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TESTS OF SEVERAL MODEL NACELLE-PROPELLER 

ABRARGEMENTS IN FRONT OF A R I N G  

By James G. McHugh 

SUMMARY 

An investigation was conducted in the N.A.C.A. 20- 
foot wind tunnel to determine the drag, the propulsive and 
net efficiencies, and the cooling characteristics of seP- 
era1 scale-model arrangements of air-cooled radial-engine 
nacelles and present-day propellers in front of an 18- 
percent-thick, 5- by 15-foot airfoil. Investigations of 
like arrangements simulating the geometric proportions of 
airplanes in the 20,000-pound weight classification have 
been conducted by the N.A.G.A. and the results are summa- 
rized in previous reports. This report deals with an in- 
vestiqation of wing-nacelle arrangements simulating the 
geometric proportions of airplanes in the 40,000- to 70,000- 
pound mcight classffioation and having the nacelles located 
in the vicinity of the optimum location determined from the 
earlier tests. 

Two 3-blade propellers with diameters of 36 and 48 
inches, respacfively, wers each tested in conjunction with 
a 12-inch-diameter nacelle in three positions in front of 
the ming and with a 16-inch-diameter nacelle in six posi- 
'tions in front of the wing, Lift, drag, cooling-air flow, 
and propeller characteristics were determined for each of 
the arrangements. Comparisons on the basis of net effi- 
ciency between the various arrangements indicated that, 
for hiqh-speed and cruising conditions, the most favorable 
location for a tractor nacelle-propeller arrangement of 
the type tested mas mith the thrust axis on the ming cen- 
ter line and mith the propeller between 15 and 30 peroont 
of the chord forward of the leading edge of the wing. Tho 
loss in net efficiency through the use of either large- 
diameter engines or nacelle Snstallations having a high 
interference drag is clearly indicated. 

In certain casos, the action of the propeller slip- 
stream on the flow pattern over the wing-nacelle arrange4 
men% may be such as greatly to influence the cooling qual- 
ities of a given wing-nacelle-propeller arrangement. 



The d e s i g n  of 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 s  f o r  l a r g e  
a i r p l a n e s  h a s  a lways  i n v o l v e d  a c e r t a i n  amount o f  conjec-  
t u r e  on t h e  p a r t  of a i r p l a n e  d e s i g n e r s ,  S e v e r a l  y e a r s  ago 
t h e  N.A.C.A. conducted  a l e n g t h y  i n v e s t i g a t i o n  f o r  t h e  
purpose  of e s t a b l i s h i n g  a n  optimum arrangement  o f  t h e  ming- 
n a c e l l e - p r o p e l l e r  combinat ion  ( r e f e r e n c e  l ) ,  That i n v e s -  
t i g a t i o n  covered  a l a r g e  range  of v a r i a t i o n s  i n  n a c e l l e  
p o s i t i o n  and y i e l d e d  r e s u l t s  t h a t  have been of c o n s i d e r a b l e  
v a l u e  t o  d e s i g n e r s .  The t e s t s  of r e f e r e n c e  1 were made 
w i t h  a n a c e l l e  of r e l a t i v e l y  l a r g e  d i a m e t e r  as compared 
w i t h  t h e  n i n g  t h i c k n e s s ,  were conducted t h r o u ~ h  a p r o p e l l e r  
o p e r a t i n g  range t h a t  mould be u s e d  o n l y  i n  t h e  t a k e - o f f  and 
c l i m b i n g  range  of p resen t -day  a i r p l a n e s ,  and  d i d  n o t  i n -  
c l u d e  e i t h e r  a thorough i n v e s t i g a t i o n  of t h e  e f f e c t s  on n e t  
e f f i c i e n c y  of small changes i n  n a c e l l e  l o c a t i o n  from t h e  
optimum l o c a t i o n  found n o r  measurements of c o o l i n g - a i r  flow 
t h r o u g h  t h e  cowling.  

I n  o r d e r  t o  make a more d e t a i l e d  s t u d y  of n a c e l l e  l o -  
c a t i o n s  i n  t h e  v i c i n i t y  of t h e  b e s t  p o s i t i o n  found i n  t h e  
p r e v i o u s  t e s t  pro5ram and t o  i n v e s t i g a t e  a r rangements  s u i t -  
a b l e  f o r  t h e  40,000- t o  70,000-pound a i r p l a n e  c l a s s i f i c a -  
t i o n ,  t h e  N.A.C.A. h a s  i n s t i t u t e d  an i n v e s t i g a t i o n  i n  t h e  
20-foot  mind t u n n e l  of w i n g - n a c e l l e - p r o p e l l e r  i n t e r f e r e n c e  
i n  which a n i n g ,  p r o p e l l e r s ,  and eng ine -nace l l e  models  
s i m u l a t i n g  modern p r a c t i c e  were used ,  The phases  of t h o  
i n v e s t i g a t i o n  t h a t  have been c o n p l e t e d  t o  d a t e  i n c l u d e  ( a )  
measurements of d rag ,  p r o p e l l e r ,  and c o o l i n g  c h a r a c t e r i s t i c s  
f o r  s e v e r a l  combinat ions  of g e o m e t r i c a l l y  similar p r o p e l -  
l e r s  and  n a c e l l e  s of d i f f e r e n t  n a c e l l e - p r o p e l l e r  d i a m e t e r  
r a t i o s  w i t h  no ming p r e s e n t  and (3) measurenents  of l i f t ,  
d r a g ,  p r o p e l l e r ,  and  c o o l i n g  c h a r a c t e r i s t i c s  f o r  t h e  same 
n a c e l l e - p r o p e l l e r  combinat ions  i n  s e v e r a l  p o s i t i o n s  i n  
f r o n t  of a t h i c k  wing. P a r t  ( a )  h a s  been r e p o r t e d  i n  r e f -  
e r e n c e  2;  t h i s  r e p o r t  p r e s e n t s  t h e  r e s u l t s  of p a r t  (3). 

APPARATUS A N D  METHOD 

The N.A.C.A. 20-foot  wind t u n n e l  i n  which t h e s e  t e s t s  
were conducted i s  d e s c r i b e d  i n  d e t a i l  i n  r e f e r e n c e  3. 

Two sheet-aluminum n a c e l l e s ,  12 and  16 i n c h e s  i n  diam- 
e t e r ,  were used  i n  t h e  i n v e s t i g a t i o n .  The v a l u e s  of t h e  



c o n d u c t i v i t y  were 0,072 f o r  t h e  12-inch n a c e l l e  and 0,085 . 
f o r  t h e  16-inch nace l l e .  The n a c e l l e s  and  the  manner i n  
which t h e  engine w a s  s imula ted  a r e  desc r ibed  i n  r e f e rence  2. 

Two 3-blade p r o p e l l e r s ,  36 and 48 inches  i n  d iameter  
( r e f e r e n c e  21, were used i n  t ho  i n v e s t i g a t i o n .  The blade 
a n g l e  of  both p r o p e l l e r s  could be a d j u s t e d  by t u r n i n g  tho 
b l ades  i n  the  hub. For t h e s e  t e s t s ,  t h e  b l ades  mere s e t  
a t  25O and 35O a t  0,75 of t h e  t i p  r a d i u s ,  Add i t i ona l  t e s t s  
of  one of t he  arrangements were made mith the  p r o p e l l e r  
b l a d e s  s e t  a t  15O, 200, 300, and 40° a t  0,75 of  t h e  t i p  
r a d i u s .  

, The e l e c t r i c  motor used t o  d r i v e  t h e  p r o p e l l e r  i s  10 
inches  i n  diameter and deve lops  25 horsepower a t  3,600 
r,p,m. 

The wing used i n  t h e  i n v e s t i g a t i o n  has  a span of  15  
f e e t ,  a chord of 5 f e e t ,  and i s  of N.A.C.A.  23018 a i r f o i l  
s e c t  f on.. I t  m a s  cons t ruc t ed  of mood and mas varn ished  an8 
waxed t o  provide a smooth f i n i s h .  The c e n t r a l  p o r t i o n  of  
t h e  wfnq m a s  provided wi th  s u i t a b l e i  metal  r i b s  and p l a t e s  
f o r  t h e  connec t ions  of t h e  s u p p o r t s  used i n  a t t a c h i n %  t h e  
motor and the  n a c e l l e  t o  t he  tving, 

The ming was mounted on t h e  s t a n d a r d  balance suppor t s  
desc r ibed  i n  r e f e rence  4 ,  The a r r a n ~ e m e n t  mas such t h a t  
t h e  wins could $ ivo t ' abou t  a l i n e  25 pe rcen t  of t h e  chord 
back of the  l e a d i n g  edge and 6 pe rcen t  of t he  chord below 
tho  chord l i n e .  The ang le  of a t t a c k  of t he  wing could be 
changea by an e l e c t r i c  motor ope ra t ing  a worm t o  which t h e  
r e a r  winp-support s t r u t s  were a t t ached .  A11 f o r c e s  a c t -  
i n g  on the  wing were t r a n s m i t t e d  t o  a six-component auto-  
h a t i c  r eco rd ing  balance on t h e  test-chamber f l o o r .  

T e s t s  were made- of n ine  wing-nacelle arrangements. 
Photosraphs  of  t h e  arrangements a r e  reproduced i n  f i g u r e  1 
and t h e  p r i n c i p a l  dimensions of each arrangement a r e  given 
i n  f i g u r e  2. Figure  3 shows one of the  wing-nacelle ar- 
rangements mounted i n  t h e  t unne l  f o r  t e s t s .  

Each wing-nacelle arrangement mas t e s t e d  mith t h e  pro- 
p e l l e r  removed. Measurements of l i f t ,  d r ag ,  p i t c h i n g  mo- 
ment, and p r e s s u r e  drop through t h e  cowling were made wi th  
t h e  ming a t  an ang le  of a t t a c k  o f  3 O  and a t  a i r  spce&s var- 
y ing  from 20 t o  100 mi les  p e r  hour. In  a d d i t i o n ,  each ar- 
rangement mas t e s t e d  a t  a cons t an t  a i r  speed of, 80 mi l e s  
p e r  hour  and a t  wing a n g l e s  of a t t a c k  vary ing  from -8' t o  



t h e  a n g l e  of s t a l l  i n  i n c r e m e n t s  of lo. For u s e  i n  sub- 
s e q u e n t  n n a l y s o s ,  similar t e s t s  were made o f  t h e  wing a lone .  

(r 

second s e r i e s  of t e s t s  n a s  made o f  each combinat ion  
w i t h  t h e  p r o p e l - l e r  o p e r a t i n g  and  w i t h  t h e  wing a t  an  a n g l e  
of a t t a c k  of 3 O .  The p r o p e l l e r  spee8. mas h e l d  c o n s t a n t  
a n d  t h e  a i r  speed  m a s  i n c r e a s e d  by inc rements  u n t i l  a ve- 
l o c i t y  o f  80 m i l e s  p e r  hour  w a s  reached;  t h e  a i r  s p e s d  w a s  
t h e n  h e l d  c o n s t a n t  and  t h e  p r o p e l l e r  speed m a s  v a r i e d  t o  
c o v e r  t h e  r e s t  of t h e  p r o p e l l e r  o p e r a t i n g  range,  S i n u l t a -  
neous  r e a d i n g s  of t o r q u e  , t h r u s t ,  r e v o l u t i o n  speed,  p ros -  
s u r e  d rop  th rough  t h e  cowl in^, l . i f t ,  and a i r  speed n e r e  
t a k e n  a t  f r e q u e n t  in te rv -a l s .  

SYMBOLS AND COEFFICIENTS 

The c o e f f i c i e n t s  and symbols u s e d  i n  a n a l y z i n g  t h e  r o -  
s u l t s  of t h i s  i n v e s t i g a t i o n  a r e  d e f i n e d  as f o l l o w s :  

q ,  dynamic p r e s s u r e '  of a i r  f *  p v2). 

P ,  mass d e n s i t y  o f  a i r .  

V ,  v e l o c i t y  of a i r  s t ream.  

p r o p e l l e r  r e v o l u t i o n  speed. 

l i f t .  

< 
drag. v .A 

& ;. 2' 

change i n  d r a g  of n a c e l l e , d u e  t o  p r o p e l l e r  s l i p s t r e a m .  

p i t c h i n g  momen-t a b o u t  p i v o t .  

t h r u s t  o f  p r o p e l l e r  ( t e n s i o n  i n  c r a n k s h a f t ) .  

n e t  f o r c e  on t h r u s t  ba lance .  

d iamete r  of p r o p e l l e r ,  

d i a m e t e r  of  n a c e l l e .  

r a t i o  of n a c e z l e  d i a m e t e r  t o  p r o p e l l e r  d iameta r .  

P, power s u p p l i e d  t o  p r o p e l l o r ,  



8 ,  p r o p e l l e r  b lade  ang le  a t  0.75 of t he  t i p  r a d i u s *  
. - 

S ,  a r e a  of wing. 

chord o f  wing. 

span o f  wing. 

p r o f i l e  drag.  

minimum induced d r a g  (L2/nqb2 > 
Jet-boundary i n t e x f  e rence  drag  IJ2 ---------- \ 

( ' q  x a r e a  of J e t  
where 6 = 0.142 f o r  case  under  c o n s i d e r a t i o n  
( r e f e r e n c e  5). 

e f f e c t i v e  n a c e l l e  d r ag ,  d r ag  o f  n a c e l l e  p l u s  mutual 
wing-nacelle i n t e r f e r e n c e  drag. I$ c@&5.8*~h-b4. L 8 f ' f 1  

d i f f e r e n c e  i n  induced d rag  of combination,  a t  a given 
va lue  o f  l i f t ,  from va lue  of ~ ~ / n ~ b ~  assumed 
f o r  ming a lone .  

d i f f e r e n c e  i n  J e t ~ b o u n d a r y  i n t e r f e r e n c e  d rag  of con- 
b i n a t i o n ,  a t  a g iven  va lue  of l i f t ,  from vnlue  of 

IJ2 , '6 --------- - assumed f o r  wing a lone .  
q  X a r e a  of  j o t  

C D ,  wing drag coef f  i c t e n t  ( D / ~ s ) .  
Dn 

OD,, 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  (-Z;--)' 
qcna /4 1 

C L ,  l i f t  c o e f f i c i e n t  ( L / ~ s ) .  

C,, pitching-moment c o a f f i c i e n t  ( M / ~ s c ) .  

CT, p r o p u l s i v e  t h r u s t  c o e f f i c i e n t .  

3 5 Cp, power c o e f f i c i e n t  (P/pn D ). 

v / ~ D ,  sdvance.tdiarneter r a t i o  of p r o p e l l e r .  

n ,  p r o p u l s i v e  e f f i c i e n c y  C(cT/cp) ( v / n ~ ) J .  



N.D.F., n a c e l l e  d r a y  f a c t o r  ( D ~ v / P ) .  

70 n e t  e f f i c i e n c y  ( 7  N ~ D * F * ) *  

c s ,  speed-power c o e f f  i c i e n t  ( d m .  
A p ,  p r e s s u r e  drop a c r o s s  enqine .  

c o o l i n g - a i r - f l o w  c o e f f i c i e n t .  

S u b s c r i p t s  m ,  c ,  and  p  r e f e r  t o  c o n a i t i o n s  w i t h  
wing a l o n e ,  wing-nacel le  combinat ion ,  and wing-nacel le-  
p r o p e l l e r  combina t ion ,  r e s p e c t i v e l y .  

METHOD OF ANALYSIS 

A d i s c u s s i o n  of t h e  problems i n v o l v e d  i a  e v a l u a t i n g  
t h e  r e l a t i v e  m e r i t s  of w i n g - n a c e l l e - p r o p e l l e r  combinat ions  
i s  g i v e n  i n  p a r t  V I  of r e f e r e n c e  1 and  a method i s  t h e r e i n  
d e r i v e d  f o r  comparing t h e  m e r i t s  of  t h e  v a r i o u s  a ' r ranqe-  

L ments a t  a c o n s t a n t  v a l u e  o f  t h e  l i f t  c o e f f i c i e n t + .  Compar- 
__I -,-- _.__~---- - - - - - -  

i s o n s  by t h a t  methoden"-dces;ita*6O conduc t ing  p r o p e l l e r  t e s t s  - -  - 
a t  s c v e r a l  a n g l e s  of a t t a c k . o f  t h e  v i o g  i n  o r d e r  t o  o b t a i n  
t h e  gowor-on c u r v e s  of l i f t  c o e l f i c i o n t  a q a i n s t  a n g l e  of 
a t t a c k  f o r  each ar rangement .  

Thc method of comparison u s e d  i n  t h e  a n a l y s i s  of  t h o  
r e s u l t s  of t h e  p r e s e n t  i n v e s t i s a t i o n  i s  b a s i c a l l y  similar 
t o  t h e  one g iven  i n  r e f e r o n c o  1 excep t  t h a t ,  i n s t e a d  of 
comparing t h e  v a r i o u s  a r rangements  a t  a c?ns tan t  v a l u e  of 
l i f t  - c o e f f i c i e n f ,  t h e y  a r c  compared a t  a c o n s t a n t  a n g l e  of 

P 3) a t t a c k ;  t h e  e f f e c t  of v a r i a t i o n s  i n  l i f t  i s  e l i m i n a t e d  by . Q- 23 P a d d i n g  t o  t h e  t o t a l  d r a g  of  each  ar rangement  t h e  computed 
i;&$c-Atvalues of t h e  chanqe i n  minimum induced d rag  and  r i n d -  
,@; :+#&*" I-$ t u n n e l  je t -boundary  i n t e r f e r e n c e  d r a g  caused  by t h e  p r o p e l -  

#* + & *  l e r ,  The n e c e s s i t y  of  o b t a i n i n g  t h e  power-on c u r v e s  of 
Idk& 

6' 
l i f t  c o e f f i c i e n t  a g a i n s t  a n g l e  of a t t a c k  i s  t h u s  e l i m i -  
n a t e d  and t h e  amount of t e s t i n g  r e q u i r e d  i s  g r e a t l y  de- 
c r e a s e d ,  

The d e r i v a t i o n  of ' the  e x p r e s s i o n s  f o r  p r o p u l s i v e  ' e f -  
f i c i e n c y ,  n e t  e f f i c i e n c y ,  and  p r o p u l s i ~ e  t h r u s t  c o e f f i -  
c i e n t  f o l l o w ,  

The summation of h o r i z o n t a l  f o r c e s  a c t i n g  on a  n a c e l l e u  



p r o p e l l e r  combinat ion  mounted on a b a l a n c e  i n  a wind t u n n e l  
i s  commonly w r i t t e n  as  f o l l o w s :  

R i- D = T - AD = p r o p u l s i v e  t h r u s t  

where D i s  t h e  d r a g  w i t h  t h e  p r o p e l l e r  removed, The pro-  
p u l s i v e  e f f i c i e n c g  of t h e  p r o p e l l e r - n a c o l l e  combinat ion  f s  
d e f i n e d  as  

( p r o p u l s i v e  t h r u s t  ) V 11 = ----------------. ---- 
P 

( 1 )  

Then t h o  p r o p e l - l e r - n a c e l l e  u n i t  i s  o p e r a t i n g  i n  p r o x i m i t y  
t o  a  ~ v i n < ,  t h e  l i f t  g e n e r a t e d  w i t h  t h e  p r o p e l l e r  o p e r a t i n g  
i s  l i k e l y  t o  d i f f e r  from t h a t  g e n e r a t e d  a t  t h e  s-e aneLg 

z t t a c k  w i t h  t h e  p r o p e l l e r  removed and on t h a f - % ? c c m i  
J 

!2L- 
u n l e s s  p r o p e r  p r e c a u t i o n s  a r e  t a k e n  i n  d e t e r m i n i n g  t h e  
v a l u e  of t h e  p r o p u l s i v e  t h r u s t  t o  u s e  i n  a p p l y i n g  e q u a t i o n  
( 1 1 ,  a n  e r r o n e o u s  v a l u e  of may be o b t a i n e d .  In  n h a t  
f o l l o m s ,  t h e  method u s e d  t o  c v a l u s t c  the propulsive e f f i -  
c i e n c y ,  t h e  n e t  efficiency, a n d  t h e  p r o p u l s i v e  t h r u s t  of 
t h e  n a c e l l e ~ p r o p e l l e r  combinat ion  i s  exp la ined .  

The h o r i z o n t a l  r e a c t i o n  of t h e  ~&&g  a-e on t h e  balm 
ance  s u p p o r t s ,  when t e s t e d  i n  a c i r c u l a r  open- throat  wind 
t u n n e l ,  can be e x p r e s s e d  as  f o l l o w s :  

S i m i l a r l y ,  t h e  d r a q  r e a c t i o n  of t h e  wing-nacel le  combina- 
t i o n  i s  

Dc = Don + Dn + D i  + Dj, + AD%, + A D j c  
C; 

With t h e  p r o p e l l e r  o p e r a t i n ~ ,  t h e  h o r i z o n t a l  r e a c t i o n  of 
t h e  w i n g - n a c e l l e - p r o p e l l e r  combinat ion  i s  

Adding e q u a t i o n s  ( 3 )  and  ( 4 ) .  

1 - AD = B . +  Dc + [ ( D ~  + D j  1. - ( D i ,  + Dj,)I + 
P P  



Equation ( 5 )  shows, f o r  a given l i f t ,  a change from 
t h e  computed va lues  of . induced and jet-boundary i n t e r f e r -  
ence drag due t o  t h e  e f f e c t  of t he  p r o p e l l e r  on t h e  span 
l o a d  d i s t r i b u t i o n ,  It i s  r ea sonab le ,  t h e r e f o r e ,  t o  charge 
t h a t  d rag  t o  t he  p r o p e l l e r  i n  d e t e r a l n i n g  i t s  p ropu l s ive  
t h r u s t .  Thus, 

p r o p u l s i v e  t h r u s t  = (P-AD) - E ( A D i  +dDjp) - (nnic'ho~c)3 
P  

The induced d rag  due t o  l i f t  i s  

The jet-boundary i n t e r f e r e n c e  d rag  i s  

L Dj II: 8 
q x a r e a  of J e t  

where 6 depends on the  r a t i o  o f  winq span t o  j e t  diame- 
t e r  and has  a value o f  0,142 f o r  t ho  case  under consider-  
a t  ion  (reference 5 )  .' 

Adding equa t ions  ( 7 )  and ( 8 ) .  i n t roduc ing  c a e f f i c i e n t ; ~ ,  . 
and s imp l i fy ing ,  p $ ?  % + ~ '  s: '~ .r&?O 

&s +--" 

If t h i s  express ion  i s  s u b s t i t u t e d  i n  equa t ion  ( 6 ) .  t h e  Pro- 
p u l s i v e  t h r u s t  i s  seen t o  be 

In t roduc ing  c o e f f i c i e n t s  and s imp l i fy ing ,  e x p r e s s  t he  
p r o p u l s i v e  t h r u s t  c o e f f i c i e n t  as  

. The n a c e l l e  d rag  f a c t o r  i s  'def ined a,s: 



where DQ i s  t he  d i f f e r e n c e ,  a t  cons tan t  l i f t ,  between 
t h e  d raq  of t h e  combination and t h e  drag of t h e  wing alone.  
Equat ion (12) becomes, by in t roduc ing  cos f f  i c i e n t s  and 
s  imp1 9f ying , 

The p ropu l s ive  e f f i c i e n c y  can be exp res sed  as  

and t h e  ne t  e f f i c i e n c y  as 

Values o f  CT, D , q, and qo <iven i n  t h i s  
r e p o r t  were computed accord ing  t o  t h e  r e l a t i o n s  g iven  i n  
e q u a t i o n s  ( l l ) ,  (131, (141,  and (15).  r e s p e c t i v e l y ,  Tho 
s i g n i f i c a n c e  of 'Q, qo ,  and N.D.F. i s  f u l l y  d i s c u s s e d  
i n  r e f e rence  l y  and the  v a l i d i t y  of  t he  approximat ions  in- 
voSved i n  t h e i r  de te rmina t ion  i s  considered,  A t t e n t i o n  i s  
c a l l e d  t o  t he  f a c t  t h a t ,  i n  t h i s  r e p o r t ,  t he  value of V0 
h a s  been determined throughout the  e n t i r e  operatYng range 
? o r  t m o  blade-anqle s e t t i n g s  of t he  p r o p e l l e r :  whereas, an 
r e f e r e n c e  1, i t  was dotermfned f o r  on ly  one blade-anqle 
s e t t i n g  at va lues  of ' P / ~ D  of 0.42 and 0,65, 

DISCUSSION OF RESULTS. 

The f-oresoing a n a l y s i s  shows t h a t  t he  e s s e n t i a l  fac- 
t o r s  i n f l u e n c i n g  t h e  mer i t  of a wing-nacel le-propel ler  
combination a r e :  (a) the  i nc rease ,  a t  a given vetlue of 
l i f t  . c o e f f i c i e n t ,  i n  the  drag of t he  wing-nacelle combina- 
t i o n  over  t h e  b a s i c  wing drag;  aad  ( b )  t h e  p ropu l s ive  e f f i -  
c i ency  of the  i ~ i n g - n a c e l l e - p r o p e l m  oombination. Theory 
i n d i c a t e s  t h a t  t h e  e f f i c i e n c y  of t h e  p r o p e l l e r  i s  i n c r e a s e d  
when i t  o p e r a t e s  i n  tho h igh-ve loc i ty  reg ion  t h a t  e x i s t s  

* 
f above t h e  wing ( r e f e r e n c e  6). Previous  i n v e s t i g a t i o n s  have 

shown, however, t h a t  t he  i n c r e a s e  i n  drag i ncu r r ed  by mount- 



i n g  a c o n v e n t i o n a l  eng ine  n a c e l l e  i n  any p o s i t i o n  such 
t h a t  t h e  n a c e l l e  does  nof i n t e r s e c t  t h e  wing far o f f s e t s  
a n y  q a i n  i n  p r o p u l s i v e  e f f i c i e n c y  which may bo o b t a i n e d  
from such a n  ar rangement ,  These i n v o s t i ~ a t i o n s  have a l s o  
i n d f c a t e d  t h a t  t h e  minimum i n c r e a s e  i n  d r a g  due t o  t h e  en- 
g i n e  n a c e l l e  can be o b t a i n e d  o n l y  when t b e  n a c e l l e  a n d  t h e  
winc  i n t e r s e c t  i n  such manner t h a t  a l a r g e  p o r t i o n  of t h e  
f r o n t a l  a r e a  of t h e  n a c e l l e  i s  common t o  t h e  wing-. 

The r e s u l t s  of t h e  p r e s e n t  i n v e s t i g a t i o n  show t h e  of- 
f c c t  of  small v a r i a t i o n s  i n  n a c e l l e  l o c a t i o n  on e f f e c t i v e  
n a c e l l e  d r a g  a n d  p r o p u l s i v e  a n d  n e t  e f f i c i e n c i e s  when t h e  
n a c e l l e  i s  i n  t h e  v i c i n i t y  of i t s  optimum l o c a t i o n  and ,  i n  
a d d i t i o n ,  show t h e  cool ing-a i r - f low c h a r a c t e r i s t i c s  t h a t  
were o b t a i n e d  w i  t h  each a r rangement ,  

L i f t  a n d  Drag w i t h  P r o p e l l e r  Removed 

The a i r f o i l  c h a r a c t e r i s t i c s  of t h e  n i n g  a l o n e  a r e  com- 
p a r e d  w i t h  t h e  corres .ponding c h a r a c t e r i s t i c s  o f  t h e  v a r i -  
o u s  wfng-nacel le  combinat ions  i n  f i g u r e  4. The a n g l e  of 
s t a l l  i s  seen t o  i n c r e a s e  p r o g r e s s i v e l y  as  t h e  n a c e l l e  i s  
moved away from t h e  wing. Any comparison o f  t h e  e f f e c t  of 
n a c e l l e  p o s i t i o n  on t h e  maximum l i f t  based on t h e ' r e s u l t s  
o f  t h e s e . t e s t s  i s  of q u e s t i o n a b l e  v a l u e ,  however, because  
of secondary  e f f e c t s  t h a t  a r e  caused by t h e  small span of 
t h e  wing. Such e f f e c t s  a t  low l i f t  c o e f f i c i e n t s  m i l l  be 
of n e g l i q i b l e  magnitude a n d  t h e  comparison of e f f e c t s  t h a t  
o c c u r  i n  t h e  high-speed range  (CL = 0.2) i s  t h e r e f o r e  
v a l i d ,  

From l a r g e - s c a l e  p l o t s  s i m i l a r  t o  t h o s e  i n  f i q u r e  4,  
t h e  v a l u e  of e f f e c t i v e  n a c e l l e d d r a g  c o e f f i c i e n t ,  i .e. ,  the 
i n c r e a s e  i n  d r a g  c o e f f i c i e n t  caused by a d d i n g  t h e  n a c e l l e  
t o  t h e  wing,  m a s  de termined by t a k i n e  t h e  d i f f e r e n c e ,  a t  
c o n s t a n t  l i f t  c o e f f i c i e n t ,  between t h e  d r a g  c o e f f i c i e n t  of 
t h e  wing-nacel le  combinat ion  and t h e  d r a q  c o e f f i c i e n t  of 
t h e  n i n g  a l o n e .  The 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  i n  c o e f f i c i e n t  form b a s e d  on t h e  n a c e l l e  c r o s s - s e c t i o n -  
a l  a r e a  a c c o r d i n g  t o  t h e  r e l a t i o n  

i s  g i v e n  as a f u n c t i o n  of t h e  l i f t  c o e f f i c i e n t  i n  f i g u r e  5 .  
Thc r e s u l t s  a r e  n o t  s t r i c t l y  comparable because ,  owing t o  
t h e  d i f f e r e n c e s  i n  c o o l i n g - a i r  p r e s s u r e  d rop  shown i n  f i g -  
u r e  6 ,  t h e  brag due t o  t h e  c o o l i n g - a i r  f low w a s  n o t  t h e  



same f o r  each  arrangement t e s t e d .  In o r d e r  t o  p l a c e  t he  
va luos  of e f f e c t i v e  n a c e l l e  d r ag  on a more n e a r l y  cornparnu 
b l e  basis,  t h e  r e s u l t s  of f i g u r e  5 were corrected t o  t h e  
c o n d i t i o n  of zero c o o l i n g - a i r  flow acco rd ing  t o  t h e  ro l a -  
Gionl 

where ~ c ( A ~ / ~ )  3'a i s  t he  t h e o r e t i c a l  i n c r e a s e  i n  d r a g  co- 
e f f i c i e n t  due t o  t h e  flow of a i r  throuqh t h e  cowling ( r e f -  
e r ence  2 ) ;  

C=no i s  t h e  e f f e c t i v e  n a c e l l e  d r ag  c o e f f i c i e n t  

f o r  zero  coo l ing -a i r  flow; and  K i s  t h e  c o n d u c t i v i t y  of 
t h e  enqine ,  

The v a r i a t i o n  of C w i t h  CL i s  given i n  f i g u r e  
Dno 

7. f,t i s  i n t e r e s t i n g  t o  no t e  t h a t  t he  minimum va lue  of 
C f o r  t he  16-inch n a c e l l e  i s  ob t a ined  wi th  t he  n a a e l l e  

"0 
c e n t r a l l y  l o c a t e d  mith  r e f e r e n c e  t o  t he  wing. No o f f m  
c e n t e r  l o c a t i o n s  mere t e s t e d  i n  t h e  case  of the  12-inch naM 
c e l l e ,  but  t h e r e  i s  l i t t l e  l i k e l i h o o d  t h a t  t he  d rag  could  
be m a t e r i a l l y  reduced below t h e  minimum value  of OD,, of 

0.025 ob ta ined  mith  t h a t  n a c e l l e  i n  t he  cenCral  l o c a t i o n .  

The e f f e c t  of fore-and-aft  l o c a t i o n  of t he  n a c e l l e  
m i t h  r e f e r ence  t o  t h e  wing i s  most c l e a r l y  shown i n  f i s u r e  
8. A t  a value  of CL of 0.2, t h e  drag added by t h e  12- 
i n c h  n a c e l l e  i n  t h e  c o n t r a 1  l o c a t i o n  ,;as p r a c t i c a l l y  inde- 
pendent of i t s  d i s t a n c e  from t h e  winq. A t  the  same va lue  
of  CL, tho va lue  of CDno f o r  t h e  16-inch n a c e l l e  was 

lowes t  a t  t h e  15-percent-chord p o s i t i o n  and i n c r e a s e d  wf t h  
i n c r e a s i n g  d i s t a n c e  from t h e  wing. Lowering the  16-inch 
n a c e l l e  t o  p o s i t i o n s  4 ,  5 ,  and 6 gave t h e  same g e n e r a l  
t r e n d  t h a t  occu r r ed  i n  t h e  c o n t r a 1  l o c a t i o n ,  but  t h e  d rag  
mas h i z h e r  throuqhout t h e  e n t i r e  range,  

A t  a value  of CI, of 0.4, t h e  lowest  value  of d r ag  
added by t h e  16- inch n a c e l l e  mas ob ta ined  wi th  t h e  n a c e l l e  
i n  t h e  c e n t r a l  l o c a t i o n  and  c l o s e  t o  t h e  l e a d i n g  edse  of t h e  
wing, The d rag  added by t h e  same n a c e l l e  i n  t h e  lower  PO- 
s i t  i o n s  was p r a c t i c a l l y  un inf luenced  by fore-and-aft  loca-  
t i o n  and was i n  a l l  ca se s  h ighe r  t han  t h e  drag ob ta ined  i n  
t h e  central .  l o c a t i o n s ,  I n  t h e  case  of t h e  12-inch n a c e l l e  
i n  t h o  c e n t r a l  l o c a t i o n ,  t h e  d rag  was, f o r  l o c a t i o n s  between 



30 a n d  45 p c r c o n t  of t h o  chord  forward  of t h e  l e a d i n g  edge 
of  t h e  wing, n e a r l y  t h e  same a t  a v a l u e  o f  CL of 0.4 as  
i t  w a s  a t  0.2 b u t ,  a t  t h e  c l o s e r  p o s i t i o n s ,  t h e  d r a g  con- 
s i d e r a b l y  i n c r e a s e d  a t  t h e  h i p h e r  v a l u e  o f  C L e  The in-  
c r e a s e  i n  d r a g  w i t h  CL t h a t  occurred. i n  t h i s  c a s e  (12- 
i n c h  n a c e l l e  i n  p o s i t i o n  I )  may have been due t o  t h e  f a c t  
that  t h e  d i s t a n c e  between t h e  t r a i l i n g  edge of t h e  cowl ing 
and  t h e  l o a d i n g  e d ~ e  of t h e  wing was s h o r t  ( f i g .  1). It  
i s  conceivable t h a t  c e r t a i n  small i n t e r f e r e n c e s  due t o  t h e  
f low a round  t h e  j u n c t u r e  of t h e  n a c e l l e  and  t h e  l e a d i n g  
edge of t h e  wing became more pronounced as t h e  a n g l e  of 
a t t a c k  of t h e  w i n s  was i n c r e a s e d  a n d  t h u s  i n c r e a s e d  t h e  in- 
t e r f e r e n c e  d r a g  m i t h  i n c r e a s e  i n  l i f t  c o e f f i c i e n t ,  

In  g e n e r a l ,  t h e  r e s u l t s  i n d i c a t e  t h a t ,  f o r  h igh-speed 
f l i g h t  c o n d i t i o n s ,  i t  i s  d e s i r a b l e  from c o n s i d e r a t i o n s  of 
d r a g  t o  have t h e  n a c e l l e  c e n t r a l l y  l o c a t e d  w i t h  r e f e r e n c e  
t o  t h e  wing a n d  v i t h  t h e  p r a p e l l ' e r  a x i s  a p p r o x i m a t e l y  1 5  
p e r c e n t  of  t h e  wing chord forward  of t h e  l e a d i n g  edge of 
t h e  wing. 

The i m ~ o r t a n c e  of n a c e l l e  d i a m e t e r  r e l a t i v e  t o  wing 
t h i c k n e s s  i s  shown i n  f i g u r e  9. T h i s  f i g u r e  w a s  d e r i v e d  
from t h e  r e s u l t s  o f  t h e  t e s t s  h e r e i n  r e p o r t e d  and from 
o t h e r  t e s t s  o f  a  complcte model of a  l a r g e  a i r p l a n e  t e s t e d  
i n  t h e  f u l l - s c a l e  wind t u n n e l  ( r e f e r e n c e  7 ) .  The effective 
n a c e l l e  drag c o e f f i c i e n t  d e c r e a s e s  m i t h  r e l a t i v e  n a c e l l e  
d i a m e t e r  u n t i l  t h e  n a c e l l e  d i a m e t e r  becomes e q u a l  t o  t h e  
wing t h i c k n e s s ,  Beyond t h a t  p o i n t ,  however,  f u r t h e r  dew 
c r e a s e  i n  r e l a t i v o  n a c e l l e  s i z e  c a u s e s  p r a c t i c a l l y  no 
change i n  t h e  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 a r e f u l  f i l l e t i n 5  a t  t h e  j u n c t u r e  of t h e  wing and t h e  
n a c e l l e  i s  of pr ime importance.  The comparison i n  f i g u r e  
7 o f  t e s t s  made w i t h  t h e  16- inch n a c e l l e  i n  p o s i t i o n  3 
w i t h  tmo d i f f e r e n t  f a i r i n g  a r rangements  i n d i c a t e s  t h e  i m -  
p o r t a n c e  of good i n t e r s e c t i o n s ,  The two f i l l e t s  were s i m -  
i l a r  excep t  t h s t  f i l l e t  A d i d  n o t  expand t h e  a i r  on t h e  
u p p e r  s u r f a c e  a s  r a p i d l y  as  d i d  f i l l e t  3. F i l l e t  A a l s o  
ha6  numerous s u r f ~ c e  i r r e g u l a r i t i e s ;  whereas f i l l e t  B mas 
q u i t e  smooth. The s u r f a c e  i r r e g u l a r i t i e s  of f i l l e t  A ap- 
p a r e n t l y  accoun ted  fox  an  i n c r e a s e  i n  n a c e l l e  d r a g  of n e a r -  
l y  30 p e r c e n t  ia  t h e  range  of  l i f t  c o e f f i c i e n t s  correspond-  
i n g  t o  hiqh-speed f l i g h t .  A t  h i g h  v a l u e s  of  CL, t h e  d r a s  
o b t a i n e d  w i t h  f i l l o t  A became l e s s  t h a n  t h s t  o b t a i n e d  w i t h  
f i l l e t  23, T h i s  d e c r e a s e  may have been due t o  t h e  f a c t  t h a t  
t h e  lower  r a t e  of  expans ion of f i l l e t  A p r e v e n t e d  separa -  



t i o n ,  and a t t e n d a n t  i nc rease  i n  d rag ,  from occu r r ing  a t  
t h e  h i g h e r  va lues  of CJ,, 

Propuls ive  and Net E f f i c i e n c y  

, The r e s u l t s  of  t e s t s  w i t h  the  p r o p e l l e r  o p e r a t i n g  
were reduced t o  t h e  convent iona l  c o e f f i c i e n t  form and p l o t -  
t e d  a s  a func t ion  of ?/nD, Figure  10 i s  given as a sample. 
P r e s e n t a t i o n  of t he  r e s u l t s  i n  t h e i r  e n t i r e t y  i s  unwarrant- 
ed;  consequent ly ,  on ly  t h a t  p a r t  r equ i r ed  f o r  f i n a l  analy- 
s i s  i s  included.  Values of  C T ,  Cp, . q ,  qo ,  and C s  r ead  
from c a r e f u l l y  f a i r e d  curves  a t  even va lues  of V / ~ D  have 
been t a b u l a t e d  and can be ob ta ined  on reques t  from t h e  
X*AmC,A.  

The envelope curves  of n e t  and p ropu l s ive  e f f i c i e n c y  
ob ta ined  from t e s t s  of t h e  va r ious  arrangements a r e  given 
i n  f i q u r e s  I1 and 12,  Comparison of the  r e s u l t s  i s  s impl ie  
f i e d  through the  g se  of t h e  c r o s s  p l o t s  of given 3.r~ 
f i g u r e s  13 and 14  and the  c r o s s  p l o t s  o f  qo given i n  
f i g u r e s  15 and 16. In spec t ion  of t hese  curves  r e v e a l s  

. t h a t ,  when the  n a c e l l e  was c e n t r a l l y  l o c a t e d  w i t h  r e f e r -  
ence t o  t he  wing, t h e  p ropu l s ive  efficiency mas not  g rea t -  
l y  a f f e c t e d  e i t h e r  by y a r i a t i o n . i n  f o r e - a n d ~ a f t  l o c a t i o n  
o r  by v a r i a t i o n  i n  t he  value of d/D, t h e  maximum va lue  
of  being between 0.80 and 0,835 f o r  a l l  t h e  arrango-  
ments t e s t e d  w i t h  t h e  n a c e l l e  i n  t h e  c e n t r a l  l o c a t i o n .  

~ h k  e f f e c t  of v a r i a t i o n  i n  d/D on propuls ive  e f f i -  
c i ency  appeared t o  be more pronounced for the  of f -cen te r  
n a c e l l e .  l o c a t i o n s ,  In t h e  case  of t he  48-inch p r o p e l l e r  
o p e r a t i n g  i n  con junc t ion  mith  the  16-inch n a c e l l e ,  i.e., 
d / ~  = 0.33, t h e  v a r i a t i o n  w i t h  fore-and-aft l o c a t i o n  mas 
smal l ,  being o f  the  o r d e r  of 1 pe rcen t ;  b u t ,  i n  the  case  
o f  t h e  36-inch p W r o ~ e l l e r  o p e r a t i n g  i n  f r o n t  of t he  same 
n a c e l l e ,  i.e., d/D = 0.44, t he  p r o p u l s i ~ e  e f f i c i e n c y  Was 
f r o m  2 t o  5 pe rcen t  l o v e r  than t h a t  ob ta ined  mith t h e  va lue  
of d / ~  of 0.33 and t h e r e  w a s  a marked tendency f o r  t o  
decreasa  a s  t h e  d i s t a n c e  of t he  p r o p e l l e r  from the  wing 
was increased.  Thus, i t  i s  seen  t h a t ,  f o r  t h e  c e n t r a l  na- 
c e l l e  l o c a t i o n s ,  t h e  wing has  a  tendency t o  n e u t r a l i z e  
t h e  e l f e c t s  of d / ~  on b u t ,  f o r  tho off-contor  loca-  
t i o n s ,  t he  e f f e c t  of t he  wing i s  l e s s  pronounced and the  
v a r i a t i o n :  of mith  d/D i s  almost  a s  g r e a t  as t h a t  ob- 
t a i n e d  from the  t e s t s  o f  n a c e l l e s  a lone  ( r e f e r e n c e  2 ) .  



The maximum value  of h a s  a l r e a d y  been shown t o  be 
bu$ s l i g h t l y  a f f e c t e d  by n a c e l l e  l o c a t i o n ;  t he  n a c e l l e  
d r ag  was t h e r e f o r e  t h e  f a c t o r  wi th  t he  most i n f luence  on no. Comparison of t h e  curves  of n e t  e f f i c i e n c y  given i n  
f i g u r e s  15 and 1 6 ,  t o ~ e t h e r  w i t h  t h e  curves  of p r o p u l s i v e  
e f f i c i e n c y  given i n  f i g u r e s  11 and 1 2  and t h e  v a l u e s  of 
e f f e c t i v e  n a c e l l e  d rag  c o e f f i c i e n t  g iven  i n  f i g u r e  8 ,  shows 
t h e  r e l a t i v e  importance of n a c e l l e  d r ag  and p ropu l s ive  e f f i -  
c i e n c y  on the  n e t  e f f i c i e n c i e s  of t h e  va r ious  wing-nacelle- 
p r o p e l l e r  ar rangements ,  The h i p h e s t  va lues  of  n e t  e f f i -  
c ioncy  v ~ r g  ob t a ined  mith t h e  arrangements  t h a t  gave t h e  
l owes t  n a c e l l e  d r ag ,  i .e , ,  t h e  12-inch n a c e l l e  i n  t he  cen- 
t r a l  l o c a t i o n s ; . a n d  t h e  lowes t  va lues  of nef e f f i c i e n c y  
mere bb ta ined  mi th  t h e  arrangements t h a t  gavo t h e  h i s h e s t  
n a c e l l e  drag,  i , e . ,  t he  16-inch n a c e l l e  i n  t h e  o f f - cen t e r  
l o c a t i o n s ,  

The t r e n d  of t h e  curves  of qo given i n  f i g u r e s  15 
and  1 6  i n d i c a t e s  t h a t ,  f o r  a11  the  arrangements  t e s t e d ,  
t h e  b e s t  Locat ion was i n  t h e  p o s i t i o n  of lowest  d rag ,  t h a t  
i s ,  mi th  the  n a c e l l e  c e n t r a l l y  l o c a t e d  w i th  r e s p e c t  t o  t he  
wing t h i c k n e s s  and wi th  t h e  p r o p e l l e r  between 15 and 30 
p e r c e n t  of  the  chord ahead of t h e  l e a d i n g  edge of t h e  wing, 

The d a t a  i n  f i q u r e s  15  and 1 6  show t h e  e f f e c t  of var- 
i a t i o n s  i n  n a c e l l e  d rag  t o  be much more pronounced a t  h igh  
than a t  low va lues  of d f ~ .  This f a c t  i s  ev iden t  when i t  
i s  cons idered  t h a t  t h e  n e t  t h r u s t  To i s  e q u a l ' t o  t h e  pro- 
p u l s i v e  t h r u s t  minus the  e f f e c t i v e  n a c e l l e  drag. 

The n a c e l l e  drag expressed  as  a percenthgo'  of t h e  proW 
p u l s i v e  t h r u s t  i n c r e a s e s  wi th  t h e  ra t io  d / ~ .  Inasmuch as 
V o  depends d i r e c t l y  on T o ,  a given percen tage  change i n  
t h e  va lue  o f  D, w i l l  have n much g r e a t e r  i n f l u e n c e  on 
qo a t  h i g h  than  a t  low v a l u e s  of d / ~ .  This  e f f e c t  i s  
c l ~ s r l y  i l l u s t r a t e d  by t h e  comparison given i n  f i g u r e  1 7  
of t h e  r e s u l t s  ob t a ined  from t e s t s  of  two d i f f e r e n t  f i l l e t  
a r r a n ~ c m e n t s  on t he  same n a c o l l e ,  

L i f t  and P i t c h i n s  Moment mith  P r o p e l l e r  Opera t ing  

The e f f e c t s  of  tho o p e r a t i n g  p r o p e l l e r  on t h e  l i f t  
and  t h e  pitching-moment c o e f f i c i e n t s  a r e  shown i n  f i g u r e s  
1 8  and  19 ,  s r e s p e c t i v e l y .  P a i r e d  curves  showing t h e  mean 
of a l l  va lues  o f e  t hkse  c o e f f i c i e n t s  a r e  given. Bracke t ing  
c u r v e s  denote t h e  maximum v a r i a t i o n  of t he  t e s t  p o i n t s  from 



t h e  mean value. The r e s u l t s  shown i n  f i g u r e s  18 and 1 9  
a r e  a p p l i c a b l e  o n l y  t o  t h e  p a r t i c u l a r  arrangements t e s t e d  
i n  t h i s  i n v e s f i g a t i o n  and a r e  inc luded  t o  show t h a t ,  ex- 
cep t  a t  low va lues  of C s ,  t h e  e f f e c t  of the  va r i ab1es  
cons ide red  i n  t h i s  i n v e s t i g a t i o n  on the  l i f t  and t h e  p i t ch -  
ing-moment c o e f f i c i e n t s  i s  small. 

Cooling C h a r a c t e r i s t i c s .  

The r e s u l t s  ob ta ined  from measurements of t h e  p r e s s u r e  
drop through t h e  engine 'cowling a r e  p re sen ted  i n  f i g u r e s  
20 and 21. The method of p r e s e n t a t i o n  i s  the  sans as t h a t  
u sed  i n  r e f e rence  2 ,  where i t  i s  d i scussed  i n  d e t a i l .  

The change i n  cooling-air-f low c h a r a c t e r i s t i c s  wi th  
change i n  the  r a t i o  of n a c e l l e  diameter  t o  p r o p e l l e r  diam- 
e t e r  ( f i g s .  20 and 21)  i s  i n  agreement wi th  t he  r e s u l t s  of 
de t e rmina t ions  of cooling-air-f low c h a r a c t e r i s t i c s  of na- 
c e l l e s  a lone  r e p o r t e d  i n  r e f e rence  2 i n  t h a t ,  when t h e  na- 
c e l l e  d iameter  i s  l a r g e  r e l a t i v e  t o  t he  p r o p e l l e r  d iameter ,  
t h e  cool ing-a i r  flow wi th  t h e  p r o p e l l e r  ope ra t ing  i s  con- 
s i d e r a b l y  g r e a t e r  than when t h e  n a c e l l e  d i a n e t e r  i s  small 
r e l a t i v e  t o  t he  p r o p e l l e r  diameter.  k z r t h e r  comparison of 
f i g u r e  20 w i th  t he  r e s u l t s  shown i n  f i ~ u r e  16 of r e f e r e n c e  
2 r e v e a l s  t h a t ,  i n  the  case  o f  t he  16-inch n a c e l l e ,  t he  

. a c t i o n  of  the  p r o p e l l e r  mas t o  i nc rease  t h e  cool ing-a i r  
flow above t h a t  ob ta ined  wi th  t h e  p r o p e l l e r  removed when 
t h e  n a c e l l e  mas i n  the  presence  of t he  wing; whereas t h e  
r e s u l t s  o f  t e s t s  of  tho n a c e l l e  a lone  ( r e f e r e n c e  2 )  i n d i d  
c a t e  t h a t ,  except  a t  low va lues  of v / ~ D ,  t he  a c t i o n  of 
t h e  p r o p e l l e r  reduced t h e  a i r  flow through the qowling. 
S i m i l a r  comparisons shorn t h a t ,  i n  t h e  case  of t h e  12-inch 
n a c e l l e ,  t he  p r o p e l l e r  reduced the  coo l ing -a i r  f l o n  when 
t h e  n a c e l l e  was i n  t h e  presence  of t h e  mine and t h a t  t h e  
e f f e c t  w a s  more pronounced than shown by t e s t s  of t h e  same 
n a c e l l e  alone.  Fu r the r  i n s p e c t i o n  of f i g u r e s  20 and 21 
shows t h a t  moving t h e  12-inch n a c a l l e  c l o s e r  t o  t h e  wing 
caused t h e  a c t i o n  of t he  p r o p e l l e r  t o  become more d e t r i -  
mental  t o  t h e  coo l ing -a i r  flow but t h a t ,  a s  t h e  16-inch 
n a c e l l o  w a s  moved c l o s e r  t o  t he  v ing ,  t h e  a c t i o n  of t h e  
p r o p e l l e r  on the  cool ing-a i r  flow became i n c r e a s i n g l y  ad- 
vantageous. This  apparen t  i ncons i s t ency  i s  not  c l e a r l y  
unders toaa .  The e f f e c t  of  t he  p r o p e l l e r  on the  cool ing-  
a i r  f l o n  i s  p robably  dependent on the  f l o n  cond i t i ons  t h a t  
e x i s t  around the  n a c e l l e  i n  f r o n t  o f  the  wing. It i s  
t h e r e f a r e  p o s s i b l e  t h a t  t h e  change i n  flow aropnd t h e  na- 
c e l l e s  as they mere moved c l o s e r  t o  t he  wing a l lowed t h e  



p r o p e l l e r  t o  magnify i t s  d i s t o r t i n c  e f f e p t  on the  flow i n  
such a. manner as t o  improve the  cool ing-a i r  flow of t h e  16- 
inch  n a c e l l e  and t o  impair  t h e  cool ing-a i r  flow of t h e  12- 
i n c h . n a c e l l e .  

CONCLUSIONS 

I 1  

1. The e f f e c t  of v a r i a t i o n  i n  t h e  r a t i o  of n a c e l l e  
dia-meter t o  p r o p e l l e r  d iameter  on the  propuls ive  e f f s c i e n -  
cy o f  a wing-nacel le-propel ler  combination i s  dependent on 
t h e  l o c a t i o n  of the  n a c e l l e  r e l a t i v e  t o  t h e  ming. When the, 
n a c e l l e  i s  l o c a t e d  d i r e c t l y  i n  f r o n t  o f  t he  w,ing, . the  e f f e c t  . 
i s<  smal l ;  when t h e  n a c e l l e  i s  l a n e r e d  t o  a p o s i t i o n  such 
t h a t  t he  t h r u s t  a x i s  becomes tangent  t o  t he  lower su r f ace  
of  t h e  v ing ,  bhe e f f e c t  becomes more pronounced. In a13  
c a s e s ,  however, t he  e f f e c t  i s  sma l l e r  i n  magnit,ude than 
w a s  shown from t e s t s  of n a c e l l e s  a lone .  

2 .  The h i g h e s t  n e t  e f f i c i e n c y  was ob ta ined  wi th  the' 
arranqement t h a t  gave the  lowest  drag,  t h a t  i s , . w i t h  t h e  
n a c e l l e  c e n t r a l l y  l o c a t e d  wi th  respec t  t o  the  wing and with  
t he  p r o p e l l e r  a x i s  about 15 pe rcen t  of t he  w5ng chord ahead 
of t h e  l e a d i n g  e d ~ c  of <the wing. 

3. The p r o p e l l e r  s l i p s t r e a m  had but  l i t t l e  e f f e c t  on . 
t h e  l i f t  and t h e  moment c o e f f i c i e n t s  of the  wing i n  t he  
range of  c ru i s ing-speed  l i f t  c o e f f i c i e n t s .  

4. The act . ion o f  t he  p r o p e l l e r  on the  cool ing-a i r  
flow i s  dependent bo th  on the  s i z e  and on the  p o s i t i o n  of 
.the n a c e l l e  r e l a t i v e  t o  t h e  ming. 

Langley Meaorial  Aeronaut ica l  Laboratory,  
Hat iona l  Advisory Committee f o r  Aeronaut ics ,  

Lanqloy F i e l d ,  Va. ,  May 31, 1939. 
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FIGURE LEGENDS 

The 16-inch nacelle; The 16-inch nacelle; The 16-inch nacelle; 
position 1 position 2 position 3 

. The 16 inch  nacelle; The 16-inch nacelle; The l&inch nacelle; 
position 4 position 5 position 6 

The 12-inch nacelle; The 12-inch nacelle; The J2-inch nacelle; 
position 1 position 2 position 3 

F i g u r e  1.- ming-nace l l e  a r rangements  t e s t e d ,  

F i g u r e  2.- Dimensions of a r r a n g e m e n t s  t e s t e d .  

F i g u r e  3,- Set-up i n  t u n n e l  f o r  t e s t .  The 16-inch n a c e l l e ;  
p o s i t i o n  5. 

r ( a )  The 12-inch n a c e l l e ;  p o s i t i o n s  1, 2 ,  and 3. 
('b) The 16- inch n a c e l l e ;  p o s i t i o n s  1, 2 ,  and 3. 
( c )  The 16- inch n a c e l l e ;  p o s i t i o n s  4 ,  5 ,  and 6. 

F i q u r e  4.- Comparison of l i f t  and d r a g  c h a r a c t e r i s t i c s  of - 
wing a l o n e  w i t h  v a r i o u s  n i n q - n a c e l l e  combinat ions .  

F i g u r e  5.- V a r i a t i o n  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  
m i t h  l i f t  c o e f f i c i e n t .  Coo l ing-a i r  f low th rough  n a c e l l e  
a s  i n d i c a t e d  by f i g u r e  6. 

F i q u r e  6,- V a r i a t i o n  of w i t h  l i f t  c o e f f i c i e n t .  Pro- 
p e l l e r  removed. 

F i g u r e  '7,- V a r i a t i o n  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  
w i t h  l i f t  c o e f f i c i e n t ,  C o r r e c t e d  t o  ze ro  c o o l i n g - a i r  
f low.  

F i g u r e  8.- V a r i a t i o n  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  
w i t h  n a c e l l e  l o c a t i o n .  C o r r e c t e d  t o  zero  c o o l i n g - a i r  
f l o w . ,  

F i g u r e  9,- V a r i a t i o n  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  
w i t h  t h e  r a t i o  of wing t h i c k n e s s  t o  n a c e l l e  d i a m e t e r ,  
P r o p e l l e r  a x i s  a t  25 p e r c e n t  of t h e  chord  fo rward  of t h e  
l e a d i n s  odse of t h e  wing; ze ro  c o o l i n g - a i r  f low;  a, 0'1 

' F i q u r e  10.- T y p i c a l  p r o p e l l e r  c u r v e s  m i t h  t e s t  p o i n t s .  The 
16-inch n a c e l l e  i n  p o s i t i o n  2 ;  48-inch p r o p e l l e r .  



Figure  11 .- Envelope curves  of n e t  and propuls ive  e f f  i c i en -  
c i e s  a q a i n s t  Cs.  The 36-inch p r o p e l l e 2 ;  n e t  e f f i c i e n -  
CY c o r p c t e d  t o  zero cooline;-air flow; a, 3O. 

F igu re  12,- Envelope curves  of n e t  and g ropu l s ive  e f f i c i e n -  
c i e s  a g a i n s t  G s ,  The 48-inch p r o p e l l e r ;  n e t  e f f i c i e n c y  
c o r r e c t e d  t o  zero coo l ing -a i r  f low; a ,  3'. 

F i m r e  13.- Va r i a t i on  -of p ropu l s ive  e f f i c i e n c y  wi th  n a c e l l e  
l o c a t i o n  a t  c'onstant va lues  of  C,. The 36-inch propel-  
l e r ;  a, 3'. . 

Figure  14.- Va r i a t i on  of p ropu l s ive  e f f i c i e n c y  with  n a c e l l e  
l o c a t i o n  a t  cons t an t  v a l u e s  of C,. The 48-inch pro- 
p e l l e r ;  a, 30e  

F igu re  15.- Va r i a t i on  of n e t  e f f i c i e n c y  wi th  n a c e l l e  loca-  , 

t i o n  a t  cons t an t  va lues  of Cs ,  The 36-inch p r o p e l l e r ;  . 
n e t  e f f i c i e n c y  c o r r e c t e d  t o  zero coo l ing -a i r  flow; a, 3'. 

I 

Figure  16,- Va r i a t i on  of n e t  e f f i c i e n c y  w i t h  n a c e l l e  loca-  
t i o n  a t  cons tan t  va lues  of Cs. The 48-inch p r ~ p e l l e r : ~  - , 
n e t  e f f i c i e n c y  c o r r e c t e d  t o  zero cool ing-a i r  flow; a, 3 . 

., 
Figure  17.- Envelope curves  of ne t  and propuls ive  e f f icPen-  

c i e s  showing tho o f f e c t  of f i l l o t s .  The 16-inch n a c e l l e :  " 
n e t  e f f i c i o n c y  c o r r e c t e d  t o  zero coo l ing -a i r  flom; a, 3'. 

F igure  18,- f f f e c t  o f  p r o p e l l a r  and n a c e l l e  l oca t ion  on l i f t  
c o e f f i o i o n t .  Value of CL f o r  iring alone. ,  0.190; a, 3'. 

F igure  19,- .Effect  of and n a c e l l e  l o c a t i o n  on - 
pitching-momeni c o e f f i c i e n t ,  Value o f  C, f o r  nfng 
a l o n e ,  0.005: a, 3'. 

( a )  P o s i t i o n  1; (b) P o s i t i o n  2 ;  ( c )  P o s i t i o n  3 
( d )  P o s i t i o n  4 ;  ( e )  P o s i t i o n  5;  ( f )  P o s i t i o n  6 

F igu re  20.- Va r i a t i on  of O g p Z F z  wi th  V / ~ D  f o r  var- 
i o u s  m i  ng-nace l le -prope l le r  arrangements t e s t e d .  The 
16-inch n a c e l l e ;  conduc t iv i ty ,  0,085. 

(a) P o s i t i o n  1; (b) P o s i t i o n  b; ( c )  P o s i t i o n  3 
F igu re  21T- Var i a t i on  of 057pj ; :aT wi th  V / ~ D  f o r  Tar- 

i o u s  wing-nacel le-propel lor  arrangements t e s t e d ,  The 
3.2-inch n a c e l l e ;  conduc t iv i ty , ' 0 ,072 .  
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