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SUMMARY zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Wind t u n n e l  f o r c e  and p r e s s u r e  tests have  been conducted  

f o r  t h e  GA(WJ-1 a i r f o i l  equ ipped  w i t h  a 20% a i l e r o n ,  and pres- 

s u r e  tes ts  have been conduc ted  w i t h  a 30% Fowler  f l a p .  A l l  

tes ts  w e r e  conduc ted  a t  a Reynolds number zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof 2 . 2  x lo6 and a 

Mach number o f  0 . 1 3 .  The a i l e r o n  p r o v i d e s  c o n t r o l  e f f e c t i v e -  

n e s s  s i m i l a r  t o  a i l e r o n s  a p p l i e d  t o  more c o n v e n t i o n a l  a i r f o i l s .  

E f f e c t s  o f  a i l e r o n  gaps  from 0 %  t o  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 %  chord  were e v a l u a t e d ,  as 

w e l l  as h i n g e  moment c h a r a c t e r i s t i c s .  The a f t  camber of t h e  

G A ( W ) - 1  s e c t i o n  r e s u l t s  i n  a s u b s t a n t i a l  u p - a i l e r o n  moment, 

b u t  t h e  h i n g e  moments a s s o c i a t e d  w i t h  a i l e r o n  d e f l e c t i o n  are 

s imi la r  t o  o t h e r  c o n f i g u r a t i o n s .  

Fowler  f l a p  p r e s s u r e  d i s t r i b u t i o n s  i n d i c a t e  t h a t  unsepa- 

r a t e d  f low is a c h i e v e d  f o r  f l a p  s e t t i n g s  up t o  40°, o v e r  a 

l i m i t e d  a n g l e  of a t t a c k  range  T h e o r e t i c a l  p r e s s u r e  d i s t r i -  

b u t i o n s  compare f a v o r a b l y  w i t h  e x p e r i m e n t  f o r  l o w  f l a p  de f  lec- 

t i o n s ,  b u t  show s u b s t a n t i a l  e r r o r s  a t  l a r g e  d e f l e c t i o n s .  
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INTRODUCTION 

The h i g h  per fo rmance p o s s i b l e  w i t h  t h e  new zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGA(W)-1 a i r f o i l  

and a i r f o i l - f l a p  comb ina t ions  h a s  been r e p o r t e d  ear l i e r  ( R e f s .  

1 , 2 , 3 ) .  The p r e s e n t  r e p o r t  documents f o r c e  and p r e s s u r e  tests 

of t h e  a i r f o i l  f i t t e d  w i t h  a 2 0 %  a i l e r o n ,  and p r e s s u r e  s t u d i e s  

of t h e  a i r f o i l  w i t h  a 30% Fowler  f l a p .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
All e x p e r i m e n t a l  tes ts  r e p o r t e d  h e r e i n  were conducted  i n  

t h e  Walter Beech Memorial Wind Tunnel  a t  W i c h i t a  S t a t e  U n i v e r s i t y  

SYMBOLS 

The f o r c e  and moment d a t a  have been r e f e r r e d  t o  t h e  .25c  lo- 

c a t i o n  on t h e  f l a p - n e s t e d  a i r f o i l .  D imens iona l  q u a n t i t i e s  are 

g i v e n  i n  b o t h  I n t e r n a t i o n a l  ( S I )  U n i t s  and U . S .  Customary U n i t s .  

Measurements w e r e  made i n  U. S. Custov.ary U n i t s .  Convers ion  f a c -  

t o r s  between t h e  v a r i o u s  u n i t s  may be  found i n  r e f e r e n c e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 .  The 

symbols used  i n  t h e  p r e s e n t  r e p o r t  are d e f i n e d  as f o l l o w s :  

C 

Cd 

Cf  

h 
C 

R zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC 

C m 

C n 

C 
P 

A i r f o i l  r e f e r e n c e  cho rd  ( f  l a p - n e s t e d )  

A i r f o i l  s e c t i o n  d r a g  c o e f f i c i e n t ,  s e c t i o n  d rag /  
(dynamic p r e s s u r e  x cho rd )  

F l a p  chord 

C o n t r o l  s u r f a c e  h i n g e  moment c o e f f i c i e n t ,  s e c t i o n  moment/ 
(dynamic p r e s s u r e  x c o n t r o l  s u r f a c e  r e f e r e n c e  c h o r d 2 )  

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 ,  s e c t i o n  l i f t / ( d y n a m i c  
p r e s s u r e  x c h o r d )  

A i r f o i l  s e c t i o n  p i t c h i n g  moment c o e f f i c i e n t  w i t h  r e s p e c t  
t o  t h e  .25c  l o c a t i o n ,  s e c t i o n  moment/(dynamic p r e s s u r e  
x c h o r d 2 )  

A i r f o i l  o r  f l a p  normal f o r c e  c o e f f i c i e n t ,  s e c t i o n  normal  
f o r c e /  (dynamic p r e s s u r e  x c h o r d )  

C o e f f i c i e n t  o f  p r e s s u r e ,  (p-p,)/dynamic p r e s s u r e  

k c  Cove l e n g t h  

p S t a t i c  p r e s s u r e  

x Coord ina te  p a r a l l e l  t o  a i r f o i l  chord  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
z C o o r d i n a t e  normal t o  a i r f o i l  cho rd  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
a Angle of a t t a c k ,  d e g r e e s  

A I nc remen t  

6 R o t a t i o n  o f  s u r f a c e  from n e s t e d  p o s i t i o n ,  d e g r e e s  
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S u b s c r i p t s :  

a A i l e r o n  

f F l a p  

p P i v o t  

m R e m o t e  f r e e - s t r e a m  v a l u e  

APPARATUS FJJD TEST PJIETHODS 

Model D e s c r i p t i o n  

The zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGA(W)-1 a i r f o i l  is  a 1 7 %  maximum t h i c k n e s s  s e c t i o n  d e v e l -  

oped a t  t h e  NASA Langley Research  Cen te r  (Ref .  1 ) .  For  tests i n  

t h e  WSU two-d imensional  f a c i l i t y ,  models are s i z e d  w i t h  a 9 1 . 4  c m  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
( 3 6  i n c h )  span  and 6 1 . 0  c m  (24  i n c h )  chord .  The fo rward  s e c t i o n  

o f  t h e  model w a s  f a b r i c a t e d  from lam ina ted  manogany bonded t o  a 

2 . 5  c m  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAx 3 4 . 8  c m  (I i nch  x 1 3 . 7  i n c h )  aluminum spar .  Wing t r a i l -  

i n g  s e c t i o n s  t o  match e a c h  f l a p  and a i l e r o n  were f a b r i c a t e d  from 

s o l i d  aluminum as w e r e  t h e  f l a p s  and a i l e r o n s .  A i r f o i l  and f l a p  

o r  a i l e r o n  are mounted on 1 0 7  c m  ( 4 2  i n c h )  d i a m e t e r  end p l a t e s .  

A se t  of  e x t e r n a l  bracke ts  p e r m i t  p o s i t i o n i n g  of  f l a p  o r  a i l e r o n  

w i t h o u t  d i s t u r b i n g  t h e  f low o v e r  t h e  model. Models are f i t t e d  

w i t h  f l u s h  tubes f o r  s t a t i c  p r e s s u r e  s u r v e y s .  Geometric c o n t o u r  

d e t a i l s  are g i v e n  i n  f i g u r e  1. 

A s  shown, t h e  2 0 %  a i l e r o n  model h a s  i n s e r t s  t o  p e r m i t  tests  

w i t h  l e a d i n g  edge gaps o f  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 % ,  l%, and 0 . 5 %  chord .  T e s t s  were made 

w i t h  z e r o  gap by s e a l i n g  t h e  s l o t  w i t h  c lo th -backed  adhes ive  t a p e  

a p p l i e d  t o  t h e  a i r f o i l  lower  s u r f a c e .  

The Fowler  f l a p  h a s  3 0 %  chord  w i t h  f u l l  Fowler a c t i o n  p o s s i b l e  

as shown i n  f i g u r e  l ( b ) .  The f o r c e  c h a r a c t e r i s t i c s  and o p t i m i z a t i o n  

o f  t h i s  a i r f o i l - f l a p  combina t ion  have been r e p o r t e d  i n  r e f e r e n c e  2 .  

Performance w i t h  s p o i l e r s  h a s  been r e p o r t e d  i n  r e f e r e n c e s  3 and 5.  

The pu rpose  o f  t h e  p r e s e n t  r e s e a r c h  i s  t o  p r o v i d e  s u r f a c e  p r e s s u r e  

d i s t r i b u t i o n  and f l a p  loads i n f o r m a t i o n  f o r  optimum f l a p  s e t t i n g s .  

A l l  tests  w e r e  conducted  w i t h  t r a n s i t i o n  f i x e d  by 2 . 5  mm 

(0.10 i n c h )  wide s t r i p s  o f  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4480 carborundum g r i t  located a t  5% 

chord  on upper  and lower s u r f a c e s .  

I n s t r u m e n t a t i o n  

Pressure s t u d i e s  are conducted  by m u l t i p l e x i n g  as many as 96 

p r e s s u r e  p o r t s  th rough  f o u r  p r e s s u r e  t r a n s d u c e r s  by means of  a se t  

2 



of p r e s s u r e  s c a n n i n g  s w i t c h e s .  The t u n n e l  i s  equ ipped  w i t h  a 

semi-automated d a t a  sys tem which c o n v e r t s  a n a l o g  f o r c e  and p r e s -  

s u r e  o u t p u t  s i g n a l s  t o  d i g i t a l  form, and r e c o r d s  t h e  d a t a  on 

punch c a r d s .  Computa t iona l  a n a l y s i s  and computer  q r a p h i c s  are 

done th rough t h e  U n i v e r s i t y  D i g i t a l  Computinq C e n t e r .  

T e s t  Procedure  

A l l  tes ts  w e r e  conducted  a t  a Reynolds number o f  2 . 2  x 1 0  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6 

and Mach number of 0 . 1 3 .  L i f t ,  d r a g  and p i t c h i n g  moment d a t a  

are o b t a i n e d  by d i rec t  l o a d  c e l l  measurements f rom t h e  t u n n e l  

main b a l a n c e .  Drag d a t a  are c o r r e c t e d  f o r  end p l a t e  tare d r a g  

based  upon wake su rvey  d r a g  measurements conducted  w i t h  t h e  un- 

f l a p p e d  a i r f o i l .  

Wind Tunnel  

The WSU Walter Beech Tunnel  i s  a c l o s e d  r e t u r n  t u n n e l  w i t h  

atmospheric test  s e c t i o n  s t a t i c  p r e s s u r e .  The t es t  s e c t i o n  w i t h  

two-d imensional  i n s e r t s  is 0 . 9 1  m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAx 2 . 1 3  m ( 3  f e e t  x 7 f e e t ) .  

Complete d e s c r i p t i o n  o f  t h e  i n s e r t  and c a l i b r a t i o n  d e t a i  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIs are 

g iven  i n  r e f e r e n c e  6 .  

TEST RESULTS 

Force  T e s t s  w i t h  2 0 %  A i l e r o n  

R e s u l t s  o f  three-component  f o r c e  measurements are shown i n  

f i g u r e s  2 t h rough  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 f o r  0 % ,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 . 5 % ,  1% and 2 %  a i l e r o n  gaps .  C r o s s -  

p l o t s  o f  i m p o r t a n t  i n c r e m e n t a l  e f f e c t s  o f  a i l e r o n  d e f l e c t i o n  are 

shown i n  f i g u r e s  5 t h rough  7.  

These d a t a  show t h a t  t h e  a i l e r o n  p r o v i d e s  pos i t i ve  c o n t r o l  

r e s p o n s e  € o r  d e f l e c t i o n s  from -60"  t o  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA+60° t h roughou t  t h e  a n g l e  

of a t t a c k  range p r i o r  t o  s t a l l .  

From t h e  cI1 vs .  a l p h a  curves , i t  i s  observed  t h a t  down a i l e -  

ron  r e s u l t s  i n  e a r l y  s t a l l i n g ,  and c o n v e r s e l y  f o r  up a i l e r o n .  T h i s  

means t h a t  c o n t r o l  r e v e r s a l  occurs a t  p o s t - s t a l l  a n g l e s  o f  a t t a c k .  

Whi le t h i s  is  n o t  a d e s i r a b l e  c h a r a c t e r i s t i c ,  it i s  t y p i c a l  a i l e r o n  

b e h a v i o r ,  and i s  n o t  p e c u l i a r  t o  t h e  G A ( W ) - 1  a i r f o i l .  

P i t c h i n g  moment d a t a  re f lec t  a nose-down tendency  €or downward 

a i l e r o n  d e f l e c t i o n s .  Drag data r e f l e c t  a tendency  toward  g r e a t e r  

3 



d r a g  i n c r e a s e  f o r  down a i le ron  t h a n  f o r  up  a i l e r o n .  Th is  d r a g  

d i f f e r e n c e  w i l l  produce a d v e r s e  yawing moments on a f i n i t e  span 

wing. I t  must be remembered, however,  t h a t  t h e  p r i n c i p a l  c o n t r i -  

b u t i o n  t o  a i l e r o n  a d v e r s e  yaw is i nduced d r a g .  

E f f e c t s  of  a i l e r o n  s l o t  gap open ing  are i l l u s t r a t e d  by com- 

p a r i n g  t h e  v a r i o u s  f i g u r e s .  F i g u r e s  5 ( a )  th rough 5 ( d )  show t h a t  

open ing  t h e  gap from 0 %  t o  2 . 0 %  r e s u l t s  i n  on l y  ve ry  s l i g h t  de- 

g r a d a t i o n  o f  c o n t r o l  a u t h o r i t y .  C l o s e  examina t ion  o f  f i g u r e s  

3 ( a )  th rough 3 ( d )  shows t h a t  t h e  most s i g n i f i c a n t  e f f e c t  o f  gap 

open ing  i s  t o  increase t h e  b a s i c  s e c t i o n  d r a g  w i t h  z e r o  a i l e r o n  

d e f l e c t i o n .  T h i s  e f f e c t  becomes more pronounced as l i f t  c o e f f i -  

c i e n t  i s  i n c r e a s e d .  Gaps o f  0 . 5 %  and 1% a c t u a l l y  i n c r e a s e  cRmax 

s l i g h t l y ,  e v i d e n t l y  as a r e s u l t  o f  t h e  boundary l a y e r  e n e r g i z a t i o n  

p rov ided .  A gap o f  0 . 5 %  would seem t o  be  a good compromise, pro-  

v i d i n g  adequa te  c l e a r a n c e  w i t h  minimal p e n a l t y .  

P r e s s u r e  T e s t s  w i t h  2 0 %  A i l e r o n  

P r e s s u r e  s u r v e y s  w e r e  conducted  f o r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-10' t o  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA+loo a i l e r o n  w i t h  

zero gap t o  de te rm ine  whether  gap s e a l i n g  had any s i g n i f i c a n t  i n -  

f l u e n c e  ( f i g u r e  8 ) .  Because o f  t h e  e x t e n s i v e  t i m e  r e q u i r e d  t o  ob- 

t a i n  p r e s s u r e  d a t a ,  comple te  p r e s s u r e  s u r v e y s  w e r e  conducted  o n l y  

f o r  t h e  0 . 5 %  gap c o n f i g u r a t i o n  ( f i g u r e  9 ) .  Comparison of  f i g u r e s  

8 and 9 shows t h a t  t h e  gap h a s  l i t t l e  e f f e c t  on o v e r a l l  p r e s s u r e  

d i s t r i b u t i o n s .  

A i l e r o n  h i n g e  moment d a t a  w i t h  r e s p e c t  t o  t h e  8 0 %  chord  h inge -  

l i n e  l o c a t i o n  were o b t a i n e d  by numer i ca l  i n t e g r a t i o n  o f  t h e  s u r f a c e  

p r e s s u r e  d a t a .  R e s u l t s  of  t h i s  a n a l y s i s  are shown i n  f i g u r e  1 0 .  

The d a t a  show t h a t  t h e  h inge  moment v a r i a t i o n  i s  n e a r l y  l i n e a r  w i t h  

a i l e r o n  d e f l e c t i o n .  The 0 . 5 %  gap h a s  n e g l i g i b l e  e f f e c t  on h i n g e  mo-  

ment. The a i l e r o n  i s  s u b j e c t e d  t o  l a r g e  u p - a i l e r o n  moments w i t h  

z e r o  d e f l e c t i o n  a t  h i g h  a n g l e s  of  a t t a c k .  Th is  i s  a t t r i b u t e d  t o  t h e  

r e l a t i v e l y  l a r g e  camber n e a r  t h e  t r a i l i n q  edge which c h a r a c t e r i z e s  

t h e  GA(W)-1 a i r f o i l  s e c t i o n .  

P r e s s u r e  Tests w i t h  30% Fowler F l a p  

Optimum s e t t i n g s  f o r  t h e  3 0 %  Fowler f l a p  w e r e  de te r r r i ned  from 

f o r c e  tests  r e p o r t e d  e a r l i e r  (Ref .  2 ) .  Subsequent  t o  t h o s e  t es ts ,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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a zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAs l i g h t l y  mod i f i ed  40' f l a p  s e t t i n g  w a s  deve loped  t o  s i m p l i f y  

f l a p  t r a c k  d e s i g n .  The cR vs.  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAc1 per fo rmance w i t h  o r i g i n a l  and 

mod i f i ed  f l a p  s e t t i n g s  i s  e s s e n t i a l l y  t h e  same, as shown i n  f i g -  

u r e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA11. The p r e s s u r e  d a t a  p r e s e n t e d  h e r e  were o b t a i n e d  w i t h  t h e  

mod i f i ed  s e t t i n g  f o r  40° f l a p ,  and o r i g i n a l  s e t t i n g s  f o r  a l l  

other  f l a p  d e f l e c t i o n s .  Exper imen ta l  p r e s s u r e  d i s t r i b u t i o n s  are 

p r e s e n t e d  i n  f i g u r e  1 2 .  

The f l a p  cove on t h i s  model h a s  a f a i r l y  a b r u p t  e n t r y .  Theo- 

r e t i c a l  a n a l y s i s  o f  t h e  a i r f o i l - f  l a p  combina t ion  ( u s i n g  t h e  method 

of r e f e r e n c e  7 )  w i t h  t h e  t r u e  cove shape  i n v a r i a b l y  r e s u l t s  i n  a 

computer  p r e d i c t i o n  o f  f low s e p a r a t i o n  a t  t h e  cove e n t r y .  I t  w a s  

e x p e r i m e n t a l l y  obse rved  t h a t  t h e  f l ow  does  separate i n  t h e  r e g i o n ,  

b u t  r e a t t a c h m e n t  o c c u r s  ahead of t h e  s l o t  e x i t .  S i n c e  t h e  p r e s e n t  

t h e o r e t i c a l  t e c h n i q u e s  do n o t  accoun t  f o r  f l o w  r e a t t a c h m e n t ,  i t  w a s  

d e c i d e d  t h a t  t h e  e f f e c t i v e  a i r f o i l  c o n t o u r  s h o u l d  b e  mod i f i ed  i n  

t h e  cove r e g i o n  t o  approx imate  t h e  s e p a r a t i o n  and r e a t t a c h m e n t .  

F i g u r e  1 3  compares r e s u l t s  o f  a n a l y s e s  u s i n g  t h r e e  cove c o n t o u r s  

w i t h  an e x p e r i m e n t a l  p r e s s u r e  d i s t r i b u t i o n  f o r  30' f l a p  a t  10 .3 '  

a n g l e  o f  a t t a c k .  

Based upon t h e s e  r e s u l t s ,  a d e c i s i o n  w a s  made t o  approx imate  

t h e  e f f e c t i v e  shape o f  t h e  f r e e  s t r e a m l i n e  w i t h i n  t h e  cove by a 

s t r a i g h t  l i n e  f rom t h e  cove e n t r a n c e  t o  t h e  75% assumed r e a t t a c h -  

ment l o c a t i o n .  I t  i s  s e e n  t h a t  t h i s  m o d i f i c a t i o n  r e s u l t s  i n  con- 

s iderable improvement i n  t h e  p r e d i c t i o n  of p r e s s u r e s  n e a r  t h e  a i r -  

f o i l  t r a i l i n g  edge.  Two a d d i t i o n a l  d i f f i c u l t i e s  a r ise  i n  u t i l i z -  

i n g  t h e  t heo re t i ca l  comput ing r o u t i n e .  F i r s t ,  t h e  c o m p u t a t i o n a l  

program may i n d i c a t e  f low s e p a r a t i o n .  I f  s e p a r a t i o n  i s  p r e s e n t  

a t  0 . 9 5 ~  o r  f u r t h e r  a f t ,  l i t t l e  change i n  p r e s s u r e  d i s t r i b u t i o n  i s  

e x p e c t e d ,  and t h e  program r e s u l t s  are probab ly  v a l i d .  However, i f  

a s u b s t a n t i a l  r e g i o n  o f  s e p a r a t i o n  i s  p r e s e n t ,  l a r g e  chanqes i n  

p r e s s u r e s  are e x p e c t e d .  C a l c u l a t i o n  o f  s e p a r a t e d  f low cases i s  

beyond t h e  c a p a b i l i t y  o f  t h e  p r e s e n t  computer  program, and t h e r e -  

f o r e  compu te r -p red ic ted  p r e s s u r e  d i s t r i b u t i o n s  are p r o b a b l y  i n -  

v a l i d  f o r  t h e s e  cases. 

The second compu ta t i ona l  d i f f i c u l t y  i n v o l v e s  a n a l y s i s  o f  t h e  

c o n f l u e n c e  of t h e  f l a p  and a i r f o i l  boundary l a y e r s .  I n  a number zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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o f  cases t h e  program p r i n t s  a " c o n f l u e n t  boundary l a y e r  er ror"  

message, i n d i c a t i n g  t h a t  s l o t  f low v e l o c i t y  and o u t e r  f low v e l o -  

c i t y  are n o t  w i t h i n  l i m i t s  s p e c i f i e d  i n  t h e  program. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBANo means 

f o r  o b t a i n i n g  proper convergence f o r  t h e s e  cases are p r e s e n t l y  

p r o v i d e d  by t h e  program. 

F i g u r e s  1 4  t h rough  1 7  compare t h e o r e t i c a l  p r e s s u r e  d i s t r i -  

b u t i o n s  w i t h ' e x p e r i m e n t a l  d i s t r i b u t i o n s  f o r  a number o f  cases. 

Normal f o r c e  c o e f f i c i e n t s  f o r  a i r f o i l  and f l a p  o b t a i n e d  from i n -  

t e g r a t i o n  o f  s u r f a c e  p r e s s u r e s  are a l s o  compared w i t h  t h e o r y  i n  

t h e s e  f i g u r e s .  The agreement  i s  g e n e r a l l y  q u i t e  good f o r  f l a p  

d e f l e c t i o n s  up t o  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA30' and a n g l e s  of  a t t a c k  below s t a l l .  For  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA40' 

f l a p  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI t h e  t h e o r y  c o n s i s t e n t l y  o v e r - p r e d i c t s  t h e  f l a p  upper  s u r -  

f a c e  p r e s s u r e s  I i n d i c a t i n g  t h a t  t h e  f l a p  boundary l a y e r  i s  t h i c k -  

e r  t h a n  t h e  t h e o r e t i c a l  p r e d i c t i o n .  

U n f o r t u n a t e l y  p r e d i c t i o n s  o f  s e p a r a t i o n  are i n c o n s i s t e n t ,  

and f r e q u e n t  c o n f l u e n t  boundary l a y e r  e r r o r s  w e r e  encoun te red .  

CONCLUSIONS 

1. Force  and p r e s s u r e  tests have shown t h a t  a i l e r o n  cha rac -  

ter ist ics f o r  t h e  GA(W)-1 a i r f o i l  are n o t  u n l i k e  a i r f o i l s  w i t h  

more c o n v e n t i o n a l  camber and t h i c k n e s s  d i s t r i b u t i o n s .  The a i r -  

f o i l  p r o v i d e s  e x c e l l e n t  a i l e r o n  c o n t r o l  e f f e c t i v e n e s s .  

2 .  Hinge moment c h a r a c t e r i s t i c s  of  an a i l e r o n  a p p l i e d  t o  

t h e  G A ( W ) - 1  a i r f o i l  are r e a s o n a b l y  l i n e a r  and o f  e x p e c t e d  magni- 

t u d e s .  The a i r f o i l  a f t  camber i n h e r e n t  t o  t h i s  s e c t i o n  does re- 

s u l t  i n  ra ther  large u p - a i l e r o n  moments, p a r t i c u l a r l y  a t  l a r g e  

a n g l e s  o f  a t t a c k .  

3. P r e s s u r e  d i s t r i b u t i o n s  f o r  a 30% Fowler f l a p  a p p l i e d  t o  

t h e  G A ( W ) - 1  a i r f o i l  i n d i c a t e  t h a t  w i t h  p r o p e r  gap and o v e r l a p ,  

a t t a c h e d  f low can be  p r o v i d e d  f o r  f l a p  d e f l e c t i o n s  up t o  40°, a t  

least  f o r  a l i m i t e d  a n g l e  o f  a t t a c k  range .  P r e s e n t  v i s c o u s  f low 

compu ta t i ona l  model ing i s  i n a d e q u a t e  f o r  many p rac t i ca l  f l a p  cove 

d e s i g n s  i n  which f low s e p a r a t i o n  and r e a t t a c h m e n t  o c c u r .  

A e r o n a u t i c a l  Eng ineer ing  Department 
Wich i ta  S t a t e  U n i v e r s i t y  
W ich i ta ,  Kansas 6 7 2 0 8  
August 1 9  76 
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.210 -. 00400 
.235 -. 00800 

(a) 20% A i l e r o n .  

F i g u r e  1 - Model Geometry. 
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(a) -10' Aileron, Large e ' s .  

Figure 8 - Pressure Distributions with 0% Gap. 
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(b )  -10" Aileron, Moderate a ' s .  

F i g u r e  8 - Cont inued.  
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F i g u r e  8 - Continued. 
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F i g u r e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA11 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- L i f t  comparison between modified flap geometry 

and original flap geometry, 6 f  = 40'. 
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Figure zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 5  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- c o n t i n u e d  
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F i g u r e  1 5  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- concluded 
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Figure 16 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- continued 
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Figure 16 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAc o n t i n u e d  
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Figure  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA16 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- concluded zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
8 5  



GA(W)- l  w i t h  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 0 %  F l a p  

E x p e r i m e n t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
_ _ _ - -  T h e o r y  ( R e f .  7 )  

No c o n f l u e n t  b o u n d a r y  l a y e r  e r r o r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

(a) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAc1 = 0 . 2 0  
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F i g u r e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA17 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- con t inued  
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F i g u r e  1 7  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- coni ; inued 
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