c i e n t  w i t h  wide-open t h r o t t l e ;  t h a t  i s ,  when t h e  
r a t i o  of t h e  v e l o c i t y  o f  d i s c h a r g e  t o  the v e l o c i t y  on t h e  
n a c e l l e  a t  t h e  o u t l e t  is a minimun.  WheE t 5 i s  flow c o e f € i -  
c i e n t  is exceeded, t h e  brag c o e f f i c i e n t  a t  f i r s t  remains 
s e n s i b l y  c o n s t a n t  t h e n  r i s e s  a t  an i n c r e a s i n g  rate. 

I t  w i l l  b e  n o t e d  o n  figure 37 t h a t  f o r  a l l  t h e  n a c e l l e s  
ex c ep t N5 P t h i s  c h a r a c t e r i s t i c  i n c r s e s e  i n  d rag  c o e f f i -  
c i e n t ,  wh ich  a c c o m p a n i e s  2 n  i n c r e a s e  i n  t h e  r a t i o  of t h e  
v e l o c i t y  of  d i s c h a r g e  t o  t h e  t - e l o c i t y  o v e r  t h e  n a c e l l e  a t  
t h e  outlet, i s  p r e s e n t .  
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These  r e s u l t s  w e r e  i r b t a i n e d  w i t h  v a r y i n g  f l o w  c o e f f i -  
c i e n t .  i n  o r d e r  t o  e l i m i n z t e  t h e  e f f e c t  of f l o w  c o e f f i c i e n t ,  
t h e  d r a g  c h a r a c t e r i s t i c s  of a a c e l l e  N , T ,  we re  m e a s u r e 2  a t  
a c o n s t a i t - f l o w  c o e f f i c i e n t  ever  a w i 5 e  r a n g e  o f  o u t l e t  
v e l o c i t i e s  b y  s u i t a b l y  v a r y i n g  t h e  b l o w e r  s 3 e e d  a n d  t h r o t t l e  
o p e n i n g .  The r e s u l t s  shown i n  f i g u r e  3 8 ,  when compared  w i t h  
t h e  p r e v i o u s l y  m e n t i o n e d  d a t a ,  i n d i c a t e  t h a t  t h e s e  d a t a  a r e  
l i t t i e  z f f e c t e d  by c h a n g i r i g  t h e  flow c o e f f i c i e n t .  Whi le  t h e  
c h a r a c t F r i s t i c  i n c r e a s e  o f  d r a g  c o e f f i c i e n t  w i t h  v e l o c i t y  of  
d i s c h a r g e  i s  n o t  w e l l  u n d e r s t o o d ,  c o n s i d e r a t i o n  s h o u l d  b e  
g i v e n  t o  t h i s  e f f e c t  i n  t h e  c h o i c e  of  t h e  o u t l e t  a r e a  i n  a n y  
n a c e l l e  d e s i g n .  C u s z i n g  t h e  t a i l  o u t l e t ,  a s  f o r  N,T,,  is 
s e e n  t o  m i n i m i z e  t h i s  e f f e c t  f o r  t h e  t e s t  r a n g e  o f  f l o w  c o e f -  . f i c i e n t s .  

. 
I z t e r d  d r a P  d u e  t o  air i n d u c t i o n + -  The  r e s u l t s  o f  

t h e s e  t e s t s  i n d i c a t c  t h z t  t h e  i n t e r n a l - f l o w  s y s t e m s  of t h e  
n a c e l l e s  w e r e  s a t i s f a c t o r y  i n  t h a t  t h e  l o s s e s  a s s o c i a t e d  
w i t h  t h e  i n i t i a l  e x p a n s i o n s  up t o  t h e  b a f f l e  p l r , t e  ( s i m u l a t -  
i n g  t h e  e n g i n e )  a n d  t h e  c o n t r a c t i o n s  t h e r e a f t e r  w e r e  small, 
T h i s  i s  e v i d e n t  f r o m  f i g u r e  39, where  it i s  shown t h a t  t h e  
t o t a l  i n t e rn? -1 -d rag  c o e f f i c i e n t  i s  o n l y  m o d e r a t e l y  g r e a t e r  
t h m  ~ h e  d r a g  d u e  t o  t h e  b F i f f l e  > l a t e ,  T h e r e  i s ' n o  r e a s o n  
t o  b e l i e v e  t.hat t h e  i n t r o d u c t i o n  of t h e  b l o w e r  h a d  a d e t r i -  
m e n t z l  e f f e c t  o n  t h e  e f f i c i e n c y  o f  e x p z n s i o n  a n d  c o n t r a c t i o n .  
A s  s e e n  i n  t h i s  f i g u r e ,  2 w i n d m i l l i n g  f8.n d o e s  n o t  add  ap- 
p r e c i p - b l y  t o  t h e  i n t e r n a l  l o s s e s .  

---- S o u n d a r g  1 ~ y e r . -  The l a m i n a r  b o u n d z r y  I ~ j 7 e r  i n  t h e  wing- 
nacelle j u n c t u r e  was f o u n d  t o  b e  u n i q u e l y  s t a b l e ,  e a  was also 
c b s e r v e d  i n  t h e  t e s t s  o f  r e f e r e n c e  2 .  The f o r m a t i o n  of a 
p r e s s u r e  p e a k  on t h e  e x t e r i o r  s u r f a c e  o f  t h e  n a c e l l e  n o s e ,  
s u f f i c i e n t  t o  ~ o v e  t r a n s i t i o n  v e r y  f z r  f o f w a r d  o n  t h e  n e c e l l e  
a t  p o i n t s  removed f r o m  t h e  j u n c t u r e ,  p r o d u c e d  n o  c h a n g e  on 
t h e  l a m i n a r  b o u n d a r y  layer a t  t h e  n i n i n u m  p r e s s u r e  p o i n t  i n  ~ 

t h e  j u n c t c r e .  T h i s  e f f e c t  i s  n o t  u n d e r s t o o d .  I 

3 o u n d a r y - l a y e r  t e s t s  a t  t h e  p r e s s u r e  mininum o v e r  t h e  
s p a n  of t h e  n o d e l  showed t h s t  t h e  f l o w  r e m a i n e d  l a m i n a r  on 
t h e  u p p e r  s u r f a c e  of t h e  n o d e l  z t  l i f t  c o e f f i c i e n t s  up t c  
ebout 0.4 t o  t h e  h i g h e s t  I i eyno lds  number t e s t e d ,  a b o u t  
1 0 , 2 O O , O C * O ,  f o r  a f l o w  c o e f f i c i e n t  of  0 , 0 5 5 .  Those  r e s u l t s  
e g r e e  w e l l  w i t h  t h o s e  o f  t h e  e x t e n s i v e  t r a n s i t  i o s - l o c a t i o n  
surtre:i-s p r e s e n t e d  i n  r e f e r e n c e  2. 
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P r e s s u r e  d i s t r i b u t i o n , -  I n  r e f e r e n c e  2 ,  i t  w a s  shown 
t h a t  t h e  v e l o c i t y  d i s t r i b u t i o n  i n  the w i n g - n a c e l l e  J u n c t u r e  
coulci  b e  c a l c u l a t e d  w i t h  r e a s o n a b l e  a c c u r a c y  by t h e  super- 
p o s i t i o n  Liethod o f  r e f e r e n c e  ? ,  When t h e  n a c e l l e  i s  a l t e r e a  
t o  p r o v i d e  a i r  i n d z z c t i o i  a t  t h e  n o s e ,  however ,  a n  a c c u r ~ t e  - 
c a l c u l a t i o n  o f  t h e  v e l o c i t y  d i s t r i b u t i o n  is p r a c t i c a l l y  an 
i o p o s s i b i l i t y ,  The v e l o c i t y  d i s t r i b u t i o n  nay  b e  e p p r o x f m a t e d ,  
t h o u g h ,  by t h e  n e t h v d  o f  a p p e n d i x  B, which  c o n s i d e r s  what 
c h a n g e s  t o  t h e  e f f e c t i v e  body d i n e o s i o o s  r e s u l t  f r o =  s o  a l t e r -  
i x g  t h e  n a c e l l e .  

T h i s  v e l o c i t y  d i s t r i b u t i o n  c a l c u l a t e d  by t h e  n e t h o d  o f  
a p p e n d i x  B np.y b e  c o E b i n e d  w i t h  thct t  f o r  t h e  w i n g  by t h e  
s u p e r p o s i t i o h  method o f  r e f e r e n c e  7 t o  o b t a i n  t h e  v e l o c i t y  
d i s t r i b u t i o n  i n  t h e  w i n g - n e c e l l e  j u n c t u r e  shown i n  f i e r e  40. 

The e x p e r i n e n t a f  v e l o c i t y  d i s t r i b u t i o r j s  :E. t h e  j u n c t u r e  
c o r r e c t e d  t o  z e r o  Each n u n b e r ,  u s i n g  VOE I b r n a n ' s  r e l a t i o n  
o f  r e f e r e n c e  8 ,  are shown iz f i g u r e  41 r , l ong  w i t h  t h e  calcu- 
l a t e d  d i s t r i b u t i o n ,  

Sone v a r i a t i o n  o f  t h e  v e l o c i t y  d i s t r i b u t i o n  w i t h  Reynolds 
nuizber is shown .  This i s  a t t r i b u t e d  t o  b o u c d a r y - l z y e r  cross 
flow, R p k e n o n e n o c  w h i c h  WI,S  o b s e r v e d  d u r i n g  t h e  t . e s t s  of r e f -  
e r e n c e  2 a n d  i s  d i s c u s s e d  t h e r e i n .  The c a l c u l a t e d  c ~ i r v e  o €  
v e l o c i t y  d i s t r i b u t i o n  l i e s  soaewhet P-bove e v e c  t h e  e x p e r i -  
i :entel  v a l u e s  f o r  t h e  h i g h e s t  t e s t  E e y n o l d s  n u n b e r .  The 
a g r e m a n t  t h o u g h ,  i s  r e e s o n a b l y  g o o d ,  

F i g a r e  42  shows a c o n p a r i s o n  o f  t h e  j u n c t u r e  v e l o c i t y  
d i s t r i b u t i o n s  f o r  n a c e l l e s  !TIT1, B,T,, ard N,T,. These a r e  

s e e n  t o  b e  v e r y  n e a r l y  t h e  s a n e ,  Exaxination of f igure  43 
showing  t h e  v e l o c i t y  d i s t r i b u t i o n s  o v e r  t h e  t o p  aid b o t t o n  
o e r i d i z c s  o f  t h e  wine r a c e l l e s  s h o w s ,  as p r e v i o u s l y  Zenn": 
t i o n e d ,  t h n t  o R c e l l e  NIT, has i t s  m i n i n u n  p r e s s u r e  a t  60  
p e r c e n t  wing c h o r d .  N a c e l l e s  NcTs a n d  XTSTJ are very 
s i n i l a r  t o  t h e  NACA 133-30 nacelle of r e f e r e E c e  2 ,  

The p r e s s u r e  d i s t r i b u t i o n s  a t  a f l o w  c o e f f i c t e n t  o f  
0 .055  t h r o c g h o u t  t h e  a n g l e - o f - a t t a c k  r a n g e  & r e  g i v e n  f o r  na- 
c e l l e  N,T, j u n c t u r e  ~ n d  t o p  End b o t t o n  n e r i d i a n s  i n  t a b l e s  
VI11 2 n d  LX c n d  f o r  n - c e l l e  N,T, i n  te .b les  X a n d  X I .  

C r i t i c a l  s p e e 2 . -  The v a r i a t i o n  o f  c r i t i c a l  I h c h  nuxzber 
as p r e d i c t e d  f r o n  s u b c r i t i c a l  p r e s s u r e  n e a s u r e n e n t s  i s  shown 

c 
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i3 f i g u ~ e s  4 4 ,  4 5 ,  e n d  46 f o r  n a c e l l e s  N,T,, N , T , ,  a n d  
N , T 3 ,  r e s p e c t i v e l y .  Through  t h e  m i d d l e  range, as  e x p e c t e d  
f r o c  t h e  c o n s i d e r a t i o n s  of  t h e  f o r e g o i n g  s e c t i o n ,  M,, in- 
c r e a s e s  slowly w i t h  f l o w  c o e f f i c i e n t .  The narked d e c r e A s e  
i n  t h e  c r i t i c a l  s p e e d  a t  very h i g h  End very  low flow c o e f f i -  
c i e n t s  r e s u l t s  frorn t h e  f o r n a t i o n  o f  a s h a r p  p r e s s u r e  peek  
on t h e  i n t e r i o r  o r  on t h e  e x t e r i o r ,  o f  t h e  n o s e  f o r  t h e s e  con- 
d i t i o n s .  T h i s  e f f e c , t  i s  more p r o p e r l y  a s s o c i c t e d  w i t h  t h e  
i n l e t - v e l o c i t y  r a t i o  w h i c h ,  f o r  t h e s e  t e s t s ,  b e a r s  a direct 
r e l z t i o n s h i p  w i t h  t h e  f l o w  c o e f f i c i e n t  as i n d i c a t e d  o n  t h e  
figures. A s  p r e v i o u s l y  e x p l a i n e d ,  v e r y  h i g h  i n l e t - v e l o c i t y  
r z t l o s  c a u s e  t h e  f o r o a t i o n  of a s h a r p  pressure p e a k  on t h e  
i n t e r i o r  s u r f a c e  of t h e  n o s e  which  d e t e r n i n e s  t h e  c r i t i c e l  
Mach nur ,be r .  The f o r n a t i o n  of a l o c a l  s h o c k  i n  t h e  i n t e r n a l  
d u c t  w i t h  s c o a s e q u e c t  l o s s  o f  t o t a l  h e a d  o f  g r e a t  o e g n i t u d e  
r?ey be  e s p e c i z l l y  s e r i o t l s  b e c a u s e  of i t s  e f f e c t  o n  t h e  flow 
o f  c o o l i n g  a i r  t o  t h e  e n g i n e .  The d e s i g n  of t h e  n o s e  i n l e t  
s h o u l d  be s u c k  2 s  t o  a v o i d  t h i s  c r i t i c a l  c o n d i t i o n .  The 
f o r r ; r , t i o n  o f  2n e x t e r n a l  p r e s s u r e  peak a t  l o w  i n l e t - v e l o c i t y  
r a t i o s  i s  n o t  s o  s e r i o u s ,  t hough  i t  r a y  be i n f l u e n t i a l  in 
l i n i t i n g  t h e  d i v i n g  s p e e d .  B c w e v e r ,  f o r  s ~ m e  o f  t h e  n o s e s  
( M 5 ,  f o r  i n s t a c c e )  t h e  e x t e r i o r  p r e s s u r e  p e c k  did not appear 
a t  c e r t a i n  l o w  a n g l e s  o f  a t t a c k  o r ,  i f  p r e s e n t ,  W E S  n o t  of 
s u f f i c i e n t  c ~ g n i t u d e  t o  f i x  t h e  c r i t i c a l  Mach number .  

A t  2. : i o d e r e t e  flow c o e f f i c i e n t  o f  0 .055,  t h e  c r - l t i c a l  
Hach r u i i b e r  f o r  n e c e l l e  EST3 i s  0 .61 .  T h i s  r e p r e s e n t s  an , 

apprecizble i n c r e a s e  oTrer t h e  v a l u e  o f  0 .57 f o u n d  f o r  t h e  
n a c e l l e s  o f  r e f e r e n c e  2 ,  T h i s  i n c r e c s e  i n  c r i t i c a l  Mach 
nurrber ,  of  c o u r s e ,  r e s u l t s  f r o 2  t h e  f a c t  t h a t  when a i r  flow 
i s  p e r x i t t e d  t h r o u g h  t h e  n a c e l l e ,  t h e  f l o w  b e h c v e s  as though 
t h e  f i n e n e s s  r a t i o  o f  t h e  c a c e l l e  were e f f e c t i v e l y  increased 
s o  t h a t  t h e  e x t e r n a l  v e l o c i t i e s  a r e  d e c r e a s e d .  

Whi l e  a c r i t i c a l  Mach nunber  o f  0 . 6 1  i s  s a t i s f a c t o r y  
f o r  i l o s t  a i r p l a n e s  e l l i p loy ing  p r o p e l l e r  p r o p u l s i o n ,  i t  c a n n o t  
b e  c o n s i d e r e d  a l l o w a b l e  i n  t h e  usual  c z s e  f o r  t h o s e  enp loy-  
i n g  j e t  p r o p u l s i o n .  For t h e  letter c a s e s  some a l t e r a t i o n  of 
t h e s e  ~ l a c e l l e s  i s  n e c e s s a r y  t o  i n p r o v e  the c r i t i c a l  speed.  
I n  t h e  i n i t i a l  i n v e s t i g a t i o n  of t h e  w i n g - n z c e l l e  c o n b i n a t  i o n s  
o f  r e f e r e n c e  2 ,  i t  WPIS f o u n d  t h a t  t h e  v e l o c i t y  g r a d i e n t s  over 
t h e  n a c e l l e  t o p  n e r i d i a n s  were  s o  f a v o r c b l e  t h a t  t h e  t r a n s i -  
t i o n  p o i n t s  w e r e  l o c e t e d  b e h i n d  t h e  c o r r e s p o n d i n g  p o i n t s  on 
t h e  w i n g ,  K o r e o v e r ,  t h e  l a n i n a r - b o u n d a r y  l s y e r  a t  t h e  wing- 
n a c e l l e  j u n c t u r e  e x h i b i t e d  u n i q u e l y  s t a b l e  c h a r a c t e r i s t i c s  



i n  t h s t  i t  was d i f f i c u l t  t o  p romote  t r p - n s i t i o n  t o  t u r b u l e n t  
f l o w  z h e a d  o f  t h e  n i n i n u m  p r e s s u r e  l o c a t i o n .  An e x p e r i n e n t a l  
i c v e s s i g a t i o n  o f  t h e  p o s i t i o n  o f  t h e  t r a n s i t i o n  l i n e  on t h e  
wing- -c sce l l e  c o n b i n a t i o n  e n p l o y i n g  t h e  N,T,  n a c e l l e  was 
riade, a,nd i t  w z s  f o u n d  t h a t  t h e  v e l o c i t y  g r a d i e n t  over t h e  
n a c e l l e  w a s  a g a i n  m o r e  f a v o r a b l e  t h a n  n e c e s s a r y .  Consequent lF ,  
2 l e s s  f a v o r a b l e  v e l o c i t y  g r a d i e n t  f o r  t h e  n e c e l l e  would s t i l l  
p , l l o w  l o w  d r e g s  t o  b e  n a i n t s i n e d  & n d ,  x t  t h s  s ame  t i n e ,  p e r -  
n i t  a c o n s i d e r a b l e  i n c r e a s e  i n  t h e  c r i t i c a l  Hach n u n b e r  t o  be  
e f f e c t e d .  F o r  e x a n p l e ,  u s i n g  a body of r e v o l u t i o n  w i t h  t h e  
s a n s  f i n e n e s s  r a t i o  b u t  w i t h  a s l i g h t l y  b l u n t e r  n o s e  s h a p e  
t h a n  f o r  a n  e l l i p s e ,  w h i l e  s t i l l  p r o v i d i n g  what  i s  c o n s i d e r e d  
t o  5 e  a s a t i s f a c t o r y  f a v o r a b l e  g r a d i e n t ,  would  a l l o w  a c r i t i -  
c a l  FIacn n u n b e r  o f  a b o u t  0 . 6 4  f o r  a w i r g - n a c e l l e  c o n b i n a t i o n  
i n c o r p c r z t i n g  t h e  NACA 35-215 wing s e c t  i o n ,  T h i s  c r i t i c a l  
Mech number Is n e a r l y  as h i g h  as t h a t  f o r  t h e  wing  a l o n e  
( N c r  = 0 . 6 7  f u r  t h e  w i n g ) ,  s o  t h a t  any f u r t h e r  improvement  
i n  c r i t i c a l  s p e e d  c o u l d  n o s t  p r o f i t a b l y  b e  made by r e d u c i n g  
t h e  wing t h i c k n e s s ,  -4s a f u r t h e r  p o i n t ,  t h e  n a c e l l e s  o f  
t h i s  r e p o r t  would  p e r o i t  t h e  i n s t e l l a t i o n  of large d i a m e t e r  
j e t  u n i t s .  U s i n g  s m e l l e r  d i a i z e t e r  j e t  u n i t s  would p e r m i t  
t h e  n a c e l l e  t h i c k n e s s  r a t i o  t o  b e  m ~ t e r i s l l y  r e d u c e d  s o  tha t  
f u r t h c r  i n c r e a s e s  i n  c r i t i c a l  Mach n u n b e r  w o u l d  a u t o m a t i c a l l y  
b e  e f f e c t e d .  F i n a l l y ,  i t  was f o u n d  i n  t h e  t e s t s  of r e f e r -  
e n c e  3 thlet ,  by  l o w e r i n g  t h e  n R c e l l e  w i t h  r e s p e c t  t o  t h e  w i n g ,  
a x a r k e d  i r i c r e n s e  i n  c r i t i c a l  s p e e d  c o u l d  be  o b t a i n e d .  I t  
i s  c o s s i d e r e d  t h n t  a s i o i l z r  a l t e r a t i o n  f o r  t h e  w i n g - n s c e l l e  
c o m b i n a t i o n s  o f  t h i s  r e p o r t  would l i k e w i s e  be b e n e f i c i a l ,  

c ON CLVS IONS 

The r e s u l t s  o f  t e s t s  o f  t h e  w i n g - n a c e l l e  c o m b i n a t i o n s  
of  t h i s  r e p o r t  d e o c n s t r a t e  t h e t ,  by following t h e  d e s i g n  
p r i n c i p l e s  o f  r e f e r e n c e  2 ,  p r e m a t u r e  t r a n s i t i o n  t o  t u r b u l e n t  
f l o w  i n  t h e  w i n g - n a c e l l e  j u n c t u r e  c a n  b e  a v o i d e d  fcr a na- 
c e l l e  w i t h  a i r  i n d u c t i o n  at t h e  n o s e  as w e l l  z s  for a s t r e a m -  
l i n e  body  w i t h o u t  i c t e r n a l - z i r  f l o w .  The n a c e l l e - d r a g  
c o e f f i c i e z t ,  b z s e d  on t h e  p r o j e c t e d  f r o n t a l  area, f o r  a con- 
b i a a t i o n  i n c o r p o r a t i n g  t h e s e  p r i n c i p l e s  i s  r e d u c e d  t o  one- 
half t o  t w o - t h i r d s  t h s t  f o r  t h e  u s u z l  n a c e l l e  n o t  i n c o r p o r a t i n g  
t h e s e  p r i n c i p l e s .  

I t  i s  c o n s i d e r e d  t h a t  t h e s e  low-drag c o e f f i c i e n t s  n a y  be 
r e a l i z e d  o n l y  w i t h  j e t - - p r o p u l s i o n  u n i t s  a n d  p u s h e r - p r o p e l l e r  
i n s t a l l a t i o n s .  The u s e  o f  e t r a c t c r  p r o p e l l e r  would p r o b a b l y  
p r e c l u d e  t h e  a t t a i n m e n t  o f  low d r a g  s i n c e  t h e  t u r b u l e n c e  l e v e l  

CO 
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i n  a p r o p e l l e r  s l i p s t r e a r !  i s  h i g h ,  s o  t h s t  i n  t h e  p r o p e l l e r  
wake t r a n s i t i o n  would p r o b a b l y  G O V ~  f o r w a r d  of t h e  l o c a t i o n  
o f  c i n  inun  p r  e s  sur e .  

The a d d i t i o n  of t h e  n a c e l l e  t o  t h e  wing  r e s u l t e d  i n  o n l y  
minor  e f f e c t s  o n  t h e  l i f t  a n d  monent c h a r a c t e r i s t i c s  of  the 
wing.  The r a t e  of v a r i a t i o n  o f  t h e  q u a r t e r - c h o r d - n o n e n t  
c o e f f i c i e n t  w i t h  l i f t  c o e f f i c i e n t  was i n c r e a s e d  a n d  t h e  maxi- 
PED l i f t  was slightly d e c r e a s e d .  

Tke c r i t i c a l  Nach n u n b e r ,  as d e t e r n i n e d  f r o 2  s u b c r i t i c e l  
p r e s s u r e  r e a s u r e n e n t s  i n  t h e  j u n c t u r e ,  was i n c r e a s e d  o v e r  t h a t  
f o r  t h e  low-drag w i n g - n a c e l l e  c o n b i n a t i o n s  o f  r e f e r e n c e  2. 
The e f f e c t  of a i r  i l l d u c t i o n  was f o u n d  t o  h a v e  S O G ~  i n f l u e n c e  
on t h e  v e l o c i t y  d i s t r i b u t i o n  o v e r  t h e  n a c e l l e ,  , i n c r e a s i n g  t h e  
c r i t i c s 1  s p e e d  w i t h  i n c r e a s i n g  f l o w  c o e f f i c i e n t ,  u n t i l ,  when 
t h e  f l o w  c o e f f i c i e n t  w a s  e x c e B s i v e ,  t h e  c r i t i c a l  s p e e d  was 
d e t e r n i n e d  b y  t h e  l o w  p r e s s u r e  o c c a s i o n e d  at  the i n n e r  l i p  of 
t h e d u  c t c p e L i n  g . 

The  u s e  of  s u p e r p o s i t i o n  i n  p r e d i c t i n g  t h e  v e l o c i t y  d f s -  
t r i b u t i o n  i n  t h e  w i n g - n a c e l l e  j u n c t u r e  was f o u n d  t o  g i v e  t o o  
h i g h  v e l o c i t i e s .  T h i s  i s  b e l i e v e d  d u e  t o  t h e  d i f f i c u l t y  i n  
a c c o u n t i n g  f o r  t h e  e f f e c t  of a i r  i n d t t c t i o n  on t h e  v e l o c i t i e s  
o v e r  t h e  n a c e l l e ,  as  w e l l  as  t o  t h e  e f f e c t i v e  t h i n n i n g  o f  t h e  
wing  p r o f i l e  a t  t h e  j u n c t u r e  due  t o  b o u n d a r y - l a y e r  c r o s s  flow. 

Anes -4e ronau t  i c a l  L a b o r a t o r y ,  
E a t i o n a l  A d v i s o r y  C o n c i t t e e  f o r  A e r o n a u t i c s ,  

K o f f e t t  F i e l d ,  C a l i f .  
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APPENDIX A 

KETHOD FOR D E B I V I N C  XACELLE NOSE SHAPES 
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The f o l l o w i n g  n o r e  g e n e r a l  m e t h o d  f o r  d e r i v i n g  n o s e  
shapes f o r  n a c e l l e s  is b a s e d  on t h e  n o r e  r e s t r i c t e d  qethod  
e v o l v e d  i n  r e f e r e n c e  2. The procedure i s  as f o l l o w s ;  U s i n g  
t h e  known q u a n t i t y  o f  air required  f o r  c o o l i n g ,  t h e  mass flow 
c o e f f i c i e n t  i s  c a l c u l a t e d ,  This c o e f f i c i e n t  is g i v e n  by . 

where  

pQ sass flow r a t e  

air nass d e n s i t y  i n  t h e  f r e e  stream Po 

F zaxizuz c r o s s - s e c t i o n a l  a r e 2  o f  t h e  nacelle 

V o  f r e e - s t r e a n  v e l o c i t y  

The r a t i o  o f  t h e  n o s e  a i r - i n l e t  d i a a e t e r  t o  t h e  nax inun  
a i e n e t e r  o f  t h e  n a c e l l e  i s  t h e n  f o u n d  f r o 3  

is the r 2 t i o  of t h e  
w h e r e  V i / V ,  is t h e  r a t i o  of t h e  n o s e  a i r - i n l e t  velocity t.o 
t h e  f r e e - s t r e a n  v e l o c i t y ,  End p i / p ,  
d e a s i t y  o f  t h e  c i r  at t h e  nose a i r  inlet, t o  that of  t h e  f r e e  
s t r e a n .  

P. The v e l u e  o f  - -2 -will tiepend o n  t h e  r a n g e  of a l t i -  

t u d e s  a n d  s p e e d s  t o  b e  e n c o u n t e r e d  i n  f l i g h t ,  When t h e  wing 
o p e r a t e s  e t  i t s  ideel l i f t  c o e f f i c i e n t ,  t h e  d e s i r e d  value of 

2 fi w i l  
v o  Po 

T o  Po 



ITSCA A C E  No.  SA15 21 

or" t h e  n a c e l l e s  o f  t h i s  r e p o r t ,  e v a l u e  o f  0 , 5  w a s  c h o s e n .  

U s i n g  t h e  methob of r e f e r e n c e  1 f o r  r e s h a p i n g  t h e  ns- 
c e l l e  n o s e ,  t n e  n a c e l l e  i s  s h o r t e n e d  b y  a n  ~ iz iount  1 %s 
showr. ir, f i g u r e  47, I n  o r d e r  t o  r e t a i n  t h e  s a n e  n o s e  loca- 
t i o n  r e l a t i v e  t o  t h e  s t a t i o n  c o r r e s p o n d i n g  t o  t h e  m i n i n u n  
p r e s s u r e  p o s i t  i o n  ( w h i c h  i s  v e r y  n e a r l y  c o i n c i d e n t  w i t h  t h a t  
c o r r e s p o n d i a g  t o  t h e  naxircun d i e n e t e r  s t s t i o n ) ,  i t  is n e c e s -  
s a r y  t h e r e f o r e  t o  l e n g t h e n  t h e  b a s i c  n a c e l l e  s h a p e  by t h e  
a n o u c t  1 b e f o r e  t h e  n e t h o d  i s  a p p l i e d ,  

T o  this e n d ,  f r o n  t h e  b a s i c  n e c e l l e  s h a p e  (fig, 2 )  t h e  
= 1.34 r i s  v z l u e  o f  x o  = x o I  c o r r e s p o n d i n g  t o  yo  e - y o  

f o u n d ,  where x0 znd y o  are the ~ . x i a l  and  r a d i a l  co- 
o r d i n a t e s  o f  t h e  basic n a c e l l e  and  r is t h e  r a d i u s  o f  t h e  
n o s e  o p e n i n g  ( i . e . ,  d/2). 

The l e n g t h  1 i s  t h e n  g i v e n  by 

x o l  ) n o L o  
n,Lo-x,' / 

1 = (  
where  coL, i s  t h e  a x i a l  d i s t a n c e  from t h e  n o s e  t o  the 
s t ~ t i o r r  a t  t h e  2~x inuz-1  d i a c l e t e r  f o r  t h e  b a s i c  n a c e l l e  as 
s h o w n  i n  f i g u r e  48. 

The o r d i n a t e s  f o r  t h e  e x t e n d e d  n a c e l l e  f o r w a r d  of t h e  
naxicuft d . i e n e t e r  s t a t i o n  a r e  c s l c u l n t e d  u s i n g  t h e  r e l a t i o n s  

xo - z 

The d i s t a n c e  along t h e  a x i s  D f  t h e  a u c t e d  b o a y  fr.on the 
n o s e  o p e o i r g  t o  t h e  p o i n t  where  t h e  n o s e  o r d i n a t e s  fair into 
o r L i n a t e s  o f  t h e  e x t e n d e d  n a c e l l e ,  shown i n  figure 4 7 ,  i s  
d e s i g n a t e d  X and i s  g i v e n  by 

x = 1 . 1 7 2 ( 4 n 0 L 0  D,,X 

The o r d i n p , t e s  o f  t h e  n a c e l l e  b e t w e e n  x = o a n a  x = X 
e.r e 

C- i -  

E '  
.$ 

_.- - .  
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y = ye - Y (ye- )  

w h e r e  Y i s  t h e  nose-shape  p a r a n e t e r  w h i c h  i s  e f u n c t i o n  o f  
x / x .  

The nose-shape  p a r a m e t e r  Y f o r  t h e  n a c e l l e  N, was 
o b t a i n e d  f r o n  t h e  c o r r e s p o n d i n g  v a l u e s  g i v e r ,  i n  r e f e r e n c e  1. 
The nose--shz.pe p s r a a e t e r s  f o r  a l l  t h e  n o s e  s h a p e s  d i s c u s s e d  
i n  t h i s  r e p o r t  ?.re g i v e n  i n  t a b l e  IT. I t  s h o u l d  be n o t e d  
t h a t  a l l  t h e  n o s e s  w e r e  d e v e l o p e d  f o r  t h e  S R ~ S  v a l u e  o f  X 
a n d  f r o n  t h e  s a r e  e x t e n e e c ?  v e r s i o a  o f  t h e  NACA 133-30 n a c e l l e .  

\ 

APPXNDIX B 

The v e l o c i t y  d i s t r i b u t i o n  o v e r  a n a c e l l e ,  d e s i g n e d  t o  
i n c o r p o r a t e  i n t e r n a l  a i r  f l o w  by t h e  n e t h o d  of  Rppendfx A ,  
c a y  be c a l c u l a t e d  as i n d i c a t e d  in t h e  f o l l o w i n g  ( ~ l l  s p b o l s  
a r e  C e f i n e d  i n  a p p e n d i x  A ) :  

The b a s i c  n k c e l l e  o f  l e n g t h  L o  is i n c r e a s e d  t o  

w h e r e  1 i s  t h e  n o s e  e x t e n s i o n  de ter -m. ined  by t h e  n e t h o d  of  
a p p e n d i x  A .  

Moreover ,  t h e  i c t e r n a l  a i r  f l o w  e f f e c t i v e J y  r e e u c e s  t h e  
c r o s s - s e c t i o n a l  area o f  t h e  n e , c e l l e  t o  

s o  t h a t  t h e  e f f e c t i v e  d i a m e t e r  b e c o n e s  

The e f f e c t i v e  d i a m e t e r - l e n g t h  r a t i o  i s  t h e n  

- - -  D e  - 
L e  Lo 

The i n c r e n e n t  by which t h e  v e l o c i t y  a t  a n y  p o i n t  on a 
s t r e a n l i n e  body e x c e e d s  t h a t  o f  t h e  f r e e  s t r e a n  i s  roughly 
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p r o p o r t i o n a l  t o  t h e  d i a n e t e r - l e n g t h  r a t i o  o f  t h e  body.  Rence, 
f o r  t h e  c a c e l l e  i n c o r p o r a t i n g  t h e  n o s e  air i n l e t ,  t h e  v e l o c -  
i t y  a t  ~ t n y  p o i n t  b e h i n d  t h e  naxinun o r d i n a t e  s t a t i o n  

' "  0 

where  

v e l o c i t y  a t  X e  = xg on t h e  n a c e l l e  w i t h  t h e  nose U 
V O  
- 

a i r  i n l e t  

(t) v e l o c i t y  a t  xo on t h e  basic n a c e l l e  
0 

-4t s t a t i o n s  f a r w a r d  3f t h e  maximum o r d i n a t e  station the 
v e l o c i t y  g i v e n  by t h e  same e q u a t i o n  a p p l i e s  at  a p o i n t  

r a t h e r  t h a n  X e  = xo. 

These c a l c u l a t e d  va lues  will a ? p l y  e x c e p t  a t  s t a t i o n s  
c l o s e  t o  t h e  n o s e  o p e n i n g  where t h e  v e l o c i t y  c u r v e  must b e  
f a i r e d  t o  V / V 0  = 0 at t h e  n o s e  o p e n i n g .  
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TABLE 1.0 ORDINATES OF' N A C A  35-215 W I K G  a = 0.50 

Upper surf ace  
~ ~- -~ ~ 

x 
D i s t a n c e  a l o n g  

chord  
P e r c e n t  

chord  

0 
376 

-609 
1.087 
2 e 308 
4.794 
7,276 
9,777 

14.788 
1 9  . 809 
24.838 
23 . 873 
34,913 
39.958 
45.009 
50.077 
55.130 
60.150 
65.150 
70.137 
75,113 
80.085 
E 5  . 056 
90.029 
95.009 
100.00 

Inches 

0 
018 . 29 

52 
1'11 
2.30 
3.49 
4e69 
7,10 
9,51 
11 . 92 
14.34 
16.76 
19.18 
21.60 

26 . 46 
28.87 
31 . 27 
33.67 
36.05 

40.83 
43.21 
45.60 
48.00 

24.04 

3a,44 

9 

Ordinate  
~ -~ ~ 

Tercent  
chord 

0 
1.137 
1.403 
1,828 
2 544 
3.711 
4.534 
5.215 
6,328 
7 . 200 
7.889. 
0.408 

8.967 
8.977 
8.732 
8.109 
7.262 
6 285 
5,228 

8.770 

4,140 
3.062 
2.042 
1 . 1-34 . 424 
0 .  

I n c h e s  

0 . 55 . 67 
88 

1.26 
1.78 
2.18 
2.50 
3.04 
3.46 
3.79 
4.04 
4.21 
-4.30 
4.31 
4.13 
3e09 
3.49 
3.02 
2.51 
l a 9 9  
1.47 . 98 

. 20 

.54* 

0 

Lower surface 
X -  

Dfs'tance along 
' chord  
Percent 

c h o r d  

0 
e 624 . 691 

1,413 
2,693 
5.214 
7.722 
10,223 
15,212 
20,191 
25.162 
30.127 
35.087 
40,d42 
44.991 
49 , 923 
54,869 
59,850 
64.850 
69.863 
74,888 
79,914 
84.944 
89.971 
94.991 

100.00 

Inches 

0 
a 30 

43 - 68 
1.29 
'2.50 
3.71 
4.91 
7.30 
9.59 
12 . 08 
14.46 
16.84 
1 9  , 22 
21,60 
23.96 
26.34 
28.73 
31.13 
33.54 
35.95 
38.36 
40.77 
43.19 
45.60 
48.00 

Y 
Ordinate 

P e r c e n t  
chord 

0 
-0999 

-1 . 209 
-1.534 
-2 026 
-2.829 
-3e.346 
-3.763 
-4  432 
-4.952 
-5.361 
-5.672 
-5.884 
-5.995 
-5 981 
-5.792 
-5.323 
-4.700 
-3,993 
-3.246 
-2.488 
-1.756 
-1.084 -. 520 
-.136 
0 

Inches 

0 
-.48 
-.58 
-074 
-1.01 I 

01-36 
-1.61 
-1.81 
-2m13 
-2.38 
-2 57 
-2.72 
-2.82 
-2,aa 
-2.87 
-2e78 
-2.56 
0 2 ~ 2 6  
-1 . 92 
-1.56 
-1.19 
-.84 

. -e52 
0.25 
- 0 0 7 ,  
- 0  



X 
Distancs along 

c e n t e r  
P e r c s n t  
l eng th  

0 
1.250 
2.500 
5,000 
7 500 
LO.000 
15 . OQO 
20.00 
25.00 
30.00 
35.00 
40.00 
45,OO 
50.00 
55.00 
5 0 m O O  
65mOO 
7 0 , O O  
75,oo 
ao, 00 
85.00 , 

90.00 
95,oo 

100,oo 

- 

h e  

Inches 

0 
m90 
1,00 
3m60 
5.40 
7-20 
10.80 
14.40 
18.00 
21.60 
25.20 
28.80 
32 40 
36.00 
39.60 
43.20 - 
46 80 
50.40 
54,oo 
57m60 
61.20 
64.80 
68.40 
72,OO 

Percen t  
l eng th  

0 
3,318 
40 680 
6,598 
8.043 
9,238 ~ 

11,164 
12.656 
13,709 
14.573 
15 002 
15,098 
14.919 
14,532 
13.993 , 

11.697- 
10.725 

23,329 I 

,12m563 - 

9,626 

Inches- I - 

' 0  
2.39 
3.37 
4.75 

- 5.79 
6.65 
8.04 ' 

- 9.11 
'9 .93 
10.49 , -  

10.80 
10.87 
10,74 / 

10.46 
10.07 
9,60 

. 9,05 , 
8e42. 
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X 

X 

-0.0228 
0 .022 
0.020 - .015 - .010 - .005 
0 
.005 

.015 

.025 

.030 

: 
-045 
.050 
*os5 
.060 
065 
.O?C 

.o 0 

.085 

.090 

.loo 

.110 
,120 

.010 

.020 

085 

3: 
.1 "BO 0 

.150 

.160 

.190 

.200 

.210 
2 2 0  

.250 
275 
.300 

-450 
.500 

,650 
.700 

.a50 
goo 

1.000 

:!!$E 
-: 25: 

. :E 

c. 
T A a E  1 V . -  KOSE-SX?hPE PARAmTER, Y ~ 

*, 
----- 
---e- ----- ----- ----- ----- 
0.860 

730 . 614 
p o  
:G 
.L11- 
.g81 
*355 

3 3 1  
.310 
-294 
-274 

.230 
::E 
.20 *211 

.127 

.117 

085 

:I4 

00 OZO 7 

.lo4 

00 7 
* 080 

06z 
.058 
054 

.041 
037 

.o32 

.027 
,024 
.021 
.018 
.015 
.013 
.012 
.010 . 008 
.006 
.004 

0 

Outride 

E+ 
II 

637 

.380 
355 
329 
307 

.284 

.262 
,246 
,270 
.216 
.204 

.163 
147 

-134 
.122 
.111 
.lo1 

- 0  7 
.080 
-075 

.061 
057 
054 

.032 
.027 
024 
,021 
.018 
.015 
.013 
.012 
.010 
.008 
.006 
.004 

2% 

084 

* o  *01° 4 

1 

- 
ff 
5 

1.125 

a 7 8 2  
:@ 
:a:," . 600 
576 

37 
352 
9328 
30 

.288 

.272 

.230 

.218 

:;E 
:x 
.168 
-153 
-139 
,126 
*115 

0'77 

00 7 
.063 
0059 

'0 5 - 039 
.032 
.027 
.024 
.021 
.018 
.015 
. D l 3  
.012 
.010 

.006 

.004 

055 

.ooa 

1 

Inside - 
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?. - - 

TABLE VIL- ORDINATES OF INTERNAL DIFFUSER INCLUDING FA; SPINNER 
1 -  

' _  . .  

- 

1 

f 

) t a t  lor 
( in .  ) 

Inner shell 1 
Ordina tc 
(in.) 

I ----l I---- I ---_ ---- I 

~~ 

Stat ion  
(in.) 

Ordinat a 
(in. 

0 
71 

1.16 
1.67 
1.91 
1.97 
2.17 
2.31 
2.31 
2.31 
2.31 
2.31 
2.31 I 

2.98 
3.16 
3.34 
3. 9 

4.23. * 

3 022 

t:l 

, 
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I _  

TABLE vIrr.- EXPERIKERTAL VALUES OF (o/v!" FOR N.T~ WIXO-HACELLS JURCTTJRE~ 
REYHOLDS NUMBER = 3.59 x io UCR WWBER z 0.13 

J 

1-0.252 -0.012 0.107 0.224 0.343 0,686 L.LZ0 I 1.370 1.415 

-3 -1 0 1 2 5 9 13 15 

Upper sorfaoe 

25.00 
30.00 1 

50.00 

65 .oo 

$5 00 

205::: 
i;:::: 

0.00- 
45.00 - 

O . 3 8 2  
1.50 1.559 1:037 

5.00 'P 1*36a 

1.720 1 - 5 g  

0.50 1.125 
1 .oo 1.431 
2.50 1.712 1.231 

1. 72 
1.648 

1.672 1.506 
1.672 1.530- 

1.720 

:I% 
10.00 
15.00 
20.00 1.672 1.4 

1.752 , 

1.752 1.6 0 ----- ----- 

Lower surfaoe 

1 9 3  
2.08 
2,160 
2.016 

2.089 
2.071 
1.910 

I 

0.016 
.008 
.056 

- ,201 

. 819 
932 

1.020 
l.OE6 
1.1 5 
1.229 
1.301 
1.3b 
1.260 
1.221 
1.149 
1.036 

:% 

----- 

4.7i71 

2.86 *283 

1315 

1 127 

5.9 7 

4.610 
4.128 

2 0587 
2 e 3 6 9  
2 160 

1. 23 

1. 55 
1. . 630 
1 639 
1.663 
1.622 
1.575 

- 1  

' These deta a r e  unoorreeted for tunnel-wall effeot .  
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34 . 

TABLE X.- EXPERIENTAL VALUES OF (U/V)a FOR NsTs WING-BACZLLE JUNC'IVRE' 
REYNOLDS NUMBER = 3.59 x 106 MACE NUMB= = 0.13 

-0.251 -0.007 0.110 0.228 0.347 0.685 1.101 1.350 1.417 
-3 -1 0 1 2 5 9 13 15 

0 0.263 
50 . .056 

1.00 9159 
1.50 
2.50 
5.00 
10.00 924 
15 .oo -1.060 

25.00 1.2 7 20.00 1.79 

1 339 

0.50 

1.50 
2.50 
5.00 

15.00 

25.00 
30.00 

50.00 

1.00 

10.00 

20.00 

tz::: 
2z::o" 
45 00 

1.115 

Upper surfaae 

0.024 
378 
: 5;9 

1 * 2 g  

:: 8% 
To 1. 21 

1. l'?z 1 

.goo 
1.060 

: t62 
1.646 

1.526 
1.615 

1 703 

1.221 
1.165 ' 

1 .loo 
1.229 
1.430 
1 *k95 
1. 1.5 
1 695 
1 250 

1.720 

Lower surface 

*9&' e 9  
1.091 
1.171 
1.227 
1.267 

2.222 
3.309 
3 340 
3.140 
3.130 
2.608 
2.415 
2 319 
2 .260 
2.280 
2.222 
2.191 

1.801 
1.681 

1.55 
1.363 
1.283 

----- 

: :;si 

1 

These data ane uncorrected for tunnel-wall ef'fect. 
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EACA ACR No. 5A15 Figs. 8,9 

Figure 8 . -  V i e w  of upper surface of nacellpY N5T3. 

Figure 9.- View of upper surface of nacelle N5T4. 



NACA ACR No. 5Ai5 Figs. 10,11 

Figure 10.- Viea of upper surface of nacel le  N5Tg. 

Figure 11.- V i e w  of o u t l e t  r&ke on nacel le  B1T1. 
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RACA AdR Ao. 5115 Fig. 17b 



c 

. .  

. .  
. .  

...- 
. .  

- 
I 

- 
RACA kCR Ro. 5A15 



RAGA ACR No. 5A15 Flu. 18b 





Fig. 19b 





NACk ACR No. 5P.15 Fig. 21 
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'NACA AC3 No. SA15 Fig. 34 
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rigwe 34.- Variation of nacelle iu'5T3 drag coufficieat vith m&ss 

nllmber = .27, 
i l o n  coefficient. Rsynolds nmbcr = 7.6 x lo6. &ich 
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~ l o m  coefficient, p ~ / p ~ ~  

F i g u e  35a.- Vsriation of nacelle iisT4 drag coeff  iciezt Rith m a s k  

nlllnbf?r = -27. 
flon cocfficient. Raynolas nunbcr = 7 .6  x 106, hiach 
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3’i.gue 33.- Variation of Zacelle X5T5 d r q  coefficieat rith mass 

number = -27. 
flow coefficient. Baynolds nubcr = 7.6 x 106. Mach 



XALA ACR Bo. 5 A 1 5  3 i g .  36 

0 
-.2 

Lift codfficient, CL 

i’igure 36.- Variation of nacelle drag coefficiect with lift coefficient 

3.7 x 105, kzch number = 
for n a c e l l e  iJqT2, p/po Q T 2 V  = .056, b p O l d 6  cumbar = 

.13. 
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Fisgxi? 37.- Variatioii of riacelle external dras c o e f f i c i c n t  

outlet to the v s l o c i t y  o v e r  t i i d  r,acelle a t  tha outlet. 
with the ratio o f  ve loc i ty  o f  d i s c h a g e  f r o m  the 
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Pig. 39 

Figure 39.- Variation of inter 
coefficient f o r  nac 
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Fig .  45 
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f i g u r e  46.-  iiariatioz of predicted critical Zach ~ - ~ ~ - s e r  with mass flow 
coefficient for m c e l l e  MgT3. [v/V = 11.1 p/po Q/Rr], 
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