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CYARBCTEBISTICS OF NASA 44002 STRIES RZCYB?TGULAB AFI! 

TxFERXD +I.IRFOILS, I N C L U D I N G  THS EFFECT OF SFLIT FLAPS 

By E a r r y  Greenbe rg  

I N T R O D U C T I O N  

at t h e  r e q u e s t  of t h e  Bureau of  A e r o n a u t i c s ,  Bavy 
D e ~ a r t x e n t ,  t e s t s  were  made i n  t h e  v a r i a b l e - d e n s f t y  v l n d  
t u n n e l  of  a  t a ~ e r e d  wing of  3-10-18 g l a n  f o r =  a n &  based  on 
t n e  XACA 44009 s e r i e s  s e c t i o n s  ( r e f e r e n c e  1). The wing 
was a l s o  t e s t e d  r i t n  0 .2  chord  s p l i t  f l a p s ,  d e f i e c t e d  600 ,  
i n  t h e  c e n t e r  of  t r:e v i n g  a ~ d  n a v i n g  f  la^ sFan t o  wing 
sFan  r a t i o s  o f  0 . 3 ,  0 . 5 ,  0 . 7 ,  and  1 . 0 ,  r e s p e c t i v e l y .  I n  
o r d e r  t o  g e t  d a t a  f rom which  t o  c a l c u l a t e  t h e  c h a r a c t e r i s -  
t i c s  o f  t h e  f l a r p e d  ming,  t h e  i n v e s t i g a t i o n  of r e f e r e n c e  
1 was e x t e n d e d  t o  i n c l u d e  t e s t s  of t h e  f o u r  r e c t a n g u l a r  
a i r f o i l s  of t h e  2TAS.B 4 4 0 0 s  s e r i e s  ( 4 4 ~ 4 3 ,  4412R, 4415B, 
a n d  4 4 1 8 ~ )  v i t h  f u l l - s p a n  0 .2  c h o r d ,  t r a i l i n g - e d g e  s p l i t  
f l a ~ s  d e f L e c t e d  600. 

Efi0DXL.S AKD TESTS 

The n u a b e r s  i n  t k e  d e s i g n a t i o n  of t h a  t a p e r e d  wing 
(3-10-18) r e f e r  t o  t a p e r  r a t i o ,  s s ~ e c t  r a t i o ,  a r , ~  r o o t  
s e c t i o n  p e r c e n t  t h i c k n e s s ,  r e s p e c t i v e l y .  The constr7.1ct i o n  
t i p  s e c t i o : ~  v a s  4  p e r c e n t  t h i c k .  The wing mas c o n s t r u c t e d  
u s i n g  s t r a i g h t -  l i n e  elerr,e,nts be tween  c o r r e s p o n 3 i r g  go5n t  s  
or,  ti:€ r o o t  (TACA 4 4 1 6 ~ )  a c d  tip (BAS& 4 4 C 9 ~ )  s e c t i o n s ,  
a n d  so t h a t  i n  f r o n t  e l e v a . t i o n  t h e  uppe r  e l e x e n t  F a s  a 
s t r a i g h t  l i n e  fron: t i r  t;o t i p  ( f 5 g .  1 ) .  I ll  t h z  ~ 1 0 2 ~ 1 s  
had  a piing a r e a  of l5G sqixare i n c h e s ,  apere nade  o f  sluminurn 
a l l o y ,  and lEd no g e o m e t r i c  t v i s t .  

I - c a s 7 ~ r e r c e n t s  o f  l i f t ,  d r a g ,  a n d  y i t c h i s g  n o n e ~ t  r e r e  
clads ir, t n e  v p r l a b l a - d e n s i t y  wincl_ t u n c e l  a c c o r d i n g  t.o 
s t a l d a r d  p r o c e d u r e  f r e f  e r 2 n c e  2 )  a t  a t e s t  Beynolds  aux- 
b e r  of apDroxi rna te ly  3,C.OO , 0 0 0 ,  which  c o r r e s p o n d s  t o  a n  
s f f  e c t i v e  Reynolds  number Iie of a F p ~ o x i r n a t e l p  P , 0 0 0 , 0 0 0  
( r e f e r e n c e  5 ) .  



RESULTS 

S'tBndard p y o t  s  showicg t h e  c h a r a c t e r i s t i c s  of t h e  
r e c t a c g u l a r  a i r f o i l s  v i t h  0 .2  cho rd  s p l i t  f l a p s  d e f l e c t e d  
600 a r e  s h o ~ n  ir f i g u r e s  2 t o  5. The s e c t i o n  c h a r a c t e r -  
i s t i c s  a f t e r  t i le  s t a l l  art? no t  sholrn. Tile p r i n c i ~ a l  c h a r -  
a c t e r i s t i c s  a r e  s u r m a r i z a d  i n  t a b l e  I .  

The c h a r a c t e r i s t i c s  of  t h e  t a p e r e d  r i n g  tvit.k t h e  d i f -  
f e r 2 n t  f l a p  a r r a n g e n a n t  s  a r e  shonn i n  f i g u r e s  6 t o  10 .  
I n  f i g u r e  6 ,  a  c a i c u i a t e d  c a r v e  of CD,, d e t e r m i n e d  by 

t h e  method of r e f e r e n c e  4 ,  i s  g i v e n  f o r  c o m ~ a r i s o n  w i t h  
t n e  t e s t  r e s u l t s .  

V a l u e s  of a n g l e  o f  z e r o  l i f t  a l s o  were c a l c u l a t e d  by 
t h e  mztbod of r e f , e r e a c e  5 .and. ~ 1 1 0 ~  good ag reemen t  m i t h  
measured  v a l u e s  a s  shoan  i n  t a b l e  11. The l i f t - c u r v e  s l o p e  
was c a l c u l a t e d  ( r e f e r e n c e  4) f o r  t h e  p l a i n  -ring but n6t 
f o r  t h e  . v i n g s  n i t n  f  l s p s  beceuse  t h e  s l o p e s  o f  t h e  s e c t  i o n s  
w i t h  f l a p s  a r e  f a r  f rom c o n s t a n t .  The moaent a b o u t  t h e  
a e r o d y n a m i s  c e n t e r  of  t h e  p l a i n  wing was c a l c u l a t e d  by t h e  
s i m p l e r  ~ ~ e t i ? o d  of r e f e r e n c e  5 vrhich assumes  c m a e c e  i s  

c o n s t a n t  a1or.g t h e  span .  The rnoaerits f o r  t h e  wings m i t h  
f l a p s  d e f l e c t e d  were o b t a i n e d  by t h e  method. of r e f e r e n c e  5 
u s i n g  a v e r a g e  v a l u e s  o f  t i re  s e c t i o n  moment c o e f f i c i e n t  f o r  
cEo a x d  a v e r a g e  v a l u e s  of Act, a t  a l i f t  c o e f f i c i e n t  of 

1 . 0  f o r  t h e  f l a p p e d  p o r t i o n  of t h e  sTan. 

I n  t h e  c a l c n l a t i o n  of maximum l i f t  by t h e  method of  
r e f e r e n c e  4 ,  t h e  s p a n  l o a d  d i s t r i b u t i o n  mas o b t a i n e d  by 
t n e  ne thod  of r e f e r e n c e  6. Good agreement  w i t h  expe r imen t  
i s  shown f o r  t h e  p l a i n  wing  b u t  p o o r  agreexlent  f o r  t h e  
w4ne w i t h  f u l l - s y a n  f l a p .  I n  f a c t ,  t h e  measured maximum 
l i f t  of  t h e  t a , ~ e r e d  f l a p p e d  ~ i n g  5 s  h i g h e r  t h a n  t h a t  of 
a n y  o f  the f l a p s e d  s e c t i o n s  z l o n ~  t h e  span .  The disc re^- 
a.ncy i s  a t t r i b u t e d .  t o  t h e  i nadequacy  o f  t h e  a s s u i ~ ~ t i o n s  
i n v o l v e d  i n  t h e  c a l c u l ~ t i o n  of maxinun1 l i f t .  These  cnl- 
c u l a t i o n s  v e r e  no t  made f o r  t i l e  mirigs w i t h  p a r t i a l - s y a n  
f l a p s  i n  v iew of t h e  a b o v e  a c d  i n  v iew of t h e  ad4ed  un- 
c e r t s i n t y  of t h e  v a l u e  of t h e  s e c t i o n  :.,aximum l i f t  d e v e l -  
oped  n e a r  t h e  f l a p  end. I n  a n y  c a s e ,  t h e  measured v a l u e s  
of  maximum l l f t  c o e f f i c i e n t  of  t h e s e  t a r e r e d  wings  may n o t  
be  a t t a i n a b i e  i n  f l i g h t  due t o  t h e  l a t e r a l  i c s t a b i l i t y  
a s s o c i a t e d  l x i t h  t i p  s t a l l i n g  b e f o r e  t i le  a n g l e  c o r r e s p o n d -  
i n g  t o  maximum l l f t  c a n  be r eached  ( r e f e r e n c e  7 ) .  

L a n g l e y  Nemor ia l  ~ e r o n a u t i c a l  L a b o r a t o r y ,  
X a t i o n a l  Adv i so ry  Committee f o r  A e r o n a u t i c s ,  

S a c g l e y  Field, Va. 



1. Sherman ,  A l b e r t :  P r e l i m i n a r y  R e p o r t  o n  t h e  C h a r a c t e r -  
i s t 5 c s  of  t h e  N . A . C . A .  4400R S e r i e s  A i r f o i l s .  NBCA 
c o n f .  r e p . ,  1939 .  

2 .  J a c o b s ,  Eas tman  I:., a n d  A b b o t t ,  I ra  X.: T3e N . 4 . C . B .  
V a r i a b l e - D e n s i t y  T i n d  T u n n e l .  Rep. Xo. 4 1 6 ,  NACA, 
1932 .  

3 .  J a c o b s ,  Eas tman  2 7 . ,  a n d  S n e r a a n ,  A l b e r t :  A i r f o i l  Sec-  
t i o n  C h a r a c t e r i s t i c s  a s  A f f e c t e d  by V a r i a t i o c s  o f  
t h e  Reyno ld s  ?:umber. Sep. No. 5 3 6 ,  FACA, 1927 .  

4 .  A n d e r s o n ,  Xaymond F.  : The E x ~ e r  :mental  a n d  C a l c u l a t e d  
C h a r a c t e r i s t i c s  o f  22 T a p e r e d  Yings .  Rep.  Nc. 627 ,  
NACA, 1938.  

5. F e a r s o n ,  a e n r y  A. , a n d  a n d e r s o n ,  Baymood F. : C a l c u l a -  
t i o n  o f  Aerodynamic  C h a r z c t s r i s t i c s  o f  T a p e r e d  D i n g s  
with F a r t i a l - S p a n  F l a p s .  Rep. Xo. 665,  XACA, 1939 .  

6 .  P e a r s o n ,  H. k . :  Scan  Load D i s t r i b u t i o n  f o r  Tape red  
V ings  with P a r t  i a l - S p a n  F l a v s .  Rep. 370. 585, KACA, 
1937 .  

7 .  J a c o b s ,  Eas tman  N . :  T a p e r e d  Wings,  T i p  S t a l l i 2 g ,  a n d  
F r e l i r c i n a r y   result,^ f r o m  T e s t s  of t h e  S t a l l - C o n t r o l  
F l a p .  NsCA c o n f .  r e p . ,  1E37. 



TABLE I 

C h z r a c t e r i s t  i c s  c f  NACA 4400R S e r i e s  A i r f o i l s  w i t h  

0.2~ S p l i t  Flap G e f l e c t e d  60' 

1 
These  v a l u e s  apply t o  a l i n e a r  l i f t  cixrve a p y r o x i m a - t . w  the ex- 

pe.r.%ri~;llent~;il l i9t  curve ,  
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