
*d& ZS,A,G,A, Q3;$2%2TG 

3y Baorga If, Sf ickle, J o k n  L9 Cr%gXerf and I x ~ e n  B a % r n ~ a  
LwngXay Esmsrial Aeranauflcal LaBorstary 

.I 



,7, -r- 
~ h o  EFFZC? OF STXZhXLIXIi?G TBE BFTZRBODY OF 

J U T  N.A. C .A. C O X L I N G  

By George 71. S t i c k l e ,  John L. C r i g l e r ,  and  I r v c n  Xaiman 

F2.e d r a g  and  t h e  power c o s t  a s s o c i a t e d  w i t h  t h e  
c h a a g i a g  of t h e  nosc  of a n a c e l l e  f rom a s t r e a m l i n e  s h a p e  
t o  a c o 3 v e n t i o n a l  2i.A.C .A. c o t ~ l i i i g  shape  was i n v e s t i g a t e d  
i n  Chc Y.A,C.B. 20- foot  t u n n e l .  F u l l - s c a l e  p r o p e l l e r s  
ac2 i l a c c l l ~ s  were  used .  The inc romcn t  of d r a g  a s s o c i a t e d  
w i t h  zhe chailge of nosc  s h a p e s  was found  t o  be c r i t i c a l l y  
d ~ p c i i d e n t  02 t h c  n f t e r b o d g  of t h e  a a c e l l c ,  Two s t r e a m l i n e  
a f t c r b o d - i e s  were  t e s t ~ d .  The r e s u l t s  of t h e  t e s t s  w i t h  
t h e  morc s t r e a m l i n e d  a f t e r b o d y  shoved  t h a t  t h c  d r a g  ap- 
p soached  t h a t  of an  a i r s h i p  form nad t h a t  t h e  added d r a g  
due t o  t h e  open-nose c o w l i n g  rrrns o n l y  o n e - f o u r t h  of t h e  
d r a g  F2c reose  o b t a i i ~ e d  w i t h  t h e  o t h e r  c f t e r b o d y .  The r e -  
s u l t s  of t h i s  r e s e a r c h  i n d i c a t e  t h a t  t h e  power c o s t ,  i n  
c x c e s s  o f  t h a t  w i t h  n s t r e a m l i n e  n o s e ,  of u s i n g  an N.A.C.A.  
c o w l i n g  iii Trent of n w e l l - d e s i g n e d  a f t s r b o d y  t o  e n c l o s e  
n 1,500-horsepower  e n c i n e  i n  nc a i r p l a n e  w i t h  a speed  of 
300 m i l e s  p e r  h o u r  amounts t o  1 . 5  p e r c e n t  of t h e  e n g i n e  
powcr,  I f  t h e  open-nos2 co;rl ing i s  c r c d i t c d  w i t h  1 p e r -  
c e n t  because  i t  c o o l s  t h c  f r o n t  of t k o  c y l i n d e r s ,  t h e  non- 
u s e f u l  Zowcr c o s t  amounts t o  o n l y  0 .5  p e r c e n t  of t h e  en- 
zi30 yoiscr. 

The two p r i m c ~ r y  f u n c t i o n s  of a n  e n g i n e  c o w l i n g  a r e  : 

( 1 )  T o  p r o v i d e  a n  e n g i n c  e n c l o s u r e  of n in imun d r a g .  

( 2 )  To puny t h e  c o o l i n g  a i r  t h r o u g h  t h e  e n g i n e  o r  
r a d i a t  o r .  

E e f e r e a c e  1 p o i n t s  o u t  t h a t  t h e s c  f u n c t i o n s  nay  be t r e a t e d  
s e p a r a t e l y  b e c a u s e  t h e  d c f i a i t c  anoun t  of work r e q u i r e d  t o  
be donc ox t h c  c o o l i n g  a i r  i s  d i s t i n c t l y  d i f f e r e n t  f rom 
t h e  o r d i n a r y  a e r o d g n a n i c  d r a g  of t h e  c o w l i : ~ g  i t s e l f .  

I t  i s  f u r t h . e r  shown i n  reference 1 t h a t  t h e  d r a g  



c h ~ t , r g e 3 ~ b l e  -Lo p u r n ~ i ~ ~ g  t h e  t.,ir t h r o u g h  t h e  c o w l i n g  i s  e q u c l  
t o  t h e  i a t ? r : ? n l  work ( t h ~ t  i s ,  t h e  v ,o lune m u 1 . t i p l i e d  by 
t h e  p r ; : s s u r c  d r o p )  d i v i d e d  by  t h e  f r e e - a i r  v e l o c i t y  a n d  
t h e  pumpi:~g e f f i c i e i l c y .  The -pumping  e f f i c i e n c y  i s  shown 
t o  b e  n e a r l ~  3-00 p e r c e n t  f o r  t h e  h i g h - s p e e d  c o n d i t i o n .  
T e s t s  w i t h  c o o l i n g  a i r ,  t h e  r e s u l t s  of  w h i c h  a r e  t o  b e  
i n c l u - d s d  i n  a n o t h e r  r e p o r t ,  show t h a t  t h i s  pumping e f f i -  
c i e n c g  c a n  be  o b t a i n e d  on s e t - n p  2 ,  which  i s  t h e  s u b j e c t  , 

of t h i s  r e p o r t .  I t  i s  shown i n  r e f e r e n c e  2 t h a t  a 550- 
k lorsepower  a n g i n e  o p e r a t i n g  w i t h  a t e m p e r a t u r e  d i f f e r e n c e  
o f  300°  F. r e q u i r e d  a p p r o x i m a . t e l y  1 - 1 / 2  p e r c e n t  of t h e  en- 
g i n e  power f o r  i n t e r n a l .  c o o l i n g  work. T h i s  i n t e r n a l  work 
i s  u t i l i z e d  i n  c o o l i n g  t h e  r e a . r  of  t h e  e n g i n e  c g . l i n d e r s .  
, piore r mod.ern c n g i n c s  w i t h  i n 2 r o v e d  f i n n i n g  a n d  b a f f l i n g  

h a v e  r a d u c a d  t h i s  v a l u e  t o  a b o u t  1 p e r c e n t  of  t h e  e n g i n e  
power .  

The p r o h l e m  of  providin! . ;  a n  c n g i n c  e n c l o s u r e  t h a t  
w o a l d  h a v e  ~ i n i n u m  d r a g  was i n v e s t i g a t e d  i n  r e f e r e n c e  1.. 
T h e  b e s t  d e s i g n  of  t h e  n o s c  c o n t o u r  was d e t e r m i n e d  as w e l l  
a s  t h e  b e s t  me thod  of e x h a u s t i n g  t h e  c o o l i n g  a i r .  I t  was 
s  t z t e d  tl7.a-L t h e  d r a g  of t h e  b a s i c  b l u n t - a o s c  c o w l i n g  s h a p e  
o f  a n  a i r - c o o l e d  e a g i i i e  h a s  a d r a g  some~r,rhat i n  e x c e s s  of  
t 3 n t  of a more y r o p s r l g  s t r e a m l i n e d  s h a p e ,  s u c h  as ail a i r -  
s h i p  form.  I n  orc'ier t o  o . s c o r t a i n  t h e  r c a s o n  f o r  t h i s  i n -  
c r c a s c  i n  drag, s z v e r n l  c o w l i n g  n o s e s  v a r y i n g  i n  c o n t o u r  
a n 6  dirncnsio:ls were  i n v c s t i g c . t e d  t o  d e t c r m i n e  t h c  v a r i a b l e  
of t h e  n o s c  s h a p e  t h a t  made t5.c d r a g  of t h e  open-nosa  
~ 0 1 r r l i i 1 g  1 . n . r g ~ r .  A t  t l i c  b e - i n n i i ! . ~  e, of t h i s  r e s e a r c h ,  a n  
2f tcrbod; l -  s i n i l a r  t o  t h a t  of  r s f e r e ~ c c  1 W R S  u s c d  b u t ,  
 rho:^ t h e  d e s i g n  w a s  c o p i e d ,  L h c  e x p a n s i o n  a n g l e  o f  t h e  
f i s i s h c i i  : i c . cc l l e  w a s  s l i g h t 1 y  l a r g e r  t h a n  t h a t  of  t h e  n a -  
c ~ l l e  u s e d  i n  r e f e r e i ~ c c  1. T h i s  s m n l l  c h a n g e  i n  t h e  ex-  

, p a n s i o > .  a a g l e  c:a?uve a c r i t i c n l  f l o w  o v e r  t h e  a f t e r  p a r t  of 
' t h o  n s c c l l e  a n d  t h c  d r a g  c o e f f i c i e n t  c h n n g c d  r;L;Jically w i t h  
t h e  B c y : ~ o l d s  Cumber. T h i s  u n r ' , e s i r a b i c  c o i ~ d i t i o n  f o c u s e d  
a t t c : i t i o n  on t h e  s h a p e  of t h e  a f t e r b o d g  and  work w a s  begun  
t o  dcaig;ii  all a f t e r b o d g  tl;o,t v~oulcl n o t  g i v e  a c r i t i c a l  f l o w  
co;.:ditio:i .  

Tkc problem o f  r c d u c i a g  t h o  f o r m  d r a g  o f  t h e  a f t e r -  
bods? of t h e  : i n c o l l e  i s  s i m i l a r  t o  t h e  p r o b l e m  of d e s i g n i n g  
t h e  e x p a n s i o n  s i d . e  of ~ 1 .  v ~ n t u r i  t u b e .  The s i r  mus t  b e  
s l o w e d  dowil w i t h  t h e  l e 2 , s t  l o s s  o f  e f i e rgy .  I f  t h e  e x p a n -  
siol-1 a a g l e  i s  t o o  l n r g ; e , l o s s  i n  e n e r g y  o c c u r s  b e c a u s e  t h e  
k i n e t i c  e z e r g g  i s  n o t  t r a n s f o r m e d  i n t o  p o t e n t i a l  e n e r g y .  
I f  t h e  e x p a n s i o n  a r 2 ; l e  i s  t o o  smal l ,  skis f r i c t i o n  o v e r  
t h e  body v~ill make t h e  d r a g  t o o  h i g h .  F u r t h e r  s t u d y  of 



t b a  s f f e c t  of t h e  shape  of t h e  a f t e r b o d y  on t h e  d ~ a g  i s  
p l ~ a - a n ~ d .  If t h e  c o w l i n s  i s  p l a c e d  i n  f r o n t  of s wing t h a t  
h a s  a t h i c k n e s s  e q u a l  t o  o r  l a r g e r  t h a n  t h e  n a c e l l e  d i a n -  
e t e r ,  o r  i n  f r o n t  of a  f u s e l a g e  w i t h  a d i n m a t e r  c q u a l  t o  
o r  l a r g e r  t h a n  t h e  n e c e l l e  d i a m e t e r ,  t h o  s l o w i n g  dovn of 
t h e  a i r  i s  t a k e n  c a r e  of by t h e  wing o r  f u s e l a g e  c o n t o u r .  
I f  t h e  a i r  t h a t  f l o w s  o v e r  t h e  wing o r  f u s e l a g e  i s  a t  no 
p l a c e  expanded t o o  r a p i d l y ,  t h i s  s o u r c e  of c o w l i n g  d r a g  
d i s a p p e a r s .  

The r e s u l t s  of t e s t s  u s i n g  t h e  more s t r e a n l i n e d  a f t e r -  
body a r c  t h e  s u b j e c t  of t h e  p r e s e n t  r e p o r t .  5l32-g ,g~-mxL 
s&wws, Ahat  , i,f* ,$a e c  o r r  , ,.* ec,; 
t h g - n o s e  o p e n i n g  i s  u s c d ,  no - +dC-uC-uC-uC-uC-u.< I .i * - 
a t  i g n s - a f .  ~ c . ~ ~ . o $ : ~ n a r i c  .--- __ -.. o f f < i c  ic:ica o n l ~ ~ ,  e v e r  4 0  abandon thp *.. .* .." I 

open-Lqosc=z cow.lin& f g r  ,?,lax..-~thcr typr:  af e ~ ~ i n c  i n s t a l l q -  *. <.z..<a 

t & o q .  Th i s  s t g t e n e a t  t a k e s  on added  s i g n i f i c a n c e  when i t  
(B i s  r a a l i z e d ,  a s  i s  shown i n  r e f e r e n c e s  1 a n d  3 ,  t h a t  t h e  

open-nose c o w l i n g  p r o v i d e s ,  a t  n o  n e a s u r n b l c  i n t e r a a l  pow- 
e r  l o s s ,  c o o l i n g  f o r  t h e  f r o c t  of  t h e  c y l i n & e r  e q u i v a l e n t  
t o  z p p r o x i m n t e l y  7 0  p e r c e n t  of t h e  c o o l i n g  o b t n i n c b l e  i n  
t h e  f r e c  a i r  s t r c n n .  

V ,  v e l o c i t y  of t h e  f r e e  a i r  s t r c a m .  

p ,  a i r  d e ~ ~ s i t y .  

q ,  danstnic p r e s z c r e  of t h e  a i r  s t r o a n ,  . 112 p ~ 2 .  

D, drag; of t h e  c o w l i n g - n n c e l l c  u n i t .  

Do, d r o ~  of s t r e n n l i n c  shnpe .  

F ,  f r o r i t z l  ?.Yea of t h ~  c o w l i n g ,  1 4 . 7 5  s q u a r e  f e e t .  

CD, d r a g  c o e f f i c i e n t ,  D / ~ F .  

C D o ,  s t r e a m i i n e  shnpe  dra;  c o e f f i c i e n t .  

2,  a e t  t h r u s t  of t h e  p r o 2 e l l e r - n a c c l l e  u i i t .  

P ,  power i n p u t  t o  p r o p e l l e r .  

, i l e t  e f f i c i e n t  of t h e  p r o p e l l e r - n a c e l l e  u n i t ,  RV,/P. 



q o ,  n e t  e f f i c i e n c y  of t h e  p r o p e l l e r - n a c e l l e  u n i t  on 
t h e  b a s i c  n o s e  shape .  

S ,  p r o p e l l e r  d i s k  a r e a .  

P C ,  d- is lz- loading c o e f f i c i e n t  o r  u n i t  d i s k  l o a d i n g ,  
P/ cl.SB. 

AC,, e f f e c t i v e  change i n  d r a g  c o e f f i c i e n t  c a u s e d  by 
s t h e  nose  s h a p e ,  ( q o  - nE) PC -- 
F I 

1 ,  p r o s e l l e r  d i s k - l o a d i z g  c o c f f  i c i e n t  , 
2P 

APPARATUS AYD METHODS 

The i a v c s t i g a t i o z  w a s  cond-c.ctod i n  t h e  2 . d . C . A .  20- 
f o o t  t u n n e l ,  which w i t h  i t s  s t a ~ ~ d a r d  equ ipmes t  i s  d e s c r i b ~ d  
i n  r c f e r c ~ c e  4. 

F i g u r e  1 1J re scn t s  a l i n e  d-rnwind of t h e  a r r n n g c a e n t s  
t o s t c d ,  w i t h  t h e  d c s i g n z t i o ~ s  of t h c  n o s e s  asd t h e  i l a c e l i e s  
u-sed- i : ~  e a c h  a r r a i l g e n e n t .  Sot-up 1 was u s e d  i n  r e f c r e - c e  
1 ;  ~ e t - ~ p  2 was used  i n  t h e  p r e s e n t  i n v c s t i g n t i o n .  The 
n o s e  sha,?es t h a t  v e r e  u s e d  i n  r s f e r c n c e  1 a r c  ghovn i n  f i g -  
u r c s  2  t o  4. The r e s u l t s  p r e s e n t e d  i n  t h i s  p a p e r  v ~ e r e  ob- 
t a i n e d  aritl? a  po in tedL t a i l  a s  shoIrn i n  f igur . :  1 aild n o t  
w i t h  t h e  t a i l  pump shown i n  f i g u r e  3. F i g u r e s  5  t o  7 show - - 

t h e  n o s e  s h a p s s  u sed  i n  t h e  t e s t s  f o r  t h i s  r e p o r t .  The r c -  
s u l t s  - iil ...-. t h i s  r e ~ r t  were  o b t a i a e d  ---- w i t h  nl3_-&Lg&.s ~ . l o s e d  
alld f a i r e d .  - -. -.-..-.. --- 

Because t h e  e n g i n e - n a c e l l e  i n s t a l l a t i o n  f o r  n t r a c t o r  
; 3 ropc l l e r  i s  l o c a t e d  i n  t h e  s l i p s t r o n m  o: t h e  propeller, i t  
i s  i 1 c c e s s a . r ~  t o  s t u d y  t h o  n a c c l l c  w i t h  t h e  p r o p a l l c r  o p c r a t -  
i n g  t o  o b t a i n  t h e  p o s s i b l e  s econ?nry  e f f e c t s  of t h e  p r o p c l -  
l e r .  In o r d e r  t o  iacluc' .e a s  r?azy C e t n i l s  a s  p o s s i b l e  wftl? 
a, r e c s o n a b l e  nunbe r  of t e s t s ,  t h r e a  s e l e c t e d  10-foot-diam- 
e t e r  propellers were t e s t e d  o v e r  n r a n g e  of b l a d e  a i g l e s  
f r o n  20" t o  55O a t  t h e  7 5 - p e r c e c t  r a c i u s .  P r o p e l l e r  B i s  
Xavy p l a n  form 4893 w i t h  a i r f o i l  s e c t i o , : ~  n e a r  t h e  p r o p e l -  
l e r  h u b ;  p r o p e l l e r  C i s  Wavy p l a n  f o r n  5868-9  w i t h  t h e  
c o n v c n t i o n c l  round  b la i ie  s h a n k s  n e a r  t h o  hub. Both p r o p z l -  
l e r s  B an?- C have  a  c o : ~ s t c n t  p i t c h  d i s t r i b u t i o r  wher 
s e t  a t  n blnclc 2.ngle of 150 a t  t h e  7 5 - p a r c c l t  r ac l iu s .  P ro -  
v c l l e r  C, i s  t h e  s a n e  a s  p ~ o p e l l c r  C a x c e p t  t h a t  i t  hzls 
a, c o z s t z + i t  p i t c h  d i s t r i b u t i o n  from t h c  50-peTcent  r a d i u s  t o  
t h c  t i p  when s z t  a t  b l a d e  a n g l e  of 350 a t  t h e  7 5 - p e r c c l t  
rn t . ius .  F i g u r e  8 shows one S l a d e  of eoch  of t h e  t h r e e  10- 
f q o t - 6 - i a n e t o r  3-b lnde  p r o p e l l s r s .  



A l l  t h e  t c s t s  were nade  w i t h  z e r o  a i r  f l o w  t h r o u g h  
t h e  x a c e l l e  t o  e l i m i n a t e  t h e  c f f e c t  of c o w l i n g  pumping 
e f f i c i e n c y  on t h e  r e s u l t s .  The s t r u t s  were s h i e l d e d  f r o n  
t h e  a i r  s t r e a n  a s  shown i n  f i g u r e s  2 t o  7 .  S e c a u s e  t 5 e  
t a r e  d r a g  r ema ined  c o n s t a n t  f o r  e a c h  s e t - u p ,  t h e  r e s u l t s  
z r e  i10t corrected f o r  t h i s  e f f e c t .  The r e s u l t s  a r e  c o r -  
r e c t e d ,  however ,  f o r  t h e  e f f e c t  of h o r i z o n t a l  buoyancy 
b e c a a s e  t h i s  e f f e c t  v a r i e s  w i t h  t h e  body shape  and  t h e  
l o c n t i o : ~  of t h e  t e s t  a r r angemen t  i n  t h e  t u n n e l .  The mag- 
nitu-<-e of t h e  a f f e c t  of h o r i z o n t a l  b u o y a l c y  can  b e  s e e n  
i n  t a b l e  I .  Se t -up  1 was l o c a t e d  2 f e e t  f a r t h e r  f o r w a r d  
i n  t h e  t u n n e l  t h a n  s e t - u p  2.  Inasnuch  a s  t h z  s t a t i c  p r e s -  
s u r e  ia t h e  a i r  s t r e a m  i n c r e a s e s  toward  t h e  e n t r a n c e  cone ,  
t h e  buoyancy c o r r e c t i o n s  f o r  s e t - u p  1 were l a r g e r  t h a n  f o r  
s e t - u p  2. 

BISCUSSIOB OF FIGURES 

The condensed  r e s u l t s  of t h e  d r a g  t e s t s  a r e  g i v e n  i n  
t a b l e  I .  T h i s  t a b l e  shows t h a t  t h e  more a t r e a n l i n e d  a f t e r -  
bod7 r educed  t h e  d r a g  i n c r e n e l t  c h a r g e a b l e  t o  t h e  open- 
n o s e  X.A .C .A .  c o w l i n g ,  C D  - CDo, f r o n  0.0350 t o  0.0081. 

The n e t  e f f i c i e n c y  was compute6 from t h e  n e t  f o r c e  
on t h e  t u n n e l  b a l a n c e .  The n e t  e f f i c i e n c y  f o r  e a c h  t e s t  

was p l o t t e d  a g a i n s t  1/ (=  Vp ). Enve lopes  were 2P 

drawn from t h e  compos i t e  of a l l  t h e  p r o p e l l e r  t e s t s  f o r  
e a c h  a r ra i igement .  The n e t  e f f i c i e n c y  e 3 v e l o p e s  a r e  shown 
i n  f i g u r e s  9 ,  1 0 ,  and 11. A coinpar ison of t h e  e n v e l o p e s  

f o r  any  p r o p e l l e r  a t  c o n s t a n t  v a l u e s  of 1 shows t h e  
power c o s t  of t h e  f r o n t  o p e n i n g  of t h e  c o w l i n g  when i n  t h e  
p re sc i i ce  of t h a t  p r o p e l l e r .  

These p r o p e l l 5 r  r e s u l t s  s t r i c t l y  a p p l y  o n l y  t o  t h e  
r a t i o  of F / S  u s e d  i n  t h e  t e s t  arrangement. I f  t h e  v a l u e  
of F / S  were l a r g e r ,  t h e  e f f e c t  of t h e  n o s e  o p e n i n g  would 
be  somewhat g r e a t e r  t h a n  n o t e d  a n d ,  i f  s m a l l e r ,  t h e  r e v e r s e  
would be t r u e .  S i n c e  t h e  p r e s a n t  t r e n d  i s  t o  p u t  more 
e n g i n e  power i n t o  t h e  same e n g i n e  d i a m e t e r ,  t h i s  r a t i o  h a s  
been  d e c r e a s i n g  b e c a u s e  t h e  g r e a t e r  e n g i n e  power requires 
l a r g e r  p r o p o l l c r  d i a m e t e r s .  The t e s t  arrangement;  i s  n e a r  
t h e  uppe r  e n d  of  t h e  r a n g e  of F / S  u sed  a n d ,  c o n s e q u e n t l g ,  
t h e  e f f e c t  of t h e  nose  o p e n i n g  d i s c u s s e d  i n  t h i s  r e p o r t  i s  
l a r g e r  t h a a ' w i l l  be e x p e r i e n c e d  i n  most modern i n s t a l l a t i o n s .  



The change  i n  t h e  n e t  e f f i c i e n c y  mag be deZ ined  a s  

where ACD i s  t h e  e f f e c t i v ' e  change i n  t h e  d r a g  c o e f f i -  
c i e n t  caused  by t h e  n o s e  shape .  The c u r v e s  u s e d  a s  t h e  
b a s i s  of compar i son  a r e  dosign3. ted q  c u r v e s .  The q o  
c u r v e s  f o r  p r o p e l l e r s  C and  C, were o b t a i n e d  w i t h  
n o s e  4 ,  and  t h e  q o  c u r v e  f o r  p r o p e l l e r  3 was o b t a i n e d  
w i t h  nose  5 and  s p i n n e r  1 b e c a u s e  t h e  sp inne$  f o r  n o s e  4 
would f i t  p r o p e l l e r  3 .  The changc  i n  d r a g  c o e f f i -  
c i e n t  A C D  i s  a c o m b i n a t i o n  of t h e  i n c r e m e n t  of d r a g  of 
t h e  body end  t h e  change i n  t h e  p r o p e l l e r  e f f i c i e n c y  caused. 
by body i n t e r f e r e n c e  aad by t h e  d r a g  of t h e  exposed  p ro -  
p e l l e r  hub and  b l a d e  s h a n k s .  

I n  f i g u r e  1 2 ,  t h e  e f f e c t i v e  A C D  c a u s e d  by t h e  n o s e  
s h a p e s  i s  p l o t t e d  a g a i n s t  1 For  s m a l l  v a l u e s  of 

1 , t h e  main c f f e c t  i s  t h e  challge i n  body d r a g  p r o -  
duced  by h i g h  v e l o c i t i e s  o v e r  t h e  n a c e l l e ;  f o r  l a r g e r  v a l -  

u e s  o f  1/%, t h e  mii: e f f e c t  i s  t h e  cha:igc i n  p r o p e l -  
l e r  e f f i c i e n c y .  

T i~c  p r e c e d i n g  f a c t  i s  i l l u s t r a t e d  i n  f i g u r e  l 2 ( b )  i n  
t h e  A C D  c u r v e  f o r  n o s e  5 w i t h o u t  s p i n h e r .  Th i s  a r r a n g e -  
ment h a s  t h e  s m a l l e s t  v a l u e  of A C D  f o r  ni1y nose  t e s t e d  

w i t h  t h i s  p r o p e l l c r  f o r  v a l u c s  of 1 below 2.0 and  

t h e  h i g h e s t  v e l u e  of A C D  f o r  v a l u c s  of I/ of 3.4 
o r  more. The f a c t  t h a t  t h e  v a l u e s  of A C D  up t o  

1/ $/P, = 2.0 a r e  l o w  shows t h a t  t i le  s l i p s t r e n m - d r a g  e f -  
f e c t  i s  s m a l l .  Thc f a c t  t h a t  t h e  v a l u e s  of A C 3  a t  

1/ = 3.4 o r  more arc h i g h  shows t h a t  t h e  power ab-  
s o r b e d  bg t h e  p r o p e l l e r  hub and t h e  b l a d e  shanks  i n  t h e  
r e l a t i v e l y  h i g h - v e l o c i t y  a i r  s t r eam of nose  5 w i t h o u t  
spinier i s  l a r g e .  

The a d d i t i o n  of s p i n n e r  1 t o  n o s e  5 d e c r e n s c s  t h e  
power , kbso rbed  by t h e  i n n e r  p a r t  of t h e  p r o p e l l c r  and 
makes t h e  a r r angemen t  of n o s e  5 w i t h  s p i n n e r  a s  good a s  
any  t e s t e d  i n  t h e  h i g h - s p e e d  r a n g e ,  e x c e p t  nose  4. 



The r e s u l t s  of  t e s t s  p r o p e l ' l e r s  show t h a t  t h e  
i s c r e a s e  i n  t h e  d r a g  c o e f f i c i e n t  due t o  r e p l a c i n g  a s t r e a m -  
l i n e  nose  w i t h  an open-nose 1T.A.C.A. cowli i ig  i s  e q u a l  t o  
fi.0081. The p r o p e l l e r  t e s t s  were made w i t h  a 1 0 - f o o t -  
? i a n e t e r  p r o p e l l e r  and  a 52 - i ach -d i ama te r  a a c e l l e ,  which 
, i v c s  z v a l u e  of F / S  = 0.188. The maximum power t h a t  can  
be e f f i c i e u t l y  u t i l i z e d  w i t h  a 1 0 - f o o t - d i a m e t e r  p r o p e l l e r  
a t  a specd  of 300 m i l e s  p e r  h o u r  i s  a p p r o x i m a t e l y  750 
horscpowcr .  Thcsc c o n d i t i o n s  g i v e  a v a l u e  of 

1/ = 2.68. From f i g u r e  1 2 ( b ) ,  t h e  v a l u e  of A C D  f o r  

l o s s  1 a t  1 1 s  = 2.58 i s  0.0094. Th i s  v a l u e  of ACi)  

i a c l u d e s  t h c  e f f e c t  of t h e  nose  open ing  and  t h e  change  i n  
t i l e  p r o p c l l s r  e f f i c i ~ ~ c y  c a u s e d  by c x p o s i n g  t h e  p r o p e l l e r  
hub arid t h e  roun@ b l a d e  shanks .  The change i n  A C D  c a u s e d  

by s h i e l d i n g  t h e  hu'o aaci t h e  b l a d e  shanks  w i t h  s p i n n e r  -1 
oii n o s e  5  i s  c g u a l  t o  0.0033. A s i m i l a r  a p p l i c a t i o n  of a 
spin- :cr  w i t h  n o s e  1 would r e s u l t  i n  a r e d u c t i o n  of A C D  
f rom 0,0094 t o  approxim,- . te ly  0 .008,  t h e  v a l u e  o b t a i n e d  by 
t h c  d r a g  t e s t s .  

From t h e  d e f i n i t i o n  of A C D  i n  t e r m s  of p r o p e l l e r  
e f f i s i c n c g ,  a A C D  of 0 .008 g i v e s  a change i n  p r o p c l l c r  

e f f i c i e : l c y  o'f 2 .9  p o r c c n t  a t  l/z = 2.68 and  F / S  = 0.188. 

I f  t h e  snne A C D  r o r c  a p p l i e d  n t  t h e  snne  :rnlue of 1/E 
t o  n 1 4 - f o o t - d i a m e t e r  p r o p a i l c r  and a  52 - inch -d i ame te r  na- 
c e l l c ,  t h e  pe rccn t~ , c ; e  chcngc  of p r o p e l l e r  e f f i c i e n c y  would 
be 1 , 5 .  Th i s  e x n n p l e  v o u l d  a p p l y  t o  a 1 ,470-hor sepower  en- 
g i n e  a.ild a s p e e d  of 300 n i l e s  p e r  h o u r .  

Th i s  snne  r s s u l t  nn2 b o  c a 1 c u l ~ " t e d  from t h e  d r a g  r e -  
s ; ~ l t  s  iil  t h s  f  ollor.trin; r 1 : 7 , ~ 1 ? 3 r .  A 5 2 - i n c h - d i a n e t e r  c o w l i n g  
i x  nil n i r  s t r e a n  of 300 n i i c s  p e r  h o u r  w i t h  a d r a g  c o e f f i -  
c i e i i t  of A C D  = 0.008 a b s o r b s  22 horscpo7:~er. T h i s  powcr 

n n o u u t s  t o  2.9 pe rce i l t  of t h e  e n g i n e  power $-or a 750-horse-  
powcr e n g i z ~ c  o r  t o  1 .5  p c r c c r t  f o r  a 1 ,500-hor sepower  ec-  
gi~:c. 

0 .  

As s t a t e d  p r e v i o u s l y ,  a b o u t  1 p e r c e n t  of t h e  e n g i n e  
powcr i s  r e q u i r e d  f c r  i n t e r n a l  work i n  c o o l i n g  t h e  r e a r  of 
t h e  cilgiile c y l i n d e r s .  S i z c e  t h e  open-nose c o w l i n g  p r o v i d e s  
sufficient c o o l i n ;  f o r  t h e  f r ~ n t  of t h e  c y l i n d e r s ,  i t s  
n e r o d : ~ ~ n n i c  power c o s t  s h o u l d  be  c r c d i t e d  w i t h  1 p e r c e n t  



f o r  t h i s  u s c f u l  work. Thus,  o n l y  1 .9  p e r c e n t  of  t h e  en-  
g i a c  power i s  c h a r ~ e a b l e  t o  t h e  open-nose c o w l i n g  a t  300 
m i l e s  3 e r  h o u r  f o r  a  750-horsepower e n g i n e  and 0.5  p e r -  
c e n t  f o r  a  1 ,500-horsepower  e n g i n e .  . 

The t o t a l  p e r c e n t a g e  of power c h a r g e a b l e  t o  t h e  i n -  
s t a l l a t i o n  of a  r a d i z l  e n g i n e  w i t h  N.A.C.A.  c o w l i n g  i n  
f r o n t  of a t h i c k  wing o r  a f u s e l a g e  i s  e q u a l  t o  t h a t  
nowcr c h a r g c a b l c  t o  t h e  n o s e  open ing  p l u s  t h e  power c h a r g e -  
~ b l e  t d  c o o l i n g  t h e  c y l i n d e r s .  Thus,  a t  300 m i l e s  p e r  
h o u r ,  t h i s  i n s t a l l a t i o n  c o s t  i s  3.9 p e r c e n t  of t h e  e n g i n e  
? o v e r  f o r  t h e  750-horscpowcr e n g i n e  a n d  2.5 p e r c e n t  f o r  
t h e  1 ,500-horsepower  e n g i n e .  

Al though t h ~  p r e c e d i n g  r o s u l t  i s  e x t r e m e l y  i m p o r t a n t  
a s  r e g a r d s  rnd ia l - ea [ ; i ne  i n s t c l l a t i o n s ,  i t  i s  even more 
i m p o r t n a t  iii? i t s  c e n c r n l  a p p l i c a t i o n  t o  a i r p l a . n e  d e s i g n .  
The ~ r q n t e s t  d r a w - ~ n c k  t o  r a d i c l - e n g i n e  i n s t a l l a t i o n s ,  
namc la ,  t h e  s u p p o s e d l y  h i g h  a c r o d y n a n i c  d r a g  of t h e  l a r g e  
fro:i tal  a r c - ,  h a s  been e l i m i n a t e d .  

Fbe f::~ct t h a t  t h e  power c o s t  of t h e  b l u n t  n o s e  i s  so  
markad lg  a f f e c t e d  b y  t h e  a f t e r b o d y  h e l p s  t o  e x p l a i n  why 
many t o s t  r e s u l t s  of co7:~lin:; i n s t a l l a t i o n s  on a i r p l a n e s  
have  shown t h e  powor c o s t  t o  be of t h e  ord.er  of 25 p e r -  
c e n t  of t h e  e n g i n e  power. Th i s  h i g h  power c o s t  means t h a t  
t h e  n a c e l l e s  p roduced  some bad f low c o n d i t i o n .  The t e s t  
r e s u l t s  iii t h i s  r e p o r t  a l s o  e x p l a i n  how some modern a i r -  
p l a a e - e n g i n e  i n s t a l - l a t i o n s  have  g i v e n  s p e e d s  much h i g h e r  
tha,n cs~iii bi: computed from e x i s t i n g  c o ~ r l i n g - p e r f  ormance 

. d-tn.  The i n s  t a l l a t  i o n s  t h a t  gavc  t h e  h igh-speed  pe r fo rm-  
a n c e  were f r e e  f rom bad f low c o n d i t i o n s  and c o n s e q u e n t l y  
gave  r o s u l t s  compzrablc:  w i t h  t h o s e  d i scussed .  i n  t h i s  r e -  
p o r t .  More e x a c t  i n f o r m a t i o n  on t h i s  preblom i n  r e l a t i o n  
t o  modern a i r p l < ? , n e s  i s  an i m p o r t a s t  s u b j e c t  f o r  f u r t h e r  
r e s e a r c h .  

I. The i n c c o n s c  i n  d r a g  of : c o n v e n t i o n a l  B.A.C.A. 
o l~cn-nose  corr,rling o v c r  that of  a s t r e n m l i n c  nose  i s  g r c a t -  
l y  a f f e c t e d  bp t h c  sliapo 0 8  t h 3  a f t ~ r 3 0 d y .  Of t h e  two 
s t r c a m l i n c  c f t c r b o d i c s  t e s t ~ d ,  thc? more s t r c > a m l i n e d  a f t e r -  
body showod t h e  i n c r c n a e t  o f  d r a g  n s s o c i ~ ~ t e d  w i t h  c h a n g i n g  



t h e  z o s e  t o  b e  a b o u t  o n e - f o u r t h  of t h a t  w i t h  t h e  o t h e r  
a f  te rbod-$.  

2. The r e s u l t s  show t h a t  t h e  d r a g  m e a s u r e n e n t s  ob- 
tn.i;.ied w i t h o u t  t h e  u s e  of t h e  p r o p e l l e r  oil a n e u t r a l  a f t -  
e r b o d g  :Teed n o t  be  c o r r . e e t e d  i n  a p p l y i n g  them t o  t h e  con-  
d i t i o n  of t h e  p r o p e l l e r  o p e r a t i i y g .  

3. The r e s u l t s  f rom t h i s  i n v e s t i ~ n t i o n  i n d i c a t e  t h a t  
t h e  power c o s t ,  i11 e x c e s s  of t h a t  w i t h  a s t r e a m l i n e  n o s e ,  
of  u s i E c  ac B.A.C.A. c o w l i z g  i a  f r o n t  of a w e l l - d e s i g n e d  
a f t e r b o d y  t o  c n c l o s e  a 1 , 5 0 0 - h o r s o p o u e r  e n g i n e  on an ai r -  
p l m e  w i t h  n s p e e d  of  800  m i l e s  p e r  h o u r  n n o u n t s  t o  1 . 5  
p e r c e n t  of t h c  e n g i n e  power .  To t h i s  v a l u e  must  bc a d d e d  
1 p e r c e ~ t  f o r  t h e  i n t e r n a l  work of c o o l i r g  t h e  r e a r  o f  t h e  
e ~ ~ g i ~ ~ e  c y l i n d e r s ,  g i v i n g  a t o t a l  5 n s t a l l a t i o n  p o v e r  c o s t  
of  2 .5  p e r c e n t .  I f  t h e  o p e n - : ~ o s c  c o w l i n g  i s  c r e d i t e d  w i t h  
1 ; > e r c e n t  b c c a u s e  i t  c o o l s  t h ~  f r o n t  of t h o  c y l i n d e r s ,  t h e  
no i lu - sc fu l  power c o s t  of t h e  K.B.C.X. i n s t a l l a t i o n  amounfs 
t o  onl : i .0 .5  p e r c e n t  o f  t h c  e l g i n a  power .  

L a i l g l e g  1 4 c n o r i a l  B e r o s a u t  i c a l  L a b o r a t  or:;, 
5 a t i o n a l  A d v i s o r y  Commit tee  f o r  Aeronautics, 

L a n g l e y  F i e l d ,  V a . ,  B p r i l  2 8 ,  1 9 3 9 .  
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Figure 2.- The strec3lmline shape ueed with set-up 1. 

Figure 3.- %)at-up 1, nose 2, mcellet 1 with  prope11er and tail gump 
19 place. The reeultr tlibecurss& in report were ( ~ b t a i n a  

with af.&erbody b v i %  s ipsia%d tail ,  se @horn in f ig.  1, 



H e A a 0 e A a  Figs, &,5 

Fipres 4.- Side view of @@%-up X, no@@ 2, rabboalls 2. 



Figuge 6,- Bet-up 8, aoee 5, mael%@ 1 with propeller in placre. 



F i g .  8 

Figure 8.- One blade of each of the th ree  10-foot-diameter 
3-blade propellers used. 



N.A.C.A. F ig.  9 

Figure 9.- Net -e f f ic iency envelopes for noses 1,3,and 5 
w i t h  propeller 6.  



N.A.C.A. Fig.  10 

Figure 10.- Ne t -e f f i c iency  envelopes f o r  noses 1 ,  3, 4, a n d  5 
w i t h  p rope l le r  C .  



N . A . C . A .  F ig .  I I  

Figure 1 1 . -  Ne t -e f f i c iency  envelopes for noses 3, 4, a n d  5 
w i t h  propeller C, . 



N.A.C.A. F ig .  12 

(a) Noses I and 3; nose 5 with spinner I used as basis. Propel le r  8 .  
(b) Noses 1,3 and 5; nose 4 used as basi s . Prope l ler C. 
(c) Noses 3 and 5 ; nose 4 .used as basis. Propel l er C, . 

Figure 12.- The variation of the effective LCD with I obtained from 
the differences in the  net efficiencies. 
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