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The d r a g  c h a r a c t e r i s t i c s  o f  e i g h t  r a d i a l - e n g i n e  covl-  
i n g s  have been determined o v e r  a wide speed range  i n  t h e  
N . A , C . A *  8-foot  high-speed wind t u n n e l .  The p r e s s u r e  d i s -  
t r i b u t i o n  over  a l l  cornlings mas measured,  t o  a n d  above t h e  
speed  of t h e  c o m p r e s s i b i l i t y  b u r b l e ,  a s  a.n a i d  i n  i n t e r -  
p r e t i n g  t h e  f o r c e  t e s t s .  One- f i f th - sca le  models of r a d i a l -  
e n g i n e  cowl ings  on a win?-nace l l e  combinat ion  mere u s e d  i n  
t h e  t e s t s .  

A The sgeed a t  which t h e  c o ~ ~ l i n g  d r a g  a b r u p t l y  i n c r e a s e d  
owing t o  t h e  c o m p r e s s i b i l i t y  b u r b l e  w a s  found t o  v a r y  from 
310 m i l e s  p e r  h o u r  f o r  one of t h e  e x i s t i n g  shapes  t o  480 
m i l e s  p e r  hour  f o r  t h e  b e s t  shape developed as a  r e s u l t  of 
t h e  p r e s e n t  i n v e s t i g a t i o n .  The c o r r e s p o n d i n g  spoods a t  

, 3 0 , 0 0 0  f e e t  a l t i t u d e  i n  a  s t a n d a r d  a tmosphere  (-4g0 F.) a r e  
280 a n d  430 m i l e s  p e r  h o u r ,  r e s p e c t i v e l y .  C o r r e l a t i o n  be- 

d tween t h e  peak n e g a t i v e  p r e s s u r e  on t h c  s u r f a c e  of  a cowl- 
0 i n g  a n d  t h e  c r i t i c a l  speed of t h e  cowling mas e s t a b l i s h e d .  

The speed a t  n h i c h  t h o  cowl ing  d r a g  a b r u p t l y  i n c r e a s e d  mas 
found t o  be e q u a l  t o ,  o r  s l i g h t l y  g r e a t e r  t h a n ,  t h e  f l i g h t  
speed  a t  which t h e  speed of sound i s  reached  l o c a l l y  on 
t h e  cowling.  An approximate  r e l a t i o n s h i p  be tneen t h e  c r i t -  
i c a l  speed and t h e  r a d i u s  of c u r v a t u r e  of t h e  nose  p o r t i o n  
o f  a  comlfng i s  p r e s e n t e d ,  The c r i t e r i o n  f o r  t h e  d e s i g n  
of lorn-drag cowl ings  w i t h  h i g h  c r i t i c a l  speeds  a p p e a r s  t o  
be s m a l l  n e g a t i v e  p r e s s u r e s  of uni form d i s t r i b u t i o n  o v e r  
the cowling n o s e ,  i n d i c a t i v e  of l o c a l  v e l o c i t i e s  t h a t  ex- 
c e e d  t h e  g e n e r a l  s t r eam v e l o c i t y  try a  minimum amount. The 
c o w l i n g s  developed on t h i s  p r i n c i p l e  had n o t  on ly  t h e  h igh-  
e s t  c r i t i c a l  s p e e d s  b u t  a l s o  t h e  lolaest  d r a g s  t h r o u g h o u t  
t h e  e n t i r e  speed range  a n d  g r e a t e r  u s e f u l  r a n g e s  of a n g l e  
of  a t t a c k ,  

INTRODUCT I O M  

Exper imenta l  work on b o d i e s  of many shapes  st h i g h  
s p e e d s  h a s  shown t h a t  f o r  each  shape a  sgeed i s  reached  a t  
which a c o m p r e s s i b i l i t y  b u r b l e  o c c u r s ,  c a u s i n g  a n  a b r u p t  
I n c r e a s e  i n  d r a g  a n d  c a u s i n g ,  on l i f t i n g  b o d i e s ,  a l o s s  of 
l i f t .  and a marked i n c r e a s e  i n  p i t c h i n g  moment. The n a t u r e  
of t h e  c o m p r e s s i b i l i t y  b u r b l e  i s  d e s c r i b e d  i n  r e f e r e n c e  1, 
where i t  i s  shown t h a t  a compression shock forms on a body 



when t h e  l o c a l  a i r  speed  o v e r  any  p a r t  of  t h e  body e x c e e d s  
t h e  l o c a l  speed. of sound. The f l i g h t  speed  a t  which t h e  
l o c a l  speed  of sound i s  r e a c h e d  i s  t h e r e f o r e  t h e  l i m i t i n g  
speed  below which t h e  aerodynamic  c h a r a c t e r i s t i c s  o f  a body 
may be  e x p e c t e d  t o  v a r y  i n  a r e q u l s r  manner and  i s  te rmed 
" c r i t i c a l "  speed. T h i s  c r i t i c a l  speed ,  dependent  on t h e  
shape  and  t h e  l i f t  o f  t h e  body,  u s u a l l y  l i e s  between 0.4 
and  0.9 t h e  speed  o f  sound,  o r  305 t o  686 m i l e s  p e r  h o u r  
i n  s t a n d a r d  s e a - l e v e l  a tmosphere .  The compress ion  -shock 
o c c u r r i n g  a f t e r  t h e  c r i t i c a l  speed  i s  r e a c h e d  i n v o l v e s  a 
s u d d e n ,  r a t h e r  t h a n  a g r a d u a l ,  r e t a r d a t i o n  of t h e  a i r  t h a t  
h a s  r e a c h e d  s u p e r s o n i c  s p e e d s  n e a r  t h e  s u r f a c e  of  t h e  body 
and  r e s u l t s  i n  a d i s s i p a t i o n  of  e n e r g y .  The s o u r c e  o f  t h e  
i n c r e a s e d  d r a g  o b s e r v e d  a t  t h e  c o m p r e s s i b i l i t y  b u r b l e  i s  
t h e  compress ion  shock and t h e  e x c e s s  d r a g  i s  due t o  t h c  
c o n v e r s i o n  of a considerable amount of  t h e  a i r - s t r e a m  k i -  
n e t i c  e n e r g y  i n t o  h e a t  a t  t h e  compress ion  shock. The d r a g  
i n c r e a s e s  s t i l l  f u r t h e r  a t  s p e e d s  above t h e  c o m p r e s s i ' 3 i l i t y  
b u r b l e  because  b o t h  t h e  i n t e n s i t y  ( p r e s s u r e  d r o p )  a n d  t h e  
e x t e n t  of  t h e  shoclc measured p e r p e n d i c u l a r  t o  t h e  body s u r -  
f a c e  i n c r e a s e  w i t h  i n c r e a s i n g  speed .  e 

, 

The e f f e c t  of  t h e  d r a g  i n c r e a s e ,  due t o  t h e  compres- *. 

s i o n  slzock, on a i r p l a n e  -performn.nce i s  p r a c t i c a l l y  t o  l i m -  6 

i t  t h e  maximum speed  of an a i r p l a n e  t o  t h e  l o n e s t  c r i t i c a l  
s p e e d  o f  any  of i t s  l a r g e  component p a r t s  because  of t 5 e  
e x c e s s i v e  power r e q u i r e d  t o  overcome t h e  d r a g  a t  h i g h e r  
s p e e d s .  The d e s i r a b i l i t y  of d e t e r m i n i n g  t h e  c r i t i c a l  
s p e e d s  of component p a r t s  of an a i r p l a n e ,  e s p e c i a l l y  t h o s e  
c o n t r i b u t i n <  t h e  m o s t  d r a g  and  t h o s e  w i t h  t h e  lomes t  c r i t -  
i c a l  s p e e d ,  i s  a p p a r e n t .  

Be fe rence  2 s u p p o r t s  t h e  r e a s o n i n g  t h a t  b l u n t  b o d i e s  
o r  b o d i e s  of  h i g h  c u r v a t u r e  ( e . ~ . ,  c i r c u l a r  c y l i n d e r  a s  
compared w i t h  a i r f o i l  s e c t i o n s )  have t h e  lomest  c r i t i c a l  
s p e e d s  because  t h e  maximum l o c a l  a i r  speed  n e a r  t h e  s u r -  
f a c e  of such  b o d i e s  r e a c h e s  t h e  l o c a l  speed  of sound a t  a 
c o m p a r a t i v e l y  l o w  f r e e - s t r e a m  speed .  Rad ia l - eng ine  c o n l -  
i n g s  f a l l  i n  t h i s  c l a s s  a n d ,  f o r t u n a t e l y ,  t h e r e  a r e  com- 
p l e t 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  a v a i l a b l e  t o  i n d i c a t e  
t h e  magnitude of t h e  maximum speed  o v e r  a number of typ -  
i c a l  p r a c t i c a l  c o n l i n < s .  The r e s u l t s  of e x p e r i m e n t a l  v o r k  
on f u l l - s c a l e  c o - i v l i n ~ s  t e s t e d  an an  o p e r a t i n g  e n g i n e  arc 
g i v e n  i n  r e f e r e n c e  3 .  The p r e s s u r e - d i s t r i b u t i o n  d a t a  from 
t h a t  r e f e r e n c e  i n d i c a t e  t h a t  tmo o f  t h e  cowl ings  had  l o c a l  
s p e e d s  o v e r  t h e  nose  p o r t i o n  a p p r o x i m a t e l y  twice  t h e  mag- 
n i t u d e  of t h e  f r e e - s t r e a m  s?ced.  The c r i t i c a l  s 2 e e d  o f  
such  c o m l i n g s ,  a s  p r e d i c t e d  b y  t h e  known peak n e g a t i v e  



p r e s s u r e  and t h e  r e l a t i o n ,  p r e s e n t e d  i n  r e f e r e n c e  -5, be- 
tween t h e  peak p r e s s u r e  and t h e  c r i t i c a l  speed ,  i s  a b o u t  
300 m i l e s  p e r  h o u r .  Reference  3 a l s o  shows t h e  d i r e c t  
e f f e c t  of c u r v a t u r e  of t h e  comling nose  on t h e  peak neg- 
a t i v e  p r e s s u r e ,  and hence on maximum l o c a l  speed over  t h e  
c o w l i n s .  This  e f f e c t  s u g g e s t s  i n c r e a s i n g  t h e  c r i t i c a l '  
speed  of a  r a d i a l - e n g i n e  cowl ing by a  p r o p e r  d i s t r i b u t i o n  
o f  t h e  c u r v a t u r e .  

Reference  3  f u r t h e r  shoms t h a t  t h e  e f f e c t  of a  pro-  
p e l l e r  o p e r a t i n g  a t  h igh-speed o r  c r u i s i n z  c o n d i t i o n  does  
n o t  a p F r e c i a b l y  a l t e r  t h e  ?eak n e s a t i v e  p r e s s u r e  over  a  
c o v l i n q  i n  t h e  s l i n s t r e a m .  Th i s  r e s u l t  i s  t o  be e x p e c t e d  
because  a t  h i g h  speeds  t h e  p r o p e l l e r  s l i p  i s  v e r y  small 
compared w i t h  t h e  fo rward  speed.  The c r i t i c a l .  speed of a 
cowl ing  under  s e r v i c e  o p e r a t i n s  c o n d i t i o n s  may t h e r e f o r e  
be de te rmined  q u i t 0  a c c u r a t e l y  by t h e  use  of a model wi th-  
o u t  a  s r o p e l l e r .  

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  mas t o  de- 
t e r m i n e  i n  t h e  high-speed range  t h e  m e r i t  of  models o f  

' f i v e  f u l l - s c a l e  cowl ings  and new cowling shapes  developed 
from t h e  t e s t  r e s u l t s  of t h e  f i r s t  f i v e .  R e s u l t s  of t h e  

O t e s t s  a e r e  t o  be c o r r e l a t e d  t o  a l l o w  t h e  p r e d i c t i o n  of t h e  

c o m p r e s s i b i l i t y  b u r b l e  from low-speed p r e s s u r e  measurements 
o r  f rom t h e  shape of t h e  comling. 

APPARATUS AND XETHOD 

The 1T.A.C.A. %-foot  high-speed mind t u n n e l  i n  which 
t h e  i n v e s t i g a t i o n  mas c a r r i e d  o u t  i s  a s i n g l e - r e t u r n ,  c i r -  
c u l a r ,  c l o s e d - t h r o a t  t u n n e l .  The f low i n  t h e  t e s t  s e c t i o n  
h a s  been found by su rveys  t o  be s a t i s f a c t o r i l y  s t e a d y  and 
u n i f o r m  b o t h  i n  speed and d i r e c t i o n .  The a i r  speed i s  
c o n t i n u o u s l y  c o n t r o l l a b l e  from '75 t o  more t h a n  500 m i l e s  
p e r  hour.  The t u r b u l e n c e ,  a s  de te rmined  by sphere  t e s t s  
( r e f e r e n c e  5 ) ,  i s  a p p r o x i m a t e l y  e q u i v a l e n t  t o  t h a t  of f r e e  
a i r *  7 F . Z  1 . 0 0 -  

The r a d i a l - e n g i n e  cowl ings  were mounted on a nace l - l e  
which ,  i n  t u r n ,  was mounted c e n t r a l l y  on a wing of 2-foot  
chord  and N.A.C.A.  23012 s e c t i o n .  The wing c o m ~ l e t e l y  
spanned t h e  t e s t  s e c t i o n  of t h e  t u n n e l .  The cowl ings  and 
t h e  n a c e l l e  were o n e - f i f t h  t h e  s i z e  of t h e  f u l l - s c a l e  conl-  
i n g s  and n a c e l l e  r e p o r t e d  i n  r e f e r e n c e  3 .  The 1.ving m a s  
me ta l -covered ,  u n p a i n t e d ,  an& a e r o d y n a n i c a l l y  smooth; t h a t  



i s ,  f u r t h e r  p o l i s h i n g  would produce  no d e c r e a s e  i n  p r o f i l e  
d r a g .  F i g u r e  1 i s  a c r o s s - s e c t i o n a l  view th rough  t h e  cen- 
t e r  o f  t h e  wing-nacel le  combinat ion .  A q e n e r a l  view of 
t h e  n a c e l l e  w i t h  cowling nose  1 and s k i r t  1 i s  shown i n  
f i g u r e  2 .  F i g u r e  3  shows t h e  wing-nacel le  assembly  mount- 
ed  i n  t h e  t u n n e l .  

One-f if t h - s c a l e  (10.40-inch d i a m e t e r )  comling models 
were chosen a s  t h e  l a r g e s t  t h a t  could  be used n i t h  t h e  2-  
f o o t - c h o r d  ming and s t i l l  m a i n t a i n  normal wing-nace l l e  
p r o p o r t i o n s .  The r a t i o  

cowl ing d i a m e t e r  
---------_--_-I- - - 0.43 

ming chord  

f o r  t h e  model, i s  somewhat l a r g e r  than  f o r  a v e r a g e  psac-  
t i c e  bu t  i s  w i t h i n  t h e  range  of p resen t -day  i n s t a l l a t i o n s .  
The c e n t e r  l i n e  of t h e  n a c e l l e  l a y  on t h e  chord  l i n e  of 
t h e  v i n g .  The fo re -and-a f t  p o s i t i o n  of t h e  n a c e l l e  was 
such a s  t o  l o c a t e  t h e  p r o p e l l e r ,  had t h o r a  Seen one ,  40 
p e r c e n t  of t h e  wing chord  ahead  of  t h e  l e a d i n g  edge. 

The f i v e  cowling-nose s h a p e s  ( f i g .  4 )  s c a l e d  down 
from t h e  c o r r e s p o n d i n g  f u l l - s c a l e  cowl ings  employed i n  t h e  
i n v e s t i g a t i o n  r e p o r t e d  i n  r e f e r e n c e  3  a r e  d e s i g n a t e d  by 
t h e  same numbers used  i n  t h a t  i n v e s t i g a t i o n .  Nose 1 m a s  
modi f i ed  p r o g r e s s i v e l y  by c u t t i n g  back t o  l a r g e r  r a d i i  at 
t h e  l e a d i n g  edge.  Noses A ,  B ,  a n d  C were des igned  as  t h e  
t e s t s  p r o g r e s s e d .  They have t h e  same o v e r - a l l  d imensions  
a s  nose  2 b u t  have d i f f e r e n t  i n t e r m e d i a t e  o r d i n a t e s .  Fig-  
u r e  5 p r e s e n t s  pho tographs  o f  nose  5 a n d  and nose C. A 
b l a n k  nose w i t h  a s q u a r e  c o r n e r  a n d  t h e  same o v e r - a l l  d i -  
mensions a s  nose  2 mas a l s o  t e s t e d .  Table  1 g i v e s  t h e  o r -  
d i n a t e s  f o r  a l l  t h e  cowl ing n o s e s  t e s t e d .  



Values  o f  R i n  Inches  f o r  8 Model Noses of 10.40-Inch 

D l a n e t e r  Cowling 

(See f i g s .  1 and 4 . )  

TIYO cowl ing s l c i r t  s v e r e  employed i n  t h e  f n v e s t i g a f  ion, 
O r d i n a t e s  of t h e  n a c e l l e ,  mh5-ch i s  s i m 2 l a r  t o  nace l - l e  2 of  
r e f e r e n c e  3 ,  are e i v e n  in t a b l e  11. 



Nacelle-Model '  O r d i n a t e s  

(See f i g s .  1 and 4 .  ) 

I! 
( i n . )  

A l l  t h e  cowl ings  mere t e s t e d  mi th  a c o n t r o l l e d  amount 
of c o o l i n g  a i r  th rough  them. A  f l a t  b a f f l e  p l a t e  m i t h  16  
15/16-inch h o l e s  s i m u l a t e d  a b a f f l e d  r a d i a l  engine  of con- 
d u c t i v i t y  ( r e f e r e n c e  3 ) ,  o r  e q u i v a l e n t  l e a k  a r e a ,  ap-  
g r o x i m a t e l y  9 p e r c e n t ,  The b a f f l e  p l a t e  w a s  i n c i d e n t a l l y  
u s e d  t o  suppor t  t h e  r e p l a c e a b l e  nose and  s k i r t  p o r t i o n s ,  
which were of c a s t  n i c k e l - i r o n  and mere f i n i s h e d  smooth 

6 

and f l u s h .  s 

A p r e s s u r e  d rop  of 3 0  pounds p e r  s q u a r e  f o o t  a c r o s s  
9 



t h e  e n g i n e  o r  b a f f l e  u l a t e  w a s  u sed  as a criterion o f  s a t -  
i s f a c t o r y  c o o l i n g  c o n d i t i o n s ,  cowling s k f r t  1 p r o v i d e d  an 
e x i t - s l o t  opening of 0.25, i n c h  and t h e  r e q u i r e d  p r e s s u r e  
d rop  f o y  c o o l i n g  a t  speeds  of t h e  o r d e r  of 200 m i l e s  p e r  
h o u r ,  Cowling s k i r t  2  p r o v i d e d  a n  e x i t  opening of O . 1 1  
i n c h  (0.55 i n c h  o n -  f u l l - s c a l e  eng ine  cowl ing)  and p r o p e r  
c o o l i n g  a t  speeds  of t h e  ' o r d e r  of 300 m i l e s  p e r  hour .  

The p r e s s u r e  f i i s t r i b u t i o n  over  t h e  t o p  of each  cowl- 
i n g  mas measured a t  s 6 v e ~  s t a t i c - p f e s s u r e  ' o r i f i c e s  ( f i g .  
1). The o r i f i c e s  were l o c a t e d  a c c o r d i n g  t o  t h e  e x p e c t e d  
p r e s s u r e  d i s t r i b u t i o n  f o r  t h e  p a r t i c u l a r  cowl ing,  s e v e r a l  
t u b e s  b e i n g  l o c a t e d  n6ar  t h e  p o i n t  'of peak n e g a t i v e  p r o s -  
s u r e .  The l o c a t i o n s  a,re g i v e n  i n  t a b l e  111. 

A t o t a l - p r e s s u r e  tube  was l o c a t e d  above t h e  cowl ing 
s k i r t  n e a r  i t s  t r a i l i n g  edge ( s e e  f i g s .  1 and 5 )  \ f o r  de- 
t e c t i n g  any l o s s ,  such as  t h a t  of a compression shock ,  
o u t s i d e  t h e  boundary Iayo'r .  A t o t a l - p r e s s u r e  tube  and a  
s t a t i c - p r e s s u r e  tube  were p l a c e d  i n  tho  c e n t e r  of t h e  e x i t  
open ing  on t h e  t o p  s i d o  of t h o  n a c e I l e  f o r  measuring t h o  
a i r  speed  and t h e  t o t a l  p r e s s u r e  i n  t h e  e x i t  opening.  

b A 1 1  t h e  cowl ings  mere t e s t e d  o v e r  a  speed range  ex- 
t e n d i n g  from 115 m i l e s  p e r  hour  t o  a speed g r e a t e r  t h a n  
t h e  c r i t i c a l  speed f o r  e a c h  model a t  a n g l e s  of a t t a c k  of 
-1' a n d  0'. Owing t o  s t r u c t u r a l  l i m i t a t i o n s  o f  t h e  wing,  
t h e  maximum a i r  sp6ed'was l i m i t e d  t o  425 m i l e s  p e r  hour  
a t  lo a n &  t o  275 m i l e s  p e r  hour  a t  2'. S o s e s  1 - f ,  5 ,  and  
B ,  which were c o n s i d e r e d  r e p r e s e n t a t i v e  of t h e  s e v e r a l  
t y p o s  i n v e s t i g a t e d ,  were % e s t e d  th rough  a  range  of a n g l e s  
of a t t a c k  of -3' t o  6' a t  230 m i l e s  p e r  hour .  A l l  t h e  
models  were t e s t e d  w i t 3  s k i r t  1; o n l y  nose. 5  was t e s t e d  
w i t h  s k i r t  2 .  

4 

The L i f t ,  t h e  d r a g ,  pnd t h e  p i t c h i n g  moment of t h e  
wing-nacelle-cozvling c'ornbinations & r e  measured a t  i n t e r -  
v a l s  of 30 m i l e s  p e r  hour  a t  t h e  lower  speeds  and more 
f r e q u e n t l y  n e a r  t h e  c r i t i ~ a l . s p e e d s .  Tho c h a r a c t e r i s t i c s  
of t h e  wing a l o n e  n e r o  de te rmined  i n  t h e  same nay. Pros-  
s u r c  measurements on t h e  cowl ings  n e r o  made s i m u l t a n e o u s l y  
w i t h  t h e  f o r c e  measurements.  
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RESULTS 

C o m p r e s s i b i l i t y  e f f e c t s ,  such a s  t h o s e  encoun te red  a t  
h i g h  s ~ e e d s  on t h e  eng ine  cowl ings  under  c o n s i d e r a t i o n ,  
a r e  i n t i m a t e l y  connected  w i t h  t h e  nondimensional  Mach nun- " 

her 4 i n  t h e  same may t h a t  s c a l e  e f f e c t s  z r e  connec ted  
I w i t h  %he Reynolds Number R .  Mach number 1 i s  t h e  r a t i o  

of a i r  s ~ e e d  V t o  t h e  speed  of sound i n  t h e  a i r  c .  Re- 
s u l t s  i n  t h i s  r e p o r t  a r e  p l o t t e d  a g a i n s t  la. 

I 

Given t h e  t e m p e r a t u r e  o f  t h e  a i r ,  t h e  a i r  speed c o r r e -  
sponding t o  a  g i v e n  Mach number M may be found from 

a n d  

c  = 33.5 r------ 4 6 0 +  t 
, ' < < -  

:,a> .:i 

where t i s  t h e  t e m p e r a t l ~ r e  i n  F a h r e n h e i t  d e q r e e s  and V 
* . B  and c  a r e  i n  m i l e s  p e r  h o u r ,  

In  some c a s e s ,  f o r  e a s e  i n  v i s u a l i z i n g  t h e  magnitude 
* - of  t h e  s p e e d s ,  a s c a l e  o f  a i r  speed f o r  s t a n d a r d  s e a - l e v e l  

c o n d i t i o n s  ( t  = 5g0 F . ,  c  = 763 m i l e s  p e r  h o u r )  i s  i n c l u d -  
e d  i n  t h e  f i g u r e s .  

The d r a g  c o e f f i c i e n t s  and t h e  p r e s s u r e  coef f  i % i e n t s  
a r e  computed u s i n g  t h e  dynamic p r e s s u r e  q(= p V ) i n  
a c c o r d a n c e  w i t h  s t a n d a r d  a e r o n a u t i c a l  p r a c t i c e .  The r e -  
s u l t s ,  a s  p r e s e n t e d ,  then  i n d i c a t e  d i r e c t l y  a l l  compressi-  
b i l i t y  e f f e c t s .  

Force  T e s t s  and P r e s s u r e - + D i s t r i b u t i o n  Measurements 

The r e s u l t s  a r e  p r e s e n t e d  i n  te rms of  nondimensional  
c o e f f i c i e n t s .  F i g u r e  6 shows t h e  r e l a t i v e  magn5tud.e of  t h e  
d r a g  f a r c e  of t h e  wing a l o n e  and t h e  wing-nace l l e  combina- 
t i o n  ( b o t h  u n c o r r e c t e d  f o r  t u n n e l - w a l l  e f f e c t s ) .  The d raq  
c o e f f i c i e n t s  f o r  t h i s  f i g u r e  a r e  based on wing a r e a :  

d r a g  of wing + n a c e l l e  CD = ----------..------.- ---- 
q X 15.35 

For u s e  i n  t h e  comparison of t h e  d r a g s  of v a r i o u s  cowl- 
i n g s ,  a n  e f f e c t i v e  n a c e l l e  d r a g  c o e f f i c i e n t  G D ~  based  on 
t h e  f r o s t a l  a r e a  o f  t h e  cowl ing (0.590 square  f o o t )  i s  used.  



T h i s  c o e f f i c i e n t ,  of c o u r s e ,  i n c l u d e s  t h e  d r a g  and t h e  i n -  
t e r f e r c n c e  of t h e  n a c e l l e .  By d e f i n i t i o n :  

e f f e c t i v e  n z c e l l e  d r a g  c DF--.----.--------------------- - . 
q X 0.590 

- - ------- ( d r a g  ------------ of wing + n a c e l l e )  - -.---------------.-------- ( d r a g  of wing a l o n e )  
q x 0,590 

x f f e c t i v e  n a c e l l e  d r a g  c o e f f i c i e n t s  f o r  t h e  cowling n o s e s  
2 ,  4 ,  5 ,  7 ,  A ,  B, and C w i t h  s k i r t  1 a r e  shomn i n  f i g u r e  7 .  
The r e s u l t s  o b t a i n e d  w i t h  nose  1 and w i t h  s c v e r a l  modif i -  
c a t i o n s  of nose I ,  t o g e t h e r  m i t h  t h o s e  f o r  t h e  s q u a r e - c o r n e r  
b l a n k  n o s e ,  a r e  shomn i n  f i g u r e  8.  F i g u r e  9 shows t h e  r e -  
s u l t s  of t h e  t e s t  of nose 5  w i t h  s k i r t  2 .  The c u r v e s  of 
e f f e c t i v e  n a c e l l e  d r a g  c o e f f i c i e n t  were o b t a i n e d  from 
f a i r e d  c u r v e s  of  t h e  d r a g  o f .  t h e  wing a l o n e  and t h e  d r a g  
of t h e  wing-nacel le  combinat ion  f o r  t h e  same a n g l e  of a t -  
t a c k .  

The p r e s s u r e  d i s t r i b u t i o n  o v e r  t h e  nose s e c t i o n  of a  
cowl ing  i s  p l o t t e d  i n  te rms of t h e  p r e s s u r e  c o e f f i c i e n t  P 

where p  i s  t h e  l o c a l  s t s t i c  p r e s s u r e .  

pm * s t a t i c  p r e s s u r e  i n  t h e  f r e e  s t r eam.  

q ,  dynamic p r e s s u r e ,  $ p V2. 

The v a l u e  of P i s  t h e n  a measure of t h e  l o c a l  speed o v e r  
t h e  nose .  In accordance  m i t h  B e r n o u l l i t s  e q u a t i o n  P = 0  
i n d i c a t e s  a speed e q u a l  t o  t h e  f r e e - s t r e a m  speed ,  p o s i t i v e  
v n l u e s  i n d i c a t e  l e s s  t h a n  f r e e - s t r e a m  s p e e d ,  and n e g a t i v e  
v a l u e s  i n d i c a t e  more than  f r e e - s t r e a m  speed.  The p r e s s u r e -  
d i s t r i b u t i o n  d iagrams f o r  t h e  models a t  v a r i o u s  a n g l e s  of 
a t t a c k ,  a t  M = 0.30, a r e  shomn i n  f i g u r e  1 0 ( a )  t o  ( i ) .  
F i ~ u r e  1 0 ( j )  shows an  e f f e c t  of t h e  c o m p r e s s i b i l i t y  b u r b l e  
on t h e  p r e s s u r e  d i s t r i b u t i o n .  Typ ica l  v a r i a t i o n  m i t h  M 
of t h e  s t a t i c  p r e s s u r e  a t  e a c h  of  t h e  seven o r i f i c e s  i s  
shown i n  f i g u r e  11 f o r  n o s e s  4 ,  7 ,  and B a t  a n g l e s  of a t -  
t a c k  of O 0  and lo ,  The l o s s  i n  t o t a l  p r e s s u r e  AH between 
t h e  f r e e  s t r eam and t h e  t o t a l - p r e s s u r e  t u b e  a t  t h e  r e a r  of 
t h e  cotvling i s  shawn i n  f i g u r e  12 f o r  n o s e s  4 ,  5 ,  7 ,  A ,  and 
B f o r  a n g l e s  of a t t a c k  of o0 and lo. 



C r o s s  p l o t s  of e f f e c t i v e  n a c e l l e  d r a g  c o e f f i c i e n t  
C D ~  n g c i n s t  a n g l e  o f  a t t a c k  a f o r  M = 0.30 a r e  shown 

i n  f i g u r e  1 3  f o r  cowling n o s e s  1 - f ,  5 ,  A ,  3 ,  and C .  The 
c o r r e s p o n d i n g  v a r i a t i o n  i n  p r e s s u r e  c o e f f i c i e n t  P i s  
shown i n  f i g u r e  1 4  f o r  'noses  5 and B. 

F i ~ u r e  15 p r e s e n t s  a  comparison of  t h e  l i f t  cu rve  f o r  
t h e  m i n s - n a c e l l e  combinat ion  w i t h  t h a t  of t h e  wing a l o n e .  
L i f t  c o e f f i c i e n t s  a r e  based  on t h e  wing a r e a  of 15.35 
s q u a r e  f e e t :  

lif ' t ;  of wing + n a c e l l e  C L  = -----..------- ---------- 
q ' x  15.35 

. .. 
There w a s  no measurable  d i f f e r e n c e  i n  l i f t  f o r  t h e  d i f f e r -  
e n t  n o s e s .  F i g u r e  1 6  shows t h e  e f f e c t  on wing p i t c h i n g  
moment of t h e  p r e s e n c e  o f  t h e  n a c e l l e ,  Tho p i t c h i n g -  
moment c o e f f i c i e n t  i s  based  on t h e  wing chord  of 2 f e e t :  

' (moment o f  wing + n a c c l l e )  

q x 15.35 x 2 
c / 4  = -----.--.--------------- -------- 

CmC/4  

f 

The r e s u l t s  p r e s e n t e d  i n  f i g u r e s  15  and 16 a r e  u n c o r r e c t e d  
f o r  t u n n e l - m a l l  e f f e c t s  and  t h e r e f o r e  shou ld  be used  o n l y  
q u a l i t a t i v e l y .  

The p r e s s u r e  d rop  a v a i l a b l e  f o r  c o o l i n g  a c r o s s  a n  en- 
g i n e  o r  b a f f l e  p l a t e  h a s  been shown ( r e f e r e n c e  3 )  t o  be 
n e a r l y  e q u a l  t o  t h e  l o s s  i n  t o t a l  p r e s s u r e  between t h e  
f r e e  s t r eam and  t h e  e x i t  open ing  of t h e  cowl ing s k i r t .  
T h i s  l o s s  and t h e  e x i t  speed mere measured a t  o n l y  one 
p o i n t  i n  t h e  e x i t  opening of t h e  cowl ings  under  t e s t  a n d ,  
because  of. t h e  f l o w  v a r i a t i o i  a round  t h e  e x i t  opening i n -  
duced by t h e  p r e s e n c e  of t h e  n i n g ,  t h e s e  measurements g i v e  
o n l y  approx imat ions  of t h e  c o n d i t i o n s  e x i s t i n g  o v e r  t h e  
e n t i r e  cornling, The measured v ,a lues ,  however,  i n d i c a t e  
t h a t  t h e  d e s i g n  c o n d u c t i v i t y  X of  9 p e r c e n t  was a t t a i n e d .  
and t h a t  t h o  s p e c i f i e d  p r e s s u r e  drop of  30 pounds p e r  
s q u a r e  f o o t  was a t t a i n e d  a t  abou t  200 and 300 m i l c s  p e r  
hour  .rvith s k i r t  1 and s k i r t  2 ,  r o s p e c t i v o l y  ,, There w a s  
no measurable  v a r i a t i o n  w i t h  speed of t h e  r a t i o  

n r e s s u r e  d,rop a c r o s s  b a f f l e  p l a t e  -...--- .---------------------.-- -------- 
dynamic p r e s s u r e  



PBECISION 

The f o r c e - t e s t  d a t a  p r e s e n t e d  i n  t h i s  r e p o r t  a r e  un- 
c o r r e c t e d  f o r  tunne l -mal l  e f f e c t s .  The t u n n e l - w a l l  e f f e c t  
on a wing e x t e n d i n g  a c r o s s  t h e  t h r o a t  of a  c l o s e d  t u n n e l  
i s  api3rec iable  b u t  h a s  n o t  y e t  been determined f o r  t h i s  
wind t u n n e l .  T h i s  f a c t o r  i s  b e l i e v e d ,  however,  t o  have n 
n c ~ l i g i b l e  i n f l u e n c e  on t h o  e f f e c t i v e  n a c e l l e  d r a g  owing 
t o  t h e  smal l  l i f t  changes i n v o l v e d  ( s e e  f i g .  1 5 )  and  t h e  
s m a l l  iii?.uced d r a g  of a  wing spanning a c losed"  t u n n e l .  The 
e f f e c t  of t h e  t u n n e l  m a l l  on t h e  c r i t i c a l  speed of a  body 
h a s  n o t  been de te rmined  bu t  i t  i s  b e l i e v e d  t o  be of sec-  
ondary  impor tance  when, a s '  i n  t h e  p r e s e n t  c a s e ,  t h e  c r o s s  
s e c t i o n  o f  t h e  body i s  of t h e  o r d e r  of 1 p o r c e n t  o f  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  j e t .  The h o r i z o n t a l  buoyancy 
c o r r e c t i o n  f o r  s t a t i c - p r e s s u r e  g r a d i e n t  i s  of t h e  o r d e r  of 
one-hal f  p e r c e n t  o f  t h e  e f f e c t i y e  n a c e l l e  d r a g  and i s  t h e r e -  
f o r e  n e g l e c t e d .  

The avorage  s c a t t e r  of t h e  t e s t  d a t a  f o r  t h e  wing 
a l o n e  and t h e  wing-nace l l e  combinat ions  i n d i c a t e s  random 
e r r o r s  i n  f o r c e  measurement,  based  on t h e  wing a r e a ,  a s  
f o l l o w s  : 

T h i s  e r r o r  i n  d r a g  c o e f f i c i e n t  r e p r e s e n t s  abou t  4 p e r c e n t  
of  t h e  e f f e c t i v e  n a c e l l e  d r a g  of nose C ,  which had t h e  
l e a s t  d rag  of t h e  models t e s t e d .  Inasmuch as t h e  same wing 
d r a g  was s u b t r a c t e d  from t h e  d r a g  of e a c h  combina t ion ,  t h e  
p r e c i s i o n  f o r  comparing cowl ings  i s  e q u a l  t o  tho  e r r o r  j u s t  
d i s c u s s e d ;  a b s o l u t e  v a l u e s  f o r  any cowl ing w i l l  be s u b j e c t ,  
i n  a d d i t i o n ,  t o  t h e  e r r o r s '  i n  d e t e r m i n i n g  t h e  c h a r a c t e r i s -  
t i c s  of t h e  wing a l o n e  and t h e r e f o r e  w i l l  be s u b j e c t  t o  
e r r o r s  twice  as  q r e a t .  



DISCUSS I O N  

C o r r e l a t i o n  of Drag and P re s su re -Di s t r i bu t ion  
 measurement.^ 

Figure  7 i n d i c a t e s  t he  speed a t  which the  d rag  of each 
cowling i n c r e a s e s  e x c e s s i v e l y  because of. t he  presonce of a 
compression shock and a l s o  t h e  magnitude o f  tho drag  change 
w d e r  such cond i t i ons .  Tho r e s u l t s  i n d i c a t o  t h a t  i t  would 
bo i m p r a c t i c a l  t o  employ any conl fng  a t  f l i g h t  spoeds g roa t -  
e r  t han  t h e  speod a t  which a compression shock f o r m s  on tho 
cowling. The b l u n t e s t  c o a l i n g s  (4  and 5 )  a r e  s a t i s f a c t o r y  
f o r  speeds  of t h e  o rde r  of 300 milos  p e r  hour; one of  tho 
s t a n d a r d  shapos (nose 2 )  and a l l  of tho nam shapes devol-  
o ~ s d  i n  t h i s  i n v e s t i g a t i o n  a r e  s a t i s f a c t o r y  up t o  about  480 
m i l e s  p e r  hour ( a l l  spoeds a , t  s e a  l e v e l ,  59' 3'. 1. 

The c r i t i c a l  speed st which the  l o c a l  speed of sound 
was a c t u a l l y  reached on each cowling nose has  been computed 

. f o r  a11 the  c a s e s  i n  which t h e  neak nega t ive  p r e s s u r e  w a s  
measured; t h e  speed i s  shown by n t i c k  on t h e  curves  of 
f i g u r e s  '?(a) and 7 ( c ) .  It i s  seen t h a t ,  f o r  noses  2, 4, 

+ and 7 ,  t h e  c o m p r e s s i b i l i t y  bu rb l e  d i d  no t  occur u n t i l  t h e  
c r i t i c a l  speed had bcen exceeded by about  M = 0.03;  t h a t  i s ,  
t h e  speed o f  sound was exbeeded l o c a l l y  before  a me.asurable 
shock occur red  on t h e s e  noses .  For noses  5 ,  A ,  3 ,  and C ,  the  
shock a p p a r e n t l y  formed almost  immediately a f t e r  t h e  c r i t i -  
c a l  speed was reached.  Since noses  2 ,  4 ,  and 7 have no com- 
mon geometr ic  c h a r a c t e r i s t i c ,  t h e  p r e s e n t  t e s t s  i n d i c a t e  no 
c o n t r o l l i n g  f a c t o r  t h a t  p e r m i t s  t h e  l o c a l  speed t o  exceed 
the  l o c a l  son ic  speed before  a compression shock occu r s  and 
i t .  must t he re f so re  be concluded t h a t  any cowling i s  l i k e l y  
t o  exper ience  a c o m p r e s s i b i l i t y  burb le  a s  soon as t h e  l o c a l  
speel! reaches  t ho  speed of sound. The c r i t i c a l  speed de- 
termined on t h i s  b a s i s  should be used a$ t h e  upper l i m i t  
of t h e  f l y e n g  spoed f o r  a rad ia l -engine  cowling, I h s  upper 
l i m f t  of t h e  u s e f u l  spoed range f o r  tho  cowlings t e s t e d  i s  
t hen  from M = 0.413 t o  M = 0.625, o r  310 t o  480 mi los  
p e r  hour a t  sea  l e v e l  (5g0 F.). 

A s  p r ev ious ly  d i scussed ,  t he  c r i t i c a l  speed i n  mi l e s  
p e r  hour V c r i t  i s  dependent on the  a tmospher ic  tempera- 
t u r e .  That i s ,  

where 



----- 
c  = 33,5 &60 + t miles  p e r  hour 

The temperature  of t he  s t a n d a r d  atmosphere dec rease s  w i t h  
a l t i t u d e  t o  -67' I?, a t  about  35,000 f e e t .  The dec rease  i n  
t empera ture  causes  a decrease  i n  t h e  speed of sound c  
w i t h  i n c r e a s i n g  a l t i t u d e  and  r e s u l t s  i n  lower c r i t i c a l  
speeds  a s  a l t i t u d e  i n c r e a s e s .  A t  30,000 f e e t  t h e  c r i t i c a l  
speeds  f o r  t h e  cowlings t e s t e d  a r e  lowered t o  t h e  range'  of 
280 t o  430 mi l e s  p e r  hour .  Since  t he  f l y i n g  speed of 
p resen t -day  a i r p l a n e s  g e n e r a l l y  i n c r e a s e s  wi th  a l t i t u d e ,  
t h e  danger of encounte r ing  s e r i o u s  c o m p r e s s i b i l i t y  e f $ e c t s  
i s  ve ry  r e a l  u n l e s s  p rope r  c a r e  i s  taken  i n  des ign ing  t h e  
cowling nose.  

As w a s  t o  be expec ted ,  t h e  cowlings w i t h  t h e  g r e a t e s t  
n e g a t i v e  p r e s s u r e  (e,,g., noses  4 and 5 ,  f i g s .  1 0 ( c )  and 
( d )  ) had the' lowes t  c r i t i c a l  speeds.  Also ,  a s  would be 
expec ted ,  t h e  p r e s s u r e  measurements ( f i g .  30)  showed l a r g e r  
peak n e q a t i v e  p r e s s u r e s  f o r  a n g l e s  of a t t a c k  o t h e r  than 
z e r o ,  the  increment due t o  a n g l e  of a t t a c k  being approx i -  
ma te ly  p r o p o r t i o n a l  t o  t h e  a n g l e  change and be ing  g r e a t e r  
f o r  cowlings on which t he  p r e s s u r e  a l r e a d y  had a large@ 
ne,gat ive  va lue .  The c r i t i c a l  speed should  be lower ,  t h e n ,  
when a cowling i s  p i t c h e d  o r  yawed, e s p e c i a l l y  f o r  noses  
l i k e  4 and' 5 ;  t h e  r e s u l t s  p r e s e n t e d  i n  f i g u r e s  7 ( b )  and 
7 ( c )  confirm t h i s  conc lus ion .  This  behavior  i l l u s t r a t e s  
t h e  importance of a l i n i n g  t h e  cowling w i t h  t h e  a i r  d i r e c -  
t i o n  ?hen t h e  a i r p l a n e  i s  i n  t h e  high-speed a t t i t u d ~ ,  8s-  
p e c i a l l y  i f  t h e  cowling i s  b l u n t  o r  i s  n e a r  i t s  c r i t i c a l  
speed. 

6 The r a p i d  i n c r e a s e  i n  d r ag  of noses  4 and 5 a t  a i r  
speeds  below 2 0 0 ' m i l e s  p e r  hour  f o r  2O ang le  of a t t a c k  
( f i g .  ? ( a ) )  i s  no t  t o  be a t t r i b u t e d  t o  t h e  c o m p r e s s i b i l i t y  
b u r b l e .  The p r e s s u r e  diagrams ( f i g s .  1 0 ( c )  and 1 0 ( d ) )  shom 
r a d i c a l  changes i n  p r e s s u r e  d i s t r i b u t i o n  and shom small 
peak n e g a t i v e  p r e s s u r e s  a t  2' ang l e  of a t t a c k ,  i n d i c a t i n g  
a f low breakdown; 'but ,  from t h e  f a c t  t h a t  t h e  maximum lo -  
c a l  speeds  were l e s s  than  h a l f  son i c  speed beforo t h e  
change i n  f low occu r r ed ,  t h e  breakdown i s  a t t r i b u t e d  t o  o r -  
d i n a r y  s t a l l i n g  over tho t o p  of t h e  cowling and no t  t o  a 
c o m p r e s s i b i l i t y  burb le .  Th is  e f f e c t  i s  d i s cus sed  i n  d e t a i l  
l a t o r .  

The curves  of f i g u r e  11 show t h e  way i n  which t h e  
s t a t i c  p r e s s u r e  over  t y p i c a l  cowlings v a r i e s  a s  t h e  speed 

% 

i s  i n c r e a s e d  above t h e  c r i t i c a l  speed ,  but  they f a i l  t o  
show uniform t endenc i e s  f o r  a l l  cowlings above t h e  c r i t i c a l  



M. The b l u n t e r  co+xlings shorn s dec ided  r e d u c t i o n  i n  t h o  
magnitude of t h e  n e g a t f v o  p r e s s u r e  c o e T f i c i e n t s  b u t  t h e  re -  
d u c t i o n  o c c u r s  a t  a va lue  of M a p p r e c i a b l y  h i q h e r  t h a n  
t h e  c r i t i c a l  va lue;  The cowl ings  of b e t t e r  shape show a 
l e s s  d e c i d e d  change i n  p r e s s u r e  c o e f f i c i o n t  abovo t h e  c r i t -  
i c a l  spced a n d ,  i n  some c a s e s ,  even a n  i n c r e a s e  i n  n e g a t i v e  
p r e s s u r e  ( f i g .  l l ( d ) ) .  These r e s u l t s  i n d i c a t e  t h a t  s t a t i c -  
pressure maasurements a r e  n o t  alw&ys a r e l i a b l e  o r  a n  accu- 
r a t e  means o f  d e t e c t i n g  t h e  p r e s e n c e  of a compression 
shock.  F igure  1 0 ( j )  shows t o  what e x t e n t  t h e  p S e s s u r e  d i s -  
t r i b u t i o n  gn be a l t e r e d ' b y  t h e ' c o m p r e s s i b i l i t y  b u r b l e .  
A l l  t h e s e  r e s u l t s  p o i n t  t o  t h e  p r a c t i c a l  c o n c l u s i o n  t h a t ,  
i f  t h e  s t r u c t u r a l  d e s i g n  of a cowling i s  based on low-speed 
p r e s s u r e - d i s t r i b u t i  on d a t a  wf t h  v a l u e s  s u i t a b l y  i n c r e a s e d  
f o r  c o m p r e s s i b i l i t y  ( s e e  Zig. 11) t o  f l i g h t  speed o r  c r i t -  
i c a l  s p e e d ,  on ly  a small a d d i t i o n a l  a l lowance  i s  n e c e s s a r y  
f o r  t h e  n e g a t i v e  p r e s s u r e  developed a f t e r  t h e  c r i t i c a l  speed 
i s  exceodod. I 

Tho t o t a l - p r e s s u r e  moasuremonts of f i g u r e  12  a l s o  show 
marked e f f o c t s  f o r  t h e  b l u n t e r  cowl ings  and  s m a l l c r  o r  ncg- 
l i g i b l e  e f f e c t s  f o r  t h e  cowl ings  of b e t t e r  shape. For  t h e  
b l u n t  cowl ings ,  t h e  l o s s  i n  t o t a l  p r e s s u r e  i s  l a r g e  and.  
o c c u r s  a lmos t  immedia te ly  a f t e r  t h e  c r i t i c a l  speed i s  
r e a c h e d ;  f o r  t h e  b e t t e r  cowfings ,  t h e  L o s s  o c c u r s  l a t e r  
( f i g .  l 2 ( c ) )  o r  i s  of a n e g l l q i b l e  magnitude ( f i g .  1 2 ( d ) ) -  
Al though i n  t h e s e  t e s t s ,  t h e  t o t a l - p r e s s u r e  tube  d i d  n o t  
show + l o s s  c o r r e s p o n d i n g  t o  t h e  d r a g  i n c r e a s e  of  t h e  b e t 4  
t e r  cowl ings ,  t h i s  r e s u l t  may be a t t r i b u t a b l e  t o  t h e  n a t u r e  
of t h e  shocks  0.n t h o s e  coml&ngs. If t h e  shocks e x t e n d e d  a 
c o n s i d e r a b l e  d i s t a n c e  f o r e  a n d  a f t ,  as wou1.d be o x p e c t s d  
from t h e  n e a r l y  uni form p r o s s u r e  d i s t r i b u t i o n s ,  t h c n  t h e i r  
e x t e n t  normal t o  t h e  s u r f a c e  may have been smal l  and  t h e  
wake may have p a s s e d  unaor  t h o  t u b e .  The i n d i c a t i o n  i s  
t h a t  a d e t e c t i n g  tube  must be Immedia to lg  o u t s i d c  t h e  nor -  
m a l  boundary l a y e r .  

A t h e o r e t i c a l  r e l a t i o n  between peakwnegative p r e s s u r e ,  
nq measured at low speed ,  and  c r i t i c a l  speed h a s  been 0%- 

t a i n e d  by J a c o b s  ( r e f e r e n c e  4 )  by d e f i n i n g  t h e  c r i t i c a l  
speed  as u s u a l  (maximum l o c a l  speed e q u a l  t o  l o c a l  speed of 
sound)  and a'ssuming t h a t  t h e  n e g a t i v e  p r e s s u r e  c o e f f i c i e n t s  
i n c r e a s e  w i t h  speed a c c o r d i n g  t o  t h e  r a t i o  11J-i-z-gziZ. 
T h i s  r e l a t i o n  i s  shown by t h e  curve  of f i g u r e  17 .  The meas- 
u r e d  c r i t i c a l .  speed f o r  each  of t h e  comlings  i s  p l o t t e d  i n  
f i ~ u r e  1 7  agaLns t  t h e  v a l u e  of i t s  maximum n e g a t i v e  p r e s s u r e  
c o e f f i c i e n t  P,,, e x t r a p o l a t e d  t o  ze ro  speed t o  q i v o  



Pornax. I t  i s  e v i d e n t  t h a t ,  if t h e  low-speod p r c s s u r e  d i s -  

t r i b u t i o n  f o r  a cowl ing d e s i g n  i s  known from wind-tunnel  
o r  f l i g h t  t e s t s ,  t h e  curve  of  f i g u r o  1'7 may be u s e d  t o  ob- 
t a i n  ,z good approx imat ion  of t h e  c r i t i c a l  . speed of t h e  
cowling.  The l o s - s p e e d  v a l u e  of Pmax must ,  of c o u r s e ,  

be f o r  t h e  a i r p l a n e  a t t i t u d e  cor respond ing  t o  t h e  h i g h  
speed  b e i n g  i n v e s t i g a t e d .  

An Approximate R e l a t i o n  between Comling-Noso 

Radius o f  Curvature  and C v i t i c a l  Speed 

S i n c e  t h e  c u r v a t u r e  of a cowling c o n t r o l s  t h e  peak 
n e g a t i v e  p r e s s u r e  and  s i n c e  t h e  peak n e g a t i v e  p r e s s u r e  con- 
t r o l s  t h e  c r i t i c a l  speed ,  t h e  c r i t i c a l  speed may be r e -  
l a t e d  t o  t h e  cowl ing shape by p l o t t i n g  measured c r i t i c a l  
s p e e d s  a g a i n s t  t h e  r a d i u s  of c u r v a t u r e  of t h e  c o n l i n g  a t  
t h e  p o s i t i o n  of t h e  peak-pressure  p o r n t .  The . r a d i u s  i s  made 
n o  la 8. imens iona l  by d i v i d i n g  by t h e  r a d i u s  of t h e  cowl ing 
R a n d  t h e  r e s u l t s  a r e  p l o t t e d  a s  s q u a r e s  i n  f j q u r e  1 8 ,  I n  
o r d e r  t o  make t h c  r e l a t i o n  independent  of a  knowledge of t h e  
~ o s i t & o g  of  peak n e g a t i v s  p r e s s u r e  a s  w e l l  as of a  knowl- 
edge of  t h e  v a l u e  of t h e  p r e s s u r e ,  i t  i s  d e s i r a b l e  t o  dos- 
i g n a t o  completely t h e  l o c a t i o n  of  t h e  c r i t i c a l  r a d i u s  by 
t h e  geometry of t h e  cowling.  If r i s  t a k e n  as t h e  mini-  
mum r a d i u s  between t h e  25-percent  and t h e  75-percent  p o i n t s  
of t h e  curved p o r t i o n  o f  t h e  cowling nose  and t h e  c r i t i c a l  
speed i s  t aken  from t h e  t h e o r e t i c a l  cu rve  of  f i g u r e  1 7 ,  t h e  
v a l u e s  shown by t h e  c i r c l e s  of f i g u r e  1 8  a r e  o b t a i n e d .  The 
g e n e r c l  agreement  i n d i c a t e s  t h a t  t h e  c r i t i c a l  speod of  a 
comling s i m i l a r  t o  t h o s e  t e s t e d  nay bo p r e d i c t e d  by t h e  
curve  of f i g u r e  1 8 ,  hav ing  o n l y  n  l i n e  drawing of  t h o  cowl- 
i n g  p r o f i l e ,  

I t  shou ld  be remenbered t h a t  f i g u r e  1 8  g i v e s  d i r e c t l y  
o n l y  t h e  c r i t i c a l  speed f o r  ze ro  a n g l e  of a t t a c k  of  t h e  
cowl ing a x i s .  For  smal l  a n g l e s  of a t t a c k  ( i f  s t a l l i n g  i s  
n o t  p roduced)  t h e  amount by which t h e  c r i t i c a l  speed m i l l  
be lowered  may be e s t i m a t e d  from t h e  p r e s s u r e  changes shown 
i n  f i g u r e  1 0  o r  1 4  f o r  t h e  most similar comling, The speed 
change c o r r e s p o n d i n g  t o  t h i s  p r e s s u r e  change mag t h e n  be 
o b t a i n e d  from f i g u r e  1 7 .  For  example,  on nose 4 ( f i g .  
1 0 C c ) )  t h e  peak n e g a t i v e  p r e s s u r e  c o e f f i c i e n t  becomes 
g r e a t e r  by 0.4 a t  2.'. In t h e  ne ighborhood o f  M = 0.45, 
t h e  curve  of f i g u r e  1'7 i n d i c a t e s  t h e  c r i t i c a l  speed t o  be 
lowered  by M = 0.023, o r  1 7  m i l e s  p a r  hour  a t  s e a  l e v e l ,  



f o r  n peak n e g a t i v o  p r e s s u r e  i n c r e a s e  of 0.4. The d r a g  
r e s u l t s  shon s l o w e r i n g  of t h o  speed n t  which t h e  shock 
o c c u r r e d  by M = 0,025. Using p r e s s u r e  d a t a  from f i g u r e  
1 4 ,  s imilar  c o n s i d e r a t i o n s  i n d i c a t e  t h a t ,  even f o r  nose B, 
t h e  c r i t i c a l  speed w i l l  be r educed  by M = 0.13 f o r  a n  
i n c r e a s e  i n  a n g l e  of a t t a c k  from 0' t o  6'. This  d e c r e a s e ,  
a b o u t  100 m i l e s  p e r  hour  a t  s e a  l e v e l ,  i n d i c a t e s  t h e  i m -  
p o r t a n c e  of  knowing t h e  f l i g h t  a t t i t u d e  and k e e p i n g  i t  a t  
t h e  optimum i n  v e r y  high-speed f l f g h t ,  

E f f e c t  o f  V a r i a t i o n  of Angle of A t t a c k  

on, Flow a v e r  Cowlings 

The n e q a t i ~ e ~ p r e s s u r e s  o v e r  t h e  nose  o f  a  cowl ing and 
t h e  change of p r e s s u r e  a i t h  a n g l e  of a t t a u k  a r e  v e r y  s i m i -  
l a r  t o  t h e  p r e s s u r e s  and changes  e x p e r i e n c e d  by a i r f o i l  
p r o f i l e s .  Refe rence  3 p o i n t s  o u t  t h a t  t h e  f low d i r e c t i o n  
immedia te ly  i n  f r o n t  of a cowl ing i s  more n e a r l y  r a d i a l  
t h a n  a x i a l ,  Depending on t h e  r e l a t i v e  d i r e c t i o n  of t h e  
oncoming a i r  and t h e  s l o p e  of t h e  cowl ing just back of t h e  
l ead ing-edge  r a d i u s ,  a comling nose  mag be a c t i n g  s i m i l a r l y  
t o  a n  a i r f o i l .  ( 1 )  st low o r  ze ro  l i f t  ( c , g . ,  n o s e s  A ,  B ,  
C); ( 2 )  st h i g h  l i f t .  ( n o s e s  4 and 5 ) ;  o r  ( 3 )  beyond maxi- 
m u m  l i f t ,  i , e , ,  s t a l l e d  (nose  1 )  as shown by t h o  p r e s s u r e  
d iagrams  of f i g u r e  10,  T h i s - c o m p a r i s o n  i n d i c a t e s  t h o  r e a -  
son mhy sono cowl ings  have a. g r e a t e r  u s e f u l  a n g l e  r ange  
w i t h o u t  s t a l l i n g  t h a n  o t h e r s .  

I n  t h o  p r e s e n t  t e s t  s e t - u p ,  as  i n  t h e  c z s e  of a c t u a l  
n a c e l l e s  n e a r  t h e  c e n t e r  of a ming o r  even of t h e  e n g i n e  
comling of a s ing le -eng ine  a i r p l a n e ,  t h e  r e l a t i v e  a n g l e  
between t h e  oncoming a i r  a n &  t h e  nose of t h e  cowl ing i s  in- 
c r e a s e d  by t h e  induced upflow i n  f r o n t  of t h e  wing. The 
e f f e c t i v e  a n g l e  o f  a t t a c k  of a c o v l i n g  a lways  b e i n g  g r e a t e r  
t h a n  t h e  g e o m e t r i c  a n g l e ,  a comling may s t a l l  a t  a compar- 
a t i v e l y  s m a l l  a n g l e  i n  s p i t e  of t h e  f a c t  t h a t  i t  i s  a body 
of  r e v o l u t i o n  w i t h  th ree -d imens iona l  flow. Tho l i k e l i h o o d  
i s  q r e a t e r  when l a r g e  n e g a t i v e  p r e s s u r e s  a r e  p r e s e n t  a t  
z e r o  a n g l e .  

F i g u r e s  1 0 ( c )  a n d  ( d )  shon t h e  l a r g e  n e g a t i v e  p ros -  
s u r c s  f o r  n o s e s  4 and  5 a t  a = 0' and t h e  i n c r e a s e  of 
neszn t ive  y r e s s u r o o m i t h  a n g l e .  The s t a l l  i s  seen t o  havo 
o c c u r r e d  -5oforc  2 was r e a c h e d  and a p p a r e n t l y  a n e g n t f v e  
p r e s s u r o  of a h o u t  P = -3.2 mas t h e  most t h a t  c o u l d  be  
m a i n t a i n e d  b e f o r e  t h e  s t a l l  occur rod .  ( S e c  fig' .  1 4 . )  Fig- 



urss  1 0 ( f  1, ( g ) ,  and ( h )  show t h e  smal l  n e g a t i v e  p r e s s u r e s  
f o r  n o s e s  A ,  B, and C a t  a = 0'; and f i g u r e s  10  and  14  
i n d i c a t e  t h a t  t h e  r a t e  of i n c r e a s e  of n e g a t i v e  p r e s s u r e  
w i t h  a n q l e  w a s  p r o p o r t i o n a t e l y  s m a l l e r  t h a n  f o r  n o s e s  4 
and 5 .  I f  a  p r e s s u r e  c o e f f i c i e n t  P of  abou t  -3 .2  i s  s t i l l  
t h e  l i m i t ,  t h e s e  cowl ings  m i l l  have a v i d e  u s e f u l  ranTe of 
a n g l e  of a t t a c k  w i t h o u t  s t a l l i n g .  F i ~ u r e  1 3  c o r r o b o r a t e s  
t h e s e  c o n c l u s i o n s  i n  i n d i c a t i n g  a r i s e  i n  d r a g  f o r  nose  5 
o u t s i d e  t h e  range  * l o ,  as e x p e c t e d  from t h e  s t a l l :  whereas  
t h e  d r z g  of nose B does n o t  r i s e  c o r r e s p o n d i n g l y ,  even a t  
6O, which was t h e  l i m i t  o f  t h e  t e s t s .  Noses A and  C un- 
d o u b t e d l y  have c h a r a c t e r i s t i c ~  similar t o  B. These o f -  
f e c t s  a r e  impor tan t  n o t  on ly  f o r  c o n t r o l l i n g  t h e  d r a g  of 
an z i r p l a n e  f o r  cowl ing a t t i t u d e s  o t h e r  t h a n  zero  b u t  a l s o  
f o r  a i r  scoops o r  any o t h e r  c o n s t r u c t i o n  depend ins  on 
smooth f l o w  over  t h e  t o p  of t h e  cowling.  

Gomparat i v e  Drag R e s u l t s  

F i g u r e  7 i n d i c a t e s  t h a t  t h e r e  w a s  no l a r g e  v a r i a t i o n  
of t h e  e f f e c t i v e  n a c e l l e  d r a g  m i t h  speed u n t i l  t h e  c r i t i -  
c a l  speed  mas reached ;  t h e  f a v o r c b l e  s c a l e  e f f e c t s  were 
b a l a n c e &   EL^ t h e  h i g h e r  sgeeds  by t h e  u n f a v o r a b l e  compressi-  
b i l i t y  e f f e c t s .  The r e s u l t s  show, however,  a p p r e c i a b l e  
d i f f e r e n c e s  i n  e f f e c t i v e  n a c e l l e  d r a g  f o r  t h 8  v a r i o u s  nose  
f o r n s .  With nose  5 ,  t h e  e f f e c t i v e  n a c e l l e  d r a g  was approx- 
i m a t e l y  30 p e r c e n t  g r e a t e r  t h a n  v i t h  nose  C. In g e n e r a l ,  
t h e  n o s e s  of low c u r v a t u r e ,  low peak n e g a t i v e  p r e s s u r e ,  
and low l o c a l  s p e e d s  were s u p e r i o r  t o  t h o s e  of h i g h  curva-  
t u r e  2nd c o r r e s p o n d i n g l y  h i g h  l o c a l  speeds .  The l o n e r  
s k i n - f r i c t i o n  d r a g  f o r  t h e  models of low l o c a l  speeds  may 
nccoun t  i n  p a r t  f o r  t h e  lower  d r a q s  of n o s e s  A ,  B ,  and  C .  
A compcrison of t h e  p r e s s u r e - d i s t r i b u t i o n  curves  f o r  n o s e s  
2 ,  A ,  B ,  and G ( f i g .  1 0 )  shows t h e  e x t e n t  t o  which t h e  
peak n e e a t i v e  p r e s s u r e s  were lowered and t h e  p r e s s u r e ,  o r  
t h e  v e l o c i t y ,  d i s t r i b u t i o n  made more un i fo rm by s u c c e s s i v e  
c h a n ~ e s  i n  nose c u r v a t u r e .  The r e d u c t i o n  i n  d r a g  from 
nose  A t o  nose G i s  p r o b a b l y  due t o  d e c r e a s i n g  t h e  p r e s -  
s u r e  ( i n c r e a s i n g  t h e  s p e e d )  o v e r  t h e  f o r v a r d  p o r t i o n  o f  t h e  
n o s c ,  t h e r e b y  r e d u c i n g  t h e  form d r a g ,  o r  i n c r e a s i n c  t h e  
t h r u s t  of t h e  n o s e .  

F i g u r e  19  shows a r e l a t i o n ,  h e r e t o f o r e  u n p u b l i s h e d ,  
b c t a e c n  t h e  e f f e c t i v e  n a c e l l e  d r a g  and t h o  r a t i o  of  r i n g  
t h i c k n e s s  t o  cowl ing d i a m e t e r  n s  r e p o r t c d  f o r  s imilar  na- 
c e l l e s  i n  r e f e r e n c e s  6 and 7 .  The d r a g s  n r e  l a r g e r  t h a n  
f o r  t h e  p r e s e n t  t e s t s  because  o f  t h e  h i g h e r  c o n d u c t i v i t y  



and t h e  l a r ~ e r  s k i r t  opening used  i n  t h e  e a r l i e r  t e s t s ,  
b u t  t h e  t r e n d  of t h e  curve  nay be used  a s  a puide  i n  ex- 
t r a p o l a t i n g  t h e  p r e s e n t  r e s u l t s  t o  o t h e r  r a t i o s  of win.: 
t h i c k n e s s  t o  cowl ing d i a n e t e r ,  a s  i n d i c a t e d  by t h e  d o t t e d  
l i n e s .  . . 

The d r a g  s a v i n g s  t h a t  may be e f f e c t e d  by p a s s i n g  ex- 
z c t l y  t h e  c o r r e c t  q u a n t i t y  of c o o l i n g  a i r  th rough  n c o t ~ l -  
i n g  ?t e v e r y  speed i n s t e a d  o f  u s i n g  open ings  and e x i t s  of 
f i x e d  s i z e  f o r  t h o  e n t i r e  speed Tnnge have been p r e v i o u s l y  
d i s c u s s e d  ( r e f e r e n c e  3) .  The r e s u l t s  p r e s e n t e d  by f i g u r a  
2 0  shon q u a n t i t a t i v e l y  t h e  d r a g  d i f f o r c n c e s  between cowl- 
i n g s  des igned  t o  o p c r a t o  w i t h  p r o p e r  e n g i n e  c o o l i n g  a t  200 
and. 300 m i l e s  p e r  h o u r ,  t h e  d i f f e r e n c e  r e p r e s e n t i n g  t h e  
w a s t e d  d r a g  caused by t h e  e x c e s s  c o o l i n g  a i r  when a  cowl- 
i n g  w i t h  open ings  s u f f i c i e n t  f a r  200 m i l e s  p e r  hour  i s  
f lown a t  300 m i l e s  p e r  h o u r .  The f a c t  Chat t h e  comling 
w i t h  t h e  s m a l l e r  e x i t  opening ( s k i r t  2 )  shows a l o n e r  c r i t -  
i c a l  s2eed a t  a = 0' s u g g e s t s  t h a t  a p a r t  of  t h e  a i r  
n h i c h  f o r m e r l y  p a s s e d  i n s i d e  t h e  comling ( w i t h  t h e  l a r g e r  
e x i t  open ing)  now p a s s e s  o u t s i d e  t h e  cowl ing t o  i n a r e a s o  
t h e  l o c a l  spsed  on t h e  comlinzg nose .  The i n c r o a s e d  speed 
o u t s i d e , t h e  cowl ing ,  o r  t h e  e q u a l l y  importan* factor of  
i n c r e a s i n g  a n g l e  of r e l a t i v e  wind a t  t h e  comling nose  w i t h  
reduced  f low t h r o u g h  t h e  cowl ing ,  a l s o  a p p e a r s  as  a d e t -  
r i m e n t a l  e f f e c t  i n  r e d u c i n g  t h e  u s e f u l  a n g l e - o f - a t t a c k  
r a n s e  of a cowling;  w i t h  nose  5 ,  t h e  cowling s t a l l e d  a t  1 . 
(Gf. f f q s .  1 0 ( d )  and  1 0 ( i )  . )  The low-er ' c r i t i c a l  speed and 
t h e  smc+dler u s e f u l  a n g l e - o f - a t t a c k  r s n g e  b o t h  emphasize.  
t h e  r e l a t i v e  impor tance  of u s i n g  t h e  b e s t  p o s s i b l e  nose  
shape when t h o  i n t c r n a l  f low i s  most r e s t r i c t e d ,  a s  i s  t h e  
c a s e  i n  high-speed f l i g h t  w i t h  t h e  optimum amount of coo l -  
i n g  a i y .  

The e f f e c t i v e  n a c e l l e  drat f o r  nose 1 ( f i g .  8 )  and  t h e  
p r e s s w e  d i s t r i b u t i o n  ( f i g .  l O ( a ) )  b o t h  i n d i c a t e  t h a t  t h i s  
nose  mas s t a l l e d  a t  a l l  a n g l e s  o f  a t t a c k ,  i n c l u d i n g  0'. 
An a t t e m p t  was made t o  improve t h e  f lom o v e r  t h e  nose  by 
s u c c e s s i v e l y  c u t t i n s  back t h e  nose  t o  form p r o f i l e s  w i t h  
c i r c u l a r  a r c s  of l a r g e r  r a d i i  i n s c r i b e &  i n  t h e  l e a d i n g  
edge on t h e  assumpt ion  t h a t  a  r a d i u s  mould be reach,ed a t  
n h i c h  t h e  flom would be d n s t a l l o d .  The d r a g  f o r  each modi- 
f i c a t i o n ,  however,  n a s  found t o  be l a r g e r  than  f o r ~ t h e  p re -  
c e d i n g  c o n d i t i o n .  The change i n  d r a ~  w i t h  i n c r o a s e  of an- 
g l o  of 2 t t a c k  f o r  nose  1-f, a s  shown i n  f i g u r e  1 3 ,  i n d i -  
c a t e s  t h a t  t h e  d e c r e a s e  i n  a f f e c t i v e  angl-G of a t t a c k  on 
t h e  bot tom of t h o  cowling caused n c o n s i d o r a b l o  improve- 
ment i n  t h e  f low a t  t h a t  p o i n t  mhich mas n o t  a t  f i r s t  coun- 



t e r a c t e d  by i n c r e a s e d  s e v e r i t y  of t h e  s t a l l  on t o p  of t h e  
cowl ing.  The m o d i f i c a t i o n s  t o  nose 1 mere i n e f f e c t i v e ,  
p r o b a b l y  because  t h e  s l o p e  o f  t h e  chord  l i n e  of t h e  nose  
d e c r e a s e d  as  t h e  nose  r a d i u s  mas i n c r e a s e d ;  i n  c r i t i c a l  
c a s e s ,  i t  a p p e a r s  t o  be much more impor tan t  t o  a l i n e  t h e  
s l o p e  o f  t h e  nose  w i t h  t h e  r e l a t i v e  mind than  t o  i n c r e a s e  
t h e  nose  r a d i u s .  

CONCLUS IONS 

1. The s p e e d s  a t  which t h e  n a c e l l e  d r a g  a b r u p t l y  i n -  
c r e a s e d  owing t o  t h e  c o m p r e s s i b i l i t y  b u r b l e  ranged from 
310 t o  480 m i l e s  p e r  hour  a t  s e a  l e v e l  (59' 2 . )  f o r  t h e  
cowl ings  t e s t e d .  Because of t h e  d e c r e a s e  i n  t h e  speed of 
sound w i t h  d e c r e a s i n g  t e m p e r a t u r e ,  t h e  c o r r e s p o n d i n g  range  
a t  30,000 f e e t  a l t i t u d e  (-48' F . )  would be 280 t o  430 
m i l e s  p e r  hour .  

2.  The n a c e l l e  d r a g  i n c r e a s e d  so r a p i d l y  beyond t h e  
c r i t i c a l  speed t h a t  a i r p l a n e  maximum s p e e d s  would be  p r a c -  
t i c a l l y  l i m i t e d  t o  t h e  c r i t i c a l  speed of t h e  cowling.  

3. The p r e s s u r e  d i s t r i b u t i o n  o v e r  any cowling n o s e ,  
a s  measured i n  f l i g h t  a t  o r d i n a r y  speeds  o r  i n  a  mind tun-  
n e l  a t  low s p e e d ,  may be u s e d  t o  p r e d i c t  t h e  c r i t i c a l  
speed of t h e  comling. 

4. A c l o s e  approx imat ion  of t h e  c r i t i c a l  speed  of 
any cowl ing s i m i l a r  t o  t h o s e  t e s t e d  nay be o b t a i n e d  from 
t h e  p r e s e n t e d  r o l a t i o n s h i p  between t h e  r a d i u s  of c u r v a t u r e  
o f  t h e  cowling nose  and t h e  c r i t i c a l  speed.  

5 .  The c r i t e r i o n  f o r  a  comling des igned  t o  have a 
h i g h  c r i t i c a l  speed a p p e a r s  t o  be un i fo rm,  and s m a l l ,  neg- 
a t i v e  p r e s s u r e s  o v e r  t h e  n o s e ,  Th i s  c o n d i t i o n  i n d i c a t e s  
a  speed  over  t h e .  e n t i r e  nose  t h a t ,  i s  c o n s t a n t  ah6  e x c e e d s  
t h e  g e n e r a l  s t r e a m  speed by a minimum amount. 

6 ,  The cowl ings  developed t o  have t h e  h i e e s t  cm- 
c a l  s-p-eeds a l s o  had t h e  l o w e s t  d r a g s  t9 roughau t  t h e  entire 
G e e d  range  a n T h a d  a g r e a t e r  u s e f u l  a n g l e - o f - a t t a c k  range  
w-ithout an i n c r e a s e  i n  drag.  

Langley  Memorial A 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 e l d ,  V a , ,  March 30,  1939. 
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Figure 1.- Asse:ubly of wing, nacelle, and cc~wlin;l;. Nose.C, 
ski r t 1. A - .  . , ... 

Figure 2.- Wing-cacalle combination. Kose 1, s?xirt 1. 

7igurc 3.- gear view of wing nacelle combination mounted 
in the tunnel. 

, . 
j'igure 4.- Cowling profiles, . 

.(b) Nose C (a) Sose 5 
Fig-mre 5.- iiodel cowlings. . . 

Tig~ure 6.- Drag of wing and wibg-nacelle combinations. 
9ncorrected for tunnel-mall effects. a, -lo. 

fa)  a, o0 (a)  z, -lo (cj a, lo (d . )  a, 2' 
Figure 7.- Effective nacelle drag for various noses, skirt 

1. Tne ticks iniicate the critical Id. 

Pigure 8.- Effective nacel-Ze drag for nose 1, modifications 
to nose 1, arid blank nose, a, qO. 

a .  

Figurc 9.- Effective nacelle drag for nose 5, skirt 2. The 
tick indi.cates the critical &. 

i (a) Boss 1 ,  skirt 1 (b) Nose 2, skirt 1 (c) Hose 4, skirt 1 
(d) ilose 5, skirt 1 . ( e )  Nose 7 ,  skirt 1. (f) Xose A, skirt 1 
( g )  Hose B, akirt 1 (h) Xoso C, sikirt 1 (i) Wose 5, skirt 2 
(j) Bose 5 ,  skirt 2; critical ld = 0.46; a = 0' 

'\ Figure 10.- Pressure distribution over top of cowlings. 
ld = 0.30, except as noted, 

(a) Eose 4; a, 0'; critical M, 0.413 
(b) Bose 4; a, lo; critical id; 0.398 
(c) Nose 7 ;  a, o O ;  critical M, 0,494 
(d) Xoso B; a, oO; critical M, 0.524 

Pigure 11.- Variation with speed of pressures over top of 
cowlings. 

(a) Nose 4, skirt 1 (b) Nose 5, skirt 2 
( c )  Hose 7, skirt 1 ( d )  Noses A and 3, skirt 1 

Figure 12.- Variation with sposd of loss of total pressure 
in rear of cowlings, 



Figure 13.- Variation ~ i t h  angle of attack of effective 
nacelle drag. M, 0.30. 

(a) Xose 5, skirt 1, (b) Nose B, skirt 1. 
Figure 14,- Variation with angle of attack of pressures 

over top of cowlings. M, 0.30. 

Pigure 15.- Effect of nacelle on wing lift. Uncorroctod 
for tunnel-wall effocts. %, 0.30. 

Figure 16.- Effect of nacelle on wing pitching moment. Un- 
corrected for tunnel-mall effects. M, 0.38. 

Figure 17.- Variation of critical speed with peak-pressure 
coefficient. 

Figure 18.- Relation between radius of curvature of cowling 
nose and critical speed, a, OO. 

Figure 19.- Variation of effective l"r&celle-drag coefficient 
~ i t h  wing thickness. 

Figure 20.- Comparison of effective nacelle drag of nose 5 
~ i t h  skirt 1 and skirt 2, 
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(i) Nose 5 ,  skirt 2. 

Flgure 10. - Dontlnued. 

( J 1  Nose 5 ,  skirt  2; crlt ioal  MI* 0.46; a s 0'. 

l i v e  10. - Eontlnued. 
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N.A.C.A. Figs. 15,16 

Figure 15 Angle of  uffack, a', deg. 
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N.A.C.A. Figs. 17,18 
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