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

Since t h e  recen t  more o r  l e s s  ex t ens ive  adopt ion  of 
h i g h - l i f t  f l a p s  on a i r p l a n e  wings, t h e  problem of provid- 
i n g  s a t i s f a c t o r y  l a t e r a l  c o n t r o l  wi thout  s a c r i f i c i n g  a p a r t  
of t h e  span of t h e  f l a p s  has  become one of some importaace.  
The d i f f i c u l t i e s  have been l a r g e l y  a  ma t t e r  of ob t a in ing  
s a t i s f a c t o r y  r o l l i n g  moments w i th  a smoothly graduated ac- 
t i o n ,  t o g e t h e r  wi th  s u f f i c i e n t l y  smal l  c o n t r o l  f o r c e s  
throughout t h e  e n t i r e  speed range,  As p a r t  of an i n v e s t i -  
g a t i o n  inc lud ing  s e v e r a l  d i f f e r e n t  l a t e r a l - c o n t r o l  arrange- 
ments t o  be u sed  with  s p l i t  f l a p s ,  t h e  t e s t s  r e p o r t e d  i n  
t h i s  paper mere made on one arrangement i n  which conven- 
t i o n a l  a i l e r o n s  of narrow chord a r e  u sed ,  and a  s p l i t  f l a p  
i s  r e t r a c t e d  i n t o  t h e  under su r f ace  of t h e  wing forward of  
t h e  a i l e r o n s . *  When t h e  f l a p  i s  r e t r a c t e d ,  t h e  arrange-  
ment i s  a s  sketched i n  f i g u r e  ~ ( a ) .  I f  a  simple form of 
s p l i t  f l a p  mere used ,  h inged a t  i t s  forward edge, t h e  ap- 
pearance  mhen d e f l e c t e d  mould be a s  shown i n  f i g u r e  l ( b ) ,  
The f l a p  i f  d e f l e c t e d  n i t 2  i t s  l e a d i n g  edge remaining i n  
t h i s  forward p o s i t i o n  would g i v e  somewhat l e s s  t han  t h r e e  
f o u r t h s  of t h e  l i f t  i n c r e a s e  of t h e  same f l a p  i n  t h e  u s u a l  
r e a r  p o s i t i o n .  ( s ee  r e f e r e n c e  1 , )  I f ,  a s  shown i n  f i g u r e  
l ( c ) ,  t h e  s p l i t  f l a p  ahead of t h e  a i l e r o n  i s  moved t o  t h e  
r e a r  a s  t h e  t r a i l i a g - e d g e  p o r t i o n  i s  d e f l e c t e d  downward, a 
double advantage i s  obta ined.  The d e f l e c t e d  f l a p  can be 
l o c a t e d  i n  t h e  most e f f e c t i v e  r eg ion  f o r  h igh  l i f t  ( r e f e r -  
ence 1 ) ,  and t h e  f o r c e  r e q u i r e d  t o  d e f l e c t  t h e  f l a p  i s  re-  
duced. This  i s  t h e  arrangement used i n  t h e  p r e s e n t  t e s t s .  

*Another l a t e r a l - c o n t r o l  dev ice  which has  been found t o  op- 
e r a t e  s a t i p f a c t o r i l y  w i th  fu l l - span  f l a p s  was descr ibed  i n  
a r ecen t  memorandum r e p o r t ,  e n t i t l e d  " R e t r a c t a b l e  A i l e ~ o n s  
f o r  Use w i t h  F l a p s u ,  by Floyd L. Thompson. 



V i t l l  t h e  f l a p  r e t r a c t e d ,  t h e  wing and a i l e r o n s  ope ra t e  i n  
t h e  normal manner of p r e s e n t  convent iona l  a i r p l a n e s .  The 
nar ron  a i l e r o n s  shotxld o r d i n a r i l y  r e q u i r e  reasonably l o n  
c o n t r o l  f o r c e s ,  but i f  d e s i r e d  they m y  be balanced t o  re- 
duce tlie h inge  mome:>ts by any of t h e  o rd ina ry  means, such 
a s  t h e  i n s e t  hinge.  The ba lanc ing  nould '  be i u o f f e c t i v e  
when t h e  f l a p  mas i n  t h e  oxtended p o s i t i o n ,  but a t  t h o  low 
a!-r speeds ob ta ined  n i t h  t h e  f l a p  d e f l e c t e d ,  i t  i s  proba- 
b l e  t h a t  t h e  a i l e r o n  c o n t r o l  f o r c e  would not  be excess ive .  
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The p r o b a b i l i t y  t h a t  t h e  convent ionc l  a i l e r o u s  nould 
g i v e  r e a s o n a l l y  s a t i s f a c t o r y  c o n t r o l  n i t h  tho  s p l i t  f l a p  
extondod was suggested by t h e  r o s ~ x l t s  of n ind- tus~nel  t e s t s  
( x o t  r o t  pub l i shed )  ozl a wing wit11 a simple s p l i t  f l a p  cad 
upper-surface  a i l e r o n s .  A t y p i c a l  s e t  of r e s u l t s  which 
n e r e  ob ta ined  i n  t h e  1J.A.C.A. 7 by 10 foo t  n ind  tunne l  a r e  
given i n  f i g u r e  2,  A comparison of t h e s e  r e s a l t s  wi th  
t h o s e  of t e s t s  on o rd ina ry  convent ional  a i l e r o n s  of t h e  
same s i z e  ( r e f e r e n c e s  2 t o  5, i n c l u s i v e )  shows t h a t  wi th  
t h e  s p l i t  f l a p  d e f l e c t e d  t h e  upper-surface  a i l e r o n s  g i v e  
r o l l i n g  moments and h inge  moments of approximately  t h e  
same magnitude a s  t5.e o rd ina ry  a i l e r o n s  on a p l a i n  ming. 
The yawing moments a r e  a l s o  approximately t h e  same, except 
f o r  t h e  extreme a i l e r o n  d e f l e c t i o n s ,  The va lues  of  a l l  
t 3 r e e  t ypes  of mordent a r e  t h e  saue even f o r  domnnard de- 
f l e c t i o n s  s u f f i c i e n t l y  g r e a t  t o  p e r n i t  t h e  u s e  of o rd ina ry  
d i f f e r e n t i a l  a i l e r o n  l inkages .  Thus, i t  seemed t h a t  con- 
v e n t i o n a l  a i l e r o n s  of t h e  proper  s i z e  n igh t  g i v e  reasona- 
b ly  s a t i s f a c t o r y  l a t e r a l  c o n t r o l  when used t o g e t h e r  wi th  
d e f l e c t e d  s p l i t  f l a p s .  

I t  was cons idered  t h a t  t h e  wind-tunnel t e s t s  on sifilple 
s p l i t  f l a p s  and upper-surface  a i l e r o n s  r ep re sen ted  t h e  de- 
s i r e d  coad i t  ions  s u f f i c i e n t l y  c l o s e l y  t h a t  f u r t h e r  nind- 
t u i ~ n e l  t e s t s  were uLineoessary be fo re  f u l l - s c a l e  t e s t s  were 
wade t o  show t h e  ao t  i on  i n  f l i g h t .  

DESCRIPTlOX GF ABMGEISEBII FOR FLIGHT TESTS 

A s p e c i a l  wing wi th  t b e  d e s i r e d  f l a p  and a i l e r o n  ar-  
rangement ( f i g .  3) was b u i l t  f o r  t h e  ~ei,rchilCZ 2 2 ,  a smal l  
p a r a s o l  mouoplaue. The appearance of t h e  s p e c i a l  ming a s  



t e s t e d  i s  shown i n  f i g u r e  4. The a i l e r o n s  had a  chord of 
9 i n c l ~ e s ,  o r  13.6 'percent  of t h e  ming chord. They were 
provided wi th  a d i f f e r e n t i a l  l i n k a g e  g iv ing  a maximum up- 
rrard Be f l cc t  ion  of 25' and a maximum dooaaard d e f l e c t i o n  
of 1 4  . No aerodynamic ba lance  was used f o r  i t  nas  thought 
t h a t  wi th  t h e  narrow-chord a i l e r o n s  on a r e l a t i v e l y  s m a l l  
and  l i g h t l y  loaded a i r p l a n e  t h e  c o n t r o l  f o r c e s  Qould be 
s a t i s f a c t o r i l y  l i g h t .  The f l a p  was made 20 pe rcen t  o f  
t h e  ming chord and had a t o t a l  d e f l e c t i o n  of 60' w i th  a 
rea,rward movement of t h e  f r o n t  edge of t h e  fZap of about 1 6  
pe rcen t  of t h e  ming chord, Both t h e  f l a p  and t h e  a i l e r o n s  
covered t h e  e n t i r e  span except f o r  t h e  rounded wing t i p s  
and a smaf l cut-out i n  t h e  cen te r .  

A somewhat h i g h e r  v a l u e  of t n e  maximxm l i f t  coe f f i -  - c i e n t  could have been ob ta ined  wi th  a l a r g e r  f l a p ,  say 30 
p e r c e n t  of t h e  ving chord,  both because of t h e  l a r g e r  s i z e  
and because i t  could be moved rearward a g r e a t e r  d i s t ance .  
( s e e  r e f c r e n c e  1.) In  t h e  a p p l i c a t i o n  of t h e  f l a p  t o  t h e  
wing o f  t h i s  p a r t i c u l a r  a i r p l a n e ,  however, i t  seemed s t r u c -  
t u r a l l y  d o s i r a b l e  t o  have tile f l a p  i n  i t s  r e t r a c t e d  posi-  
t i o n  l o c a t e d  e n t i r e l y  behind t h e  r e a r  s p a r ,  nh ich  l i m i t e d  
i t s  s i ze .  The arrnngement a s  t e s t e d  g i v e s  w i t h i n  about 
1 5  pe rcen t  of t h e  va lue  of t h e  naximum l i f t  c o e f f i c i e n t  
o b t a i n a b l e  wi th  a  l a r g e r  f l a p ,  and i s  considered s a t i s f a c -  
t o r y  t o  show t h e  e f f e c t i v e n e s s  of t h e  convent ional  a i l e r o n s  
with t h i s  type  of f l a p .  

TESTS 

The p r e s e n t  t e s t s  mere of a q u a l i t a t i v e  n a t u r e ,  t h e  
r e s u l t s  hav iag  been ob ta ined  through t h e  p i l o t s t  observa- 
t i ons .  I t  i s  t h e  p r e s e n t  i n t e n t i o n  t o  measure t h e  r o l l i n g  
and gawing a c t i o n  r e s u l t i n g  from t h e  u s e  of t h e  a i l e r o n s  
i n  f l i g h t ,  and t o  p u b l i s h  t h e s e  d a t a  i n  a more complete 
r e p o r t  l a t e r .  

With t h e  f l a p s  r e t r a c t e d  t h e  convent ional  a i l e r o n s  
opera ted  i n  t h e  u sna l  manner. They gave s a t i s f a c t o r y  ro1;l- 
i n g  c o n t r o l  throughout t h e  u n s t a l l e d  f l i g h t  range ,  but d i d  
no t  g i v e  c o n t r o l  a t  a n g l e s  of a t t a c k  above t h e  s t a l J ,  
Small adve r se  yarning moments were :~otPgaable .  The conOro1 
f o r c e  was l i g h t .  

With t h e  f l a p s  &ow= t h e  r o l l i n g  c o n t r o l  seened approx- 
i n a t e l y  t h e  sane a s  i t  mas a t  t h e  8qne a i r  speed wi th  t h e  
f l a p s  up,  but b e c a s e  aot icaab ' ly  l e s p  re8ponsive a s  t h e  



speed  w a s  r educed  t o  t h e  n i n i n u n  o b t a i i ~ a b l e  w i t h  t L e  f l a p s  
domn. Tile co; l t ro l  w a s ,  however,  c o n s i d e r e d  s u f f i c i e n t  f o r  
a l l  n o r n a l  f l y i n g  i n c l u d i a g  l a n d i n g  under  g u s t y  a i r  condi- 
t i o n s .  The a i l e r o n s  o p e r a t e d  s a t i s f a c t o r i l y  m i t h  t h e  f l a p  
d e f l e c t e d  any  nxoua t ,  a s n o o t h  we l l -g radua ted  change i n  
" f e e l "  b e i n g  :lot i c o a b l e  between t h e  extreme p o s i t  i o n s .  
Tke c o n t r o l  f o r c e  mi th  t h e  f l a p  donn seemed s l i g h t l y  g r e a t -  
e r  than i t  was a t  t h e  same speed w i t h  t k e  f l a p s  up. Tho 
d i f f e r e n c e  i s  c o n s i d e r e d  by t3.e p i l o t s  t o  be i n  t h e  o r d e r  
o f  15  o r  20 p e r c e n t .  C o n t r o l  a t  a a g l e s  of a t t a c k  above 
t h e  s t a l l  was n o t  o b t a i n e d  w i t h  t h e  f l a p  i n  any p o s i t i o n .  
V i t h  t h e  f l a p  down t h e  a d v e r s e  yarning mouents g i v e n  by t h e  
a i l e r o n s  mere sonewhat n o r e  n o t i c e a b l e  t h a n  w i t h  t h e  f l a p s  
up .  

F ron  t h o  r e s u l t s  of t h e s e  p r e l i n i n a r y  q u a l i t a t i v e  
t e s t s  t::is n r raagepcn t  of s p l i t  f l a p  e n d  c o n ~ e n t i o a a l  a i -  
Lerous a p p e a r s  t o  g i v e  r e a s o n a b l y  s a t i s f a c t o r y  l a t e r a l  
c o i ~ t r o l  i n  u : ~ o t a l l e d  f l i g h t  m i t h  f u l l - s p a n  f l a p s .  

Langley l i e n o r i a l  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  C o n n i t t e e  f o r  A e r o n m ~ t i c s ,  

Langley F i e l d ,  Va., December 2 2 ,  1933. 
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