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A. Conventional a i l e r o n s  w i t h  f & ~ c o n f  ined  t o  i n .  

-portion of wing &g. I ) .  - With t h i s  arrangement a p a r t  

of the  span of t he  f l a p  must be s a c r i f i c e d .  With t h e  a i-  

l e r o n s  cover ing  approximately 40 pe rcen t  of t h e  span of 

t h e  wing, a s p l i t  f l a p  over t h e  remaining 60 pe rcen t  w i l l  

g ive  between t w o  t h i r d s  and 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  ob ta inab le  wi th  t h e  f l a p  a long  the  e n t i r e  span. 

I f ,  as seems t o  be t r u a  i n  somo c a s e s ,  t he  i n c r e a s a  i n  

d rag  at lorn speeds i s  tho main f e a t u r e  d e s i r e d  f r o m  t h e  

f l a p ,  t h e  drag of t h e  p a r t i a l - s p a n  f l a p  can be inc reased  

by d e f l e c t i n g  i t  t o  a l a r g e r  ang le  than t h a t  g iv ing  t h e  

h ighes t  l i f t  c o e f f i c i e n t  ( t h i s  can be dono wi th  no g r e a t  

F i p o  1.- Conventional ailerons with flap confined t o  inner 
portion of wing.  



l o s s  i n  l i f t  i f  t he  f l a p  i s  not  c u t  away at t h e  c e n t e r  

a1 so) , and t h i s  arrangement w i th  o rd ina ry  a i l e r o n s  should 

be reasonably  s a t i s f a c t o r y  i n  r e g a r d  t o  bo th  performance 

and c o n t r o l r  Inasmuch as outboard a i l e r o n s  have been 

s a t i s f a c t o r i l y  used w i t h  o the r  k i n d s  of f l a p s  i n  t he  ten- 

t e r  p o r t i o n  of t he  wing i n  s e v e r a l  ca ses ,  no f u r t h e r  t e s t s  

of t h i s  arrangement seem requ i r ed  at t h e  p roson t  time, 

B, Simple s p l i t  f l a p  ahead of narrow convent ional  

a i l e r o n s .  - A s p l i t  f l a p  can be l o c a t e d  i n  t h e  under sur-  - 
f a c e  of t h e  wing ahead of convent iona l  a i l e r o n s .  When 

r e t r a c t e d  t h e  arrangement i s  as shown i n  f i g u r e  2 ( a ) .  If 

a simple form of s p l i t  f l a p  i s  used which i s  hinged at i t s  

forward edge, t h e  appearance when d e f l e c t e d  i s  as shown i n  

f i g u r e  2 ( b ) ,  The f l a p  i n  t h i s  forward p o s i t i o n  g i v e s  

somewhat l e s s  than t h r e e  f o u r t h s  of t he  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  W,A,C.A. T , N ,  

No. 422). t h e  l o s s  i n  l i f t  being about the  same as wi th  

case  A above, Wind-tunnol t o s t  s  i n d i c a t o  t h a t  roasonabf y 

s a t i s f a c t o r y  c o n t r o l  should be p o s s i b l e  at a n g l e s  of at- 

tack  below t h e  s t a l l  w i t h  t he  f l a p  i n  e i t h e r  t h e  d e f l e c t -  

ed or  t h e  r e t r a c t o d  pos i t i on .  

C.  S p l i t  f l a p  defZected r e g , x a r d  and tlownward. - I f ,  

as shown i n  f i g u r e  2 ( c ) ,  t h e  s p l i t  f l a p  ahead of t he  a i l e -  

ron i s  moved t o  t he  r e a r  as the  t r a i l i n 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  ob ta ined ,  The 

d e f l e c t e d  f l a p  5s l o c a t e d  i n  tho  m o s t  e f f e c t i v e  sogion f o r  

Sp l i t  flap,"' 
re t racted / 

Simp1 e  
s p l i t  f l a  
dof l ec  t ed 
dotxlwar d  // 

Sp l i t  f l a p  
deflcc ted 
r earl-rard plnd 
do~m~r~nr d  

Figure 2.- S p l i t  f l aps  mouzted ahead of narrow coaventional 
ai lerong? 



h igh  l i f t  ( T . ~ T .  No. 422),  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  reduced. Recent t e s t s  i n  the  N,A,C.A. 7 by 

1 0  f o o t  wind tunne l  show t h a t  convent ional  a i l e r o n s  wi th  

m y  of t h e  conven t iona l ly  used d e f l e c t i o n  l i n k a g e s  (equal  

up-and-down or d i f f e r e n t i a l )  w i l l  g i v e  reasonably  s a t i s -  

f a c t o r y  r o l l i n g  and yawing moments at  ang le s  of a t t a c k  

below t h e  s t a l l  w i th  t h e  f l a p  d e f l e c t e d  i n  t h e  p o s i t i o n  

i l l u s t r a t e d  i n  f i g u r o  2 (c ) .  With the  f l a p  r o t r a c t o d ,  t ho  

wing and a i l e r o n s  o p e r a t e  i n  t h e  normal manner of p re sen t  

convent iona l  a i r p l a n e s .  The narrow a i l e r o n s  should r e q u i r e  

reasonably  low c o n t r o l  f o r c e ,  bu t  i f  d e s i r e d ,  they may be 

balancod t o  reduce t h e  hingo moments by any of t h e  ordina-  

r y  means, such, f o r  example, as t h e  i n s e t  h inge ,  The ar- 

rangement shown i n  f i g u r e  2 ( c )  seems t h e  most s a t i s f a c t o r y  

of those  combining s p l i t  f l a p s  w i t h  o rd ina ry  a i l e r o n s ,  and 

i t  i s  now being f i t t e d  t o  a small p a r a s o l  monoplane f o r  

f l i g h t  t e s t s  at La~rgley F i e l d ,  Pa. 

11. i fx terqal  A i l e rons  

Two promising l o c a t i o n s  have been found f o r  e x t e r n a l  

a i l e r o n s ,  o r  a i l e r q p s  composed of s epa ra t e  a i r f o i l s  at- 

tached t o  but  a p a r t  from t h e  main wing. One of t h e  favor -  

a b l e  l o c a t i o n s  i s  j u s t  above t h e  t r a i l i n g  edge of t he  main 

wing, and t h e  o ther  i s  J n s t  above t h e  nose. I n  e i t h e r  

case ,  t h e  e x t e r n a l  a i l e r o n s  g i v e  a s l i g h t  i n c r e a s e  i n  d rag  



over  t ha t  w i t h  c o n v e n t i o n a l  a i l e r o n s  which f a 2 1  w i t h i n  t h e  

c o n t o u r  of t h e  wing. 

A. E x t e r n a l  a i l e r o n s  lust-shove t h e  trai&Lnn_g edge 

( k ' i 3 ) .  - This fo rm of a i l e r o n  has been u s e d  by Mr, E.  F. 

Zaparka on a i r p l a n e s  equipped w i t h  the Zap f l a p .  Recent  

development  work which has been c a r r i e d  on by M r .  Zaparka 

i n  c o n j u n c t i o n  w i t h  t h e  B/J Company i s  d e s c r i b e d  i n  a p a p e r  

g iven  a s h o r t  t ime ago b e f o r e  t h e  A.S.l14,E ( r e f e r e n c e  I). . 

/ down 

2igaro 3.-Exterra1 ailerons albovo trailin?; edgc of ving. 

Wind-tunnel t e s t s  made f o r  t h e  Zap Development C o r p o r a t i  on ,  

and a l s o  t e s t s  made by t h e  N a t i o n a l  Advisory  Committee f o r  

A e r o n a u t i c s  (no t  r o t  p u b l i s h e d )  show t h a t ,  when a i l e r o n s  

of t k i s  t y p o  are  g i v e n  a s u i t a b l o  d i f f a r c n t i a l  motion,  

r o l l i n g  moments of modorata na.gni tude are o b t a i n e d  at an- 

g l e s  o f  a t t a c k  bolow t h o  s t a l l .  The r o l l i n g  moments a r e  



s l i g h t l y  h ighe r  w i t h  a s p l i t  f l a p  f u l l y  d e f l e c t e d  than 

wi th  i t  r e t r a c t e d .  The a i l e r o n s  a r e  s i m i l a r  t o  o rd ina ry  

a i l e r o n s  i n  t h a t  t h e  r o l l i n g  mom~nt c o e f f i c i e n t d  are ap- 

proximate ly  cons tan t  over t h e  angle-of-a t tack range below 

t h e  s t a l l  and then f a l l  o f f  above i t ,  but t hey  a r e  u n l i k e  

o rd ina ry  a i l e r o n s  i n  t h a t  they a r e  f r e e  from adverse  yaw- 

i n g  moments, which f a c t  should make them l o s s  dangerous 

than tho  o rd ina ry  a i l e r o n s  at tho  angles  of a t t a c k  above 

t h e  s t a l l .  F l i g h t  t e s t s  have borne out t h e s e  conc lus ions ,  

but  have a l s o  brought out  the  f a c t  t h a t  t he  c o n t r o l  f o r c e s  

r equ i r ed  a r e  very g r e a t  at  h igh  a i r c r a f t  speeds  ( r e f e rence  

1 ) .  If t h e  a i l e r o n  hinge a x i s  i s  moved s u f f i c i e n t l y  f a r  

t o  the  r e a r  t o  g ive  a reasonable  c o n t r o l  f o r c e  at high 

speed on a f a s t  a i r p l a n e ,  t h e  a i l e r o n s  w i l l  be overbal-  

anced a t  low speeds. This cond i t i on  has  been p a r t l y  over- 

come by work which i s  s t i l l  boing c a r r i e d  on by the  Zap 

Development Corporation i n  conjunc t ion  w i t h  t h e  B/J Com- 

pany, i n  which ' t h e  a i l e r o n  a i r f o i l s  a r e  provided wi th  fixed 

s l o t s .  

B. Ex te rna l  -- a i l e r o n s  l o c a t e d  above t h e  nose  p o r t i o n  

of the  -- wing ( f i g ,  4) .  - N.A.C.A. wind-tunnel t e s t s  (not  y e t  

publ i shed)  have shown t h e  p o s i t i o n  j u s t  above and s l i g h t l y  

back of t h e  l e a d i n g  edge of t he  n a i n  wing t o  g ive  h igher  

r o l l i n g  moments than most o t h e r s ,  as wel l  a s  s a t i s f a c t o r y  



yawing moment 8. The r o l l i  ng-noment coeff i c i e n t  i n ~ r e a s e s  

i n  magnitude as the  ang le  of a t t a c k  i s  inc reased  up t o  and 

through t h e  s ta l l  ( t h e s e  a i l e r o n s  a r e  similar t o  spo9 le r s  

i n  t h i s  r e s p e c t ) ,  and f a i r  va lues  a r e  maintained t o  very  

h i g h  a n g l e s  of a t t a c k .  This l o c a t i o n  has  a l s o  been found 

Aileron noxtml 
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promising i n  an i n v e s t i g a t i o n  c a r r i e d  on d u r i n g  rtpproxi- 

mately t h e  same p e r i o d  a s  t he  N.A.C.A, t e s t s  at C a l i f o r n i a  

I n s t i t u t e  of Technology, i n  coopera t ion  wi th  t h o  Douglas 

and Worthrop companies ( r e f e r e n c e  2) .  P l i g h t  t e s t s  have 

been made on e x t e r n a l  a i l e s o n s  i n  approximately t h i s  same 

l o c a t i o n  bo th  by the  Nat iona l  Advisory Committee f o r  Aero- 

n a u t i c s  a t  Sangley F i e l d  and by t h e  Douglas and Northrop 

companies on the  West Coast.  I n  t h e  West Coast t e s t s  t h e  

a i l e r o n s  were given an extreme d i f f e r e n t i a l  motion, and a 



l a g  o r  delayed a c t i o n  v a s  found t o  e x i s t  when t h o  c o n t r o l s  4 

mero de f loc tod .  I n  t ho  t o s t s  at  LangZey F i o l d ,  tho  a i l o -  

rons  moro givon two typos  of d o f l o c t i o n ,  i n  bo th  of mhich 

t h o  a i l o r o n s  moro movod one at a timo. With one typo of 

do f loc t ion .  t h e  t r a i l i n g  odgo of t h o  a i l o r o n  w a s  movod up 

on ly ,  and wi th  the  o t h e r  type t h e  t r a i l i n g  edge was moved 

down only,  t he se  oppos i t e  d e f l e c t i o n s  being s e l e c t e d  be- 

cause t h e  wind-tunnel t e s t s  showed t h a t  moving tho  a i l e r o n  

i n  e i t h e r  d i r e c t i o n  from a  c r i t i c a l  n o u t r a l  p o s i t i o n  rc- 

ducod tho  l i f t  on t h o  ad jacen t  p o r t i o n  of tho  wing. When 

t e s t e d  i n  f l i g h t ,  t h e s e  a i l e r o n s  a l s o  had l a g  whon given 

t h e  d e f l e c t i o n  i n  which t h e  t r a i l i n g  edge moved downward, 

bu t  they were f r e e  from l a g  mhon t h e  t r a i l i n g  adgo was 

given t h o  ind iv idua l  upnard dof l a c t  ion.  In  t h o  o rd ina ry  

f l y i n g  rango tho  acceleration i n  r o l l  mas found t o  bo only  

about h a l f  as g r e a t  a s  t h a t  ob ta ined  wi th  o rd ina ry  a i l e r o n s  

of approximately t h e  same s i z e ,  but  t he  f i n a l  r a t e  of r o l l  

was g r e a t e r  than t h a t  obta ined w i t h  ord inary  a i l e r o n s .  

Tho l a t t e r  cond i t i on  w a s  not  considorod advantageous by 

t h o  p i l o t s .  The a i l o r o n s  gavo modornte c o n t r o l  a t  t h e  

ang le s  of a t t a c k  above, t h a  s ta l l .  A s  i n  t he  case  o f  t h e  

e x t e r n a l  a i l e r o n s  i n  t h e  r e a r  p o s i t i o n ,  however, t h e  con- 

t r o l  f o r c e  w a s  found t o  be h igh  at t h e  h igh  speeds ,  even 

wi th  the a i l o r o n  h inge  a x i s  movod as f a r  back as p o s s i b l e  



without r e s u l t i n g  i n  overbalance a t  low speed. The work 

d e a l i n g  wi th  e x t e r n a l  a i l e r o n s  i n  t h e  forward loca%bon i s  

s t i l l  i n  p rog res s ,  bo th  on the  West Coast and at &angl@y 

F i e l d .  

111, Z l o a t i n g  Ai l e rons  

The most promising types  of f l o a t i n g  a i l e r o n s  may be 

c l a s s e d  as e x t e r n a l  a i l e r o n s  a l s o ,  becaslse they  a r e  not  a 

p a r t  of t h e  u s e f u l  o r  l i f t i n g  p o r t i o n  of t he  wing. Two 

forms of f l o a t i n g  a i l e r o n  have been dovolopoh which appear 

f e a s i b l e  f o r  u s e  i n  connect ion w i t h  wings hav ing  f l a p s .  

One o f  t h e s e  i s  the  narrow-chord type  such a s  t h a t  used on 

t h e  C u r t i s s  Tanager, which i s  s u i t a b l e  f o r  use i n  connect ion 

w i t h  an e x t e r n a l l y  braced or  biplane- typo s t r u c t u r e  ( f i g ,  

5 ) .  The o t h e r  i s  t h o  f l o a t i n g - t i p  typo on a h i g h l y  taporad  

wing ( f i g .  6 )  ( ro fe ronce  3), somewhat similar t o  t h a t  usod 

on the  o r i g i n a l  S tou t  nSky Car. f i  Both t y p e s  g i v e  reasonably  

good l a t e r a l  c o n t r o l  w i t h  moderate r o l l i n g  moments and no 

apprec i ab l e  yawing moments. Both g ive  c o n t r o l  at ang le s  

of a t t a c k  above t h e  s t a l l ,  and they  also improve the  la%- 

e r a l  s t a b i l i t y  above t h e  s t a l l  t o  some e x t e n t .  With t h e  

narrow-chord type as used on t h e  Tanager, i t  may be d i f f i -  

c u l t  t o  s ecu re  s u f f i c i o n t  c o n t r o l  without o b t a i n i n g  high- 

c o n t r o l  s t i c k  f o r c e s ,  and the  d r a g  of t he  suppor t s  must be 

app rec i ab l e ,  The f l o a t i n g  a i l e r o n  on t h e  t i p  o f  an ex t e r -  



Fi:yarc 5.-lTarrow chord floatin5 a i l e rons  on b i p l m e  type 
structure. 

Pi-ro 6,-Yloating ti.p a i lerong 0x1 hi&lu taperod wing, 



n a l l y  t ape red  wing should g ive  no p a r t i c u l a r  d i f f i c u l t y  i n  

e i t h e r  of t h e s e  r e s p e c t s  bu t  t h e  over -a l l  span must be in-  

c r eased ,  t h e  span of t h e  f i x e d  p o r t i o n  of t h e  wing being 

determined by t h e '  c l imbing performance des i r ed .  Both 

types  of f l o a t i n g  a i l e r o n  have been flown w i t h  reasonably 

s a t i s f a c t o r y  r e s u l t s .  I t  i s  thought t h a t  f u r t h e r  f l i g h t  

t e s t s  of f l o a t i n g  a i l e r o n s  on an a i r p l a n e  w i t k  a h igh ly  

tapered  wing may be d e s i r a b l e ,  but  due t o  t h e  p re s su re  of 

o the r  work none are schodulod f o r  t h e  immediate f u t u r e ,  

I V .  Upper-Surf ace  Ai le rons  

These a i l e r o n s  a r e  formed by d e f l e c t i n g  t h e  upper 

t r a i l i ng -edge  p o r t i o n  o f  t h e  wing which i s  l e f t  above the  

s p l i t  f l a p s  ( f i g .  7), They a r e  d e f l e c t e d u p w a r d  ind iv id -  

Figure. '7.- Up3er surface ailerons. 



u a l l y .  Wind tunne l  and f l i g h t  t e s t s  made at Langley F i e l d  

bo th  show t h a t  whi le  moderate r o l l i n g  c o n t r o l  can be ob- 

t a i n e d  at ang le s  of a t t a c k  below t h e  s ta l l  w i t h  t h e  f l a p  

e i t h e r  def lec ted .  o r  r o t r a c t o d ,  if simple unbalanced upper- 

sur faco  a i l e r o n s  a r o  used tho c o n t r o l  f o r c e s  r equ i r ed  a r e  

oxcoss ivo ly  h i g h  even though t h o  a i l e r o n s  have a narrow 

chord. Work i s  now boing c a r r i e d  on i n  t h e  7 by 10 f o o t  

tunne l  t o  i n v e s t i g a t o  t h e  p o s s i b i l i t y  of o b t a i n i n g  s u i t -  

a b l e  r e d u c t i o n  of h inge  moment by means of p roper  hinge 

l o c a t i o n  and a i l e r o n  shape. 

V. S p o i l e r s  

Var ious  s p o i l e r  arrangements have been t e s t e d  by t h e  

Nat iona l  Advisory Committee f o r  Aeronaut ics  bo th  i n  t h e  

wind tunne l  ( r e f e r e n c e s  4 and 5) and i n  f l i g h t  (not  y e t  

pub l i shed ) ,  Those s p o i l e r s  have cons i s t ed  e s s e n t i a l l y  

of p l a t e s  o r  s u r f a c e s  arranged t o  p r o j e c t  from t h e  upper 
t 

su r f aco  of a p o r t i o n  of t ho  wing i n  order  t o  reduce t h e  

l i f t  over that p o r t i o n .  The s p o i l e r s  l o c a t e d  nea r  t ho  

nose  of t h e  wing gave c o n t r o l  at a n g l e s  of a t t a c k  above 

t h e  s t a l l ,  but  u n f o r t u n a t e l y  had a d e f i n i t e  l a g  o r  delayed 

a c t i o n  due t o  an i n i t i a l  but  impercep t ib l e  tendency t o  

r o l l  i n  t h e  wrong d i r e c t i o n ,  The time from t h e  def lec-  

t i o n  of t h e  c o n t r o l  t o  t h e  s tar t  of t ho  r o l l  i n  t h e  d e s i r o d  



d i r e c t i o n  averagod about one ha l f  second, which i s  s u f f i -  

c i e n t  t o  e l i m i n a t e  t h e  s p o i l a r s  i n  t h a t  l o c a t i o n  as a pos- 

s i b l e  s a t i s f a c t o r y  c o n t r o l .  The l a g  was found i n  f l i g h t  

w i th  each of t h e  t h r e e  d i f f e r e n t  forms of s p o i l e r  t e s t e d ;  

t he  f i r s t  being a f l a p  s e t  i n  t h e  upper su r f ace  and hinged 

a t  t he  f r o n t  edge; t h e  second, a r e t r a c t a b l e  s p o i l e r  pro-  

j e c t i n g  ou t  through a s l o t  i n  t h e  upper s u r f a c e  of t he  

wing; and t h e  t h i r d ,  t h e  r e t r a c t a b l e  s p o i l e r  c u t  t o  s a w -  

t o o t h  form, Thess r e s u l t s  seem t o  e l i m i n a t e  t h e  s p o i l e r  

l o c a t e d  i n  t he  forward p o r t i o n  of t h e  wing as a 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  dev ice  when used by i t s e l f  bu t ,  if 

c o n t r o l  above t h e  s t a l l  i s  of s u f f i c i e n t  importance,  a 

s a t i s f a c t o r y  arrangement f r e e  f r o a  l a g  can be ob ta ined  by 

t h e  proper  combination of s p o i l e r s  and o rd ina ry  a i l e r o n s .  

The s p o i l e r s  can be a r ranged  t o  reduce the  a i l e r o n  hinge 

moments, i f  d e s i r e d ,  e i t h e r  by -means of t h e i r  l o c a t i o n  

o r  t h e i r  connecting l inkage ,  

I n  regard  t o  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 l ,  t h e  f l i g h t  t e s t s  have shown t h a t  t h e  l a t e r a l  in -  

s t a b i l i t y  above t h e  s t a l l  may be so v i o l e n t  a s  t o  e l imi -  

n a t e  t h e  p o s s i b i l i t y  of handl ing  t h e  a i r p l a n e  s a t i s f a c t o -  

r i l y  even w i t h  an affective l a t o r a l  con t ro l .  This  ssoms 

t o  i n d i c a t o  that oven f o r  occas iona l  emergency u s e  only ,  

c o n t r o l  above t h e  s t a l l  may have but s l i g h t  va lue  u n l o s s  

i t  i s  acmmpanied by s t a b i l i t y .  



I f  t h e  s p o i l e r s  a r e  moved s u f f i c i e n t l y  f a r  back a long  

t h e  chord of t h e  wing, t h e r e  i s  no doubt t h a t  t h e  l a g  can 

be e l imina t ed  f o r  t h e r e  i s  no l a g  w i t h  tho  uppor-surface 

ailerons, which a r e  t h o  samo as tho  f lap- typo s p o i l o r s  i n  

t h e  rearmost  p o s s i b l e  p o s i t i o n .  Unfortunately, honovor, 

as tho s p o i l e r  i s  movod back i t s  o f foc t ivonoss  i n  g i v i n g  
I 

c o n t r o l  at anglos  of a t t a c k  above t h o  s ta l l  i s  l o s t .  The 

p r e s e n t  p l a n s  a r e  t o  con t inue  f l i g h t  t e s t s  t o  f i n d  the  

most forward s p o i l e r  l o c a t i o n  f r e e  from lag , .  The next  

t e s t  m i l l  be made w i t h  t h e  r e t r a c t a b l e - t y p e  s p o i l o r s  nea r  

t ho  t r a i l i n g  edge of t h e  wing ( f i g .  8). whore they  m i l l  

g ive  approximately t h e  same r o l l i n g  and yawing moments as 

t h e  upper-surface a i l e r o n s  but w i t h  t he  advanta.ge of ve ry  

low c o n t r o l  f o r c e s ,  f o r  wi th  t h i s  type  of s p o i l e r  the  hinge 

moments can be mado t o  be p r a c t i c a l l y  zoro. 

' Spoilor 
retracted 
into wiw 

/ 'Spoiler extonded 

F igwe  8.- Retractible spoilers. 



Concluding Remarks 

Considerable work f s  being done on t h e  problem of pro- 

v i d 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  dev ices  f o r  u s e  wf t h  

s p l i t  f l a p s ,  and s e v e r a l  forms under  dovolopment show prom- 

i s e ,  but  no form g i v i n g  f u l l  bonef i t  of a p r o p o r l y  l o c a t o d  

fu l l - span  f l a p  has  as yo t  boon proved o n t i r s l y  s a t i s f a c -  

t o r y  i n  f l i g h t .  Although tho ox to rna l  a i l o r o n s  abovo t h o  

t r a i l i n g  cd.ge of t h e  wing and t h o  s p o i l o r s  a t  t h o  r o a r  of 

t h e  wing bo th  appear q u i t e  promisSng, i t  would seem t h a t  

probably t h e  most s a t i s f a c t o r y  immediate s o l u t i o n  of t h e  

problem, i nc lud ing  t h e  ob ta in ing  of l i g h t  and smoothly 

graduated c o n t r o l  f o r c e s ,  would i n  most c a s e s  be obta ined 

by t h e  u s e  of t he  arrangement i n  which tho  f l a p  i s  r e t r a c t -  

od ahead of o rd inary  narrow-chord a i l e r o n s  and i s  do f loc t -  

cd t o  tho r o a r  as we l l  as downnard whon i n  uso  ( f i g ,  2 ( c ) ) ,  

Langley Memorial Aeronaut ica l  Laboratory,  
Nat iona l  Advisory Commit t e e  f o r  Aeronaut ics ,  

Langley F i e l d ,  V a . ,  August 8 ,  1933. 
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