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WIITD-TURBEL INVi3STIGATI ON OF SEVERAL FACTORS 

AFFECTIUG T9E PERFORI4.ABCE OF A HIGH-SPEED PURSUIT 

AIRPLANX W I T 8  AIR-COOLED RADIAL ENGINE 

By C a r l  J. Wenzingor 

A11 i n v e s t i g a t i o n  was nadc i n  t h e  WkCA 19- foo t  p r e s s u r e  
wind t u n n e l  of a  0 , 4 - s c a l e  xode l  of an  e x i s t i n g  p u r s u i t  
a i r p l a n e  t o  o b t a i n  t h e  e x p e r i a e n t a l  i n f c r n a t i o n  r e q u i r e d  t o  
i n d i c a t e  t h e  i n p r o v e n e n t s  n e c e s s a r y  t o  produce an  a i r p l a n e  
capab le  of r e a c h i n g  a  spe,ed i n  e x c e s s  of 400 i.liles p e r  hour 
a t  an  a l t i t u d e  of 20,000 f e e t  w i t h  a n  a i r - c o o l e d  eng ine  of  
1000 horsepower o u t p u t .  W o d i f i c a t i o n s  t o  t h e  code1  i n c l u d -  
ed a  low-drag wing, changes i n  t h e  f u s e l a g e  shape ,  a h igh-  
speed cowl ing,  a n d  c e r t a i n  o t h e r  i n p r ~ v e ~ e n t s .  The s c a l e  
o f  t h e  t e s t s  was i n c r e a s e d  by o p e r a t i n g  t h e  t u n n e l  under  
p r e s s u r e  when i t  was c o ~ s i d e r e d  a d v i s a b l e ,  t h u s  g i v i n g  
Reynolds nunbers  up t o  f u l l  s c a l e  f o r  t l ie l a n d i n g  c o n d i t i o n ,  

S a s e d  on t h e  r e s u l t s  of t 3 e  t e s t s  i t  was found t h a t ,  
by u s e  of t h e  NACA low-drag s e c t i o n s  f o r  t h e  wing, i n p o r -  
t a n t  r e d u c t i o n s  i n  wing d r a g  and i n p o r t a n t  i n c r e a s e s  i n  
c o n p r e s s i b i l i t y  speeds  were o b t a i n e d ,  t h e  l i f t  and s t a l l i n g  
c h a r a c t e r i s t i c s  were s i n i l a r  t o  t h o s e  of c o n v e n t i o n a l  wings, 
and t h e  a c t i o n  of s i n p l e  s p l i t  f l a p s  i n  i n c r e a s i n g  t h e  l i f t  
was abou t  t l ie sane .  The p r o p e l l e r  s l i p s t r e a n  caused an  i n -  
c r e a s e  i n  t h e  d r a g  of t h a t  p-br t ion  of  t h e  low-drag wing i n  
t h e  s l i p s t r e a u  t o  a v a l u e  about  t h e  sahe a s  t h a t  of a con- 
v e n t i o f i a l  wing wi thou t  s l i p s t r e a n .  

The NACA high-speed c o w l i n g ' a r r a n g e n e n t  a p p e a r s  t o  be 
s a t i s f a c t o r y  up t o  speeds  of nore  t h a n  500 n i l e s  p e r  hour 
a t  h i g h  altitudes b e f o r e  c r i t i c a l  c o n p r e s s i b i l i t y  e f f e c t s  
a r e  encoun te red ,  I n  a d d i t - i o n ,  p r o p u l s i v e  e f f i c i e n c i e s  ap- 
p e a r  t o  be i n c r e a s e d  by u s e  of t h i s  cowling a t  h igh  v a l u e s  
of V/nD conpared w i t h  t h e  e f f i c i e n c i e s  o b t a i n e e  with 
cowling C .  Tho aerodynan ic  advantage  of p l a c i n g  wing 
guns w i t h i n  t h e  wing i s  i n d i c a t e d .  



IITTRODUCT I OiT 

I n  connec t ion  w i t k  t h e  e x i s t i n g  n a t i o n a l  energency 
and a s  p a r t  of t k e  n a t i o n a l  d e f e n s e  p r o g r a n ,  t h e  KACk i s  
c o n d u c t i n g  i n v e s t i g a t i o n s  t o  d e t e r n i n e  t h e  i n p r o v e n e n t s  i n  
p e r f o r n a n c e  t h a t  can be a c h i e v e d  through t h e  a p p l i c a t i o n  
of r e c e n t  wing, cowl ing ,  and f u s e l a g e  r e s e a r c h  t o  s i n g l e -  
eng ine  and n u l t i e n g i n e  c i l i t a r y  a i r p l a n e s .  - 

The i n v e s t i g a t i o n  d e s c r i b e d  i n  t h i s  paper  was s t a r t e d  
i n  t h e  sunaer  of 1940 and was proposed t o  o b t a i n  sone ex- 
p e r i n e n t a l  i n f o r n a t i o n  concern ing  t h e  p o s s i b l e  inprove-  
n e n t s  t o  be o b t a i n e d  by t h e  a p p l i c a t i o n  of t h e  r e s u - I t s  of 
t h e  p r e v i o u s l y  nenf ioned  r e s e a r c h e s  t o  a  t y p i c a l  p u r s u i t -  
t y p e  a i r p l a n e ,  I n  p a r t i c u l a r ,  i t  was hoped t o  i n d i c a t e  
t h e  i n p r o v e u e n t  s n e c e s s a r y  t o  produce an  a i r p l a n e  c a p a b l e  
of r e a c h i n g  a speed i n  e x c e s s  of 400 n i l e s  p e r  hour  a t  an 
a l t i t u d e  of 20,000 f e e t  w i t 3  an d i r - c o o l e d  r a d i a l  eng ine  
of 1000 horsepower o u t p u t ,  such a s  t h e  R-1830. T h i s  s i n ,  
of course, '  i s  n o d i f i e d  f r o n  t i n e  t o  t i n e  i n  t h e  l i g h t  of 
f i n d i n g s  f r o n  t h e  p r e s e n t  war ,  put i t  i s  b e l i e v e d  d e s i r a b l e  
t o  nakc a v a i l a b l e  i n  a  s h o r t  c o n c i s e  r e p o r t  sone of t h e  
nore  o u t s t a n d i n g  r e s u l t s  of t h e  i n v e s t i g a t i o n  t h a t  nay  b e  
used  a s ( a  gu ide  t o  f u r t h e r  deve lognen t .  

As a s t a r t i n g  p o i n t ,  a n  e x i s t i n g  e x p e r , i n e n t a l  a i r p l a n e  
was chosen a s  one r e p r e s e n t a t i v e  type  of h igh-per fo rnance  
p u r s u i t  a i r p l a n e .  A 0.4-scale snoo th  n o d e l  wi thou t  p r o t u b t  
e r a n c e s  was b u i l t ,  and i t s  a e r o d y n a n i c  c h a r a c t e r i s t i c s  were 
used  t o  e s t a b l i s h  a  b a s i s  fr'or; which p 'bss ib le  i n p r o v e n e n t s  
cou ld  be judged. I ! o d i f i c a t i o n s  were ' t b e n  nade ,  , u s u a l l y  one 
a t  a  t i n e ,  t o  i n c o r p o r a t e  t h e  proposed i n p r o v e n e n t s .  The 
nod i f  i c a t i  ons includecl  p r i n c i p a l l y  a 1o.w-drag wing, a  ci? ange 
i n  t h e  f u s e l a g e  shape ,  a  high-speed cowl ing,  and c e r t a i n  
o t h e r  i n p r o v e n e n t s ,  A 1 1  t e s t s  were c a r r i e d  out  i n  t h e  3 A C A  
19-foot  p r e s s u r e  wind t u n n e l ,  a t  Langley  F i e l d ,  V a .  The 
s c a l e  of t h e  t e s t s  w a s  i n c r e a s e d  by o p e r a t i n g  t h e  t u n n e l  
under  p r e s s u r e  when i t  was c o n s i d e r e d  a d v i s a b l e ,  t h u s  g iv-  
i n g  Reynolds nunbers  up t o  f u l l  s c a l e  f d r  t h e  l a n d i n g  con- 
d i t i o n .  

liODELS AITD APPARATUS 

The :~oOels were a l l  c o n s t r u c t e d  of l a r i n a t o d  nahogany, 
r o i n f  o rced  wi th  n e t a l  where required. Tho exposod s u r f a c e s  
were f i l l e d ,  t h e n  sprayed w i t h  l a c q u e r ,  and f i n i s h e d  by 



r u b b i n g  w i t h  170. 400 water  c l o t h  i n  a  d i r e c t i o n  p a r a l l e l  
t o  t h e  wing chord ,  The f i n i s h  t h u s  s e c u r e d  w a s  such as t o  
be c l a s s i f i e d  a s  " a e r o d y n a n i c a l l y  snooth,"  

The r e s i s t a n c e  of t h e  eng ine  t o  s i r  f low through t h e  
cowl ing was s i n u l a t e d  by a  p e r f o r a t e d  p l a t e  of such d e s i g n  
t h a t  i t s  conductance cou ld  be a d j u s t e d  t o  a p p r o x i n g t e  t h a t  
of t h e  f u l l - s c a l e  eng ine  i n s t a l l a t i o n .  For sone of t h e  
t e s t s ,  dunny c y l i n d e r s  were a l s o  a t t a c h e d  t o  t h e  p l a t e  t o  
r e p r e s e n t  nore  e x a c t l y  t h e  a c t u a l  eng ine  i n s t a l l a t i o n ,  

When t e s t s  of powered n o d e l s  were r e q u i r e d ,  a t h r e e -  . 
b l a d e ,  4 - f o o t - d i a n c t e r  p r o p e l l e r ,  which h a s  b l a d e s  of C l a r k  
Y s e c t i o n  nounted i n  a n  a d  justable-pitch hub, was uscc .  
T h i s  p r o p e l l e r  i s  s X n i l a r  t o  t h e  f u l l - s c a l e  H a n i l t o n  Stand-  
a r d  p r o p e l l e r  6&01. For t h e s g  t e s t s ,  t h o  b laCes  werc s c t  
a t  a n g l e s  of 45 , 50° ,  and 55 a t  0.75 of t h e  t i p  r a d i u s ,  

The p r o p e l l e r  was d r i v e n  by a  water -cooled  a l t e r n a t i n g -  
c u r r e n t  in?.uct ion n o t o r  c a p a b l e  of dove lop ing  60 horsepower 
a t  5000 r p n .  C u r r c n t  was s u p p l i e d  t g  t h e  n o t o r  by a v a r i n b l e -  
f roqucncy  c o t o r - g e n e r a t o r  s e t ,  and speed c o n t r o l  w a s  o b t a i n e d  
by v a r y i n g  Ohe f requency .  Tho ou tpu t  t o r q u e  of t h e  n o t o r  was 
d c t c r n i n e d  f r o n  a  c a l i b r a t i o n  of t o r q u e  a g a i n s t  a c t i v c  cur-  
r e n t .  The n o t o r  r evoLut ion  speed was n o a s u r e a  wi th  a 
conclenscr-type t a c h o n c t  e r .  

The n o d s l s  wore nountcd  on t h e  s t a n d a r d  s u p p o r t i n g  
s y s t e n  of t h e  b a l a n c e  i n  t h e  UhCk 19- foo t  p r o s s u r e  wind 
t u n n c l .  ( s e e  f i g .  1.)  Two n a i n  s u p p o r t s  were u s e 3  f o r  
t h e  wing, onc on each s i d e  o f  t h e  f u s e l a s e ,  and s i n g l e  
t a i l  s u p p o r t  was used  by which t h e  a n g l e  of a t t a c k  was 
ch anged. Six-conponcnt n e a s u r e n e n t  s of aeroclynanic f o r c c s  
and n o n e n t s  were nacle anfi recorCeC by a n  n u t o n n t i c  e l e c t r i c  
r e c o r d i n g  ba lance .  

A l l  t e s t s  werc naae  w i t k  t h e  t u n n e l  t e s t  s e c t i o n  i n  
t h e  c l o s e d - t h r o a t  c o n d i t i o n  and w i t h  t h e  c i r  p r e s s u r e  i n  
t h e  t u n n e l  e i t h e r  a t  a t n o s p h e r i c  o r  a t  35 pounds p e r  s q u z r e  
i n c h  a b s o l u t e ,  depending upon t h e  type  of t e s t  and t h e  
Reynolds nunber d e s i r e d  

The a n g l e - o f - a t t a c k  range  covered ,  i n  g e n e r a l ,  f r o n  
below z e r o  l i f t  t o  beyond znxinun l i f t ,  Observa t ions  of 
t h e  s t a l l i n z  c h n r a c t c r i s t i c s  of t h e  wings werc :-lade by 



4 9 n o t i n g  t h e  a c t i ~ n  of w o o l  t u f t s  a t t a c h c d  t o  t h o  uppor s u r -  
face of t h c  wing. 

The s c c t i o n  p r o f i l c  CrGg of t h c  wing when o p c r a t i n c  
i n  t h c  v i c i n i t y  of t h e  high-spocd l i f t  c o c f f i c i c n t  was ob- 
t a i n e d  f r o n  n e n s u r e n e n t s  of t h e  nonentun l o s s  i n  t h e  wins  
wake. P r e s s u r e  n e a s u r e n e n t  s over  cowling and f u s e l a g e .  
were csCe by t h e  u s e  of p r e s s u r e  o r i f i c e s  i n s t a l l e '  i n  t h e  
: ~ o ? ~ e l ,  o r  by t h e  u s e  of n i c e .  Neasurenen t s  of a i r  f low 
t h r o u g h  t h e  cowl ing were c a c e  w i t h  t o t a l - p r e s s u r e  and 

- s t c t i c  t u b e s .  

When r e q u i r e d ,  d e t  e r a i n a t  i o n s  were nade of t d c  l i f t  , 
?.rsg, an8. aorodynan ic  i n t o r f e r o n c c  e f f c c t s  of t h e  uodol  
s u p p o r t s .  

RESULTS AUD DISCUSSI 'OS~  

C o c f f i c i o n t  s 

811 r e s u l t s  a r e  g iven i n  t h e  f o r n  of a b s o l u t e  c o o f f i -  
c i e n t s .  L i f t ,  d r a g ,  and p i t c h f n g  nonen t s  have bean c o r -  
r o c t c d  f o r  tho t a r e s  clue t o  t h o  xodc l  s u p p o r t s ,  and d r a g  
an2 a n g l e  of attacls:  liavo bean c o r r c c t e i ?  f o r  je t - 'uound~xy 
i n t c r f c r e n c c  e f f e c t s .  Thc c o o f f i c i e n t s  and synbo l s  a r e  de- 
f i n e d  a s  f o l l o w s :  

CL l i f t  c o e f f i c i e n t  (?/cis 1. 
CD d r a ; ~  c o o f f i c i c n t  ( ~ / d s )  

C 
do 

s e c t i o n  p r o f i l e - d r a g  c o e f f i c i e n t  (d.,/sc) 

C, p i t  chin,.;-noi.lent co e f f i c i e n t  (i.llqc2 b) 

CT propulsive t h r u s t  coefficient ( T - A B ) / ~ ~ '  D ~ )  

Cp power coefficient ( 2 n ~ n ) / ( p n ~  D5) 

V - 
11 D advance-d iaxo tc r  r a t i o  of p r o p o l l o r  

7 p r o p u l s i v e  e f f i c i e n c y  

where 

L l i f t  

D d r a g  



s e c t i o n  p r o f i l e  d r a g  by z o n e n t u s  =cthod 

change i r  node l  d r a g  due t o  p r o 2 e l l e r  s l i p s t r e a n  

p i t c h i n g  noxont about  node l  suppor t  

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

s e r o d y n a n i c  t orque  of p r o p e l l e r  

dynan ic  p r o s s u r e  of a i r  s t r o a n  ( b  p v 2 )  
n a s s  d e n s i t y  of a i r  

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

D d i a n e t e r  of p r o p e l l e r  

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

.b wicg span 

c wing cbord  

. S wing a r e a  

a a n g l e  o f  a t t a c k  of wing r o o t  chord 

@ p r o p e l l e r  b l a d e  a n g l e  

f l a p  deflection 

Maxinuu L i f t  and S t a l l i n g  C h a r a c t e r i s t i c s  

Because of t h e  p o s s i b i l i t y  of o b t a i n i n k  lowor dr 'ags 
by. t h o  u s e  of a wing hav ing  lUCA low-drag a i r f o i l  s e c t i o n s ,  
such a wing was b u i l t  f o r  t1;c u o d s l .  A t  t h e  t i n e  t h i s  
wing was b u i l t  t h e r e  was soue q u e s t i o n  a s  t o  t h e  n a f i n u n  
l i f t  o b t a i n a b l e  w i t h  t h e  low-drag s e c t i o n s ,  and t h i s  wing 
was nade w i t h  a sonowhat l a r g o r  a r e a  and span t h a n  t h o  wing 
o r i g i n a l l y  used  on t h o . a i r p l a n o ,  F i g u r e  2 shows t h e  ar- 
rangenen t  of tlze b a s i c  nodcl  # w i t h  wing hav ing  c o n v e n t i o n a l  
a i r f o i l  s o c t i o n s  ( n o d i f i s d  ITACA 230 s e c t i o n ) ;  fib--ure 3 
.shows t h e  nodc l  w i t h  t h e  new wing hav ing  ITACA low-drag a i r -  
f o i l  s c c t i o n s ,  



4 + 
The ncw wing h a s  e s y r z n e t r i c c l  a i r f o i l  s e c t i o n  st t h e  

wing r o o t  wi tk  a  t h i c k n e s s  of 1 8  p e r c e n t  of t h e  a i r f o i l  
chord  and i s  of t h o  IXCk 66 f a z i l y ;  t h e  d e s i g n  l i f t .  c o e f f i -  
c i e n t  f o r  t 3 e  low-drag range  i s  0  w i t h  a v a r i a t i o n  of f0.2. 
The s e c t i o n  a t  t h e  wing t i p  i s  canbered  w i t h  a t h i c k n e s s  
of 1 5  p e r c e n t  and i s  of t h e  BACA 67 f a n i l y ;  i t s  d e s i g n  l i f t  
c o e f f i c i e n t  i s  0.13 w i t h  a v a r i a t i o n  of Jfi0.3, O u t l i n e s  of 
t h e  r o o t  and t h e  t i p  a i r f o i l  s e c t i o n s  and t h e i r  o r d i n a t e s  
a r c  g i v e n  i n  f i g u r e  4. 

I n  o r d e r  t o  inprove  t h e  s t a l l i n g  c h a r a c t e r i s t i c s  of 
t h e  wing,  i t  w a s  g i v e n  a  l i n e a r  g e o n e t r i c  t w i s t  of 2 - 1 5  o 
f r o u  r o o t  t o  t i p  so t > a t  1.5' of aerodyi iaz ic  washout was 
o b t a i n e d .  S i a p l e  par  t f  a l -span s p l i t  f l a p s  ?iavinFy chords  
20 p e r c e n t  of t h e  wing chord were i n c l u d e d  t o  o b t a i n  sone 
a a t a  r e g a r d i n g  t k e  e f f e c t i v e n e s s  of t h i s  t y p e  of f l a p  when 
used  w i t h  t k e  low-drag wing i n  c o n p a r i s o n  w i t h  tl ie e f f c c -  
t i v e n e s s  of t h e  f l a p  when u s e d  w i t h  t h e  c o n v e n t i o n a l  wing. 
A few t e s t s  were a l s o  3ad.e w i t 5  f u l l - s p a n  s p l i t  f l a p s .  

T1.m 1 9 f t  c h a r a c t e r i s t i c s  of t h e  b a s i c  a i r p l a n e  r ~ o d e l  
w i t h  c o n v e n t i o n a l  wing a r e  p l o t t e d  a g a i n s t  a n g l e  of a t t a c k  
i n  f i g u r e  5 and t h e  d r a g  and t h e  pi tcking-xozlent  d a t a  a r e  
g i v e n  i n  fit:ure 6 .  S l c i l a r  d a t a  f o r  t h e  sane  node l  5ut 
w i t h  low-drag wing a r e  g iven  i n  f i e u r e s  7 and 8. Tile e f -  
f e c t s  on t h e  cax inun  l i f t  c o e f f i c i e n t  of d e f l e c t i n g  t h e  
s i n p l e  s p l i t  f l a p  a r e  i n d i c a t e d  i n  f i g u r e  9 f o r  t h e  t w o  
d i f f e r e n t  t y p e s  of wing. P r o b a b l g  t h e  n o s t  s t r i k i n g  f a c t s  
i l l u s t r a t e d  by t h e  foregoinfy  d a t a  a r e  t h e  s i n i l a r i t y  be- 
tween t h e  ~ 7 1 a r a c t e r i s t i c s  of t h e  node l  w i t h  e i t k e r  t y p e  of 
wing and t h e  p o s s i b i l i t y  of o b t a i n i n g  e q u a l  naxirzun l i f t  
c o e f f i c i e n t s  a t  t h e  h i g h  f l a p  d e f l e c t i o n s .  

Surveys  o f  t h e  f l o w  oqer  t h e  two t y p e s  of wing were 
nadc by o b s e r v i n g  wool t u f t s  a t t a c h e d  t o  t h e  upper  s u r f a c e  
of e a c h  wing, S k e t c h e s  show in^ t h e  p r o g r e s s i o n  of t h e  
s t a l l  a r e  g iven  f o r  t h e  c o n v e n t i o n a l  wing w i t h  t h e  f l a p  
n e u t r a l  i n  f i g u r e  1 0 ( a )  and f o r  t h e  c o n v e n t i o n a l  wing w i t h  
t h c  p a r t i a l - s p a n  f l a p  down 60' i n  f i c u r e  1 0 ( b ) ,  S i n i l a r  
d i a g r a n s  f o r  t h e  low-draf; wing n r e  g i v e n  i n  f i g u r e s  l l ( a )  
and l l ( b ) ,  

The s k e t c h e s  f o r  tLc c o n v e n t i o n a l  wing i n a i c a t c  t h a t  
t h i s  wing woulcl s t a l l  suddenly  and  w i t h  l i t t l e  warning,  
I t  shou ld  be n o t e d ,  however, t h a t  a wing w i t h  c o n v e n t i o n a l  
s e c t i o n s  c o u l d  be uado t h n t  would s t a l l  i n  a  nanncr con- 
s i d e r e d  s a t i s f a c t o r y .  Tho s k e t c h e s  f o r  t h o  wine; w i t h  l o w -  
drag s e c t i o n s  i n d i c a t e  a p r o c r e s s i v e  s t a l l i n g  f r o n  r o o t  t o  



t i p  t h a t  shou ld  g i v e  s u f f i c i e n t  warning b e f o r e  complete 
s t a l l ,  These d a t a  i n d i c a t e  t h a t  a  wing w i t h  low-drag set- 

. t i o n s  can be d e s i g n e d  t o  bave d e s i r e d  s t a l l i n g  c h a r a c t e r -  
i s t i c s .  

' E f f e c t  of P r o p e l l e r  S l i p s t r e a m  on 
Wing S e c t i o n  P r o f i l e  Drag 

The d r a g  of t h e  low-drag a i r f o i l  s e c t i o n s  a p p e a r s  t o  
be consideraMy a f f e c t e d  by s u r f a c e  smoothness and f i n i s h  

. . and bg t u r b u l e n c e  of t h e  a i r  f l o w i n g  over  t h e  s u r f a c e .  A l -  
though t h e  t u r b u l e n c e  of t h e  a i r  i n  t h e  19-foot  p r e s s u r e  
wind t u n n e l  i s  low conpared w i t h  t h a t  of most wind t u n n e l s ,  
i t  a p p e a r s  t o  be n o t  q u i t e  s o  low as t h a t  of f r e e  a i r ,  and 
t h e  magnitude of t u r b u l e n c e  i n c r e a s e s  somewhat wi th  an i n -  
c r e a s e  i n  t h e  t e s t  v e l o c i t y ,  k t  low t e s t  v e l o c i % i e s  a  good 
i n d i c a t i o n  i s  g iven  of t h e  d r a g  of t h e  low-drag a i r f o i l  
s e c t i o n s  i n  t h i s  wind t u n n e l ,  and t h e  v a l u e s  t h u s  o b t a i n e d  
p r o v i d e  a  b a s i s  f o r  some comparisons.  

I~Ieasurement s of t h e  momentum l o s s o i n  t h e  wing wake were 
made t o  de termine  t h e  s e c t i o n  p r o f i l e  d r a g  of bo th  t h e  con- 
v e n t i o n a l  and t h e  low-drag snoo th  wings w i t h o u t  p r o p e l l e r  
s l i p s t r e a m .  These measurements were made over  a range  of 
low l i f t s  i n  o r d e r  t h a t  t h e  r e s u l t s  o b t a i n e d  would c o r r e -  
spond t o  t h o s e  f o r  a  high-speed c o n d i t i o n .  The complete 
a i r p l a n e  model was u s e d  f o r  t h e s e  t e s t s .  

I The s e c t i o n  p r o f i l e - d r a g  c o e f f i c i e n t s  a r e  p l o t t e d  f o r  
t h e  c o n v e n t i o n a l  wing i n  f i g u r e  1 2  a g a i n s t  d i s t a n c e  from 
t h e  c e n t e r  l i n e  of t h e  f u s e l a g e .  Two t y p e s  of c o e f f i c i e n t  
a r c  g iven :  one i s  based on t h e , s e c t i o n  chord  a t  t h e  p o i n t  
i n  q u e s t i o n  a l o n g  t h o  wing span ;  t h e  o t h e r  i s  bass& on t h e  
mean chord of t h e  wing. The d r a g  c o e f f i c i e n t  based on sec-  
t i o n  chord w i l l  be seen t o  v a r y  f o r  t h e  g r e a t e r  p a r t  of t h e  
wing span  between t h e  v a l u e s  of a p p r o x i m a t c l y  0.006 t o  
8,007, w i t h  peaks  noar  t h e  f u s c l a g e ,  These poak v a l u e s  axe  
p r o b a b l y  due t o  i n t e r f e r e n c e  e f f e c t s  between t h o  f u s e l a g e  
and t h e  wing caused by a t h i c k e n i n g  boundary l a y e r  an t h e  
f u s e l a g e  and e a r l i e r  t r a n s i t i o n  on t h e  wing, 

* .  

The d a t a  p l o t t e d  i n  f i g u r e  1 3  a r e  g iven  f o r  t h e  wing 
w i t h  low-drag s a c t i o n s .  The magnitudes of t h e s e  s e c k i o n  
p r o f i l e - d r a g  c o e f f i c i e n t s  v a r y  f r o n  about  0,0035' t o  0.0045 
over  ~ o s t  of t h o  span ,  i n d i c a t i n g  a considera.ble  r o d u c t i o n  
i n  t h e  s e c t i o n .  d r a g s  conpared w i t h  t h o s e  of t h e  c o n v e n t i o n a l  
wing, S i m i l a r  peak v a l u e s  a l s o  e x i s t  nea r  t h e  f u s e l a g e  w i t h  
t h e  low-drag wing, a s  w i t h  t h e  c o n v e n t i o n a l  wing, 



4 s ~~Ieasurement  s w i t h  p r o p e l l e r  o p e r a t i n g  were made t o  dc- 
t e r n i n e  t h e  e f f e c t s  of p r o p e l l e r  s l i p s t r e a m  on t h p  s e c t i o n  
p r o f i l e  d r a g  of t h e  p o r t i o n  of t h e  low-drag wing i n  t h e  
s l i p s t r e a m ,  The d a t a  o b t a i n e d  f r o n  t h e s e  measurencnts  a r c  
g i v e n  i n  f i g u r e  1 4  f o r  t h e  c o n d i t i o n  of p r o p e l l e r  o p e r a t -  
i n g  a t  =.st e r w l  t o  t h e  d l  of t h e  n o d e l .  The p r o f i l e  
d r a g  of t h e  s e c t i o n s  of  t h e  low-drag wing i n  t h e  p r o p e l l e r  
s l i p s t r e a m  i s  m a t e r i a l l y  i n c r e a s e d  owing t o  t h e  a c t i o n  of 
t h e  s l i p s t r e a n ,  r e a c h i n g  v a l u e s  about  t h e  same as t h o s e  
of c o n v e n t i o n a l  s e c t i o n s  wi thou t  s l i p s t r e a n ,  A few moasure- 
n c n t  s made w i t h  p r o p e l l e r  i d l i n g  i n d i c a t e  t h a t  t h e  a d v e r s e  
e f f e c t s  a r e  n c a r l y  as g r a a t  a s  f o r  t h o  c o n d i t i o n  of p r o ~ c l -  
l o r  t h r u s t  e q u a l  t o  d rag ,  

The r e s u l t s  o b t a i n e d  show q u i t e  c l e a r l y  t h a t ,  i n  o r d e r  
t o  r o a l f z e  t h e  f u l l  b e n e f i t s  of t h e  low-drag wing s e c t i o n s ,  
p r o p e l l e r  s l i p s t r e a n  over  t h e  wing s u r f a c e s  shou ld  not  bo 
p e r m i t t e d .  Tho d e s i r a b i l i t y  of t h e  pusher  p r o p e l l o r  a r r a n g e -  
n ~ i l t  i s  t h o r e f o r e  a p p a r e n t  i f  t h e -  fu3.l b e n e f i t s  a v a i l a b l e  
f r o n  t h o s e  wing s e c t i o n s  a r e  t o  be ob ta inod .  

XACA Conven t iona l  Cowling C and 
WACA High-Speed Cowling 

The f o r n  of cowl ing Bnown a s  t h e  BACA cowling C ( r e f -  
e r e n c e  I) i s  i n  u s e  on most a i r p l a n e s  a t  t h e  p r e s e n t  t i n e  
bu t  i s  known t o  be s u b j e c t  t o  c o m p r e s s i b i l i t y  e f f e c t s  a t  
a i r p l a n e  speeds  a r o u n d  400 m i l e s  p e r  hour a t  h i g h  a l t i t u d e s .  
A t  speeds  of about  430 m i l e s  p e r  hour a t  20,000 f e e t  a l t i -  
t u d e ,  t h e s e  e f f e c t s  become c r i t i c a l ,  and some o t h e r  form of 
cowl ing becomes n e c e s s a r y .  A cowling shape r e c e n t l y  deve l -  
oped f n  t h e  8-foot high-speed wind t u n n e l  s e r v e d  a s  t h e  ba- 
s i s  f o r  a  new p r a c t i c a l  high-speed cowling w i t h  c r i t i c a l  
c o m p r e s s i b i l i t y  e f f e c t s  de layed  t o  w e l l  over  500 m i l e s  p e r  
hour a t -  h i g h  a l t i t u d e s .  

Some t e s t s  were made d u r i n g  t h e  c o u r s e  of t h e  p r e s e n t  
i n v e s t i g a t i o n  t o  o b t a i n  an  i n d i c a t i o n  of t h e  r e l a t i v e  mer- 
i t s  of t h e  NACA c o n v e n t i o n a l  cowl ing arrangement  C ( f i g .  
1 5 )  and of t h e  new ITACA high-speed cowling ar rangement  
( f i g .  1 6 ) .  I n  t h e  high-speed cowling t h e  c o o l i n g  a i r  en- 
t e r s  t h e  cowl ing th rough  a n  opening ahead of t h e  p r o p e l l e r ,  
p a s s e s  i n t e r n a l l y  th rough  a n  element  of t h e  cowling t h a t  
r o t a t e s  w i t h  t h e  p r o p e l l e r  and a c t s  a s  a  b lower ,  and t h e n c e  
f lows  p a s t  t h e  eng ine  c y l i n d e r s  t o  t h e  e x i t  a t  t h e  r e a r  of 
t h e  eng ine .  Both t y p e s  of cowl ing t e s t e d  were so ,des igned 
t h a t  a l l  t h e  c o o l i n g  a i r  r e q u i r e d  f o r  t h e  eng ine  and i t s  



a c c e s s o r i e s  i s  t a k e n  i n  a t  t h e  cowling e n t r a n c e .  A d e t a i l e d  
d e s c r i p t i o n  of t h e s e  zr rangements  i s  g i v e n  i n  r e f e r e n c e  2 ,  

Some p r e s s u r e  measurements were made over  t h e  nose  of 
cowl ing C wi thou t  p r o p e l l e r  t o  de te rmine  t h e  nagn i tudo  of 
t h e  s t a t i c  p r e s s u r e s  a c t i n g  on t h e  s u r f a c e ,  The lowes t  

p r e s s u r e  f o r  t h e  a r r a n g e n e n t  t e s t e d  had a  v a l u e  ( = - 0.9) 

t h a t  c o r r e s p o n d s  t o  a  c r i t i c a l  Mach number ( 1 ~ 3 ~  = 0.62) 
and a  c r i t i c a l  speed of  about  439 m i l e s  p e r  hour  a t  20,000 
f e e t  a l t i t u d e .  S i m i l a r  p r e s s u r e  measursmont s  over  t h e  high- 
speed cowling gave v a l u e s  i n  a l l  c a s e s  n e a r l y  equa l  t o  t h e  
f r e e - s t r e a m  s t a t i c  p r o s s u r e .  Other  measurements of t h e  
p r e s s u r e s  a c t i n g  on t h e  a i r - d u c t  b l i s t e r  beh ind  t h e  r o t a t -  
i n g  p a r t  were made w i t h  t h e  cowl ing nose p o r t i o n  r o t a t i n g  
wi thou t  p r o p e l l o r  a t  V / ~ D  = 2.71. From t h e s e  ncasurcments ,  
t h e  l o w e s t  v a l u e  of p r e s s u r e  ( p o / q  = 0.48, Wcr  = 0,12) 
w a s  found on t h e  b l i s t e r  i n  i t s  p l a n e  of symmetry a t  a  
p o i n t  9 i n c h e s  back (model s c a l e )  of t h o  t r a i l i n g  edge of 
t h e  r o t a t i n g  nose.  

With each of t h e  two cowl ing a r rangements ,  aerodynamic 
c h a r a c t e r i s t i c s  of t h e  p r o p e l l e r  were measured a t  t h r c o  
b lade  a n g l e s  i n  t h e  r e g i o n  of t h e  high-speed f l i g h t  opora t -  
i n g  c o n d i t i o n .  A 1 1  v a l u e s  of p r o p u l s i v e  e f f i c i e n c y  p r e s e n t *  
cd a r e  based  on t h e  d r a g  of t h e  a e r o d y n a m i c a l l y  smooth a i r -  
p l a n e  model. The onvolope e f f i c i e n c y  c c r v e  o b t a i n e d  w i t h  
t h e  NACh cowling C i s  compared, i n  f i g u r e  1 7 ,  wi th  a s i m i -  
l a r  cu rve  o b t a i n e d  w i t h  t h e  NkCA high-speed cowling. The 
r e s u l t s  i n d i c a t e  t h a t ,  a l t h o u g h  t h e  high-speed cowling in-  
c r o a s e d  qmax by on ly  a smal l  amount ( 2  p e r c e n t )  a t  
'IT 

= 2.0, t h i s  cowl ing i n c r e a s e d  nmax by apyroxi  ma tc ly  
nD T r  

10 p e r c e n t  a t  -i- - 
nD 

- 3.0. 

The complete a i r p l a n e  model was t e s t e d  w i t h  s t r e a m l i n e  
f a i r i n g  over  t h o  f u s e l a g e  nose f o r  each of t h e  t w o  cowl ings  
t o  o b t a i n  an  i n d i c a t i o n  of t h e  d r a g  c h a r g e a b l e  t o  t h e s e  
cowl ing and c o o l i n g  ar rangements .  Conparison of t h e  d r a g  
( a t  CL = 0.1) of t h e  complete model w i t h  s t r e a m l i n e  nose 
and of t h e  model w i t h  cowling C and a i r  f low i n d i c a t e s  t h a t  
cowl ing and a i r - f l o w  e f f e c t s  i n  t h i s  c a s e  cor respond  t o  a n  
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  of 0.0012. For  t h e  c a s e  of 
t h e  high-speed cowling,  t h e  covrling and a i r - f l o w  e f f e c t s  
i n c r e a s e  t h e  d r a g  c o e f f i c i e n t  of t h e  complete model by 
0.0009. 

fl . :% ,o,.;.r .--. q ,? .'* s . *\ 
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F u s e l a g e  and T a i l  S u r f a c e  

T w o  r e v i s e d  f u s e l a g e  a r rangements  wi th  a  mininum of 
w e t t e d  a r e a  were i n v e s t i g a t e d ,  one w i t h  a  1ong .body  and one 
w i t h  a  s h o r t  'body. The l o n g  body had tall s u r f a c e s  t h a t  
were s m a l l e r  t h a n  t h o s e  used  w i t h  t h e  s h o r t  body; each fuse-  
l a g e  and t a i l  was des igned  t o  g i v e  approx imate ly  t h e  same 
p i t c h i n g  moments. The f u s e l a g e  shapes ,  i n  a d d i t i o n ,  were 
changoclfrom t h a t  of t h e  o r i g i n a l  f u s e l a g e  i n  o r d e r  t o  r e -  
duce t h e  v e l o c i t i e s  i n  t h e  r e g i o n  of t h e  wing which i n  t u r n  
wauld d e c r e a s e  a d v e r s e  i n t e r f e r e n c e  e f f e c t s  on c r i t i c a l  
c o m p r e s s i b i l i t y  speeds ,  For a  s i m i l a r  r e a s o n ,  t h e  wing 
r o o t  s c c t i o n  w a s  changed a t  t h e  same t ime from t h e  ETACA 
66,2-018 s e c t i o n  t o  t h o  NACA 65,2-017 s c c t i o n ,  (See  f i g .  
4 , )  P l a n  and e l e v a t i o n  views of t h e  model a r rangements  a r e  
shown i n  f i g u r o s  1 8  and 19 ,  

Some r e s u l t s  of t h e  d r a g  measurements ( w i t h o u t  p r o p e l -  
l e r )  a r e  summarized i n  t h e  f o l l o w i n g  t a b l e ,  P i t c h i n g -  
moment c o e f f i c i e n t s  f o r  t h e  a r rangements  t e s t e d  a r o  g i v e n  
i n  f i g u r e  20. 

4 

Drag C o e f f i c i e n t s  of Modcls wi thou t  P r o p e l l e r  

Xodel a r rangement  / C D  a t  cL = 0.1 

Complete model; a i r  f low;  l o n g  f u s e l a g e ;  
t a i l  on 

Complcto model; a i r  f l o w ;  s h o r t  f u s e l a g e ;  
t a i l  on 

Complete model; a i r  f low;  s h o r t  f u s e l a g o ;  
t a i l  o f f  

Complete model; no a i r  f low;  s h o r t  f u s e -  
l a g e ;  t a i l  on; strea.mline nose 

These d a t a  i n d i c a t e  p r a c t i c a l l y  no d i f f e r e n c e  i n  t h e  d r a g  
of t h e  complete model a t  t h e  high-speed'  l i f t  c o e f f  i c i e n t  
(CL = 0 , l )  with'  eith'0.r t h e  l o n g  o r  s h o r t  body and t h e  c o r -  
responding t a i l .  Because of i t d  s m a l l e r  s i z e ,  t h e  node l  
w i t h  s h o r t  f u s e l a g e  was used  f o r  t h e  remainder  of t h e  inves -  
t i g a t i o n ,  



P r e s s u r e  neasurcments  over  t h e  wing-fuselage j u n c t u r e  
i n d i c a t e d  t h e  noasured  pressures t o  be abou t  t h e  sane a s  
t h o s e  of t h e  wing a l o n e .  T h i s  c o n d i t i o n  r e d u c e s  t h e  in -  
duced v e l o c i t i e s  a t  t h e  j u n c t u r e  duc t o  t s c  f u s e l a g e  t.0 

ze ro  and e l i m i n a t e s  from t h a t  s o u r c e  a d v e r s e  i n t e r f e r e n c e  
e f f e c t s  on c r i t i c a l  c o m p r e s s i b i l i t y  speed. Thus,  i t  a p p e a r s  
f e a s i b l e  by p r o p e r  c o n s i d e r a t i o n  of j u n c t u r e s  of wing and 
body t o  e l i n i n a t e  t h e  a d v e r s e  i n t e r f e r e n c e  e f f e c t s ' t h a t  a r e  
of n a i n  impor tance  i n  t h e  a t t a i n m e n t  of h i g h  a i r p l a n e  
speeds ,  

S u r f a c e  I r r e g u l a r i t i e s  

I n  o r d e r  t o  o b t a i n  soue i n d i c a t i o n  of t h e  e f f e c t s  of 
s u r f a c e  i r r e g u l a r i t i e s  on t h e  low-drag wing, t e s t s  were 
made w i t h  s i m u l a t & L a r r a n g e n e n t  s.  R e t r a c t a b l e  l and ing-gear  
cover  p l a t e s  ( f i g ,  21) c o n s i s t i n g  of n e t a l  p l a t e s  1 / 1 6  i n c h  
t h i c k  were c u t  t o  t h e  r e q u i r e d  shapo and f i t t e d  t o  t h e  lower 
s u r f a c e  of wing and f u s e l a g e .  These > l a t e s  were a t t a c k e Z  
t o  t h e  iaodcl by s n a l l  f l a t - h e a d  n a i l s  c l o s e l y  spaced* Rud- 
d e r  and e l c v a t o r  s e a l e d  l ~ i n g e  j o i n t s  ( f i g .  22) were simu- 
l a t e d  by n e t a l  s t r i p s  1 / 1 6  i n c h  t h i c k  and 3 / 8  i n c h  wide 
n a i l e d  t o  t h e  r e s p e c t i v e  t a i l  s u r f a c c s  a t  t h e  h inge  a x e s  
and f n i r e d  t o  t h e  s u r f a c e  a t  t h e  ups t ream edges.  F l u s h  
d o o r ,  c a n o p y , ,  and i n s p e c t i o n  p l a t e  j o i n t s  wi thou t  l c a k a g c  
( f i g .  23)  were r e p r c s c n t e d  by g rooves  approx imate ly  1 / 1 6  
i n c h  wide nnd 1 /16  i n c h  dccp,  c u t  i n t o  t h o  s u r f a c e s  a s  in-  
d i c a t c d .  These t e s t s  were nade 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  n o d e l  c o n p l e t e  a s  'shown i n  f i g u r e  1 9 .  
P r o p e l l e r  t e s t s  were nade f i r s t  w i t h  t h e  node l  s u r f a c e s  
a e r o d y n a n i c a l l y  suoo th ;  l a t e r  t h e  s i n u l a t e d  s u r f a c e  i r r e g -  
u l a r i t i e s  were added and s i n i l a r  t e s t s  were nade,  

A l l  t h e  v a l u e s  of p r o p u l s i v e  e f f i c i e n c y  g iven  a r e  
based on t h e  d r a g  of the -  a e r o d y n a n i c a l l y  snoo th  a i r p l a n e  
q o d e l  w i t h  p r o p e l l e r  renoved and wi thout  r o t a t i o n  of t h e  
c o v l i n g  nose.  P i s u r e  24 conpcros ,  f o r  t h e  c o n d i t i o n  
$ = 55 , t h e  e f f e c t s  of a d d i n g  t h e  r e t r a c t a b l e  l a n d i n g -  
g e a r  cover  p l a t e s  and o t h e r  s u r f a c e  i r r e g u l a r i t i e s  t o  t h e  
a e r o d g n a n i c a l l y  s n o o t h  nodel .  The d r a g  increment  due t o  
a d d i t i o n  of t h e  l and ing-gear  cover  p l a t e s  caused a d e c r e a s e  
i n  Vmax of about  1 p e r c e n t ,  The i n f l u e n c e  of a d d i t i o n a l  
s u r f a c e  irregularities, s u c h  as  r u d d e r ,  c l c v a t o r ,  canopy,  
and d o o r  j o i n t s ,  caused a n  a & d i t i o n a l  d e c r e a s e  i n  p r o p u l s i v e  
efficiency of about  1.5 p c r c c n t .  



Gun I n s t a l l a t i o n s  i n  Low-Drag Wing 

S e v e r a l  wing-gun i n s t a l l a t i o n s  were t e s t e d  t o  d e t e r -  
n i n e  t h e i r  e f f e c t s  on t h e  ae rodynan ic  c h a r a c t e r i s t i c s  of 
t h e  c o n p l e t e  a i r p l a n e  node l  w i t h  low-drag wing, For each 
i n s t a l l a t i o n  t h r e e  s i n u l a t e d  guns were nounted  i n  each 
wing. I n  one i n s t a l l a t i o n  t h e  b l a s t  tube  and p a r t  of t h e  
gun b a r r e l  p r o t r u d e  ahead of t h e  wing, a s  shown i n  f i g u r e  
2 5 ,  I n  a n o t h e r  i n s t a l l a t i o n  t h e  guns were nounted  whol ly  
w i t h i n  t h e  wing so t h a t  t h e  forward  t i p  of t h e  b a r r e l  would 
be sone d i s t a n c e  beh ind  t h e  l e a d i n g  edge of t h e  wing. T w o  
t y p e s  of opening i n  t h o  l e a d i n g  edge were t e s t o d  f o r  t h i s  
i n s t a l l a t i o n :  t y p e  A opening des igned  t o  have n i n i c u n  ad- 
v e r s e  e f f e c t  ( f i g ,  2 6 ) ,  and typo B opening which i s  n e r e l y  
a  c i r c u l a r  passage  ( f i g ,  27).  A l l  t h e  openings  t e s t o d  had 
a i r  f l o w i n g  th rough  t h o n  and e s h a u s t i n g  f r o n  a  s i n g l e  open- 
i n g  on t h e  upper s u r f a c e  of e a c h  wing abou t  0,6 chord back 
f r o n  t h e  l e a d i n g  edge ,  A d e t a i l e d  d e s c r i p t i o n  of t h e  i n -  
v e s t i g a t i o n  i s  g i v e n  i n  r e f e r e n c e  3, 

The r e s u l t s  showed t h a t  t h e  i n s t a l l a t i o n s  t e s t e d  have 
l i t t l e  e f f e c t  on t h e  nax icun  l i f t  c o e f f i c i e n t  of t h e  n o d e l ,  
The e f f c c t  on t h e  d r a g  c o e f f i c i e n t  w a s  q u i t e  n o t i c e a b l e .  
Tho l e a s t  a d v e r s e  e f f c c t  was o b t a i n e d  wi th  t h e  c o n p l e t e l y  
i n t e r f i a l  n o u n t i n g  and w i t h  type  A opening: C D  a.t CL = 0 - 1  
w a s  i n c r e a s e d  abou t  0.0001. Type 3 opening gave an  in -  
c r e a s e  of 0,0008, and t h e  p r o t r u d i n g  type  of i n s t a l l a t i o n  
i n c r e a s e $  CD by 0,0007, 

Conpara t ive  Drag of O r i g i n a l  and of Gonple te ly  
Rev i sed  P u r s u i t  A i r p l a n e  13odels 

I t  i s  of c o n s i d e r a b l e  i n t e r e s t  t o  n o t e  h e r e  t h a t  t h e  
n e a s u r e d  d r a g  of t h e  a c t u a l  f u l l - s c a l e  p u r s u i t  a i r p l a n e  i n  
f l i g h t  c o n d i t i o n ,  c o u p l e t e  w i t k  a l l  e x t e r n a l  p r o t u b e r a n c e s ,  
a i r  s c o o p s ,  an& s u r f a c e  i r r e g u l a r i t i e s ,  was a l n o s t  t w i c e  
t h e  d r a g  of t h e  snooCh node1 of t h i s  a i r p l a n e  w i t h  a l l  
c o o l i n g  a i r  t a k e n  i n  a t  t h e  cowl ing nose.  A good i n d i c a -  
t i o n  i s  t h u s  g i v e n  of t h e  g a i n s  t h a t  n i g h t  be expec ted  _ 
f r o n  e l i n i n a t i o n  of s u r f a c e  i r r e g u l a r i t i e s ,  a i r  l e a k a g e ,  
and p r o t u b e r a n c e s  on t h e  a c t u a l  a i r p l a n e .  Every  e f f o r t  
c o n s i s t e n t  w i t h  o t h e r  r e q u i r e d  c h a r a c t e r i s t i c s  should  
t h e r e f o r e  Be i?.aC-c t o  deve lop  a c r o d y n a ~ l i c a l l y  cle,an a i r -  
p l a n e  s  . 

I t  i s  a l s o  of i n t e r e s t  t o  conpare  t h e  d r a g ,  a s  neas-  
u r e d  i n  t h e  wind t u n n e l ,  of t h e  snoo th  o r i g i n a l  p u r s u i t -  



-. a i r p l c n e  nos-el w i t h  t h e  Ersg  of t h e  s n o c ~ t h  c o n p l c t c l y  r e -  
vise?.  p u r s u i t  ~ o d e l ;  t h e  v a l u c s  a r c  t a k c n  f o r  t h e  assuncC- 
h igh-speed  l i f t  c o e f f i c i e n t ,  CL = 0.20, 

. % 

O r i g i n a l  n o d c l  w i t h . . a i r  . f l ow,  no p r o p c l l c r  , 
C D  = 0.0137 

, a R e v i s e d  r-loficl w i t h  r3r f l o w ,  no p r o p e l l e r ,  
. * ,  OD = 0,0112 

I n  or$-cr t o  i-lake t h o  c o ~ : c a r i s o n  v a l i d ,  b o t h  c o e f f i -  
c i e n t s  s h o u l a  bc based  on t h e  sane  wing a r e a .  I t  a p p e a r s  
f i e s i r a b l e  t o  base  t h e  c o e f f i c i e n t s  on t h e  a r e a  o f  t h e  o r i g -  
, i n a l  wiigg, and t h e  change f o r  t h e  low-dra; wing was na?e  
as  f o l l o ~ r s :  

C D ~  of wing = ( c L 2 / n 3 )  = ,0005 

Decrease  a r e a  f r o a  42.83 t o  35.8 s q u a r e  f e e t ,  

C 3  of a o d e l  y:~ifk ~ e Z u c e d  wing a r e a  ( b a s e ?  on S=35.8)  

The d r a g  c o e f f i c i e n t s  t h e n  c o a p a r e ,  f o r  CL = 0.1: 

Or ig ima l  n o e e l  w i t h  a i r  f low,  no ? r o > e l l e r ,  3,0137 

, R e v i s e d  z o d e l  .w i th  a i r  f l o v ~ ,  a o  p r o p e l l e r ,  .0125, 

A n a p p r o s i n z t e  c s l c v - l a t i o n  was :.-ace of t h s  
h i g h  s p e e d s  of t h e  t w o  a i r p l a z o s  base?  on t h e  d r a g  c o e f f i -  
c i e n t  i-lentionei!, I f  c o a l J r e s s i b i l i t y  e f f 9 c t  s  ars ~ e g l e c t 2 d  

. an?. a p r o p e l l e r  e f f i k i e n c g  9f 0.30 i s  assul:-c?- with- 1000 
hor scpovor  a t  20,  QQ0 f e e t  a l t i t u d e ,  t 2 e  f o l l o w i n g  v a l u c s  

, a r c  o b t a i n e d :  

O r i g i n a l  p u r s u i t  a i r p l a n e  - - - - 414 r2ile.s p e r  h o u r  

C o c p l c t e l y  r e v i s e ?  pu'rsu-it a i r -  
r l a i l c  - - - - - - - - - - - - - 424 ~ l i l e s  2 c r  hour  



., 2 
Thus,  t h e  =a:uinuL1 c ? i f f e r e n c e  i n  spcect bctween t h e  t w o  a i r -  
p l a n e s  woul?. a p p e a r  t o  be abou t  1 0  x i l e s  p e r  hour  w i t h  t h e  
1000-hor scpovrer e n g i o c .  Because of o t h e r  f a c t o r s ,  such  a s  
s u r f a c e  i r r e g u l a r i t i e s  due t o  m a n u f a c t u r i n g ,  t h i s  d i f f e r e n -  
t i a l  would p r o b a b l y  be r educed ,  On t h e  o t h e r  hand,  t h e  
o r i g i n a l  model w i l l  be a f f e c t e d  by c o m p r e s s i b i l i t y  a t  t h e  
s p e e d s  ment ioned  and t h e  r e v i s e d  a i r p l a n e  would not  be a:- 
f e c t e d  and  t h e s e  e f f e c t s  would t e n d  t o  i n c r e a s e  t h e  d i f f e r -  
e n t i a l ,  The o r i g i n a l  smooth a i r p l a n e  w i l l  e n c o u n t e r  c r i t -  
i c a l  c o m p r e s s i b i l i t y  e f f e c t s  a t  abou t  430 m i l e s  p e r  houu. 
Obv ious ly ,  w i t h  g r e a t e r  e n g i n e  power and t h e  r e q u i r e d  pro-  
p e l l e r ,  c o n s i d e r a b l y  h i g h e r  s 2 e e d s  c o u l d  be o b t a i n e d  w i t h  
t h e  c o m p l e t e l y  r e v i s e d  p u r s u i t  a i r p l a n e  becausc  compress i -  
b i l i t y  e f f e c t s  would no t  be a l i m i t i n g  f a c t o r  up bo s p e e d s  
above 500 m i l e s  p c r  hour .  

COITCLUSI O N S  

. . 
3 a s o d  on t h e  r e s u l t s  of t b e  i n v e s t i g a t i o n  d e s c r i b e d  

i n  t h i s  r e p o r t ,  t h e  f o l l o w i n g  ~ o n c l u s i o n s  nay be drawn: 

1, I n p o r t a n t  r e d u c t i o n s  i n  wing d r a g  and  i n p o r t a n t  
i n c r e a s e s  i n  c o m p r e s s i b i l i t y  s p e e d s  may bc o b t c i n c d  by u s e  
of t h e  XACA log -d rag  a i r f o i l .  s e c t i o n ,  

2. A wing w i t h  BBCA lev-drag a i r f o i l  s e c t i o a s  had 
l i f t  a n d  s t a l l i n g  c h a r a c t e r i s t i c s  t h a t  werc s i m i l a r  t o  
t h o s e  of c o n v c n t i o n a l  wings,  and t h e  a c t i o n  of s i a p l e  s p l i t  
f l c p s  was abou t  ' t h e  sane  i n  i n c r e a s i n g  t h e  I t i f t .  

3 "  .The c f f c c t  of t h e  p r o p e l l e r  s l i p s t r e a m ,  e i t h e r  f o r  
t h e  i d l i n g  c o n d i t i o n  o r  h r  t h r u s t  equal  t o  drag,  w2,s t o  
c a u s e  a n  i n c r e a s e  i n  t h e  d r a g  of t h a t  ~ o r t i o n  of t h e  l o w -  
d r a g  wing i n  t h e  s l i p s t r e n n  t o  a v c l u c  abou t  t h e  sane  as  
t h a t  of convent iono-l  wing s e c t L o n s  wi thou t  s l i p s t r e a a ,  

4,  Tho new UhCA h i g h - s ~ e c &  cowl ing  a r r n n g e n e n t  on t h e  
p u r s u i t - a i r p l a n e  n o d e l  t e s t e d  i a d i c n t c d  t h a t  s a t i s f a c t o r y  
pe r fo rmance  a t  h i g h  a l t i t u d e s  and  s p e e d s s u p  t o  l o r e  t h a n  
500 m i l e s  p e r  hour  c o u l d  be o b t a i n e d  b c f o r s  c r i t i c a l  con- 
p r c s s i b i l i t y  e f f e c t s  were e n c o u n t c r c d .  <When ITAC-k cowl ing  
C rzrt?s u s e d ,  c r i t i c n l  c o n p r o s s i b i l i t y  e f f e c t s  werc i n d i c n t -  
cd  a t  20 ,000 f c c t  a l t i t u d e  at 3 " i r p l a a c  speeds  of abou t  430 
n i l c s  p e r  hour .  

5. P r o p u l s i v e  e f f i c i e n c i e s  a p p e a r  t o  be increased by 



t h e  u s e  of t h e  high-speed cowling a t  h i g h  v a l u e s  of V/nD 
compared w i t h  t h e  e f f i c i e n c i e s  o b t a i n e d  w i t h  cowling C. 

6. Adverse i n t e r f e r e n c e  c f f e c t s  on c r i t i c a l  conpres-  
s i b i l i t y  speed causcd by t h e  wing-fuselagc junc tu re  were 
reduced  t o  p r a c t i c a l l y  zero  by p r o p e r  shap ing  of t h e  junc- 
t u r e .  

7 ,  The t e s t s  show t h e  a e r o d y n a n i c  advan tage  of p l a c -  
i n g  wing guns e n t i r c l y  w i t h i n  t h e  wing. 

Langlcy  Menor ia l  Aeronautical L a b o r a t o r y ,  
N a t i o n a l  Advisory  Oonmittee f o r  A e r o n a u f i c s ,  

Langley F i e l d , ' V a ,  
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Angle of uffuck, d ,deg 
Figure 6.- Drag and pitchin@;?\noment coefficients obtained with 

conventional wing and partial-span split flaps an 
basic pursuit-airplane model. R,4.8 x lo6. 



Ang/e of affack, a! , deg 
Figure 8,- Drag and pitching-moment coefficients obtained with 

4 NACA low-drag wing and partial-span and full-span 
w CD 

split flaps on- pursuit-airplane model. R,5,5 x 106. 
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1' . Secfron pro file-draq coefficie~if, cd, Section pro file-dfaq coefficient, cd, 
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Figure 14.- Section profile-drag coefficients of NACA low-drag wing with propeller slipstream. 
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W n D  6. 
Figure 17,- Propeller envelope efficiency curves. NACA con- ?= 

ventional cowling C and NACA high-speed cowling 0 2 .$ .6 .8 LO 1.2 w 
L i f  f coefficient, C, j2, 

on pursuit-airplane model, Figure 20,- Pitching-moment coefficients of pursuit- 
w il airplane model for various fuselage and .a 

N tail conditions, 0 





NACA Figs, 16, 23 

Figure 16 ,- Warsuit-af rplane model d t h  NACA Ugh-speed cowling, 

Fimm 23,- Simulated door, canopy, and inspection plate joinks on 
short fuselage o f  p u r s a t - a i p l a n e  mods%, 



Fig. I& 





Figure 21,- Simulated re t rac tab le  landing-gear cover p l a t e s  on low- 
drag wing of pursuit-airplane model. 

Figure 22,- Simulated rudder and elevator  sealed hinge j o in t s  on 
t a i l  surfaces of pursuit-airplane model, 



NACA Fig. 24 
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Figure 24.- Comparison of propeller characteristics obtained from tests of pursuit-airplane model with various 
surface irregularities. p,550. 



Figs, 25, 26, 27 

Figure 25,- 
Protruding grin 
ins ta l la t ion  
i n  low-drag 
wing of 
pursat- 
airplane 
modelc 

aj'igure 26,- 
Submerged gura 
ins ta l la t ion  
with type A 
opening i n  
1 ow-drag 
wing of 
pursat- 
airplane 
model, 

]Figure 27,- 
Sabrnssged gun 
ins ta l la t ion  
with %;YP~ El 
olpening ia 
low-drag ane; 
of gwsat-  
a i ~ l a ~ a e ~  
model, 




