


WIND-TUBNEL IITVESTIGATION OF AN N . A .  C . A .  2303.2 AIRFOIL 

W I T H  A SLOTTED FLAP AND THREE TYPES OF AUXILIARY FLAP 

By Car l  3,. Fenz inger  and T i l l i s m  2. Gauvain 

An i n v e s t i g a t i o n  mas nade i n  t h e  W.A.C.A. 7- by 10- 
f o o t  wind t u n n e l  t o  de te rmine  t h e  aerodynamic s e c t i o n  
c h a r a c t e r i s t i c s  of an N . A . C . A .  23012 a i r f o i l  w i t h  a  s i n -  
g l e  main s l o t t e d  f l a p  equipped s u c c e s s i v e l y  w i t h  a u x i l i a r y  
f l a p s  of t h e  p l a i n ,  s n l i t ,  and s l o t t e d  t y p e s .  ' h t e s t  i n -  
s t a l l a t i o n  mas u s e d  i n  which an  a i r f o i l  of ? - foot  span 
was mounted v e r t i c a l l y  between t h e  upper  and t h e  lower  
s i d e s  of t h e  c l o s e d  t e s t  s e c t i o n  so t h a t  two-dimensional 
f low c a s  approximated .  

On t h e  b a s i s  of maximum l i f t  c o e f f i c i e n t ,  l o w  d r a g  a t  
modera te  and h i g h  l i f t  c o e f f i c i e n t s ,  and h i g h  d rag  a t  h i g h  
l i f t  c o e f f i c i e n t s ,  t h e  optimum combinat ion of t h e  a r r a n g e -  
ments  was found t o  be t h e  double  s l o t t e d  f l a p .  A 1 1  t h e  
a u x i l i a r y  f l a p s  t e s t e d ,  however,  i n c r e a s e d  t h e  magni tudes  
of t h e  p i t c h i n g  moments over  t h o s e  of t h e  n a i n  s l o t t e d  
f l a p  a l o n e .  

IWTBODUCTION 

Many d i f f e r e n t  . types of h i g h - l i f t  d e v i c e  have been 
i n v e s t i g a t e d  by t h e  N,A,C.A, i n  a n  e x t e n s i v e  program o f  
r e s e a r c h  f o r  i n c r e a s i n g  s a f e t y  i n  f l i g h t .  Some of t h e s e  
d e v i c e s  a r e  l o c a t e d  a t  t 3 e  l e a d i n g  edge of t h e  wing a n d  
o t h e r s  a t  t h e  t r a i l i n g  edge.  One of t h e  most p romis ing  
of t h e  d e v i c e s  i s  a r e c e n t l y  developed ar rangement  of 
s l o t t e d  t r a i l i n g - e d g e  f l a p .  Th i s  s l o t t e d  f l a p  ( r e f e r e n c e  
1 )  i s  capab le  of g i v i n g  h i ~ h  maximum l i f t  c o e f f i c i e n t s ,  
low d r a g  a t  moderate and h i g h  l i f t  c o e f f i c i e n t s ,  and h i g h  
d r a g  a t  h i g h  l i f t  c o e f f i c i e n t s .  Th i s  f l a p  t h e r e f o r e  ap- 
p e a r s  w e l l  s u i t e d  f o r  improving take-off  and l a n d i n g  
c h a r a c t e r i s t i c s .  

B e s u l t s  of a  few p r e l i m i n a r y  t e s t s  of a s l o t t e d  f l a p  
w i t h  a s n a l l  s p l i t  f l a p  mounted on i t  ( r e p o r t e d  a l s o  i n  
r e f e r e n c e  1) i n d i c a t e  t h a t  such an  a r r a n g e n e n t  h a s  cons id-  
e r a b l e  z r o n i s e  a s  a, h i g h - l i f t  d e v i c e .  A s  a f u r t h e r  de- 
velopment i n  e n l a r g i n g  t h e  p o s s i b i l i t i e s  of t h e  s l o t t e d  
f l a p ,  t h e  i n v e s t i g a t i o n  h a s  been extended t o  i n c l u d e  mul- 
t i p l e  f l a p s .  The p r e s e n t  r e p o r t  q i v e s  t h e  r e s u l t s  of an  



i n v e s t i g a t i o n  of a n  a i r f o i l  w i t h  a medium-size main s l o t -  
t e d  f l a p  combined w i t h  each of t h r e e  d i f f e r e n t  t y p e s  of 
s m a l l e r  a u x i l i a r y  f l a p :  s p l i t ,  p l a i n ,  and s l o t t e d .  3ach  
of t h e  a u x i l i a r y  f l a p s  was t e s t e d  a t  a s e r i e s  of d e f l e c -  
t i o n s  f o r  s e v e r a l  d e f l e c t i o n s  o f  t h e  main f l a p .  Measure- 
ments  of l i f t ,  d r a g ,  and p i t c h i n g  moments mere nade i n  t h e  
7- by 10-foot  mind t u n n e l .  

APPARATUS AND TESTS 

Models 

The b a s i c  model,  o r  p l a i n  a i r f o i l ,  was b u i l t  t o  t h e  
N .A .  C . A .  23012 p r o f i l e  and h a s  a chord  of 3 f e e t  and  a 
span o f  7 f e e t .  The s o l i d  nose  p i e c e  mas made of l a m i n a t e d  
mahogany, t h e  r i b s  and t h e  s l o t  f o r n  mere of p i n e ,  and t h e  
i n t e r n e d i a t e  s e c t i o n  was covered  w i t h  tempered mate rp roofed  
w a l l b o a r d .  A l l  t h e  f l a p s  were nade of mood. 

The n a i n  s l o t t e d  f l a p  h a s  a chord 25.66 p e r c e n t  of 
t h e  n i n g ' c h o r d  c,; t h i s  f l a p  t o g e t h e r  w i t h  i t s  s l o t  shape 
( f i g .  1) i s  t h e  same as  t h e  a r r a n g e n e n t  d e s i g n a t e d  2-h i n  
r e f e r e n c e  1, The f l a p  n a s  mounted on t h e  a i r f o i l  w i t h  
t h r e e  f i t t i n g s  a l o n g  t h e  span t h a t  p e r n i t t e d  s e t t i n g  t h e  
f l a p  a t  t h e  optimum l o c a t i o n  f o r  each d e f l e c t i o n .  The or-  
d i n a t e s  f o r  t h i s  f l a p  and t h e  s l o t  shape a r e  g iven  i n  ta- 
b l e  I ,  and t h e  opt imun p a t h  of t h e  nose  of t h e  f l a p  f o r  
v a r i o u s  d e f l e c t i o n s  (from r e f e r e n c e  1 )  i s  g iven  i n  f i g u r e  
2(a ) .  The nose  p o i n t  of t h e  f l a p  i s  d e f i n e d  a s  t h e  p o i n t  
of t angency  of a l i n e  drawn normal t o  t h e  a i r f o i l  chord  
and t a n g e n t  t o  t h e  l e a d i n g - e d k e ' a r c  of t h e  f l a p  when neu- 
t r a l .  

Tvo w i d t h s  of s p l i t  f l a p  n e r e  t e s t e d :  one h a s  a chord  
0 . 0 5 ~ ~  and t h e  o t h e r  s chord  0 . 1 0 ~ ~  ( f i g .  1). Each o f  
t h e s e  f l a p s  mas f a s t e n e d  t o  t h e  l o w k r  s u r f a c e  of t h e  main 
s l o t t e d .  f l a p  by s c r e n s  and  b l o c k s  c u t  t o  d i f f e r e n t  a n g l e s  
f o r  t h e  v a r i o u s  f l a p  d e f l e c t i o n s .  The f l a p  h inge  a x e s  mere 
s e t  i n  from t h e  t r a i l i n g  edge o,f t h e  main f l a p  a n  amount 
e q u a l  t o  t h e  chord  of t h e  s p l i t  f l a p s .  

The p l a i n  f l a p  h a s  a chord  0 . 1 0 ~ ~  and i s  formed from 
a  p o r t i o n  of  t h e  main s l o t t e d  f l a p ,  a s  shown i n  f i g u r e  1. 
T h i s  f l a p  i s  a r r a n g e d  f o r  l o c k i n g  a t  v a r i o u s  a n g l e s ,  b o t h  
up and  down, w i t h  r e s p e c t  t o  t h e  main f l a a .  The gap be- 



tweea t h e  p l a i n - f l a p  nose and t h e  main s l o t t e d  f l a p  mas 
s e a l e d  w i t h  a l i g h t  g r e a s e  f o r  a l l  t e s t s  t o  p r e v e n t  l e a k -  
age  of a i r  t h r o u g h  t h e  gap,  

The a u x i l i a r y  s l o t t e d  f l a p  ( f i g ,  1) h a s  a chord  0 . 1 0 ~ ~ :  
t h e  shapes  of b o t h  t h e  f l a p  and t h e  s l o t  a r e  s i m i l a r  t o  
t h o s e  of t h e  main s l o t t e d  f l a p .  The o rd . ina tes  f o r  t h e  
a u x i l i a r y  s l o t t e d  f l a p  and t h e  s l o t  shape a r e  a l s o  g i v e n  
i n  t a b l e  I. T h i s  f l a p  mas mounted on t h e  main s l o t t e d  
f l a p  by s p e c i a l  f i t t i n g s  t h a t  a l lowed  t h e  smal l  f l a p  t o  be 
l o c a t e d  a t  any p o i n t  over  a  c o n s i d e r a b l e  a r e a  w i t h  r e s p e c t  
t o  t h e  main f l a p .  Th i s  ar rangement  makes i t  p o s s i b l e  t o  
d e t e r m i n e  t h e  optimun l o c a t i o n s  o f  t h e  s m a l l  s l o t t e d  f l a p  
f o r  t h e  v a r i o u s  d e f l e c t i o n s  i n v e s t i g a t e d .  (See f i g .  2 ( b ) .  ) 

Tes t  I n s t a l l a t i o n  

a The model was mounted i n  t h e  c l o s e d  t e s t  s e c t i o n  of 
t h e  7- by 10-foot  mind t u n n e l  so as  t o  span t h e  j e t  corn- 
p Z e t e l g  excep t  f o r  smal l  c l e a r a n c e s  a t  each end. (See  r e f -  
e r e n c e s  1 and 2 . )  The m a i l 1  a i r f o i l  mas r i g i d l y  a t t a c h e d  
t o  t h e  ba lance  frame by t o r q u e  t u b e s ,  n h i c h  ex tended  
t h r o u g h  t h e  upper  and  t h e  lowor s i d e s  of t h e  t u n n e l .  The 
a n g l e  of a t t a c k  of t h e  model m a s  s e t  from o u t s i d e  t h e  tun-  
n e l  by r o t a t i n g  tLe t o r q u e  t u b e s  w i t h  a c a l i b r a t e d  d r i v e .  
Approximate ly  two-dimensional f low i s  o b t a i n e d  n- i th  t h i s  
t y p e  of i n s t a l l a t i o n  and t h e  s e c t i o n  c h a r a c t e r i s t i c s  of 
t h e  model under  t e s t  can be dktermined.  (See r e f e r e n c e  1.) 

A l l  t h e  t e s t s  were made a t  a dynanic  p r e s s u r e  o f  
16.37 pounds p e r  square  f o o t ,  c o r r e s p o n d i n g  t o  a n  a i r  
speed  of about  80 m i l e s  p e r  h o u r  a t  s t a n d a r d  s e a - l e v e l  
c o n d i t i o n s .  The a v e r a z e  t e s t  Reynolds Number, based  on 
t h e  a i r f o i l  c h o r d ,  was 2 ,190 ,000 .  Th i s  t e s t  Reynolds N u n -  
b e r ,  when c o n v e r t e d  t o  a n  e f f e c t i v e  Reynolds Number t h a t  
t a k e s  accoun t  of t 5 e  t u r b u l e n c e  i n  t h e  a i r  s t r e a m ,  i s  
3 , 5 0 0 , 0 0 0 .  ( E f f e c t i v e  Reynolds Number - average  t e s t  
Reynolds Number x t u r b u l e n c e  f a c t o r ;  t u r b u l e n c e  f a c t o r  
f o r  t h e  t u n n e l  i s  1.6. ) 

T e s t s  were made of t h e  a i r f o i l  mi th  t h e  main s l o t t e d  
f l a p  f i r s t  n e u t r a l  and t h e n  d e f l e c t e d  v a r i ~ u s  amounts a l o n g  
t h e  optimum f l a p  p a t h  shown i n  f i g u r e  2 ( a ) ,  Each of t h e  
t w o  a u x i l i a r y  s p l i t  f l a p s  mas n e x t  t e s t e d  mi th  d e f l e c t i o n s  



of 15O, 30° ,  45O, and 60° f o r  v a r i o u s  d e f l e c t i o n s  of t h e  
main s l o t t e d  f l a p .  S i m i l a r  t e s t s  were then  made of t h e  
a u x i l i a r y  p l a i n  f l a p  i n  c o n b i n a t i o n  n i t h  t h e  main s l o t t e d  
f l a p .  

The a u x i l i a r y  s l o t t e d  f l a p  mas d e f l e c t e d  10'. 20° ,  
30° ,  40° ,  and 50° w i t h  t h e  main s l o t t e d  f l a p  s e t  n e u t r a l ,  
and s u r v e y s  were made t o  de te rmine  t h e  optimum a u x i l i a r y -  
f l a p  p o s i t i o n s  a n d  d e f l e c t i o n s  f o r  maximum l i f t  a n d  s t e e p  
a n g l e s  of cl imb.  Surveys were a l s o  made t o  de te rmine  
whe the r  t h e s e  p o s i t i o n s  changed w i t h  d e f l e c t i o n  of t h e  
main s l o t t e d  f l a p ,  b u t  no s u r v e y s  were made t o  d e t e r m i n e  
whe the r  t h e  optimun p a t h  o f  t h e  main s l o t t e d  f l a p  changed 
w i t h  d e f l e c t i o n  o f  t h e  a u x i l i a r y  f l a p .  The o p t i n u n  p a t h  
, f i n a l l y  chosen f o r  t h e  a u x i l i a r y  s l o t t e d  f l a p  i s  s h 0 ~ n  i n  
f i g u r e  2 ( b ) .  

A s u f f i c i e n t  number o f  a n g l e s  of a t t a c k  a t  each  of  
t h e  v a r i o u s  d e f l e c t i o n s  mere i n v e s t i g a t e d  t o  d e t e r n i n e  en- 
v e l o p e  p o l a r s  o v e r  t h e  c o n p l e t e  l i f t  r ange  f r o n  z e r c  t o  
naximun l i f t .  L i f t ,  d r a g ,  a n d  p i t c h i n g  monents mere neas-  
u r e d  f o r  a l l  p o s i t i o n s  of t h e  f l a p s  over  t h e  nngle-of- 
a t t a c k  range t e s t e d .  No f l a p  h i n g e  monents o r  f l a p  l o a d s  
were o b t a i n e d .  

RESULTS AND DISCUSSIOM . 

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

A 1 1  t e s t  r e s u l t s  a r e  g i v e n  i n  s t a n d a r d  s e c t i o n  non- 
d i n e n s i o n a l  c o e f f i c i e n t  f o r n  a s  f o l l - o n s :  

CJ , a i r f o i l  s e c t i o n  l i f t  c o e f f i c i e n t  (I.jqs ) .  

C 
do ' a i r f o i l  s e c t i o n  d rag  c o e f f i c i e n t  ( d o / q ~ ) .  

, a i r f o i l  s e c t i o n  pi tching-noment c o e f f i c i e h t  
c n ( a . c .  1, abou t  a e r o d y n a n i c  c e n t e r  of s e c t i o n  w i t h  

f l a p  i n  n e u t r a l  p o s i t i o n  c, S  ) .  

where 

2 i s  t h e  a i r f o i 1 , s e c t i o n  l i f t .  

d o ,  a i r f o i l  s e c t i o n  d r a g .  



n,  a i r f o i l  s e c t i o n  p i t c h i n g  nonent .  

q ,  dynan ic  p r e s s u r e  (4 p v2). 
S ,  a i r f o i l  a r e a  i n c l u d i n g  f l a p ,  neasured  w i t h  

f l a p  n e u t r a l .  

c,, a i r f o i l  chord .  

f 1 
i s  t h e  s e t t i n g  of n a i n  s l o t t e d  f l a p  w i t h  

r e s p e c t  t o  t h e  a i r f o i l ,  dog. 

6f,, s e t t i n g  of t h e  a u x i l i a r y  f l a p  w i t h  r e s p e c t  
t o  t h e  n a i n  f l a p ,  deg. 

a o ,  a n g l e  of a t t a c k  f o r  i n f i n i t e  a s p e c t  r a t i o .  

P r e c i s i o n  

r'rom r e p e a t  t e s t s ,  t h e  a c c i d e n t a l  e x p e r i n e n t a l  e r r o r s  
i n  t h e  r e s u l t s  p r e s e n t e d  h e r e i n  a r e  b e l i e v e d  t o  l i e  n i t h i n  
t h e  fo l l -owing l i m i t s  : 

l in in - f l ap  p o s i t i o n  - - - - - - + 0 .  O O ~ C ,  

A u x i l i a r y - f l a p  angle, 
9 2  

- - rt'0.20 

A u x i l i a r y - f l a p  p o s i t i o n  - - - -~O.OOlc, 



The l i f t  and t h e  d r a g  have been c o r r e c t e d  f o r  t u n n e l - n a l l  
e f f e c t s ,  a s  e x n l a i n e d  i n  r e f e r e n c e  1. 

F i t h  c e r t a i n  a r r a n q e n e n t  s  of t h e  main s l o t t e d  f 1,ap 
m i t h  t h e  a u x i l i a r y  f l a p  d e f l e c t e d ,  i t  mas possi lble  t o  ob- 
t a i n  two s e t s  of d a t a ,  b o t h  of which a r e  shown on t h e  
c u r v e s  of s e c t i o n  aerodynamic c h a r a c t e r i s t i c s .  Because 
of t h e  innumerable p o s s i b l e  combina t ions ,  t h e  optimum 
nose  p a t h  de te rmined  i n  r e f e r e n c e  l f o r  t h e  main f l a p  mas 
u s e d .  The s l o t  opening f o r  a main-f lap d e f l e c t i o n  of ap- 
p r o x i m a t e l y  30° i n  combinat ion  mi th  some s e t t i n g s  of t h e  
a u x i l i a r y  f l a p  seems t o  be c r i t i c a l  s i n c e  most of t h e  dou- 
b l e  r e a d i n g s  o c c u r r e d  7.vith t h i s  a r r a n g e n e n t  . Undoubtedly,  
a more s t a b l e  combinat ion  cou ld  have been found by ad- 
j u s t i n g  t h e  gap of t h e  main f l a p  bu t  t h i s  p rocedure  mould 
have r e q u i r e d  more t i n e  t h a n  mas a v c i l a b l e  f o r  t h e s e  t e s t s .  

The g r o f i l e - d r a g  c o e f f i c i e n t  Cdo of t h e  a i r f o i l -  
f l a p  combinat ions  h a s  n o t  been c o r r e c t e d  f o r  t h e  e f f e c t s  
of t h e  v a r i o u s  f l a p - h i n g e  f i t t i n g s .  From p r e v i o u s  t e s t s  
of t h e  a i r f o i l  w i t h  t h e  main s l o t t e d  f l a p  ( r e f e r e n c e  I ) ,  
i t  was found t h a t  t h e  d rag  of t h e  T i t t i n g s  d i d  n o t  exceed 
0.001. The main-f lap  f i t t i n g s  used  i n  t h e  p r e s e n t  t e s t s  
mere s m a l l e r  t h a n  t h o s e  mentioned a n d ,  a s  t h e  a u x i l i a r y -  
f l a p  f i t t i n g s  o f  t h e  p r e s e n t  mo6-el were s m a l l ,  i t  mas es-  
t i n a t e d  t h a t  t h e i r  d r a g  mould n o t  exceed 0.001. 

S e c t i o n  Aerodynamic C h a r a c t e r i s t i c s  

Xain s l o t t e d  f l a p . -  The s e c t i o n  aerodynamic charac-  
t e r i s t i c s  of t h e  a i r f o i l  m i t h  o n l y  t h e  main s l o t t e d  f l a p  
a r e  i n c l u d e d  a s  a b a s i s  f o r  comparison ( f i g .  3 ) .  The 
p r e s e n t  d a t a  a g r e e  w e l l  n i t h  t h o s e  g iven  i n  r e f e r e n c e  1, 
t h e  c h i e f  d i f f e r e n c e  be ing  t h a t  t h e  maximum l i f t  i s  a b o u t  
3 p e r c e n t  lower  f o r  t h e  notiel used  i n  t h e s e  t e s t s .  T h i s  
d i f f e r e n c e  may be a t t r i b u t e d  t o  t h e  u s e  of a n  e n t i r e l y  
d i f f e r e n t  model and t o  s l i g h t  d i f f e r e n c e s  i n  t h e  a c c u r a c y  
o f  t h e  f l a p  s e t t i n g .  

kirf05.1 w i t h  main s lo t%-ed  f l a p  d.nnd-auxiL&3zx-s2L&% 
f l a p s a -  S e c t i o n  aerodynamic c h a r a c t e r i s t i c s  of  t h e  a i r f o i l  --- .- 
w i t h  t h e  s l o t t e d  f l a y  combined w i t h  t h e  0 . 0 5 ~ ~  s p l i t  f l a p  
a r e  g i v e n  i n  f i g u r e s  4 t o  8 ,  and envelope  p o l a r . c u r v e s  f o r  
t h i s  a r rangement  a r e  p l o t t e d  i n  f i g u r e  9 .  S i m i l a r  d a t a  
f o r  t h e  a i r f o i l  w i t h  t h e  s l o t t e d  f l a p  and t h e  0 . 1 0 ~ ~  s p l i t  
f l a p  a r e  g iven  i n  f i g u r e s  1 0  t o  15.  



The envelope  p o l a r  c u r v e s  p r o v i d e  a  convenient  meth- 
od f o r  t h e  comparison of t 5 e  l i f t  and  t h e . d r a g  c h a r a c t e r -  
i s t i c s  a t  v a r i o u s  d e f l e c t i o n s  of t h e  combinat ion  of main 
and  a u x i l i a r y  f l a p s .  Each envelope  curve  shows, f o r  t h e  
combinat ion  b e i n g  c o n s i d e r e d ,  t h e  lowest  d r a g  o b t a i n a b l e  
a t  a g i v e n  l i f t  c o e f f i c i e n t  f o r  a f i x e d  d e f l e c t i o n  of t h e  
main f l a p .  F i g u r e  9  i n d i c a t e s  t h a t  t h e  0 . 0 5 ~ ~  s p l i t  f l a p  
w i l l  improve t h e  e f f e c t  of t h e  main s l o t t e d  f l a p  a l o n e  
f o r  f i x e d  main-f lap d e f l e c t i o n s  of l o 0 ,  20° ,  30°, and 40' 
when t h e  s p l i t  f l a p  i s  d e f l e c t e d  t o  g i v e  l i f t  c o e f f i c i e n t s  
h i g h e r  t h a n  1.3,  1 .6 ,  2 .2,  and 2,7. S i m i l a r l y ,  f i g u r e  15 
i n d i c a t e s  t h a t ,  f o r  f i x e d  main-f lap d e f l e c t i o n s  of' l o 0 ,  
20° ,  30°,  and 4 0 0 ,  a  b e n e f i c i a l  e f f e c t  w i l l  be o b t a i n e d  
from t h e  0 . 1 0 ~ ~  s p l i t  f l a p  when i t  i s  d e f l e c t e d  beyond t h e  
c o r r e s p o n d i n g  l i f t  c o e f f i c i e n t s  of 1 .7 ,  2 .2,  2 . 6 ,  and 2 ,?5 ,  

Ai r fnZL w i t h  main ~ l o t t _ e ~ ~ f L a , ~ ~ a n _ ~ - a u ~ _ L ~ ~ ~ x ~ - ~ ~ 8 ~  
f l a 2 . -  S e c t i o n  aerodynamic c h a r a c t e r i s t i c s  of t h e  a i r f o i l  --- 
n i t h  t h e  main s l o t t e d  f l a p  combined w i t h  t h e  0,10o, p l a i n  
f l a p  a r e  g iven  i n  f i g u r e s  1 6  t o  20,  and  envelope  p o l a r  
c u r v e s  f o r  t h e  combinat ion  a p e  p l o t t e d  i n  f i g u r e  21. A s  
f o r  t h e  combinat ion  of t h e  s l o t t e d  f l a p  w i t h  t h e  s p l i t  
f l a p s ,  sone b e n e f i t  i s  o b t a i n e d .  For f i x e d  main-f lap de- 
f l e c t i o n s  of l o 0 ,  .20°, 30° ,  an& 400,  f i g u r e  2 1  i n d i c a t e s  
t h a t  a b e n e f i c i a l  e f f e c t  m i l l  be o b t a i n e d  from t h e  0 . 1 0 ~ ~  
p l a i n  f l a p  when i t  i s  d e f l e c t e d  a t  l i f t  c o e f f i c i e n t s  be- 
yond 0.8,  1 , 9 5 ,  2 . 5 ,  and 2,5.  

A T r f o i l  w i t h  mainhsIot&ed-f&a~nd-.auxFLbazs-aln&te~ 
- . f l a e , -  S e c t i o n  aerodynamic c h a r a c t e r i s t i c s  of t h e  a i r f o i l  

m i t h  t h e  main s l o t t e d  f l a p  combined mi th  t h e  a l v x i l i a r y  
0 . 1 0 ~ ~  s l o t t e d  f l a p  a r e  g i v e n . i n  f i g u r e s  22 ,  2 3 ,  and  2 4 ,  
and  enve lape  p o l a r  cu rves  f o r  t h e  c o n b i n a t i o n  a r e  p l e t t e d  
i n  f i g u r e  25 ,  A s  p r e v i o u s l y  ment ioned,  some p r e l i m i n a r y  
t e s t s  were made t o  doterminc  t h e  optimum p a t h  of  t h e  aux- 
i l i a r y  s l o t t e d  f l a p  f o r  g i v e n  d e f l e c t i o n s  of t h e  main 
f l a p :  t h e  optimum p a t h s  chosen a r e  shown i n  f i g u r e s  2 2 ,  
23,  and  24. A b e n e f i c i a l  e f f e c t  n i l l  bc o b t a i n e d  f r o n  t h e  
a u x i l i a r y  s l o t t e d  f l a p  f o r  f i x e d  main-flap d e f l e c t i o n s  of 
20° and 40° when t h e  aux i l i a ry  f l a p  i s  d e f l e c t e d  a t  l i f t  
c o e f f i c i e n t s  beyond 1.35 and  2,45. 

Comparison of t h e  F l a p  Arrangoments Tes ted  

An envolopc  of each o f  t h e  s e r i e s  o f  envelope  p o l a r  
c u r v e s  g-iven i n  f i g u r e s  9 ,  15 ,  21 ,  and  25  h a s  been p l o t -  



t e d  f o r  each f l a p  a r r a n g e n e n t  i n  f i g u r e  26. This  f i g u r e  
shows t h a t ,  from l i f t  c o e f f i c i e n t s  of 1.1 up t o  t h e  s t a l l ,  
t h e  l i f t  and t h e  d r a g  c h a r a c t e r i s t i c s  of t h e  a i r f o i l  w i t h  
t h e  main s l o t t e d  f l a p  can be inproved  by t h e  a d d i t i o n  of 
a n  a u x i l i a r y  f l a p  of t h e  s p l i t  o r  s l o t t e d  t y p e .  The aux- 
i l i a r y  p l a i n  f l a p  o f f e r s  a n  improvement over  on ly  two 
p o r t i o n s  of t h e  l i f t  r a n g e ,  be tnoen c,, = 1.1 and 2.45 
a n d  from 2.73 t o  t h e  s t a l l .  The s u p e r i o r i t y  of t h e  main 
s l o t t e d  f l a p  w i t h  t h e  a u x i l i a r y  s l o t t e d  f l a p  f o r  h i g h  l i f t  
w i t h  low d r a g ,  n b i c h  i s  v e r y  impor tan t  f o r  take-off  and 
s t e e p  a n g l e s  of  c l i m b ,  i s  immedia te ly  e v i d e n t .  High l i f t  
n i t h  h i g h  d r a g  f o r  l a n d i n g  p u r p o s e s  c o u l d  be o b t a i n e d  by 
d e f l e c t i n g  t h e  s l o t t e d  f l a p s  t o  a n g l e s  g r e a t e r  t h a n  40°.  

The v a r i o u s  f l a p  ar rangements  t e s t e d  a r e  a l s o  com- 
p a r e d  i n  t a b l e  11. A comparison i s  made of t h e  p r o f i l e -  
d r a g  c o e f f i c i e n t  s  a t  s e v e r a l  d i f f e r e n t  l i f t  c o e f f i c i e n t s  
w i t h  t h e  cor respond ing  p i t c h i n g  moments a n d  f l a p  d e f l e c -  
t i o n s ;  i n  t h e  l a s t  two  columns a r e  g iven  t h e  r a t i o  of 
l i f t  t o  d r a g  a t  maximum l i f t  (an  i n d i c a t i o n  of t h e  s t e e p -  
e s t  g l i d i n g  a n g l e  a v a i l a b l e ) ,  and t h e  r a t i o  of maximum 
l i f t  t o  t h e  d r a g  a t  a l i f t  c o e f f i c i e n t  of 0.2 ( c r i t e r i o n  
of t h e  speed r a n g e ) .  Tho main s l o t t e d  f l a p  w i t h  t h e  aux- 
i l i a r y  s l o t t e d  f l a p  a l s o  shoms up f a v o r a b l y  i n  t h e s e  com- 
p a r i s o n s ,  excep t  as r e g a r d s  t h e  p i t c h i n g  moments. For  I 

n e a r l y  a l l  c o n d i t i o n s  , t h i s  combinat ion  h a s  t h e  h i g h e s t  
p i t  chi i ig moments of t h e  a r rangements  t e s t e d  and t h i s  char-  
a c t c r i s t i c  must be g i v e n  c o n s i d e r a t i o n  i n  a p y l i c a t i o n s  t o  
d e s i g n .  

The e f f e c t  of t h e  v a r i o u s  f l a p  a r rangements  i n  i n c r e a s e  
I n g  t h e  maximum l i f t  o f  t h e ' a i r f o i l  i s  shown i n  f i g u r e  27 
where v a l u e s  of t h e  maximum-lif t increment  A clmax 

a r e  

? l o t t e d  a g a i n s t  d e f l e c t i o n s  o f  t h e  a u x i l i a r y  f l a p s  f o r  
g i v e n  d e f l e c t i o n s  of t h e  main s l o t t e d  f l a p .  The s u p e r i o r -  
i t y  of t h e  main s l o t t e d  f l a p  w i t h  t h e  a u x i l i a r y  s l o t t e d  
f l a p  i s  immedia te ly  e v i d e n t .  I t  m i l l  be note6  t h a t ,  v i t h  
t h e  mzin s l o t t e d  f l a p  d e f l e c t e d  40° ( i t s  s e t t i n g  f o r  Ct *ax 1 
and  t h e  a u x i l i a r y  s l o t t e d  f l a p  d e f l e c t e d  30° o r  4 0 ° ,  a n  
i n c r e a s e  of 1.46 i n  t h e  maximum l i f t  c o e f f i c i e n t  i s  p o s s i -  
b l e .  Th i s  i n c r e a s e  a lmos t  d o u b l e s  t h e  naxinum l i f t  of t h e  

i a i r f o i l  w i t 2  f l a p s  n e u t r a l ,  and ______ s t i l l  -- f u r t h e r  --.- -.--.- i n c r e a s e s  ----- 
might  be e x p e c t e d  with l a r g e r  f l a p s  and t h i c s r  a i r f o i l  
s e c t i o n s .  F u r t h e r  i n v e s t i q a t i o n  a l o n g  t h e s e  l i n e s  i s  
p-nned. 



COXCLUS IOBS 

1. The optinum a r r a n q e n e n t  of t h e  main and a u x ' i l i a r y  
f l a p  c o n b i n a t i o n s  t e s t e d  i s  t h e  a a i n  s l o t t e d .  f l a p  m i t h  t h e  
a u x i l i a r y  s l o t t e d  f l a p ,  which h a s  nore  f a v o r a b l e  charnc-  
t e r i s t i c s  t h a n  t h e  s i n g l e  n a i n  s l o t t e d  f l a p  on t h e  b a s i s  
of n&xinun l i f t  c o e f f i c i e n t ,  l o v  d r a g  a t  n o d e r a t e  and 
h i g h  l i f t  c o e f f i c i e n t s ,  and h i g h  d r a g  a t  h i g h  l i f t  coef-  
f  i c i e n t  s. 

2. The a u x i l i a r y  s p l i t  f l a p  o r  t h e  a u x i l i a r y  p l a i n  
f l a p  combined mi th  t h e  n a i n  s l o t t e d  f l a p  s l i g h t l y  i m -  
p r o v e s  t h e  aerodynamic c h a r a c t e r i s t i c s  a t  h i g h  l i f t  coef-  
f  i c i e n t s .  

3. A 1 1  a u x i l i a r y  f l a p s  t e s t e d  i n  combinat ion  w i t h  
t h e  main f l a p  i n c r e a s e  t h e  magni.tudes of t h e  p i t c h i n g  
n o n e n t s  over  t h o s e  of t h e  n a i n  s l o t t e d  f l a p  a l o n e .  

Langley  Memorial A e r o n a u t i c a l  L a b o r a t o r y ,  
N a t i o n a l  Advisory  Cornnittee f o r  A e r o n a u t i c s ,  , 

Lsngley  F i e l d ,  V s . ,  October  31 ,  1938, 
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'PrlBLE I 

O r d i x a t e s  f o r  F l n p  and  S l o t  Sha13es 

( S t a t i o i ~ s  a n d  o r d i n a t e s  i n  p e r c e n t  of  a i r f o i l  c h o r d )  

d u x i l i ~ - r x - s l o t t e d  f l a ~  ----------- -------I--- L-- 

Upper  1 Lover  
s u r f a c e  1 s u r f a c e  ------.---J--------- 

0 -0 .43  -0.43 
.25 1 . 06  1 -. 92  

-.98 

-.84 [ 
. 50  / . 31  
.75  j . 49  i 

1 . 0 0  i I . 6 3  1 -1.00 
1 . 5 0  .85 1 -1.02 
2 .00  1 -1.00 

- .96 2 .50 1 1 .08  
3 . 0 0  1 1.12 - 
3.50 1 1 . 1 2  -. 
4 .00  1 1 .06  1 -. 

---------- ------ ---- ----..- --- 
I k i n  s l o t t e d  f l a p  I -- --- -.---. ----- 

S t z t ' i o n  I U-spar I Lower 
i 

s u r f a c e  s u r f a c e  I ----- --- -.-- L 4 
0 -2.29 I -1.29 I 

.4@ - .32  1 -2.05 I 

I C e n t e r  o f  l e a d i n g - e d g e  a r c  :I 

. 72  
1 .36  
2 .00  
2 .64 
3 .92 
5.20 
5 .66  
6.48 
'7.76 
9.03 

1 0 . 3 1  
15 .66  
20.66 

1 0.43 -0 .43  -------------------- ----. ---- I Lending-edge r a d i u s :  0 . 43  
I --------------------------- i 

- 0 4  I -2 .21 
- 6 1  1 -2.36 

1 .04 / -2 .41 1 , 
1 .40  1 -2.41 
1 .94 1 ... I 
2.30 , I 
... - I j -2.16 1 

2.53 1 - I 
2.63 - 1  

, 1 
2 * 5 8  2 .46  1 * .. I 

I 
1 .68  1 -1.23 

.92 i 
25.66  1 . 1 3  1 

-I I ----I---- 1 
C e n t e r  of  l e a d i n g - e d g e  a r c  

0 .91  -1.29 -- ----------------------- --- 
:I 4 

Lecdixg-edge  r a d i u s :  0 .91  
----------- ----- _---__ 4 

Con tou r  o f  a u x i l i a r y  s l o  -- I-'-'----- 
s t a t i o n  O r d i l l a t  e  ------ ---------- ------- ----- 

89.50 1 -0.86 
89 I I 

- 0 4 8  
90 . 28  
90.50 1 . ti6 
9 1  .90  
91.50 1 

I 1 . 05  
9 2  i I 1 - 1 7  
9 2 . 5 0  1 . 2 2  
9 3  j 
93.23 1 

--.----------1----------- 

C e n t e r  o f  a r c :  
89 .59  1 .52 -.....-------------..- 

Sad- ius  o f  a r c :  3 .05  

__..__-.--__----l____- --- 
S o n t o u r  o f  main  s l o t  

74 .57  
76 .32  
'77.82 

.67  
1 .76  
2 .30 

79 .32  2.65 
80.82 ' 2.82 
82.70 I 2 .64  

_------.....--- L 
C e n t e r  o f  a r c :  

I 66.65 4 . 6 7  ---------------- ----- 1 B a a i u s  of  a r c  : 7.97 ! -- - - - - - - - - - ---- - - -- - --- 



TABLE I1 
Comyarison of F lap  Arrangements Tested  

(a. c.) 

0 
10 1.0 

1.5 .027 .-. 
21 00 237.4 

2 0 

With a u x i l i a r y  0 . 1 0 ~ ~  p l a i n  f l a p  ------ -- 
o jao.0114 -0.015 1 o o 

*01.8 -. 240 0 
l m 0 /  1.5 .026 -.250 0 

0 2.0 1 .042 -.367 
2.5 / .079 -.345 j 30 0 

'2.80~ .16 -0402 40 20 1 - -------- ---i -------_I --------- A---------- 
Vi th  a u x i l i a r y  0 . 0 5 ~ ~  s p l i t  f l a p  

-----..------- ------- --- ---- r------------------------------ - - 
0 ao.O1lo 1 -0,010 0 0 I 
1.0 ,018 I -.130 0 I 

I 
1 . 5 0 17.69 i 245.1. 
2 * 0  , I 20 I 

30 
i 

i 
V i t h  a u x i l i a r y  0 . 1 0 ~ ~  s p l i t  f l a p  1------------- 

-.I30 -. 245 0 
1.5 .027 -.253 20 245.2 
2.0 .045 -.247 1 20 

.076 -0353 1 30 

..................... 
--..----------- 

I t  

.026 
0 

1.5 -. 348 
039 17.34 250.0 u.424 

40 1 30 

allinimun drag .  b l~ax inun  l i f t  . 

r--------------- .------------- 
i 
I 

17.50 243.5 



FIGURE LEGENDS 

F i g u r e  1.- S e c t i o n  view of  t h e  N.A,C.A.  23012 a i r f o i l  n i t h  
t h e  main s l o t t e d  f l a p  a n d  t h e  a u x i l i a r y  f l a p s .  

.F igure  3.- S e c t i o n  c h a r a c t e r i s t i c s  of  t h e  N.A.C.B. 23012 
a i r f o i l  n i t h  t h e  main s l o t t e d .  f l a p  d e f l e c t e d  v a r i o u s  
amov-mt s.  

F i g u r e  4.- S e c t i o n  c h a r a c t e r i s t i c s  of t h e  N.A.C.A. 23012 
a i r f o i l  mi th  t h e  main s l o t t e d  f l a p  d e f l e c t e d  O0 and t h e  
a u x i l i a r y  0 . 0 5 ~ ~  s p l i t  f l a p  defl-ected-' v a r i o u s  amoun%s. 

F i g u r e  5.- S e c t i o n  c h a r a c t e r i s t i c s  of t h e  N.A.C .A.  23012 
a i r f o i l  w i t h  t h e  main s l o t t e d  f l a p  d e f l e c t e d  10' and 
t h e  a u x i l i a r y  0 . 0 5 ~ ~  s p l i t  f l a p  d e f l e c t e d  v a r i o u s  
amounts.  

F i g u r e  6 . u  S e c t i o n  c h a r a c t e r i s t i c s  of t h e  N . A .  C.A8 23012 
a i r f o i l  w i t h  t h e  main s l o t t e d  f l a p  d e f l e c t e d  20° and 
t h e  a u x i l i a r y  0 .  05cw s p l i t  f l a p  d e f l e c t e d  v a r i o u s  
amounts.  

F i g u r e  7.- S e c t i o n  c h a r a c t e r i s t i c s  of t h e  N.A.C .A.  23012 
a i r f o i l  n i t h  t h e  main s l o t t e d  f l a p  d e f l e c t e d  30° and 
t h e  a u x i l i a r y  0,05c, s p l i t  f l a p  d e f l e c t e d  v a r i o u s  
amounts.  

F i g u r e  8.- S e c t i o n  c h a r a c t e r i s t i c s  of t h e  N.AIC. ,A,  23012 
, a i r f o i l  w i t h  t h e  ~i la in  s l o t t e d  f l a p  d e f l e c t e d  40' and 

t h e  a u x i l i a r y  0.05c,  s p l i t  f l a p  d e f l e c t e d  v a r i o u s  amounts. 

.Zigure  9.- E n v e l o ~ e  p o l a r  c u r v e s  f o r  t h e  3i.A.C.A. 23012 
a i r f o i l  mi th  t h e  main s l o t t e d  f l a p  and tho  a u x i l i a r y  
0 . 0 5 ~ ~  s p l i t  f l a p .  

F i g u r e  10.- S e c t i o n  c h a r a c t e r i s t i c s  o f . t h e  M.A.G.A. 23012 
a i r f o i l  w i t h  t h e  main s l o t t e d  f l a p  d e f l e c t e d ' o O  and t h e  
a u x i l i a r y  0 . 1 0 ~ ~  s p l i t  f l a p  d e f l e c t e d  v a r i o u s  amounts .  

F i g u r e  11.- S e c t i o n  c h a r a c t e r i s t i c s  o f  t h e  1J.A.C.A. 23012 
a i r f o i l  w i t h  t h e  main s l o t t e d  f l a p  d e f l e c t e d  l o 0  nhd t h e  
a u x i l i a r y  0 , 1 0 c ,  s p l i t  f l a p  d e f l e c t e d  v z r i o u s  amouats .  

F i g u r e  12.- S e c t i o n  c ! m r a c t e r i s t i c s  o f ,  t h e  R.A.C.A.  23012 --, 
a i r f o i l  m i t h  t h e  mc+in s l o t t e d  f l a p  d e f l e c t e d  20' and 
t h e  a u x i l i a r y  0 . 1 0 ~ ~  s p l i t  f l a p  d e f l e c t e d  v a r i o u s  amounts* 



( a )  P a t h  of t h e  main s l o t t e a  f l a p  f o r  varSaus  d e f l e c -  
t i o n s  on t h e  N.A.C.A. 23012 a i r f o i l .  

P a t h  of f l a p  nose f o r  
v a r i o u s  f l a p  d e f l e c -  
t i o n s .  D i s t a n c e s  meas- 
u r e d  from lower  edge of 
l i p  i n  p e r c e n t  a i r f o i l  
c h o r d ,  cw. 

( b )  P a t h  of t h e  a u x i l i a r y  0 . 1 0 ~ ~  s l o t t e d  f l a p  f o r  rari-  
ous  d e f l e c t i o n s  on t h e  m a m  s l o t t e d  f l a p ,  

P a t h  of f l a p  nose  f o r  v a r i o u s  
f l a p  d e f l e c t i o n s .  D i s t a n c e s  
n e a s u r e d  from lower  edge of T i p  
i n  p e r c e n t  a i r f o i l ,  c h o r d ,  cw. 

F i g u r e  2.- Optimum l o c a t i o n s  of t h e  s l o t t e d  f l a p s .  



F i g u r e  13.- S e c t i o n  c h a r a c t e r i s t i c s  of t h e  B.A.C.A.  23012 
a i r f o i l  w i t h  t h e  main s l o t t e d  f l a p  d e f l e c t e d  30" and t h e  
a u i l i a r y  0 . 1 0 ~ ~  s p l i t  f l a p  d e f l e c t e d  v a r i o u s  amounts.  

F i g u r e  14.- S e c t i o n  c h a r a c t e r f s t i c s  of t h e  3 . A  . C . A .  23012 
a i r f o i l  w i t h  t h e  main s l o t t e d  f l a p  d e f l e c t e d  40° and t h e  
a u x i l i a r y  0 . 1 0 ~ ~  s p l i k  f l a p  d e f l e c t e d  . . v a r i o u s  amounts .  

F i s u r e  15.- Envelope p o l a r  c u r v e s  f o r  t h e  1J.A.C.A. 23012 
a i r f o i l  w i t h  t h e  main s l o t t e d  f l a p  and. t h e  a u x i l i a r y  
O,lOc,, s p l i t  f l a p .  

F i g u r e  16.- S e c t i o n  c h a r a , c t e r i s t i c s  of t h e  B.A.C.A. 23012 
a i r f o i l  w i t h  t h e  main s l o t t e d  f l a p  d e f l e c t e d  00 2nd t h e  
a u x i l i a r y  0 .10c ,  p l a i n  f l a p  d e f l e c t e d  v a r i o u s  amounts .  

F i g u r e  17,- S e c t i o n  c h a r a c t e r i s t i c s  of t h e  2T.A.C.ii.  23012 
a i r f o i l  mi th  t h e  main s l o t t e d  f l -ap d e f l e c t e d  l o 0  and t h e  
a u x i l i a r y  0 . 1 0 ~ ~  p l a i n  f l a p  d e f l e c t e d  v a r i o u s  amounts .  

F i g u r e  18.- Soct  i o n  c h a r a c t e r i s t i c s  of t h e  N.A . C . A ,  2301-2 
a i r f o i l  w i t h  t h e  main s l a t t e d  f l a p  d e f l e c t e d  20' and t h e  
a u x i l i 9 r y  0 .10c ,  p l a i n  f l c p  def l e c t s d  v a r i o u s  amounts .  

F i e u r o  19.  - S e c t i o n  c h a r c c t ~ r i s t i c s  of t h e  X . ~ L . C . A .  23012 
a i r f o i l  n i t h  t h e  main s l o t t e d  f l a p  d e f l e c t e d  30' and t h e  
a u x i l i a r y  0 . 1 0 ~ ~  p l a i n  f l z p  d e f l e c t e d  v a r i o u s  amounts .  

Z i g u r e  20.- S e c t i o n  c h a r a c t e r i s t i c s  of t h e  N.A.C.A.  23012 
a i r f o i l  n i t h  t h c  main s l o t t e d  f l s p  d e f l e c t e d  40' and t h e  
a u x i l i a r y  0 .  lOc, p l a i n  f l a p  d e f l e c t e d  v a r i o u s  amounts. 

F i g u r e  21.- Envelope g o l a r  c u r v e s  f o r  t h e  1q.A . C . A b  23012 
a i r f o i l  v i t h  t h e  n a i n  s l o t t e d  f l a p  and. t h e  a v ~ r i l i z r y  
0,10c, p l a i n  f l a p .  



Optimum p a t h  of a u x i l i a r y  
f l a p  nose f o r  v a r i o u s  f l a p  
d e f l e c t i ~ n s .  D i s t a n c e s  
measured from lomer 
edge o f  l f p  i n  p e r c e n t  of 
a i r f o i l  c h o r d ,  c, ----- ---__-- 
8% (deg.  ) Y 
----------- 

0 1 . 5 8  
1 0  

,20  
30 

.40  
5 0  -----...----- 

F i g u r e  22 .-' S e c t i o n  c h a r a c t e r i s t i c s  of t h e  N . A . C . A .  23012 
a i r f o i l  w i t h  t h e  main s l o t t e d  f l a p  d e f l e c t e d  0' and  t h e  
a u - x i l i a r y  0 . 1 0 ~ ~  s l o t t e d  f l a p  d e f l e c t e h  v a r i o u s  amounts.  

Optimum p a t h  of a u x i l i a r y  
f l a p  nose f o r  v a r i o u s  f l a p  
d e f l e c t i o n s .  D i s t a n c e s  
measured from lomer edge 
o f  l i p  i n  p e r c e n t  of a i r -  
f o i l  choyd,  c,' 

F i g u r e  23.- S e c t i o n  c h a r a c t e r i s t i c s  of t h e  N.A.C.A.  23012 
a i r f o i l  w i t h  t h e  main s l a t t e d  f l a p  d e f l e c t e d  20' and t h e  
a u x i l i a r y  0 . 1 0 ~ ~  s l o t t e d  f l a p  d e f l e c t e d  v a r i o u s  amounts. 



Optimum p a t h  of a u x i l i a r y  
f l a p  nose  f o r  v a r i o u s  f l a p  
d e f l e c t i o n s .  D i s t a n c e s  
measure& from lower  edge 
of  l i p  i n  p e r c e n t  of air-  
f o i l  chord;  c, 

F i g u r e  24.- S e c t i o n  c h a r a c t e r i s t i c s  of t h e  N.A.C.A. 23012 
a i G f o i 1 '  w'ith t h e  main s l a t t e d  f l a p  d e f l e c t e d  40' and  t h e  
a u x i l i a r y  0 . 1 0 ~ ~  s l o t t e d  f l a p  d e f l e c t e d  v a r i o u s  amounts .  

\ 

F i g u r e  25.- Envelope  p o l a r  c u r v e s  f o r  t h e  N . A . C . A .  23012 
a i r f o i l  w i t h  t h e  main s l o t t e d  f l a p  and  t h e  a u x i l i a r y  
O.lOc, s l o t t e d  f l a p .  

F i y u r e  26 . -  Envelope of enve lope  p o l a r  c u r v e s  f o r  t h e  
N.A.C.A.  23012 a i r f o i l  w i t h  t h e  main s l o t t e d  f l a p  and  
v a r i o u s  a u x i l i a r y  f l a p s .  , 

F i g u r e  27.- E f f e c t  on s e c t i o n  maximum-lift increment  o f  
v a r i o u s  f l a p  a r r a n g e m e n t s  on t h e  N , A , C . A .  23012 a i r f o i l .  



N.A.C.A. Figs.  1,27 
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Figure 2 
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Lif t  coe fficien f,  c, 
Figure 3 



N.A.C.A. Fig. 4 

Lii7 coefficienf, cz 
Figure 4 
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Figure 6 



N.,A.C.A. Fig. 7 

L iff coe fficien f ,  c, 

Figure 7 



N . A .  C. A. F 

L iff coe fficien f, c, 
Figure 8 
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N . A . C . A .  Fig.  10 

L iff coe ffi'cien f, ct 
Figure 10 
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Figure I I  





N.A.C.A. Fig. 13 

L ~ f f  coeffic/enf, c, 
Figure 13 
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Figure 14 



N.A.C.A. Figs. 15 31. 
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Figure 15 

L i f f  coefficienf, c, 

Figure 21 
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N.A.C.A. Fig. 17 
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L iff coe fficien f, c, 
Figure 17 



N.A.C.A. Fig. 18 

L iff coe fficien f, c, 
Figure 18 



N.A.C.A.  Fig. 19 

L iff coefficien f , cl 
Figure 19 
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Figure 22 
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Figure 23 
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L i f t  coefficien f, c, 

Figure 26 


