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NATIOBAL ADVISORY COMMITTEE FOR AEXOATAU';?ICS 

ADVANCE C OYJFIDENTIAL REPORT 

TESTS OF AX NACA 66,2-420 

AIRFOIL 03' 5-FOOT CEORD A T  EIGli SPEED . 

By Planley J. Bood and J o s e p h  L. Anderson 

T h i s  r e p o r t  c o v e r s  t e s t s  of  a 5 - f o o t  model of t h e  
NACA 66,2-420 low-drag  a i r f o i l  a t  h i g h  s p e e d s  i n c l u d i n g  
t h e  c r i t i c a l  c o n p r e s s i b i l i t y  spsed .  S e c t i o n  c o e f f i c i e n t s  
o f  l i f t ,  d r a g ,  and p i t c h i n g  moment, and e x t e n s i v e  p r e s -  
s u r e - d i s t r i b u t i o n  d a t a  a r e  p r e s e n t e d .  

The s e c t i o n  d r a g  c o e f f i c i e n t  a t  t h e  d e s i g n  l i f t  
c o e f f i c i e n t  of 0.4 i n c r e a s e d  from 0.0042 a t  low s p e e d s  
t o  0 ,0052  a t  a Mach number of 0.56 (390 mph a t  25 ,000  
f t  a l t i t u d e ) .  The c r i t i c a l  Mach number was a b o u t  0.60. 
The r e s u l t s  c o v e r  a  Reynolds  number r ange  from 4 m i l l i o n s  
t o  17  m i l l i o n s .  

T e s t s  have  Seen  madc o f  an  3ACB %6,2-420 n i r f o i l  i n  
o r d e r  t o  p r o v i d e  d a t a  on t h e  c h a r a c t e r i s t i c s  of a t h i c k  
low-drag  a i r f o i l  at h i g h  s p e e d s .  Thc SAGA 66,2-420 a i r -  
f o i l  was chosen  a s  b e i n g  r c p r a s e n t s t i v c  of low-drag a i r -  

. f o i l s  of r a t h e r  h i g h  cam3cr (0.40 d e s i g n  l i f t  c o e f f i c i e n t )  
and t h i c k n e s s  (20 p e r c o n t  of t h a  c h o r d ) .  The a i r f o i l .  was 
t e s t e d  a t  s p e e d s . u g  t o  and s l i g h t l y  above  t h e  c r i t i c a l  
s p e e d .  

APPARATUS AND METHO3 

The t e s t s  were c o n d u c t e d  i n  t h e  NACA 16- foo t  wind 
t u n n e l  a t  t h e  Ames A e r o n a u t i c a l  L a b o r a t o r y ,  M o f f e t t  F i e l d ,  
C a l i f o r n i a .  T h i s  wind t u n n e l  h a s  a  c l o s e d  c i r c u l a , r  t e s t  
s e c t i o n  1 6  f e e t  i n  d i a m e t e r .  



The a i r f o i l  was of  t h e  iTACA 66,2-420,  a  = 1 s e c t i o n .  
I n  t h e  u s u a l  manner t h i s  a i r f o i l  d e s i g n a t i o n  s i g n i f i e s  
t h a t  t h e  a i r f o i l  i s  a  low-drag a i r f o i l  of t h e  6  f amPly ,  
t h a t  f a l l i n g  p r e & s u r e s  e x t e n d  f rom t h e  l e a d i n g  edge  t o  
a p o i n t  60 p e r c e n t  of t h e  c h o r d  from t h e  l e a d i n g  edge 
o v e r  a  work ing  c t  r a n g e  of a p p r o x i m a t e l y  2 0 . 2  f rom 
t h e  d e s i g n  l i f t  c o e f f i c i e n t ,  t h a t  t h e  d e s i g n  l i f t  c o e f -  
f i c i e n t  i s  0 . 4 ,  t h a t  t h e  a i r f o i l  t h i c k n e s s  i s  20 p z r c e n t  
of t h e  c h o r d ,  and t h a t  t h e  l i f t  a t  t h e  d e s i g n  l i f t  c o e f -  
f i c i e n t  i s  u n i f o r m l y  d i s t r i b u t e d  a c r o s s  t h e  cho rd .  The 
c o o r d i n a t e s  ox t h e  a i r f o i l  s s c t i o n  a r e  shown i n  f i g u r o  I., 

: These  c o o r d i n a t e s  wcre d e r i v e d  from t h e  c o o r d i n a t e s  of t h e  
I NACA 66,2-018 a i r f o i l  a s  g i v e n  i n  r e f e r e n c e  1, by t h e  
" method e x p l a i n e d  t h e r e .  The a i r f o i l  had a, c o n s t a n t  cho rd  

of 5 f e e t  and c o m p l e t e l y  spanned  t h e  t a s t  s e c t i o n  a s  shown 
i n  f i g u r e  2. Between t h e  ends of t h e  a 2 r f o i l  and t h e  t u n -  
n e l  walls t h e  c l e a r a n c e  y a s  a p p r o x i m a t e l y  3 / 1 6  i n c h r  The 
a i r f o i l  s p a r  e x t e n d a d  t h r o u g h  open ings  i n  t h e  t u n n e l  w a l l s  
t o  t r u n n i o n s  which s u p p o r t e d  t h e  a i r f o i l  and p e r m i t t e d  
c h a n g i n g  t h e  a n g l e  of a t t a c k ,  Except  f o r  t h a  s t e e l  s p a r ,  
t h e  a i r f o i l  was of wood. The s u r f a c e  was p a i n t e d ,  sand-  
p a p e r e d  smoo th ,  an& p o l i s h e d .  A smooth ,  a c c u r a t e  s u r f a c e  . * 

w a s  m a i n t a i n a d  t h r o u g h o u t  t h e  t e s t s .  The a n g l e  of a t t a c k  
was checked d u r i n g  t h e  t e s t s  by means of a t o r q u e  t u b e  
e x t e n d i n g  t h r o u g h  t h e  a i r f o i l  t o  t h e  c e n t e r  of t h e  span  
where  i t  was anchored .  By t h i s  means t h e  t r u e  a n g l e  
a t  t h e  c e n t e r  of t h e  span  w a s  a lways  d e t e r m i n e d  and  e r r o r s  
due t o  e l a s t i c  t w i s t i n g  of t h e  a i r f o i l  were e l i m i n a t e d .  

A 1 1  d r a g  c o e f f i c i e n t s  were  computed f rom measurements  
of t h e  momentum l o s s  i n  t h e  wake of t h e  a i r f o i l ,  The meas- 
u remen t s  were  made 3 f e e t  beh ind  t h e  t r a i l i n g  edge a t  t h e  
c e n t e r  of t h e  span  by means of a  r a k e  of t o t a l - p r e s s u s e  
and  s t a t i c - p r e s s u r e  t u b c s  c o n n e c t e d  t o  a  m u l t i p l e  manometer,  
The p r e s s u - r e s  were  r e c o r d e d  by p h o t o g r a p h i n g  t h e  manometer. 
The d r a g  c o e f f i c i e n t s  were  computed by J o n e s '  method mod- . 
i f i e d  t o  i n c l u d e  c o m p r e s s i b i l i t y  e f f e c t s .  

The s t a t i c - p r e s s u r e  d i s t r i b u t i o n  was measured w i t h  
f l ' u s h  o r i f i c e s  b u i l t  i n t o  t h e  a i r f o i l  2.5 f e e t  t o  t h e  r i g h t  
of t h e  c e n t e r  of t h e  span .  T h e - p r e s s u r z s  were  r e c o r d e d  by 
p h o t o g r a p h i n g  a m u l t i p l e  manometer t o  which t h e  o r i f i c z s  
wcre connec ted .  

B 

The l i f t  c o e f f i c i e n t s  were  d e r i v e d  by i n t e g r a t i n g  k 
p l o t s  of t h e  p r e s s u r e  d i s t r i b u t i o r  t o  o b t a i n  t h e  c o e f f i c i e n t  
of normal  f o r c e ,  and t h e n  r e s a l v i n g  t h e  normal  f o r c e  c o e f -  A 

f i c i e n t  and t h e  d r a g  c o e f f i c i e n t  i n  a c c o r d n n c c  w i t h  t h e  



a n g l e  of a t t a c k  t o  o b t a i n  t h e  l i f t  c o e f f i c i e n t .  C o e f f i -  
c i e n t s  of p i t c h i n g  moment were  computed from i n t e g r a t e d  
moments of chordvrise  and spanwise  p r e s s u r e - d i s t r i b u t i o n  
p l o t s .  

For  n few of t h e  t e s t s  t h e  t r n n s i t i q n  p o i n t  was 
a r b i t r a r i l y  f i x e d  a t  10  o r  60 p e r c e n t  cho rdwise  p s s i t i o n s  
on b o t h  u p p e r  and l o w e r  s u r f a c e s  by spnnwise  bands  2f 
carborundum g r a i n s .  The bands  o f  carborundum were approx-  
i m a t e l y  112.  i n c h  v i d e  and t h e  g r a i n  s i z e  was nunber  60. 

RESULTS A%D DISCUSSIOW 

8 x 1  r e s u l t s  a r e  shown a s  s e c t i o n  p r o p e r t i e s  of t h e  
a i r f o i l  i n  t e r n s  of t h e  u s u a l  non-d imens iona l  c o e f f i c i e n t s ,  
No c o r r e c t i o n s  have been  made f o r  t h e  c o n s t r i c t i n g  e f f e c t  
of tile w i n d - t u n n e l  walls. I t  i s  e s t i m a t e d  t h a t  t h e  e r r o r s  
due  t o  t h e  o m i s s i o n  of t h e s e  c o r r e c t i o n s  do n o t  exceed  2  
p e r c e n t  a t  low s p e e d s  and 4 p e r c e n t  ' a t  t h e  h i g h e s t  s p e e d s ,  
These e r r o r s  t e n d  $0 i n d i c a t e  t h e  c o e f f i c i e n t s  a s  t o o  l a r g e  
n u n e r i c a l l y ,  t h u s  g i v i n g  c o n s e r v a . t i ~ e  v a l u e s  f o r  most u s e s .  

~ h e * c h a r a c t e r i s t i c s  o f  t h e  a i r f o i l  a t  0 d e g r e e  a n g l e  
of a t t a c k  axe  shown i n  f i g u r e s  3 and 4 2 s  t h e y  v a r y  w i t h  
Mach numbar a n d  Re;rnclds number,  r e s p e c t i v e l y .  The s e c t i o n  
d r a g  c o e f f i c i e n t  f o ?  t h e  smooth a i r f o i l  was o n l y  0.0042 
a t  low s p e e d s  and  inc rep - sed  g r a d u a l l y  t o  0.0052 a s  t h e  
Mach number and Reynolds  number were  i i l c ? - ~ a s e d  t o  0 ,56  
and  1 6 , 5 0 0 , 0 0 0 ,  r e s p e c t i v e l y .  The minimum p r e s s u r e  
c o e f f i c i e n t s  p l o t t e d  i n  f i g u r e  5 i n d i c a t e  t h a t  t h e  c r i t -  
i c a l  Mach number was 0 . 6 ,  p,nd t h i s  v a l u e  i s  c o n f i r m e d  
by t h e  b r e a k  i n  t h e  c u r v e  showing l i f t  c o e f f i c i e n t  on 
f i g u r e  3. The d r a g  s t a r t e d  i n c r e a s i n g  r a p i d l y  a t  Mz.ch 
numbers above  0 .56 ,  howevcr ,  and a t  a @iach number of 
0.60 t h e  d r a g  c o e f f i c i e n t  was d o u b l e  i t s  low-speed v a l u e .  
A t  a  Mach number o f  0 .633  t h e  d r a g  coefficient had i n -  
c rca . sed  t o  s i x  t i m e s  i t s  low-spoed v ~ l u e .  Tho ma jo r  po r -  
t i o n  o f  t h i s  l a r g e  d r a g  i n c r a a s e  i s  b a l i e v o d  t o  b e  t h e  
r e s u l t  of c o m p r e s s i b i l i t y  shock.  A t  t h e  h i g h  Mrch numbers 
t h c  a d v e r s e  p r e s s u r e  g r a d i e n t s  o v e r  t h e  e f t e r  40 p e r c e n t  
of t h e  c h o r d  become v e r y  l a r g e  and map h9,ve c a u s e d  sep-  
a r a t i o n  which would c o n t r i b u t e  t o  t h e  i n c r e a s e  i n  d r a g ,  

A s  comp-red t o  t h e  smogth wing ,  r o n g h n a s s  r t  t h s  
60-percnnt  c h o r d  s t  n t  i o n  c '-used an ~ l m o s  t c o n s t a n t  i n -  
c r e a s e  i n  t h e  d r a g  c o e f f i c i e n t ,  a b o u t  0 ,0009 ,  a t  a l l  
Nach nunba r s  u p  t o  0.56. T h i s  compar i son  i n d i c a t ~ s  t1ic7,t 
t h e  n a t u r a l  t r ~ n s i t i o n  p ~ i n t  ?:?as a f t  of t h e  60 -pa rcan t  



s t a t i o n  ( t h e  minimum p r e s s u r e  p o i n t )  a t  l e a s t  u n t i l  t h e  
c r i t i c a l  Mach number w a s  app roached .  The r c s u l t s  do n o t  
show how f a r  t h e  Reyng lds  number can b c  i n c r e a s e d  b e f o r e  
t h e  t r a n s i t i o n  p o i n t  moves f o r w a r d  ~ , n d  t h e  dr?,g i n c r e a s e s  
due  t ?  s c a i c  e f f e c t .  T c s t s  o f  a l n r g c r  cho rd  a i r f o i l  2f 
t h e  same s e c t i o n  a r e  t o  b e  made i n  o r d o r  t o  c v a l u a t e  t h e  
c z p a b i l i t i e s  of t h i s  a i r f ? i l  n t  h i g h e r  Baynolds  numbers. 

With t h e  smooth a i r f o i l  ~t 0 d e g r e c  a n g l e  of a t t a c k  
t h e  pi tching-moment  c o e f f i c i e n t  remained  w i t h i n  0.02 of t h e  
t h e o r e t i c a l  v a l u e  of -0.10 t h r o u g h o u t  t h e  r a n g e  of t h e  t e s t s .  
Only a  s m a l l  change  i n  

% / 4  
o c s u r r e d  a t  t h e  c r i t i c a l  speed.  

The l i f t  c o e f f i c i e n t ,  t h e o r e t i c a l l y  0.40, i n c r e a s e d  from ap- 
p r o x i m a t e l y  0.38 a t  low s p e e d s  t o  0.48 e t  t h e  c r i t i c a l  s p e e d  
and  t h e n  d e c r e a s e d  r a p i d l y  above  t h e  c r i t i c a l  speed .  Com- 
p a r e d  t o  t h e  e x p e r i m e n t a l  i n c r e a s e  f rom 0.38 t o  0 .48,  t h e  
t h e o r y  of P r s n d t l  and G l a u e r t  t h a t  t h e  l i f t  i n c r e a s e s  w i t h  
Wach number a s  l / =  would p r e d i c t  an  i n c r e a s e  t o  
0.465. 

F i x i n g  t h a  t r a n s i t i o n  p o i n t  ~t 60 -pz rcen t  c h o r d  hnd 
u n i m p o r t a n t  e f f e c t s  on t h o  l i f t  and p i t c h i n g  moment. F i x -  
i n g  t h e  t r a n s i t i o n  p o i n t  a t  10 -pe rcen t  c h o r d  i n c r e a s e d  t h e  
minimum d r a g  c o a f f i c i e n t  t o  0 ,0106 ,  d e c r e a s e d  t h e  l i f t  Coef- 
f i c i e n t  by 0.1  o r  more,  %ad i n c r e a s e d  t h e  p i t c h i n g  moment 
c o e f f i c i e n t  by 0.025 o r  more. These  chznges  a r e  i n d i c a t i v e  
of what  might  o c c u r  i f  t h e  t r n n s i t i o n  t e k e s  p l a c e  prema- 
t u r e l y  due t o  f s u l t y  wing c o n s t r u c t i o n ,  d e t e r i o r a t i o n  of 
t h e  wing c o n t o u r  o r  smoo thness  i n  s c r v i c e ,  i n t e r f e r e n c e ,  
o r  o t h e r  c a u s e s .  

The c h a r a c t e r i s t i c s  of t h e  smooth a i r f o i l  a t  v a r i o u s  
a n g l e s  of a t t a c k  a r e  shown i n  f i g u r e  6  i n  t e rms  of Wach 
number and i n  f i g u r e  7 i n  t e r m s  of Beynolds  number. F ig-  
u r e  8 p r e s e n t s  c r o s s - p l o t s  t a k e n  from f i g u r e  6  and  shows,  
f o r  a  Hach number of 0 .4 ,  t h e  v a r i a t i o n  of l i f t  w i t h  a n g l e  
of a t t a c k  and  t h e  v a r i a t i o n  of d r a g  and  p i t c h i n g  moment 
w i t h  L i f t .  These f i g u r e s  show t h a t  t h e  d r a g  r e m a i n s  low 
f o r  l i f t  c o e f f i c i e n t s  f rom a p p r o x i m a t e l y  0.35 t o  0 .55  and 
i n c r e a s e s  t o  h i g h e r  v a l u e s  f o r  l i f t  c o e f f i c i z n t s  o u t s i d a  
of t h i s  r a n g e .  Fo r  t h e  c o n d i t i o b s  of t h c s e  t e s t s  t h e  a i r -  
f o i l  d i d  n o t  r e t a i n  i t s  low-drag  c h a r a c t e r i s t i c s  o v e r  
q u i t e  a s  w ide  a r ange  of l i f t  c o e f f i c i e n t s  a s  i s  i n d i c a t e d  
by t h e  a i r f o i l  d e s i g n a t i o n  (k0.2)  I n  p r a c t i c e  t h e  r a n g e  
of l i f t  c o e f f i c i e n t s  o v e r  which  t h e  low-drag p e r s i s t s  can  
be e x t e n d e d  by t h e  u s c  of f l a p s  w i t h  s m a l l  d e f l o c t i o n .  
From f i g u r e s  6  end  9 i t  i s  e v i d e n t  t h a t  t h c  c r i t i c a l  Xach 



number i n c r e a s e s  s l i g h t l y  a s  t h e  a n g l e  of a t t a c k  i s  de- 
c r e a s e d  t o  -2O, and d e c r e a s e s  a s  t h e  a n g l e  of a t t a c k  i s  
i n c r e a s e d  above  +2O, The r e a s o n  f o r  t h e  change  i n  c r i t i c a l  
s p e e d  w i t h  a n g l e  of a t t a c k  i s  e v i a e n t  from t h e  p l o t s  of 
p r e s s u r e  d i s t r i b u t i o n ,  

The v a r i a t i o n  of t h e  minimum p r e s s u r e  c o e f f i c i e n t  
S w i t h  Mach number f o r  d i f f e r e n t  a i r f ? i l  c o n d i t i o n s  i s  
sh3wn i n  f i g u r e s  5 and 9, $ T h e r e  & r e  a l s o  shown c u r v e s  
c~f  c r i t i c c l  p r e s s u r e  coefficients Scr t h a  v a l u e s  at 
which  t h e  s p e e d  of  s o u n d - i s  r e a c h e d  l o c a l l y ,  The i n t e r -  
s e c t i o n s  of t h e  p r e s s u r s - c o e f f i c i e n t  c u r v e s  w i t h  t h e  
c r i t i c a l  c u r v e  i n d i c a t e  t h e  c r i t i c a l  M ~ c h  numbers a t  
which  s o n i c  v e l o c i t y  i s  r e a c h e d  l o c a l l y .  I n  f i g u r e  5 

\ 
t h e r e  a r e  a l s o  shown t w 3  c u r v e s  of  van ~ k r m A n ' s  theo-  
r e t i c a l  e q u a t i o n  f o r  t h e  r a t e  of i n c r e a s e  of p r e s s u r e  
c o c f f i c i c n t  w i t h  Mach numbar ( r e f e r e n c e  2 ) .  With t h e  
smooth a i r f o i l  t h e  p r e s s u r e s  i n c r e a s e d  more r a p i d l y  w i t h  
Mach number t h a n  would h ~ v e  been p r e d i c t e d  from t h e  t h e o r y ;  
c o n s e q u e n t l y ,  p r e d i c t i o n s  based  upon t h e  r e s u l t s  of l o v -  
s p e e d  t e s t s  would o v e r e s t i m a t e  t h e  c r i t i c a l  speed ,  With 
t h e  t r a n s i t i o n  f i x e d  by roughness  a t  1 0 - p e r c a n t  c h o r d ,  
t h e  p r e s s u r a s  were  l e s s  t h r o u g h o u t  t h e  s p e e d  r a n g e  and 
i n c r e a s e d  l e s s  r a p i d l y  a s  t h e  s p e e d  was i n c r e a s e d .  These  
d i f f e r e n c e s  p r o b a b l y  r e s u l t e d  from changas  i n  t h e  e f f e c t i v e  
s h a p e  of t h e  a i r f o i l  c a u s c d  by t h e  t h i c k a r  boundary  l e y e r  
w i t h  t h e  f o r w a r d  t r a n s i t i o n ,  

F i g u r e  10  shows t h e  s e c t i o n  normal  f o r c e  and  p i t c h i n g  
., m2ment c o e f f i c i e n t s  f o r  a n g l z s  o f  a t t a c k  from below t h e  

n e g a t i v e  s t a l l  t o  above  t h e  p o s i t i v e  s t a l l  f o r  t h e  smooth 
a i r f o i l  a n d  a l s o  w i t h  r o u g h n z s s  f i x i n g  t h c  t r a n s i t i o n  a t  
t h e  1 0 - p e r c e n t  cho rd  p o s i t i o n ,  The m2ximum p o s i t i v e  and 
n e g a t i v e  normal  f o r c e  c o e f f i c i e n t s  were + 1 , 5 0  and -1.35, 
r e s p e c t i v e l y ,  and wart u n a f f e c t e d  bg t h e  r o u g h n s s s .  

F i g u r e s  11 t o  17, i n c l u s i v e ,  p r e s e n t  p r e s s u r e - d i s -  
t r i b u t i o n  d a t a  f o r  var , ious  Nach numbers ,  a n g l e s  of a t tcxck,  
and t r a n s i t i o n  l o c a t i o n s .  These  d a t a  a r e  u s o f u l  f o r  com- 
p u t i n g  s t r u c t u r a l  l o a d s ,  and f o r  e s t i m a t i n g  inducbd  v e l o c -  
i t i e s ,  p r a s s u r c  g r a d i e n t s ,  and  c r i t i c a l  s p e e d s  when t h c  
a i r f o i l  i s  combined w i t h  o t h e r  b o d i s s .  

CONCLUSIONS 

The s e c t i o n  d r a g  c o e f f i c i e n t  of t h e  a i r f o i l  a t  t h e  
d a s i g n  l i f t  c o e f f i c i e n t  of 0.4 i n c r e a s e d  f r c ~  0.0042 a t  



low speeds to 0.0052 at 3, Mach number of 0.56, a b o v e  
which thc drag increased rapidly. 
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Figure 5.- Effect of compressibility and eurface condition on the minimum pressure 

coefficients. a = 0' 





Figure 3.- Variation of the section coefficients with Mach number for various surface 
conditions. a = 00 



Figure 4.- Variation of the section coefficients with Reynolds number for various surface 
oonditione. a n o0 



Figure 9.- Variation of section coefficients with Mach number 
and angle of attack. 



Figure 7.- Variation of section coefficients with Reynolds 
number and angle of attack. 





Figure U.- Effect of compressibility and angle of attack on 'the minimum pressure 
coefiiolent of the upper surf ace. 
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Figure 12.- Ress e distribution on the airfoil with roughmaeas at 10-pescent 
*or&. c4 = 0 T  
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Figure 13.- Pressme distribution QEI the s-th a i r fo i l .  a = -2'. /' 
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Figure 15.- Pressure distribution on the smooth airfoil.. a = +bO. J 



Figure 16.- Variation of the pressure coefficient for the upper surface with angle 
of attack. Mach number = 0.185. 



UACA Fig. 17 

Figure 17.- Variation of the pressure coefficient for the lower surface with angle 
of attack. Mach number .: 0.185. 




