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SUMMARY 

An a i r f o i l  des igned  fo r  h e l i c o p t e r  r o t o r  a p p l i c a t i o n  h a s  been i n v e s t i g a t e d  a t  
Mach numbers f r o m  a b o u t  0.35 t o  0.90 a t  Reynolds numbers from 5 . 1  X l o 6  t o  9.6 X l o 6 .  
The a i r f o i l ,  d e s i g n a t e d  as t h e  NASA R C ( l ) - l O ,  w a s  des igned  t o  i n c r e a s e  t h e  maximum 
normal-force c o e f f i c i e n t  w h i l e  m a i n t a i n i n g  t h e  f a v o r a b l e  drag-divergence and p i t c h i n g -  
moment c h a r a c t e r i s t i c s  observed  ear l ie r  f o r  t h e  10-64C a i r f o i l .  The RC(1)-10 a i r f o i l  
h a s  a th ickness- to-chord  r a t io  of  0.10 w i t h  m a x i m u m  t h i c k n e s s  l o c a t e d  a t  40 p e r c e n t  
chord  and m a x i m u m  camber l o c a t e d  a t  27 p e r c e n t  chord.  The tests of t h e  RC(1)-10 a i r -  
f o i l  d i s p l a y e d  a n  unexpected d r a g  i n c r e a s e  (or creep) a t  Mach numbers below t h o s e  f o r  
d r a g  d i v e r g e n c e  and a t  zero and n e g a t i v e  normal-force c o e f f i c i e n t s .  An a n a l y s i s  i n d i -  
c a t e d  t h a t  t h e  d r a g  might  be decreased  by reducing t h e  o r d i n a t e s  i n  t h e  lower-sur face  
leading-edge r e g i o n .  T h e r e f o r e ,  t w o  m o d i f i c a t i o n s  w e r e  made i n  t h e  lower-sur face  
r e g i o n  and w e r e  also t e s t e d  a t  Mach numbers from about  0.35 t o  0.90 a t  Reynolds num- 
bers f r o m  a b o u t  5.0 X l o 6  t o  13.9 X l o6 .  

With n a t u r a l  t r a n s i t i o n ,  t h e  maximum normal-force c o e f f i c i e n t  of  t h e  RC(1)-10 
a i r f o i l  var ies  from 1.14 t o  0.90 a t  Mach numbers from a b o u t  0.35 to  0.65, a n  i n c r e a s e  
of 0.06 t o  0.16 o v e r  t h a t  o f  t h e  10-64C a i r f o i l .  The drag-divergence Mach number o f  
t h e  RC(1)-10 a i r f o i l  is a b o u t  equal  t o  t h a t  of t h e  10-64C a i r f o i l  a t  normal-force 
c o e f f i c i e n t s  f r o m  0 t o  0.4.  A t  normal-force c o e f f i c i e n t s  from 0.4 t o  0.8,  t h e  drag- 
d ivergence  Mach number o f  t h e  RC(1)-10 i s  less t h a n  t h a t  of  t h e  10-64C a i r f o i l .  The 
g r e a t e s t  d i f f e r e n c e  i n  drag-divergence Mach number measured f o r  t h e  t w o  a i r f o i l s  i s  
i n d i c a t e d  a t  a normal-force c o e f f i c i e n t  o f  - 0 . 2 .  T h i s  d i f f e r e n c e  r e s u l t s  from shock- 
wave/boundary-layer i n t e r a c t i o n  i n f l u e n c e s  n e a r  t h e  lower-sur face  l e a d i n g  edge f o r  
t h e  RC(1)-10 a i r f o i l .  The t w o  m o d i f i c a t i o n s  made t o  t h e  R C ( l ) - l O  a i r f o i l  c o n t o u r  
d e c r e a s e d  t h e  d r a g  c o e f f i c i e n t  a t  z e r o  normal-force c o e f f i c i e n t  f o r  Mach numbers n e a r  
d r a g  d i v e r g e n c e ,  b u t  w e r e  less b e n e f i c i a l  a t  a normal-force c o e f f i c i e n t  o f  -0 .2 .  

INTRODUCTION 

The d e s i g n  o f  a i r f o i l  s e c t i o n s  for h e l i c o p t e r  rotor b l a d e s  r e q u i r e s  s imul taneous  
c o n s i d e r a t i o n  of  (1) t h e  maximum l i f t  c o e f f i c i e n t  a t  Mach numbers up t o  about  0.50, 
( 2 )  t h e  drag-divergence Mach number a t  l i f t  c o e f f i c i e n t s  from n e a r  -0 .2  t o  t h e  maximum 
l i f t  c o e f f i c i e n t ,  and (3)  t h e  pitching-moment c o e f f i c i e n t  a t  cor responding  l i f t  coef -  
f i c i e n t s  and Mach numbers. The drag-divergence and pitching-moment c h a r a c t e r i s t i c s  
of a i r f o i l s  are p r e s e n t l y  more a c c u r a t e l y  p r e d i c t e d  a n a l y t i c a l l y  t h a n  i s  t h e  m a x i m u m  
l i f t  c o e f f i c i e n t .  For example, t h e  drag-divergence Mach number and pitching-moment 
c h a r a c t e r i s t i c s  f o r  several NACA a i r f o i l s  were a n a l y t i c a l l y  e v a l u a t e d  i n  r e f e r e n c e  1 
and t h e  a n a l y s i s  w a s  determined t o  be q u a l i t a t i v e l y  c o r r e c t  by r e f e r e n c e  2 .  

The 10-64C a i r f o i l  o f  r e f e r e n c e  2 had f a v o r a b l e  drag-d ivergence  and p i t c h i n g -  
moment c h a r a c t e r i s t i c s  compared w i t h  a number of  c u r r e n t  h e l i c o p t e r  rotor a i r f o i l s ,  
b u t  t h e  maximum l i f t  (normal-force c o e f f i c i e n t )  w a s  l o w e r  t h a n  d e s i r e d .  T h e r e f o r e ,  
t h e  d e s i g n  approach d i s c u s s e d  i n  r e f e r e n c e  1 was a g a i n  a p p l i e d  t o  d e f i n e  a new 
10-percent - th ick  a i r f o i l  which might  provide i n c r e a s e d  maximum normal-force c o e f f i -  
c i e n t  a t  Mach numbers t o  a b o u t  0.50 w h i l e  main ta in ing  t h e  f a v o r a b l e  d r a g  and p i t c h i n g -  
moment c h a r a c t e r i s t i c s .  The a i r f o i l ,  d e s i g n a t e d  t h e  NASA RC(1)-10, h a s  a new t h i c k -  
n e s s  d i s t r i b u t i o n  and camber l i n e  d e f i n e d  to decrease t h e  magnitude of t h e  n e g a t i v e  
p r e s s u r e  c o e f f i c i e n t s  i n  t h e  leading-edge r e g i o n  a t  a n g l e s  of a t t a c k  t h a t  g e n e r a l l y  



correspond t o  the  maximum l i f t  c o e f f i c i e n t .  The maximum t h i c k n e s s  o f  t h e  a i r f o i l  is  
l o c a t e d  a t  40 p e r c e n t  chord.  The leading-edge r a d i u s  o f  t h e  R C ( 1 ) d O  c o n f i g u r a t i o n  
i s  i n c r e a s e d  25 p e r c e n t  compared w i t h  t h a t  of t h e  10-64C a i r f o i l  o f  r e f e r e n c e  2 
( 0 . 0 1 3 7 8 ~  compared w i t h  0 . 0 1 1 0 2 ~ )  and t h e  camber i s  i n c r e a s e d  forward o f  35 p e r c e n t  
chord.  

The RC(1)-10 a i r f o i l  w a s  t e s t e d  i n  t h e  Langley 6- by 28-Inch Transonic  Tunnel 
a t  Mach numbers from 0.35 t o  0.90. 
9 .6  X l o 6  from t h e  lowes t  t o  t h e  h i g h e s t  Mach number. 
moment c o e f f i c i e n t s  were determined from measurements of  a i r f o i l - s u r f a c e  s t a t i c  p r e s -  
s u r e s ,  and d r a g  c o e f f i c i e n t s  w e r e  determined from measurements o f  wake t o t a l  and 
s t a t i c  p r e s s u r e s .  

The Reynolds number w a s  v a r i e d  from 5 . 1  X l o 6  t o  
Normal-force and p i t c h i n g -  

A n a l y s i s  of t h e  r e s u l t s  i n d i c a t e d  an unexpected d r a g  i n c r e a s e  ( o r  c r e e p )  a t  Mach 
numbers below t h a t  f o r  d r a g  d i v e r g e n c e  and a t  zero and n e g a t i v e  normal-force c o e f f i -  
c i e n t s .  An a n a l y s i s  made by a p p l y i n g  t h e  method o f  r e f e r e n c e  3 i n d i c a t e d  t h a t  t h e  
drag  might  be decreased  by reducing  t h e  o r d i n a t e s  i n  t h e  lower-sur face  leading-edge 
reg ion .  A s  a r e s u l t ,  two m o d i f i c a t i o n s  of  t h e  RC(1)-10 a i r f o i l  w e r e  made and t e s t e d .  
The modi f ied  s e c t i o n s  are i d e n t i f i e d  as t h e  R C ( l ) - l O  Mod 1 and RC(1)-10 Mod 2. 

SYMBOLS 

The u n i t s  used  for  t h e  p h y s i c a l  q u a n t i t i e s  i n  t h i s  paper  are  g i v e n  i n  b o t h  t h e  
I n t e r n a t i o n a l  System o f  U n i t s  ( S I )  and U . S .  Customary U n i t s .  The measurements and 
c a l c u l a t i o n s  w e r e  made i n  U.S. Customary U n i t s .  

cP 

C 

‘d 

I 

Cd 

diw C 

‘m 

m , o  C 

‘n 

2 

pi? - pa3 

%, 
s t a t i c - p r e s s u r e  c o e f f i c i e n t ,  

a i r f o i l  c h o r d ,  c m  ( i n . )  

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 ,  1 c: (Ah/c) 
Wake 

poin t -drag  c o e f f i c i e n t ,  

s e c t i o n  wave-drag c o e f f i c i e n t  

s e c t i o n  pitching-moment c o e f f i c i e n t  a b o u t  q u a r t e r - c h o r d ,  

1 [cp(0.25 - x)(e) C + C P c  (.)($)I + 2 [Cp(0.25 - :)(e) i- C P c  (‘)(e] 
U . S .  L .S .  

s e c t i o n  pitching-moment c o e f f i c i e n t  a b o u t  aerodynamic c e n t e r  

s e c t i o n  normal-force c o e f f i c i e n t ,  2 c,(Ax/c) + 2 C,(Ax/c) 
U . S .  L .S .  



h d i s t a n c e  t r a v e l e d  by t h e  wake-survey probe, c m  ( i n . )  

M Mach number 

- 0 . 1  Mach number f o r  d r a g  d i v e r g e n c e ,  - - dcd 
Mdd dM 

P s t a t i c  p r e s s u r e ,  Pa (ps i )  

q 

R Reynolds number based  on a i r f o i l  chord and f r e e - s t r e a m  c o n d i t i o n s  

1 
- pV2, Pa (psi)  2 

dynamic p r e s s u r e ,  

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

V v e l o c i t y ,  m / s e c  ( f t / s e c )  

X a i r f o i l  abscissa, c m  ( i n . )  

Z a i r f o i l  o r d i n a t e ,  c m  ( i n . )  

o r d i n a t e  of a i r f o i l  mean l i n e ,  c m  ( i n . )  
zC 

a a n g l e  of a t t a c k ,  a n g l e  between a i r f o i l  chord l i n e  and airstream d i r e c t i o n ,  
deg 

UC a n g l e  of a t t a c k  c o r r e c t e d  f o r  l i f t - i n t e r f e r e n c e  e f f e c t s ,  deg 

P d e n s i t y ,  kg/m3 ( s l u g s / f t 3 )  

S u b s c r i p t s :  

I local 

IElX maximum 

s o n i c  Mach number e q u a l  to  1 

t t o t a l  

00 f ree  stream 

A b b r e v i a t i o n s :  

L.S. lower s u r f a c e  

U . S .  upper  s u r f a c e  

APPARATUS AND METHODS 

A i r f o i l s  

The p ro f i l e ,  t h i c k n e s s  d i s t r i b u t i o n ,  and mean l i n e  of  t h e  RC(1)-10 a i r f o i l  
t h e  i n i t i a l  c o n f i g u r a t i o n  i n v e s t i g a t e d )  a r e  p r e s e n t e d  i n  f i g u r e s  1 and 2 ,  and t h e  
d e s i g n  c o o r d i n a t e s  are p r e s e n t e d  i n  t a b l e  1. The a i r f o i l  has a inaxiiiiiiiii t h i c k n e s s  of 
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10  p e r c e n t  chord l o c a t e d  a t  40 p e r c e n t  chord .  The m a x i m u m  camber is l o c a t e d  a t  
27 p e r c e n t  chord and t h e  leading-edge r a d i u s  i s  1.378 p e r c e n t  chord .  

A f t e r  an  a n a l y s i s  of  wind-tunnel  d a t a  o b t a i n e d  w i t h  t h e  RC(1)-10 a i r f o i l ,  t h e  
lower-sur face  leading-edge r e g i o n  w a s  modif ied t w i c e  by reducing  t h e  o r d i n a t e s  o f  t h e  
lower s u r f a c e  forward o f  25 p e r c e n t  chord.  A s  mentioned i n  t h e  I n t r o d u c t i o n ,  t h i s  
w a s  done t o  reduce t h e  d r a g  c o e f f i c i e n t  a t  Mach numbers s i g n i f i c a n t l y  less t h a n  t h a t  
f o r  d r a g  d ivergence  and a t  z e r o  and r legat ive normal-force c o e f f i c i e n t s .  The i n i t i a l  
and modi f ied  c o o r d i n a t e s  are compared i n  f i g u r e  l ( b )  and t a b l e  11, and a complete  s e t  
of  c o o r d i n a t e s  f o r  t h e  modif ied s e c t i o n s  are  p r e s e n t e d  i n  t ab les  I11 and IV. 

The model was machined from a s t a i n l e s s - s t e e l  b lock  and had a s u r f a c e  f i n i s h  o f  
0.813 Um (0.000032 i n . )  ( root-mean-square) .  The model had a chord and a span  of 
15.24 cri (6.0G i n . )  w i t h  a leading-edge o r i f i c e  and w i t h  22  o r i f i c e s  ( table  Vj 
l o c a t e d  on each s u r f a c e  i n  chordwise r o w s ;  t h e  r o w s  w e r e  p o s i t i o n e d  12 .5  p e r c e n t  span  
on e i t h e r  s i d e  of t h e  midspan. S l o t s  w e r e  m i l l e d  i n  t h e  a i r f o i l  s u r f a c e ,  and tubes 
w e r e  p l a c e d  i n  t h e  s lo t s  and covered w i t h  epoxy to  restore t h e  a i r f o i l  p r o f i l e .  The 
o r i f i c e s  w e r e  then d r i l l e d  from t h e  m e t a l  s i d e  of t h e  model t o  t h e  embedded t u b e s  so 
t h e r e  w e r e  no s u r f a c e  i r r e g u l a r i t i e s  n e a r  t h e  o r i f i c e  r o w .  The o r i f i c e s  had d i a m e t e r s  
of 0.0508 c m  (0.020 i n . )  and w e r e  d r i l l e d  p e r p e n d i c u l a r  t o  t h e  local  s u r f a c e .  The 
models w e r e  mounted to  c i r c u l a r  end p l a t e s  which w e r e  f l u s h  w i t h  t h e  t u n n e l  w a l l s .  

Wind Tunnel 

Tunnel d e s c r i p t i o n . -  The Langley 6- by 28-Inch Transonic  Tunnel ( r e f .  4 )  i s  a 
blowdown wind t u n n e l  w i t h  a s l o t t e d  f l o o r  and c e i l i n g  having an open-area r a t i o  o f  
0.125 and is g e n e r a l l y  o p e r a t e d  a t  s t a g n a t i o n  p r e s s u r e s  from a b o u t  207 to  620 Pa 
(30 t o  90 psia) and a t  Mach numbers from 0.35 t o  0.90. A t  a s t a g n a t i o n  p r e s s u r e  of  
620 Pa,  t h e  maximum Reynolds number, based  on a 15.24-cm (6.00-in.)  chord ,  v a r i e s  
from 7.2 X l o 6  a t  a Mach number of  0.35 t o  14.2 X l o 6  a t  a Mach number o f  0.90. Mach 
number i s  c o n t r o l l e d  by h y d r a u l i c a l l y  a c t u a t e d  choker  doors  l o c a t e d  downstream o f  t h e  
t e s t  s e c t i o n .  The a i r f o i l  model spans  t h e  15.24-cm (6 .00- in . )  w i d t h  o f  t h e  t u n n e l  
( f i g .  3 )  and is r i g i d l y  a t t a c h e d  by mounting t a n g s  t o  t w o  c i r c u l a r  end p l a t e s  which 
a r e  d r i v e n  by a h y d r a u l i c  a c t u a t o r  t o  p o s i t i o n  t h e  a i r f o i l  a t  t h e  d e s i r e d  a n g l e  o f  
a t t a c k .  A t es t  r u n  u s u a l l y  c o n s i s t s  of  an  a n g l e - o f - a t t a c k  s w e e p  a t  a c o n s t a n t  Mach 
number and Reynolds number. 

Two-dimensionality o f  flow.- The r e s u l t s  o f  a n  ea r l i e r  i n v e s t i g a t i o n  o f  r o t o r -  
c r a f t  a i r f o i l s  i n  t h e  Langley 6- by 28-Inch Transonic  Tunnel ( r e f .  5 )  have shown t h a t  
t h e  i n d i c a t e d  maximum normal-force c o e f f i c i e n t  i s  reduced by t u n n e l  sidewall boundary- 
l a y e r  i n f l u e n c e s .  T h i s  i s  c h a r a c t e r i s t i c  o f  two-dimensional wind t u n n e l s  w i t h o u t  
p r o p e r  s i d e w a l l  boundary-layer  c o n t r o l .  

A comparison o f  t h e  NACA 0012 d a t a  measured i n  t h i s  f a c i l i t y  ( r e f .  5)  w i t h  
unpubl i shed  d a t a  from t w o  o t h e r  f a c i l i t i e s  h a s  been u s e f u l  i n  i n d i c a t i n g  t h e  magnitude 
of  t h e  maximum normal-force c o e f f i c i e n t  losses.  The f a c i l i t i e s  are t h e  Langley LOW- 
Turbulence P r e s s u r e  Tunnel and t h e  Uni ted  Technologies  Research C e n t e r  8 - f o o t  t u n n e l .  
A t  s i m i l a r  Reynolds numbers and a t  a Mach number o f  0.36, t h e  maximum normal-force 
c o e f f i c i e n t s  measured a r e  a b o u t  0.15 h i g h e r  t h a n  t h o s e  from t h e  Langley 6- by 28-Inch 
Transonic  Tunnel. The d i f f e r e n c e  between t h e  data from t h e  Langley 6- by 28-Inch 
Transonic  Tunnel and t h e  Uni ted  Technoloqies  d a t a  d e c r e a s e s  t o  0.10 a t  a Mach number 
of a b o u t  0.55. The same t r e n d s  could  r e a s o n a b l y  be expec ted  f o r  o t h e r  a i r f o i l  sec- 
t i o n s ,  a l t h o u g h  t h e  numerical  increments  may be d i f f e r e n t .  
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, 
An i n v e s t i g a t i o n  conducted i n  t h e  Off ice  N a t i o n a l  d ' E t u d e s  e t  de  Recherches 

A g r o s p a t i a l e  (ONERA) R 1  Ch wind t u n n e l  ( r e f .  6 )  has  shown t h a t  t h e  t u n n e l  s i d e w a l l  
boundary l a y e r  can  a f fec t  t h e  normal-force c o e f f i c i e n t s  a t  a l l  a n g l e s  of  a t t a c k  ( t h a t  
is ,  w i t h  e i t h e r  a t t a c h e d  o r  separated boundary l a y e r s ) .  I n  t h e  i n v e s t i g a t i o n  o f  r e f -  
e r e n c e  6 ,  t h e  s idewal l  boundary-layer  t h i c k n e s s  w a s  v a r i e d  by a p p l y i n g  s idewall  suc- 
t i o n  upstream o f  t h e  model w h i l e  t h e  Mach number and Reynolds number w e r e  h e l d  
c o n s t a n t .  G e n e r a l l y ,  a n  i n c r e a s e  i n  s i d e w a l l  boundary-layer  t h i c k n e s s  r e s u l t e d  i n  a 
d e c r e a s e  i n  t h e  normal-force c o e f f i c i e n t  a t  a g i v e n  a n g l e  o f  a t t a c k .  

Although s o m e  p r o g r e s s  h a s  been made toward a n  unders tanding  o f  t h e  i n f l u e n c e s  
of t h e  t u n n e l  sidewall  boundary l a y e r  on a i r f o i l  t e s t  r e s u l t s  ( r e f s .  7 and 81, t h e  
s ta te  of t h e  a r t  does n o t  permit a g e n e r a l  c o r r e c t i o n  o f  two-dimensional wind-tunnel 
d a t a  t o  a c c o u n t  for  t h e s e  i n f l u e n c e s .  Because o f  t h i s ,  t e s t  r e s u l t s  i n  t h i s  report 
are compared (as a p p r o p r i a t e )  t o  t h o s e  f o r  t h e  NACA 0012 a i r f o i l  t e s t e d  i n  t h e  same 
wind t u n n e l  ( r e f .  5 )  a t  comparable Reynolds numbers. 

Apparatus 

Wake-survey probe.-  A t r a v e r s i n g  wake-survey probe i s  c a n t i l e v e r e d  from one 
t u n n e l  s i d e w a l l  t o  measure t h e  p rof i le  d r a g  of  t h e  a i r f o i l s .  The probe v e r t i c a l  
sweep r a t e ,  which w a s  s e l e c t e d  af ter  exper imenta l  d e t e r m i n a t i o n  of  a c c e p t a b l e  l a g  
t i m e  i n  t h e  p r e s s u r e  measurements, w a s  about  2.54 cm/sec (1.00 i n / s e c ) .  

The probe ( f i g .  3 )  w a s  located i . 6 7 ~  (based on  t h e  15.24-cm (6.00-in.)  chord 
model) downstream o f  t h e  a i r f o i l  t r a i l i n g  edge. Data are a c q u i r e d  w i t h  f o u r  t o t a l -  
p r e s s u r e  t u b e s ,  which are made of  s t a i n l e s s - s t e e l  t u b i n g  w i t h  a 1.53-mm (0.060-in.)  
o u t s i d e  d i a m e t e r ,  a 1.02-mm (0.040-in.)  i n s i d e  d i a m e t e r ,  and are  spaced 0.953 c m  
(0.375 i n . )  apart  l a t e r a l l y  as shown i n  f i g u r e  4. 

I n s t r u m e n t a t i o n . -  A l l  measurements were o b t a i n e d  w i t h  a high-speed,  computer- 
c o n t r o l l e d  d i g i t a l  data a c q u i s i t i o n  system and w e r e  recorded  by a high-speed t a p e  
r e c o r d i n g  u n i t  ( r e f .  4 ) .  A l l  free-stream c o n d i t i o n s  w e r e  de te rmined  from s t a g n a t i o n  
and s t a t i c  p r e s s u r e s .  A l l  a i r f o i l  s u r f a c e  p r e s s u r e s  and a l l  wake p r e s s u r e s  w e r e  
measured w i t h  p r e c i s i o n  c a p a c i t i v e  p o t e n t i o m e t e r  p r e s s u r e  t r a n s d u c e r s .  The e lec t r ica l  
o u t p u t s  from e a c h  o f  t h e s e  t r a n s d u c e r s  w e r e  connected t o  i n d i v i d u a l  a u t o r a n g i n g  s i g n a l  
c o n d i t i o n e r s  which have seven  available ranges.  The o u t p u t  s i g n a l s  from t h e  f o u r  s i g -  
n a l  c o n d i t i o n e r s  measuring t h e  wake p r e s s u r e s  w e r e  f i l t e r e d  w i t h  20-Hz low-pass 
f i l t e r s  b e f o r e  i n p u t  t o  t h e  d a t a  a c q u i s i t i o n  system; t h e  range  o f  f r e q u e n c i e s  t o  be 
passed  w a s  e x p e r i m e n t a l l y  determined d u r i n g  a p r e v i o u s  i n v e s t i g a t i o n .  The geometr ic  
a n g l e  of  a t t a c k  w a s  de te rmined  from t h e  o u t p u t  o f  a d i g i t a l  s h a f t  encoder  a t t a c h e d  t o  
a p i n i o n  engaging a r a c k  on one model suppor t  end p la te .  

T e s t s  and Methods 

The tests of t h e  RC(1)-10 and RC(1)-10 Mod 1 c o n f i g u r a t i o n s  w e r e  made a t  a 
c o n s t a n t  s t a g n a t i o n  p r e s s u r e  a t  Mach numbers from 0.35 t o  0.90. These c o n d i t i o n s  
r e s u l t e d  i n  Reynolds numbers of 5.1 x l o 6  and 9 .6  X l o 6  a t  t h e  l o w e s t  and h i g h e s t  t e s t  
Mach numbers. The RC(1)-10 Mod 1 and Mod 2 w e r e  t e s t e d  a t  Reynolds numbers f r o m  
about 5.0 x l o 6  t o  13.9 x 106 f o r  t h e  same Mach number range.  
numbers are n e a r  t h e  maximum of  t h e  6- by 28-Inch Wind Tunnel w i t h  a 15.24-cm-chord 
model and r e p r e s e n t  p o s s i b l e  f l i g h t  v a l u e s  f o r  some h e l i c o p t e r  rotor c o n f i g u r a t i o n s .  
Geometric a n g l e s  o f  a t t a c k  ranged f r o m  -4.0 

The h i g h e r  Reynolds 

0 to  14.0° i n  2.0° increments  a t  t h e  l o w e r  
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t es t  Mach numbers; t h i s  range w a s  d e c r e a s e d  a t  t h e  h i g h e r  t e s t  Mach numbers. The 
RC(1)-10 a i r f o i l  w a s  t e s t e d  w i t h  b o t h  a smooth s u r f a c e  and w i t h  a -nar row s t r i p  of  
No. 220 carborundum g r i t  a p p l i e d  t o  t h e  upper and lower s u r f a c e s  t o  a s s u r e  boundary- 
l a y e r  t r a n s i t i o n .  The g r i t  s i z e  w a s  de te rmined  by t h e  method o f  r e f e r e n c e  9 .  The 
1.2-mm (0.047-in.)  wide g r i t  s t r i p  was c e n t e r e d  a t  8.8 p e r c e n t  chord.  The d e n s i t y  of  
t h e  g r i t  coverage was about  5 t o  10  p e r c e n t .  

I 
I 

I 
S e c t i o n  normal-force and pitching-moment c o e f f i c i e n t s  w e r e  c a l c u l a t e d  from t h e  

I 

a i r f o i l  s u r f a c e  p r e s s u r e s  by a t r a p e z o i d a l  i n t e g r a t i o n  o f  t h e  p r e s s u r e  c o e f f i c i e n t s .  
Each o f  t h e  p r e s s u r e  c o e f f i c i e n t s  r e p r e s e n t s  t h e  average  of  f i v e  measurements o b t a i n e d  
i n  a 1 .0-sec  i n t e r v a l .  A form o f  t h e  e q u a t i o n  d e s c r i b e d  i n  r e f e r e n c e  10 w a s  used t o  
c a l c u l a t e  t h e  poin t -drag  c o e f f i c i e n t s  from t h e  measured wake p r e s s u r e s ,  and a t r a p e -  
z o i d a l  i n t e g r a t i o n  of t h e  p o i n t - d r a g  c o e f f i c i e n t s  w a s  used t o  c a l c u l a t e  t h e  d r a g  
c o e f f i c i e n t .  The s t a t i c  p r e s s u r e s  used i n  t h e  wake-dray c a l c u l a t i o n  w e r e  measured 
w i t h  t u n n e l  s i d e w a l l  o r i f i c e s  l o c a t e d  a t  t h e  same l o n g i t u d i n a l  t u n n e l  s t a t i o n  as t h e  
t i p s  o f  t h e  tubes  on t h e  wake-survey probes .  A l l  o f  t h e  d r a g  c o e f f i c i e n t s  r e p r e s e n t  
t h e  mean of  t h e  measurements made w i t h  f o u r  t o t a l - p r e s s u r e  t u b e s  on t h e  wake-survey 
probe i n  one sweep through a wake. 

. I  

I 
I 
I 

The c o r r e c t i o n s  f o r  l i f t  i n t e r f e r e n c e  ( r e f .  l l ) ,  which have been a p p l i e d  t o  t h e  
a n g l e s  o f  a t t a c k ,  are g i v e n  by t h e  e q u a t i o n s  t h a t  fo l low:  

ac = a + na 

where 

na = -cnc(0.1876)  

where c i s  t h e  a i r f o i l  chord i n  c e n t i m e t e r s ,  a i s  t h e  a n g l e  o f  a t t a c k  i n  d e g r e e s ,  
cn i s  t h e  s e c t i o n  normal-force c o e f f i c i e n t ,  and t h e  c o n s t a n t  (0.1876) i s  i n  d e g r e e s  
p e r  c e n t i m e t e r .  

The a n a l y s i s  of  r e f e r e n c e  7 i n d i c a t e s  t h a t  Aa should  be a b o u t  - c n c ( 0 . 1 6 2 4 ) .  
However, t h e  e a r l i e r  v a l u e  of  r e f e r e n c e  11 h a s  been used h e r e i n  t o  be c o n s i s t e n t  w i t h  
prev ious  d a t a  publ i shed  from t h i s  f a c i l i t y .  Reference  8 a lso i n d i c a t e s  t h a t  t h e r e  may 
be a s m a l l  Mach number c o r r e c t i o n  t o  which a l l  two-dimensional wind-tunnel  d a t a  are  
s u b j e c t .  T h i s  Mach number c o r r e c t i o n  h a s  n o t  been a p p l i e d .  

PRESENTATION OF RESULTS 

The r e s u l t s  of t h i s  i n v e s t i g a t i o n  have been reduced t o  c o e f f i c i e n t  f o r m  and are  
p r e s e n t e d  as fo l lows  : 

F i g u r e  
Force- and moment-coeff ic ient  d a t a  

Aerodynamic c h a r a c t e r i s t i c s  o f  RC(1)-10 a i r f o i l  . . . . . . . . . . . . . . - 5 

Aerodynamic c h a r a c t e r i s t i c s  of  RC(1)-10 Mod 2 a i r f o i l  . . . . . . . . . . . . . 7 
Aerodynamic c h a r a c t e r i s t i c s  o f  RC(1)-10 Mod 1 a i r f o i l  . . . . . . . . . . . - . 6 



I 
I V a r i a t i o n  of  maximum s e c t i o n  normal-force c o e f f i c i e n t  w i t h  Mach 
I number for  RC(1)-10, R C ( l ) - l O  Mod 1, RC(1)-10 Mod 2, NACA 0012, 

and 10-64C a i r f o i l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 

f o r c e  c o e f f i c i e n t  w i t h  Mach number 9 

f o r  RC(1)-10 and 10-64C a i r f o i l s  10  

c o e f f i c i e n t  a t  drag-divergence Mach number 11 

w i t h  Mach number f o r  RC(1)-10 a i r f o i l  . . . . . . . . . . . . . . . . . . . .  12 

number for  RC(1)-10 and RC(1)-10 Mod 1 a i r f o i l s  1 3  

RC(1)-10 and RC(1)-10 Mod 1 a i r f o i l s  1 4  

V a r i a t i o n  i n  s e c t i o n  pitching-moment c o e f f i c i e n t  a t  z e r o  normal- 

V a r i a t i o n  i n  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  w i t h  Mach number 

Comparison o f  RC(1)-10 and 10-64C a i r f o i l  s e c t i o n  normal-force 

V a r i a t i o n  of  e x p e r i m e n t a l  and t h e o r e t i c a l  s e c t i o n  wave-drag c o e f f i c i e n t  

V a r i a t i o n  i n  t h e o r e t i c a l  s e c t i o n  wave-drag c o e f f i c i e n t  w i t h  Mach 

V a r i a t i o n  i n  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  w i t h  Mach number f o r  

V a r i a t i o n  i n  s e c t i o n  wave-drag c o e f f i c i e n t  w i t h  Mach number for  

V a r i a t i o n  i n  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  w i t h  Mach number f o r  
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P r e s s u r e  d i s t r i b u t i o n s  

1 P r e s s u r e  d i s t r i b u t i o n  o v e r  RC(1)-10 a i r f o i l  . . . . . . . . . . . . . . . . . .  17 
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DISCUSSION OF RESULTS 

Normal Force 

The maximum normal-force c o e f f i c i e n t s  cnImax of  t h e  RC(1)-10 a i r f o i l  w e r e  
o b t a i n e d  from t h e  d a t a  o f  f i g u r e  5 and a re  summarized i n  f i g u r e  8. I n  t h i s  f i g u r e ,  
r e s u l t s  a r e  p r e s e n t e d  a s  a f u n c t i o n  o f  Mach number (wi th  f r e e  t r a n s i t i o n )  a l o n g  w i t h  
d a t a  f o r  t h e  NACA 0012 a i r f o i l  ( r e f .  5 )  and t h e  10-64C a i r f o i l  ( r e f .  2 )  measured i n  
t h e  s a m e  f a c i l i t y .  With f r e e  t r a n s i t i o n ,  t h e  i n d i c a t e d  cnImax v a r i e s  from 1.14 
t o  0.90 a t  Mach numbers from 0.35 to  0.65 f o r  t h e  RC(1)-10 a i r f o i l .  Within t h i s  Mach 
number range  t h e  maximum normal-force c o e f f i c i e n t  f o r  t h e  RC(1)-10 a i r f o i l  is f r o m  
0.02 t o  0.16 g r e a t e r  t h a n  t h a t  o f  t h e  NACA 0012 a i r f o i l  and from 0.06 t o  0.16 g r e a t e r  
t h a n  t h a t  f o r  t h e  10-64C a i r f o i l .  A s  a n t i c i p a t e d ,  t h e  combined i n c r e a s e  i n  camber 
and leading-edge r a d i u s  h a s  a f a v o r a b l e  i n f l u e n c e  on 
range of  f i g u r e  8. 

cnImax f o r  t h e  Mach number 

The a d d i t i o n  o f  roughness  a t  8.8 p e r c e n t  chord  had l i t t l e  i n f l u e n c e  on t h e  maxi- 
mum normal f o r c e  o f  t h e  RC(1)-10 a i r f o i l  ( f i g .  5 ) .  T h i s  r e s u l t  w a s  n o t  expec ted ,  
based on r e s u l t s  f o r  t h e  10-64C and NACA 0012 a i r f o i l s .  For  t h o s e  a i r f o i l s ,  t h e  addi-  
t i o n  of  roughness  d e c r e a s e d  cnImax about  0.01 t o  0.04 ( r e f s .  2 and 5 ) .  I n  r e f e r -  
ence 2 ,  t h e  i n f l u e n c e  o f  roughness  on  t h e  10-64C a i r f o i l  w a s  a t t r i b u t e d  t o  t h i c k e n i n g  
of  t h e  upper -sur face  boundary l a y e r ,  which w a s  b e l i e v e d  t o  be t u r b u l e n t  a t  a p o i n t  
forward of t h e  roughness .  For  t h e  p r e s e n t  c a s e ,  i t  is  possible t h a t  t h e  n a t u r a l  
boundary-layer  t r a n s i t i o n  ( laminar  bubble  which r e a t t a c h e s  as a t u r b u l e n t  boundary 
l a y e r )  i s  a t  t h e  roughness  l o c a t i o n  and has  l i t t l e  i n f l u e n c e  on t h e  subsequent  
boundary-layer  t h i c k n e s s .  With or w i t h o u t  roughness ,  t h e  normal-force c u r v e s  
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i n d i c a t e  a gradual  s t a l l ,  and t h e  s t a t i c - p r e s s u r e  p l a t e a u  i n  t h e  t r a i l i n g - e d g e  
r e g i o n  ( f i g .  1 7 )  s u g g e s t s  a s t a l l  of  t h e  t r a i l i n g - e d g e  t y p e .  

An a n a l y s i s  of t h e  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 s  a t  M = 0.35 ( f i g .  1 7 ( a ) )  a lso 
i n d i c a t e s  s u b c r i t i c a l  f l o w  a t  a l l  o r i f i c e  l o c a t i o n s  a t  
M = 0.35 and below, t h e  c ~ , ~ ~ ~  is  de termined  o n l y  by t h e  v i s c o u s  i n f l u e n c e s .  A t  a 
stream Mach number of  0 . 4 1  ( f i g .  1 7 ( b ) ) ,  a loca l  Mach number a s  g r e a t  as 1 . 2 5  w a s  
c a l c u l a t e d  a t  cnfrnax (ac = 9 . 2 O ) .  T h e r e f o r e ,  t h e  observed  d e c r e a s e  i n  cnfmax i s  
a r e s u l t  o f  t h e  combined e f f e c t s  of compression o r  shock waves, which t e r m i n a t e  t h e  
s u p e r c r i t i c a l - f l o w  r e g i o n  and t h i c k e n  t h e  boundary l a y e r .  A t  stream Mach numbers o f  
about  0.50 to  0.65, an  a n a l y s i s  of t h e  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 s  ( f i g .  1 7 )  i n d i -  
cates maximum l o c a l  Mach numbers between 1 . 5  and 1 . 6  a t  

c ~ , ~ ~ ~ .  T h e r e f o r e ,  a t  

cnfmax. 

The lower-surface leading-edge r e g i o n  m o d i f i c a t i o n s  d e s c r i b e d  ear l ie r  have l i t t l e  
i n f l u e n c e  on cnfmax 
s u r f a c e  s t a t i c  p r e s s u r e s  a t  a n g l e s  of  a t t a c k  n e a r  ( f i g s .  17 ,  18, and 1 9 ) .  
Also,  t h e  v a r i a t i o n s  i n  Reynolds number i n  f i g u r e  6 have o n l y  a s m a l l  i n f l u e n c e  on 

‘n , max 

( f i g s .  6 ( a ) ,  7 ( a ) ,  and 8) and a l s o  have l i t t l e  i n f l u e n c e  on  t h e  

cnfmax 

f o r  t h e  RC (1) -10  Mod 1 c o n f i g u r a t i o n  ( f i g .  8) . 

P i t c h i n g  Moment 

The pitching-moment c o e f f i c i e n t  about  t h e  aerodynamic c e n t e r  c ( c o e f f i c i e n t  
a t  z e r o  normal f o r c e )  of t h e  b a s i c  RC(1)-10 a i r f o i l  i s  a b o u t  -0.020 to  -0.025 a t  Mach 
numbers from 0.35 t o  0.55 ( f i g s .  5 ( b )  and 9 ) .  A t  Mach numbers of 0.50 and b e l o w ,  an  
a n a l y s i s  o f  t h e  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 s  ( f i g .  1 7 )  i n d i c a t e s  t h a t  t h e  flow a b o u t  
t h e  RC(1)-10 a i r f o i l  i s  subcr i t ica l  a t  a l l  o r i f i c e  l o c a t i o n s  a t  z e r o  normal f o r c e ;  
t h e  o n s e t  o f  s u p e r c r i t i c a l  f low w i t h  i n c r e a s i n g  stream Mach number ( a t  z e r o  normal 
force) o c c u r s  i n  t h e  lower-sur face  leading-edge r e g i o n  a t  a Mach number n e a r  0.55. 
The s u p e r c r i t i c a l  f l o w  r e s u l t s  i n  a change i n  t h e  pitching-moment c o e f f i c i e n t  a b o u t  
t h e  aerodynamic c e n t e r  from about  -0.025 a t  M = 0.55 t o  a b o u t  -0.045 a t  M = 0.89 
w i t h  n a t u r a l  t r a n s i t i o n .  The s l o p e s  o f  t h e  pitching-moment c u r v e s  of  f i g u r e  5 ( b )  are  
p o s i t i v e ,  i n d i c a t i n g  a forward movement o f  t h e  c e n t e r  o f  p r e s s u r e  w i t h  p o s i t i v e  
i n c r e a s i n g  normal-force c o e f f i c i e n t  and a n  aerodynamic c e n t e r  forward o f  t h e  q u a r t e r -  
chord.  The development o f  s u p e r c r i t i c a l  f low r e s u l t s  i n  an  i n c r e a s e  i n  slope o f  t h e  
c u r v e s  (compared w i t h  M = 0.35 t o  M = 0 . 5 0 ) ,  i n d i c a t i n g  a more r a p i d  forward move- 
ment o f  c e n t e r  of p r e s s u r e  w i t h  i n c r e a s i n g  normal-force c o e f f i c i e n t .  The a d d i t i o n  of  
roughness  t o  t h e  RC(1)-10 a i r f o i l  g e n e r a l l y  had l i t t l e  i n f l u e n c e  on p i t c h i n g  moment 
e x c e p t  a t  n e a r  maximum normal-force c o e f f i c i e n t  ( f i g .  5 ( b ) ) .  

m , o  

The pitching-moment c o e f f i c i e n t  a b o u t  t h e  aerodynamic c e n t e r  i s  a b o u t  0.01 less 
n e g a t i v e  f o r  t h e  RC(1)-10 Mod 1 c o n f i g u r a t i o n  t h a n  f o r  the RC(1)-10 c o n f i g u r a t i o n  a t  
Mach numbers from a b o u t  0.35 t o  0.79 ( f i g s .  5 ( b ) ,  6 ( b ) ,  and 9 ) .  An a n a l y s i s  of t h e  
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 s  ( f i g s .  1 7  and 18) i n d i c a t e s  t h a t  t h e  change i n  p i t c h i n g -  
moment c o e f f i c i e n t  r e s u l t s  from less n e g a t i v e  p r e s s u r e  c o e f f i c i e n t s  i n  t h e  l o w e r -  
s u r f a c e  leading-edge r e g i o n  where t h e  a i r f o i l - s e c t i o n  m o d i f i c a t i o n s  w e r e  made. The 
m o d i f i c a t i o n  from t h e  RC(1)-10 t o  t h e  RC(1)-10 Mod 1 h a s  l i t t l e  i n f l u e n c e  on t h e  
pitching-moment c o e f f i c i e n t  a b o u t  t h e  aerodynamic c e n t e r  a t  Mach numbers o f  a b o u t  0.84 
and 0.88 ( f i g .  9 ) .  

G e n e r a l l y ,  n e i t h e r  t h e  i n c r e a s e  i n  Reynolds number ( f i g .  6 ( b ) )  n o r  t h e  shape  
change from t h e  RC(1)-10 Mod 1 to  t h e  RC(1)-10 Mod 2 c o n f i g u r a t i o n  h a s  a s i g n i f i c a n t  
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I i n f l u e n c e  on pitching-moment c o e f f i c i e n t  ( f i g s .  6 (b) , 7 ( b )  , and 9 ) .  Although n o t  
I shown i n  f i g u r e  9 ,  t h e  pitching-moment c o e f f i c i e n t s  of t h e  RC(1)-10 Mod 2 and t h e  

10-64C ( r e f .  2 )  are  g e n e r a l l y  e q u a l .  

Drag C o e f f i c i e n t  

Minimum d r a g  C o e f f i c i e n t . -  The minimum 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  Cd o f  
t h e  RC(1)-10 a i r f o i l  w i t h  n a t u r a l  t r a n s i t i o n  ( f i g .  5 ( c ) )  o c c u r s  a t  a normal-force 
c o e f f i c i e n t  of about  0 .2 ,  which i s  inc luded  i n  t h e  p l o t  of Cd as a f u n c t i o n  o f  Mach 
number i n  f i g u r e  10. 
to  0.69 and i s  about  e q u a l  to  t h a t  of t h e  NACA 0012 a i r f o i l  ( n o t  shown) tested i n  t h e  
same f a c i l i t y  ( re f .  5 ) .  An a n a l y s i s  of the  s t a t i c - p r e s s u r e  c o e f f i c i e n t s  ( f i g .  1 7 )  
i n d i c a t e s  t h a t  s o n i c  v e l o c i t y  i s  reached  on t h e  l o w e r  s u r f a c e  ( a t  0 . 0 2 5 ~ )  a t  a stream 

t h a t  s u p e r c r i t i c a l  f low i s  i n d i c a t e d  a t  a Mach number o f  0.69. A s  t h e  s u p e r c r i t i c a l -  
f low r e g i o n  expands,  t h e  minimum d r a g  c o e f f i c i e n t  i n c r e a s e s  t o  0.0075 a t  a Mach number 
o f  0.75 and t h e n  i n c r e a s e s  more r a p i d l y  a t  Mach numbers from 0.79 t o  0.84. 

, 
The minimum C d  i s  about  c o n s t a n t  a t  0.0065 f o r  Mach numbers up 

~ 

j 
~ 

I Mach number of 0.65 (ac = -0.5,  t h e  a n g l e  f o r  minimum measured d r a g  c o e f f i c i e n t ) ,  and 

I 

I 

The a d d i t i o n  of t h e  f i x e d  t r a n s i t i o n  s t r i p  to  t h e  a i r f o i l  s u r f a c e  i n c r e a s e s  t h e  
minimum d r a g  a b o u t  0.0010 t o  0.0015 a t  Mach numbers from 0.35 t o  0.79 due t o  ea r l i e r  
boundary-layer  t r a n s i t i o n  and/or t h i c k e n i n g  o f  t h e  t u r b u l e n t  boundary l a y e r .  A t  a 
Mach number o f  0 .84,  t h e  minimum d r a g  is i n c r e a s e d  about  0.0025 by t h e  t r a n s i t i o n  
s t r i p ;  a t  M = 0.89,  minimum d r a g  i s  n o t  i d e n t i f i e d .  

Drag d ivergence . -  The d r a g  c o e f f i c i e n t s  o f  f i g u r e  5 ( c )  have been c r o s s - p l o t t e d  as 
a f u n c t i o n  of Mach number for  s e v e r a l  c o n s t a n t  normal-force c o e f f i c i e n t s  and t h e  
r e s u l t s  are p r e s e n t e d  i n  f i g u r e  10. A r r o w s  are l o c a t e d  on t h e  c u r v e s  to  i n d i c a t e  t h e  
drag-divergence Mach number Mdd, where Mdd is d e f i n e d  as dcd/dM = 0.1.  A summary 
of cn as a f u n c t i o n  o f  M i s  g i v e n  i n  f i g u r e  11. Data fo r  t h e  10-64C a i r f o i l  
( r e f .  2 )  a r e  also i n c l u d e d  i n  f i g u r e s  1 0  and 11 because ,  as noted  i n  t h e  I n t r o d u c t i o n ,  
one o b j e c t i v e  of  t h e  RC(1)-10 a i r f o i l  des ign  w a s  t o  m a i n t a i n  as much of t h e  f a v o r a b l e  
d r a g  c h a r a c t e r i s t i c s  o f  t h e  10-64C a i r f o i l  as p o s s i b l e  w h i l e  i n c r e a s i n g  t h e  maximum 
lift c o e f f i c i e n t  a t  Mach numbers t o  a b o u t  0.50. 

dd 

The g r e a t e s t  d i f f e r e n c e  i n  t h e  drag c h a r a c t e r i s t i c s  of t h e  t w o  a i r f o i l s  i s  i n d i -  
cated a t  a normal-force c o e f f i c i e n t  o f  -0.2 ( f i g .  1 0 ) .  An a n a l y s i s  of t h e  p r e s s u r e  
d i s t r i b u t i o n s  o f  t h e  RC(1)-10 a i r f o i l  a t  a normal-force c o e f f i c i e n t  o f  a b o u t  -0.2 
i n d i c a t e s  s u p e r c r i t i c a l  f low i n  t h e  lower-surface leading-edge r e g i o n  a t  stream Mach 
numbers e q u a l  t o  o r  g r e a t e r  t h a n  0.45. Therefore ,  t h e  i n d i c a t e d  i n c r e a s e  i n  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  f o r  t h e  RC(1)-10 a i r f o i l  a t  Mach numbers g r e a t e r  t h a n  0.50 
( f i g .  1 0 )  is r e l a t e d ,  a t  l ea s t  i n  par t ,  t o  shock-wave/boundary-layer i n t e r a c t i o n  i n  
t h e  s u p e r c r i t i c a l - f l o w  r e g i o n .  

A t  cn = 0,  t h e  d i f f e r e n c e  i n  sec t ion  p r o f i l e - d r a g  c o e f f i c i e n t s  between t h e  
RC(1)-10 and 10-64C a i r f o i l s  ( f i g .  10)  i s  s i g n i f i c a n t  b u t  less t h a n  t h a t  a t  cn = -0.2. 
Although t h e  d r a g  c o e f f i c i e n t s  are  h i g h e r  f o r  t h e  RC(1)-10 a i r f o i l  t h a n  t h e  10-64C a t  
Mach numbers g r e a t e r  t h a n  0.60, t h e  drag-divergence Mach numbers (dcd/dM = 0.1)  of 
t h e  t w o  a i r f o i l s  are about  e q u a l  ( f i g .  11). An a n a l y s i s  o f  t h e  RC(1)-10 s ta t ic -  
p r e s s u r e  c o e f f i c i e n t s  i n d i c a t e s  s u p e r c r i t i c a l  f low i n  t h e  lower-sur face  leading-edge 
r e g i o n  a t  stream Mach numbers n e a r  0.55 and g r e a t e r  compared w i t h  t h e  p r e v i o u s l y  
n o t e d  0.45 a t  
i n t e r a c t i o n  o n  d r a g  c o e f f i c i e n t  i s  g r e a t e r  a t  

cn = -0 .2 .  The r e s u l t i n g  i n f l u e n c e  o f  shock-wave/boundary-layer 
cn = 0 .  cn = -0.2 t h a n  t h a t  a t  
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AS t h e  normal-force c o e f f i c i e n t  i s  i n c r e a s e d  t o  0.2 and 0 .4 ,  t h e  d i f f e r e n c e  i n  
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  between t h e  RC(1)-10 and t h e  10-6-4C a i r f o i l s  
approaches z e r o  ( f i g .  lo), so t h e  drag-d ivergence  Mach numbers are  a b o u t  e q u a l  
( f i g .  11). A t  cn = 0 .6 ,  t h e  RC(1)-10 a i r f o i l  a g a i n  h a s  a h i g h e r  d r a g  c o e f f i c i e n t  
( f i g .  10) and a lower drag-divergence Mach number ( f i g .  11). An a n a l y s i s  o f  t h e  
p r e s s u r e  d i s t r i b u t i o n s  o f  t h e  t w o  a i r f o i l s  a t  Mach numbers g r e a t e r  t h a n  0.65 ( f i g .  1 7  
and r e f .  2)  i n d i c a t e s  h i g h e r  l o c a l  Mach numbers fo l lowed by shock waves f o r  t h e  
RC(1)-10 a i r f o i l ,  which r e s u l t s  i n  t h e  h i g h e r  d r a g .  A t  cn = 0.8 ,  t h e  d r a g  i n c r e a s e  
w i t h  Mach number ( f i g .  1 0 )  o c c u r s  a t  a h i g h e r  Mach number f o r  t h e  RC(1)-10 a i r f o i l ,  
b u t  because of  t h e  shape o f  t h e  c u r v e s  t h e  drag-d ivergence  Mach number i s  s t i l l  l o w e r  
t h a n  t h a t  o f  t h e  10-64C a i r f o i l  ( f i g .  11). I n  t h i s  case, t h e  l i f t - c u r v e  slope i s  n e a r  
c o n s t a n t  (M 2 0.63) f o r  t h e  RC(1)-10 a i r f o i l  ( f i g .  5 ( a ) ) ,  b u t  n o t  f o r  t h e  10-64C a i r -  
f o i l  ( r e f .  2 ) .  This r e s u l t  i n d i c a t e s  t h e  o n s e t  o f  boundary-layer  s e p a r a t i o n  f o r  t h e  
latter airfoii, ..I-: -7- W I I I L I I  r e s u l t s  i n  an  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 .  it i s  i n t e r e s t i n g  
t o  n o t e  t h a t  a t  t h i s  normal-force c o e f f i c i e n t  ( 0 . 8 ) ,  t h e  p r e s s u r e  d i s t r i b u t i o n s  
( f i g .  17  and r e f .  2 )  i n d i c a t e  a more s e v e r e  p r e s s u r e  r ise  f o r  t h e  10-64C a i r f o i l  a t  
Mach numbers o f  about  0.55 t o  0.68. The more s e v e r e  p r e s s u r e  rise would c o n t r i b u t e  
to  t h e  boundary-layer s e p a r a t i o n .  

Comparison w i t h  theory . -  Because of  t h e  unexpected l e v e l  o f  d r a g  observed  a t  
normal-force c o e f f i c i e n t s  o f  -0.2 and 0 ,  a n  a n a l y s i s  w a s  made u s i n g  t h e  t h e o r e t i c a l  
method of  r e f e r e n c e  3. F i g u r e  1 2  p r e s e n t s  b o t h  e x p e r i m e n t a l  and t h e o r e t i c a l  s e c t i o n  
wave-drag c o e f f i c i e n t s  as a f u n c t i o n  o f  Mach number f o r  cn = -0.2 and cn = 0.  Wave 
d r a g  i s  d e f i n e d  h e r e i n  as t h e  d i f f e r e n c e  between t h e  s u b c r i t i c a l - f l o w  (M < 0.45) d r a g  
c o e f 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  a t  s u p e r c r i t i c a l - f l o w  Mach numbers. A t  Mach 
numbers o f  0.79 and below, t h e  e x p e r i m e n t a l  wave-drag c o e f f i c i e n t  i s  a t  l ea s t  double  
t h e  p r e d i c t e d  value and t h e  cor responding  drag-divergence Mach numbers are  0.56 f o r  
t h e  e x p e r i m e n t a l  and 0.83 f o r  t h e  p r e d i c t e d  d a t a .  An a n a l y s i s  of  t h e  p r e s s u r e  d i s t r i -  
b u t i o n s  a t  normal-force c o e f f i c i e n t s  n e a r  -0.2 (ac 2 -3 .5,  f i g .  1 7 )  i n d i c a t e s  lower- 
s u r f a c e  s u p e r c r i t i c a l  f low a t  Mach numbers g r e a t e r  t h a n  0.45.  The s u p e r c r i t i c a l  f low 
is t e r m i n a t e d  by a s u p e r s o n i c  compression-wave system i n s t e a d  of  by a d i s c r e t e  shock 
wave a t  t h e  maximum l o c a l  Mach number. 

Theory p r e d i c t s  more n e g a t i v e  p r e s s u r e  peaks t h a n  measured v a l u e s  fo l lowed by a 
more r a p i d  p r e s s u r e  rise. T h i s  t h e o r e t i c a l  method does n o t  account  f o r  a l a m i n a r  
boundary-layer  displacement  t h i c k n e s s  o r  t h e  p r e s e n c e  of  a laminar  s e p a r a t i o n  bubble  
i n  t h e  boundary-layer  t r a n s i t i o n  r e g i o n .  I t  seems p o s s i b l e  t h a t  t h e  boundary l a y e r  i n  
t h e  s u p e r c r i t i c a l - f l o w  r e g i o n  o f  t h e  lower-sur face  l e a d i n g  edge h a s  a pr imary i n f l u e n c e  
on t h e  d i f f e r e n c e s  between t h e  t h e o r e t i c a l  and e x p e r i m e n t a l  d r a g  c o e f f i c i e n t s  a t  
cn = -0.2 shown i n  f i g u r e  1 2 .  

S e c t i o n  m o d i f i c a t i o n . -  A s  p r e v i o u s l y  n o t e d ,  a n  a n a l y s i s  of  t h e  p r e s s u r e  d i s t r i -  
b u t i o n s  of t h e  R C ( 1 ) - 1 0  a i r f o i l  a t  cn = -0.2 and cn = 0 i n d i c a t e s  s u p e r c r i t i c a l  
f low i n  t h e  lower-surface leading-edge r e g i o n  t h a t  c o n t r i b u t e s  t o  a s i g n i f i c a n t  d r a g  
i n c r e a s e .  A d d i t i o n a l  a n a l y s i s  made by t h e  t e c h n i q u e s  o f  r e f e r e n c e  3 i n d i c a t e s  t h a t  
t h e  i n f l u e n c e  o f  s u p e r c r i t i c a l  f low on  d r a g  c o e f f i c i e n t  c o u l d  be d e c r e a s e d  by modify- 
i n g  t h e  a i r f o i l  shape i n  t h i s  r e g i o n  ( f i g .  1 3 ) .  A s  p r e v i o u s l y  noted ,  t h e  modif ica-  
t i o n  c o n s i s t e d  of d e c r e a s i n g  t h e  a i r f o i l  t h i c k n e s s  i n  t h e  lower-sur face  leading-edge 
r e g i o n  ( f i g .  1 and t a b l e  I I ) ,  and t h e  a i r f o i l  i s  d e s i g n a t e d  as t h e  RC(1)-10 Mod 1 
a i r f o i l .  T h i s  a i r f o i l  w a s  i n v e s t i g a t e d  a t  a b o u t  t h e  same Reynolds numbers (compare 
f i g s .  5 and 6 )  as  the RC(1)-10 and a t  h i g h e r  Reynolds numbers of  p o s s i b l e  i n t e r e s t  
f o r  some h e l i c o p t e r  a p p l i c a t i o n s .  A t  cn = -0.2,  f i g u r e  6 ( c )  i n d i c a t e s  t h a t  t h e  
i n c r e a s e  i n  Reynolds number g e n e r a l l y  r e s u l t s  i n  a d e c r e a s e  i n  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 ,  a p p a r e n t l y  because o f  a d e c r e a s e  i n  boundary-layer  t h i c k n e s s .  A t  
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cn = 0 
Then, a t  normal-force c o e f f i c i e n t s  of 0.6 t o  n e a r  s t a l l ,  an  unexpected 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  is  i n d i c a t e d  w i t h  a n  i n c r e a s e  i n  Reynolds number a t  Mach numbers 
b e l o w  0.64. T h i s  i n c r e a s e  may be because of i n c r e a s e s  i n  stream t u r b u l e n c e  l e v e l  
w i t h  i n c r e a s e s  i n  Reynolds number, r e s u l t i n g  i n  i n c r e a s e d  t h i c k n e s s  o f  t h e  boundary 
l a y e r .  An i n c r e a s e  i n  s t r e a m  t u r b u l e n c e  l e v e l  w i t h  i n c r e a s e s  i n  Reynolds number h a s  
been i n d i c a t e d  by unpubl i shed  d r a g - c o e f f i c i e n t  d a t a  from t h e  Langley 6- by 28-Inch 
T r a n s o n i c  Tunnel .  

t o  cn = 0.4, Reynolds number h a s  l i t t l e  i n f l u e n c e  on d r a g  c o e f f i c i e n t .  

The i n f l u e n c e  o f  t h e  a i r f o i l  m o d i f i c a t i o n  on 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  i s  
i n d i c a t e d  i n  f i g u r e  1 4 ,  where d a t a  f r o m  f i g u r e s  5 ( c )  and 6 ( c )  f o r  t h e  RC(1)-10 and 
t h e  R C ( l ) - l O  Mod 1 a i r f o i l s  are p l o t t e d  as a f u n c t i o n  of  Mach number. A t  cn = - 0 . 2 ,  
t h e  RC(1)-10 Mod 1 a i r f o i l  d a t a  d i s p l a y  an  unexpected i n c r e a s e  i n  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  compared w i t h  t h e  RC(1)-10 a i r f o i l  d a t a  ( f i g .  1 4 ) .  An a n a l y s i s  o f  
t h 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  i n d i c a t e s  t h a t  t h e  d r a g  i n c r e a s e  o v e r  t h a t  f o r  t h e  
unmodified a i r f o i l  r e s u l t s  f r o m  i n c r e a s e s  i n  s u b c r i t i c a l - f l o w  boundary-layer  t h i c k -  
n e s s ;  t h a t  i s ,  comparisons of t h e  p r e s s u r e  d i s t r i b u t i o n s  ( f i g s .  17  and 18) i n d i c a t e  
t h a t  t h e  a n t i c i p a t e d  d e c r e a s e  i n  l o c a l  Mach number r e s u l t s  from t h e  m o d i f i c a t i o n .  For 

f o i l  w a s  a b o u t  1.05 (Cp -1.8) compared with 1 .35  (Cp -2.75) f o r  t h e  unmodified 
a i r f o i l .  
are n o t  s i g n i f i c a n t l y  a l t e r e d .  T h e r e f o r e ,  a l o n g e r  s e p a r a t i o n  bubble  w i t h  boundary- 
l a y e r  r e a t t a c h m e n t  i s  i m p l i e d  f o r  t h e  RC(1)-10 Mod 1 a i r f o i l .  

I 
I example, a t  a Mach number o f  0.55, t h e  maximum local  Mach number of t h e  modif ied a i r -  

The p r e s s u r e  d i s t r i b u t i o n s  i n  t h e  mid- and a f t - c h o r d  r e g i o n s  of t h e  a i r f o i l  

I 

A t  cn = 0 ,  f i g u r e  14 shows t h a t  t h e  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  h a s  been 
reduced by t h e  m o d i f i c a t i o n ;  t h e  r e d u c t i o n  i s  a b o u t  0.0045 a t  a Mach number o f  0.80. 
( N o t e  a t  
c o l i n e a r . )  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  drag-divergence Mach number i s  
d e c r e a s e d  a b o u t  0.02 by t h e  a i r f o i l  m o d i f i c a t i o n .  T h e r e f o r e ,  it is  a p p a r e n t  t h a t  an  
i n c r e a s e  i n  drag-divergence Mach number i s  n o t  a unique f a c t o r  i n  d e f i n i n g  a i r f o i l  
performance improvements i f  s i g n i f i c a n t  drag i n c r e a s e s  o c c u r  w i t h  i n c r e a s e s  i n  Mach 
number p r i o r  t o  d r a g  d ivergence .  

cn = 0 ,  d a t a  f o r  t h e  RC(1)-10 Mod 1 a i r f o i l  a t  b o t h  Reynolds numbers are 

A f t e r  t h e  i n v e s t i g a t i o n  of  t h e  RC(1)-10 Mod 1 a i r f o i l ,  it w a s  concluded by 
a n a l y s i s  ( f i g .  1 5 )  t h a t  t h e  d r a g  c h a r a c t e r i s t i c s  a t  z e r o  normal f o r c e  might  be 
improved by a second m o d i f i c a t i o n  o f  t h e  a i r f o i l  (see table  11), which i s  d e s i g n a t e d  
as RC(1)-10 Mod 2 .  The second m o d i f i c a t i o n  a lso was accomplished by d e c r e a s i n g  t h e  
a i r f o i l  t h i c k n e s s  i n  t h e  lower-sur face  leading-edge r e g i o n .  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 a t a  ( f i g .  7 ( c ) )  f o r  t h e  RC(1)-10 Mod 2 a i r f o i l  ( t a k e n  a t  Reynolds num- 
bers s i m i l a r  t o  t h e  h i g h e r  s e t  of  f i g .  6 )  a r e  c r o s s - p l o t t e d  i n  f i g u r e  16 .  A s  
observed  w i t h  t h e  f i r s t  m o d i f i c a t i o n ,  t h e  second m o d i f i c a t i o n  r e s u l t s  i n  a d d i t i o n a l  
d r a g  i n c r e a s e s  a t  a l o w e r  Mach number f o r  cn = -0.2.  Apparent ly  t h e  i n c r e a s e  r e s u l t s  
from boundary-layer  i n f l u e n c e s  s imilar  t o  t h o s e  p r e v i o u s l y  d i s c u s s e d .  A t  cn = 0 ,  t h e  
d r a g  c o e f f i c i e n t s  a t  Mach numbers above 0.60 are d e c r e a s e d  compared w i t h  t h e  
RC(1)-10 Mod 1, and an  i n c r e a s e  i n  drag-divergence Mach number o f  a b o u t  0 .01 i s  i n d i -  
cated ( f i g .  1 6 ) .  A t  h i g h e r  normal-force c o e f f i c i e n t s ,  t h e  m o d i f i c a t i o n  h a s  less 
i n f l u e n c e  on t h e  d r a g  c o e f f i c i e n t .  

CONCLUSIONS 

The RC(1)-10 a i r f o i l ,  which w a s  designed f o r  h e l i c o p t e r  rotor a p p l i c a t i o n ,  h a s  

The 
been i n v e s t i g a t e d  i n  t h e  Langley 6- by 28-Inch Transonic  Tunnel a t  Mach numbers from 
a b o u t  0.35 to  0.90 and a t  Reynolds numbers from a b o u t  5.0 X l o 6  t o  13 .9  X l o 6 .  
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a i r f o i l  h a s  a thickness- to-chord r a t io  of  0.10 w i t h  maximum t h i c k n e s s  l o c a t e d  a t  
40 p e r c e n t  chord and maximum camber l o c a t e d  a t  27 p e r c e n t  chord .  The a i r f o i l  w a s  
des igned  t o  i n c r e a s e  t h e  maximum normal-force c o e f f i c i e n t  w h i l e  m a i n t a i n i n g  f a v o r a b l e  
drag-divergence c h a r a c t e r i s t i c s  and pitching-moment c o e f f i c i e n t s  compared t o  t h e  
10-64C a i r f o i l  i n v e s t i g a t e d  ear l ie r  i n  t h e  s a m e  f a c i l i t y .  Two m o d i f i c a t i o n s  were 
also made t o  t h e  RC(1)-10 a i r f o i l  c o n t o u r  i n  t h e  lower-sur face  leading-edge r e g i o n .  
An a n a l y s i s  of t h e  d a t a  f o r  t h e  RC(1)-10 a i r f o i l  and a comparison of d a t a  fo r  t h e  
t w o  modif.ied c o n f i g u r a t i o n s  have r e s u l t e d  i n  t h e  f o l l o w i n g  c o n c l u s i o n s :  

1. With f r e e  t r a n s i t i o n  and a t  s i m i l a r  Reynolds numbers, t h e  maximum normal-force 
c o e f f i c i e n t  of t h e  RC(1)-10 a i r f o i l  v a r i e s  from 1.14 t o  0.90 a t  Mach numbers from 0.35 
t o  0.65; w i t h i n  t h i s  Mach number range ,  t h e  maximum normal-force c o e f f i c i e n t  f o r  t h e  
RC(1)-10 a i r f o i l  i s  from 0.06 t o  0.16 g r e a t e r  t h a n  t h a t  of  t h e  10-64C a i r f o i l .  Both 
t h e  a d d i t i o n  o f  f i x e d  t r a n s i t i o n  s t r i p s  a t  8.8 p e r c e n t  chord and t h e  t w o  m o d i f i c a t i o n s  
made t o  t h e  lower-surface leading-edge r e g i o n  o f  t h e  R C ( 1 ) - 1 0  a i r f o i l  (RC(1)-10 Mod 1 
and Rc(1)-10 Mod 2 )  have l i t t l e  i n f l u e n c e  on t h e  maximum normal-force c o e f f i c i e n t .  

2 .  The pitching-moment c o e f f i c i e n t  a b o u t  t h e  aerodynamic c e n t e r  of  t h e  RC(1)-10 
a i r f o i l  i s  a b o u t  -0.020 to  -0.025 a t  Mach numbers from 0.35 t o  0.55. The v a l u e  
i n c r e a s e s  t o  about -0.045 a t  a Mach number of  0.89. The c o e f f i c i e n t  o f  t h e  
RC(1)-10 Mod 1 i s  about  0 .01 less  n e g a t i v e  a t  Mach numbers from 0.35 t o  0.79. The 
shape change t o  t h e  RC(1)-10 Mod 2 h a s  l i t t l e  i n f l u e n c e ,  and t h e  c o e f f i c i e n t s  a re  
g e n e r a l l y  e q u a l  t o  t h o s e  fo r  t h e  10-64C a i r f o i l .  

3. The drag-divergence Mach number o f  t h e  RC(1)-10 a i r f o i l  i s  a b o u t  e q u a l  t o  
t h a t  of  t h e  10-64C a i r f o i l  a t  normal-force c o e f f i c i e n t s  from 0 t o  0.4.  A t  normal- 
f o r c e  c o e f f i c i e n t s  from 0.4 t o  0.8,  t h e  drag-d ivergence  Mach number o f  t h e  RC(1)-10 
is  less t h a n  t h a t  of t h e  10-64C a i r f o i l .  

4. The g r e a t e s t  d i f f e r e n c e  i n  drag-divergence Mach number f o r  t h e  RC(1)-10 and 
10-64C a i r f o i l s  is a t  a normal-force c o e f f i c i e n t  of - 0 . 2 .  T h i s  d i f f e r e n c e  r e s u l t s  
from shock-wave/boundary-layer i n t e r a c t i o n  i n f l u e n c e s  n e a r  t h e  lower-sur face  l e a d i n g  
edge f o r  t h e  RC(1)-10 a i r f o i l .  The m o d i f i c a t i o n s  made t o  t h e  RC(1)-10 d e c r e a s e  t h e  
d r a g  c o e f f i c i e n t  a t  z e r o  normal-force c o e f f i c i e n t  a t  Mach numbers n e a r  d r a g  d i v e r -  
gence,  b u t  are l e s s  b e n e f i c i a l  a t  a normal-force c o e f f i c i e n t  of  -0.2. 

Langley Research Center  
N a t i o n a l  Aeronaut ics  and Space A d m i n i s t r a t i o n  
Hampton, VA 23665 
November 24, 1981 
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TABLE I.- DESIGN COORDINATES FOR R C ( l ) - l O  A I R F O I L  

[Stat ions and o r d i n a t e s  g i v e n  i n  p e r c e n t  a i r f o i l  chord  1 
Upper s u r f a c e  I 

S t a t i o n  

0.00 
.23 
.43 
- 8 7  

1 .54  
2.01 
2.48 
2.94 
3.43 
4.40 
5.42 
7.04 
9.68 

14.82 
19 .91  
24.98 
30.05 
35.10 
40.12 
45.15 
50.16 
55.17 
60.16 
65.16 
70.14 
75.13 
80 .11  
85.09 
90.06 
95 .03  

100.00 

O r d i n a t e  

0.00 
1 .17  
1.45 
1 .90  
2.42 
2.74 
3 .01  
3.27 
3 .51  
3 -97 
4.38 
4.91 
5.52 
6.32 
6.80 
7.09 
7.24 
7.26 
7.18 
7.01 
6 .74  
6.39 
5.96 
5.46 
4.89 
4.25 
3.54 
2.77 
1 .94  
1 .05  

-10  

L o w e r  s u r f a c e  

S t a t i o n  

0.00 
- 7 7  

1 .07  
1.63 
2.46 
2.99 
3.52 
4.06 
4.57 
5.60 
6 .58  
7 -96  

10.32 
15.18 
20.09 
25.01 
29.95 
34.90 
39.88 
44.85 
49.84 
54.83 
59.84 
64.85 
69.86 
74.87 
79.89 
84.91 
89.94 
94.97 

100.00 

O r d i n a t e  

0.00 
- .94 

-1.09 
-1.29 
-1.48 
-1.55 
-1.60 
-1.63 
-1.65 
-1.66 
-1.66 
-1.67 
-1.75 
-1.92 
-2.11 
-2.30 
-2.43 
-2.66 
- 2 . 8 1  
-2.91 
-2.96 
-2.95 
-2.89 
-2.76 
-2.57 
-2.31 
-1 -99 
-1.61 
-1.17 

-.66 
- . l o  
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TABLE 11.- COMPARISON OF COORDINATES OF AIRFOILS 

IN REGION OF MODIFICATION 

E t a t i o n s  and o r d i n a t e s  given i n  p e r c e n t  a i r f o i l  chord 1 
S t a t i o n  

0.00 
-77  

1.07 
1 .63  
2.46 
2.99 
3.52 
4.06 
4.57 
5.60 
6.58 
7.96 

10.32 
15.18 
20.09 
25.01 

1 RC (1) -10 RC (1)-10 Mod 1 

0.00 
-.94 

-1.09 
-1.29 
-1.48 
-1.55 
-1.60 
-1.63 
-1.65 
-1.66 
-1.66 
-1.67 
-1.75 
-1.92 
- 2 . 1 1  
-2.30 

0.00 
- .66 
- .77 
- .93 

-1 -07 
-1.14 
-1.19 
-1.24 
- 1 . 2 8  
-1.36 
-1.42 
-1.50 
-1.64 
-1.88 
-2.09 
-2.30 

RC (1) -10 Mod 2 

0.00 
-.57 
-.67 
-.82 
- .99 

-1.08 
-1.14 
-1.22 
-1.27 
-1.36 
-1.42 
-1.50 
-1.64 
-1.88 
-2.09 
-2.30 
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TABLE 111.- DESIGN COORDINATES FOR R C ( 1 ) - 1 0  MOD 1 A I R F O I L  

[Stat ions and o r d i n a t e s  g i v e n  i n  p e r c e n t  a i r f o i l  chord  3 
Upper s u r f a c e  

S t a t i o n  

0.00 
-23  
-43  
.87 

1.54 
2.01 
2.48 
2.94 
3.43 
4.40 
5.42 
7.04 
9.68 

14.82 
19.91 
24.98 
30.05 
35.10 
40.12 
45.15 
50.16 
55.17 
60.16 
65.16 
70.14 
75.13 
80 .11  
85.09 
90.06 
95.03 
100 -00 

O r d i n a t e  

0.00 
1.17 
1.45 
1.90 
2.42 
2.74 
3.01 
3.27 
3.51 
3.97 
4.38 
4.91 
5.52 
6.32 
6.80 
7.09 
7.24 
7.26 
7.18 
7.01 
6.74 
6.39 
5.96 
5.46 
4.89 
4.25 
3.54 
2 -77 
1 - 9 4  
1.05 
.10 

~ ~~ 

Lower s u r f a c e  

S t a t i o n  

0.00 
- 7 7  

1.07 
1.63 
2.46 
2.99 
3.52 
4.06 
4.57 
5.60 
6.58 
7.96 

10.32 
15.18 
20.09 
25.01 
29.95 
34 -90  
39 - 8 8  
44.85 
49.84 
54.83 
59.84 
64.85 
69.86 
74.87 
79.89 
84.91 
89.94 
94.97 
100.00 

O r d i n a t e  

0.00 
- -66  
-.77 
-.93 

-1.07 
-1.14 
-1.19 
-1.24 
-1.28 
-1.36 
-1.42 
-1.50 
-1 -64 
-1.88 
-2.09 
-2.30 
-2.43 
-2.66 
-2.81 
-2.91 
-2.96 
-2.95 
-2.89 
-2.76 
-2.57 
-2.31 
-1 * 99 
-1.61 
-1.17 
- .66 
-.lo 
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TABLE 1V. -  DESIGN COORDINATES FOR RC(1)-10 MOD 2 A I R F O I L  

k t a t i o n s  and ord ina tes  given i n  percent a i r f o i l  chord 1 
U p p e r  surface I 

S t a t i o n  

0.00 
.23 
.43 
- 8 7  

1.54 
2.01 
2.48 
2.94 
3.43 
4.40 
5.42 
7.04 
9.68 

14.82 
19.91 
24.98 
30.05 
35.10 
40.12 
45.15 
50.16 
55.17 
60.16 
65.16 
70.14 
75.13 
80.11 
85.09 
SO. 06 
95.03 

100.00 

O r d i n a t e  

0.00 
1 .17  
1.45 
1.90 
2.42 
2.74 
3.01 
3.27 
3.51 
3.97 
4.38 
4.91 
5.52 
6.32 
6.80 
7.09 
7.24 
7.26 
7.18 
7.01 
6.74 
6.39 
5.96 
5.46 
4.89 
4.25 
3.54 
2.77 
1.94 
1 .05  

-10  

L o w e r  s u r f  ace 

S t a t i o n  

0 .oo 
-77  

1.07 
1 .63  
2 -46  
2.99 
3.52 
4.06 
4.57 
5 -60 
6.58 
7.96 

10.32 
15.18 
20.09 
25.01 ' 

29 - 9 5  
34.90 
39.88 
44.85 
49.84 
54.83 
59.84 
64.85 
69.86 
74.87 
79.89 
84.91 
89.94 
94.97 

100.00 

O r d i n a t e  

0.00 
- .57 
- .67 
- - 8 2  
-.99 

-1.08 
-1.14 
-1.22 
-1.27 
-1.36 
-1.42 
-1.50 
-1.64 
-1.88 
-2.09 
-2.30 
-2.43 
-2.66 
- 2 . 8 1  
-2.91 
-2.96 
-2.95 
-2.89 
-2.76 
-2.57 
-2.31 
-1.99 
-1.61 
-1.17 

-.66 
-.lo 
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TABLE V.- STATIC-PRESSURE O R I F I C E  LOCATIONS 

FOR RC (1) -10  

k o c a t i o n s  g iven  i n  p e r c e n t  a i r f o i l  chord 1 
Upper-surface 

s t a t i o n  

0 .03  
1.20 
2.41 
4.86 
7.37 
9.99 

14.99 
20.00 
24.96 
29.96 
34.98 
39.97 
44.98 
49.98 
54.99 
60.03 
64.97 
69.97 
74.97 
80.00 
85.01 
90.01 
95.02 

L o w e r - s u r f a c e  
s t a t i o n  

1 .13  
2.38 
4.93 
7.43 
9 .94  

14 .93  
19 .96  
24.94 
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F i g u r e  19.- P r e s s u r e  d i s t r i b u t i o n  o v e r  RC(1)-10 Mod 2 airfoil. 
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