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SLOTS ABD FLAPS 

By C a r l  3 .  Wenzinger 

Th i s  r e p o r t  covers  a  s tudy  of t h e  g e n e r a l l y  a v a i l a b l e  
d a t a  on l o a d  d i s t r i b u t i o n  on s l o t s  a n d  f l a p s .  The s t u d y  
was 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  
a t  t h e  r e q u e s t  of t h e  M a t e r i e l  D i v i s i o n ,  Army A i r  Corps ,  i n  
a  l e t t e r  d a t e d  J a n u a r y  4,  1934,  t o  f u r n i s h  i n f o r m a t i o n  ap- 
p l i c a b l e  t o  d e s i g n  c r i t e r i a  f o r  s l o t s  and  f l a p s  o f  v a r i o u s  
t y p e s *  

The d a t a  a r e  p r e s e n t e d  i n  t h r e e  main s e c t i o n s :  

I .  SLOTS (HANDLEY PAGE TYPE) 

4.. Regu_&t-ars_t forccgeeo_n_--g&a_t. - S e v e r a l  i n v e s t  i g a t  i o n s  
h a v e  been made t o  d e t e r m i n e  t h e  d i r e c t i o n  and magnitude of 
t h e  r e s u l t a n t  f o r c e s  on t h e  s l a t ,  mainly  f o r  t h e  purpose  
of d e s i g n i n g  t h e  a u t o m a t i c  o p e r a t i n g  mechanism and  suppor t -  
i n g  l i n k a g e s  ( r e f e r e n c e s  1, 2 ,  3 ,  and 4 ) .  I n  a t  l e a s t  one 
c a s e  ( r e f e r e n c e  2)* ,  t h e  i n v e s t i g a t i o n  was made f o r  b o t h  t h e  
f u l l - o p e n  and f o r  t h e  r e t r a c t e d  p o s i t i o n  of t h e  s l a t .  

F i g u r e  1 shows t h e  f o r c e  v e c t o r s  a c t i n g  on  t h e  s l a t  i n  
b o t h  t h e  open and c l o s e d  p o s i t i o n s .  The magnitudes of t h e  
v e c t o r s  a r e  t a b u l a t e d  on t h e  f i g u r e  a s  c o e f f i c i e n t s  of  re-  
s u l t a n t  f o r c e  Cg, i n  t e rms  of t h e  s l a t  a r e a .  I t  s h o u l d  
b e  no ted  t h a t  t h e s e  v a l u e s  a p p l y  o n l y  t o  t h e  p a r t i c u l a r  wing 
a n d  s l a t  a r rangements  t e s t e d ,  and a s e p a r a t e  t e s t  m i l l  be 
r e q u i r e d  t o  o b t a i n  s a t i s f a c t o r y  d a t a  f o r  each d i f f e r e n t  
wing and s l a t  combinat ion  used .  

Normal and l o n g i t u d i n a l  f o r c e s  on s l a t  and c e p e  of BL --------.------..- .-------------.----~------.--.----, --- .... - 
normal fo rce . -  P robab ly  t h e  most comple te  d a t a  on t h e s e  
c h a r a c t e r i s t i c s  of t h e  s l a t  have been obta-ined i n  sone  B r i t -  
i s h  t e s t s  ( r e f e r e n c e  4) of a s l o t t e d  ming i n  f l i g h t .  A s l a t  
spann ing  t h e  upper  R.A.F. 34 v i n g  of a  B r i s t o l  F i g h t e r  mas 
used .  P r e s s u r e s  were measured o v e r  two s e c t i o n s ,  one a t  mid 



semispan a n d  one n e a r  t h e  v i n g  t i p .  ( s e e  f i g ,  2.) 

The normal- and l o n g i t u d i n a l - f o r c e  c o a f f i c i  e z t s  ob- 
t a ined .  ( i n  te rms of s l a t  a r e a )  a r e  shown in. f i g u r e  3. This 
f i g u r e  a l s o  shows t h e  r e l a t i o n  between t h e  c .p .  of t h e  nor- 
m a l  f o r c e  on t h e  s la t  and  a n g l e  of a t t a c k  of  t h e  main wing. 
The aa.xirnum measured v a l u e  of t h e  normal-f o r c e  c o e f f i c i e n t  
was :i;~out 2.40 a t  t h e  mid-semispan s e c t i o n ,  compared w i t h  
1.70 n e a r  t h e  t i p .  A t  b o t h  of t h e  s e c t i o n s  t e s t e d  t h e  c.p. 
of t h e  s l a t  l o a d  i s  c l o s e  t o  40 p e r c e n t  of t h e  s l a t  chord 
i n  t h e  ?forking r a n g e ,  a n d  t h e  l o a d  i s  approx imate ly  normal 
t o  t h e  s l a t  chord .  

Keasuremonts have  a l s o  been made i n  t h e  1J.A.C.A. v a r i -  
a b l e - d e n s i t y  wiild t u n n e l  t o  d e t e r m i n e  t h e  p r e s s u r e  d . i s t r i -  
b u t i o n  o v e r  t h e  midspan s e c t i o n  of a n  R . A . F .  31 a i r f o i l  
w i t h  a l ead ing-edge  s l o t  ful l ; r  open ( r e f e r e n c e  51, F i g u r e s  
4 ,  5 ,  and 6 show a few r e p r e s e n t a t i v e  p r e s s u r e - d i s t r i b u t i o n  
d i a g r a n s  f o r  t h e  s l o t t e d  a i r f o i l  w i t h  t h e  s l a t  comple te ly  
extended.  The r e s u l t s  of t h e s e  t e s t s  a r e  i n  c l o s e  agree -  
n e n t  o i t h  t h e  B r i t i s h  f l i g h t  t e s t s  i n  t h a t  t h e  maximum nor- 
mol- force  c o e f f i c i e n t  of t h e  s l a t  had a v a l u e  of about  2.35, 
and mas approx imate ly  normal t o  t k e  s l a t  chord a t  t h e  43 
p e r ~ e n t  chord  l o c a t i o n .  

I t  ma2r be s a i d ,  i n  g e n e r a l ,  t h a t  a s  an approximate  ba- 
s i s  f o r  s t r e s s  a n a l y s i s ,  t h e  

CLmax 
on t h e  s la t  ( b a s e d  on 

main   ring a r e a  w i t h  s l a t  r e t r a c t e d )  can be t a k e n  a s  t h e  in- 
c r e a s e  i n  

C ~ m a x  which t h e  s l a t  g i v e s  $0 t h e  combina t ion ,  

t h e  t o t a l  f o r c e  on t h e  s l a t  be ing  normal t o  i t s  chord .  
T h i s  s t a t e m e n t ,  however,  shou ld  be a c c e p t e d  s u b j e c t  t o  f u r -  
t h e r  v e r i f  i c a , t f o n  by i n v e s t i g a t i o n s  of s e v e r a l  d i f f e r e n t  
wing s e c t i o n s  and s l o t s .  

C. O t h e r  da ta . -  I t  i s  l i k e l y  t h a t  Handley Page ,  i n  Eng- --.....-------- -.---- 
l a n d ,  and p o s s i b l y  t h e  C u r t i s ~  Company, i n  t h i S  c o u n t r y ,  
have  made f u t h e r  t e s t s  on s l a t  l o a d s .  The r e s u l t s  of t h o s e  
t e s t s  mould presumably be a v a i l a b l e  t o  anyone d e s i r i n g  t o  
u s e  s l o t s  u n d e r  l i c e n s e .  

A .  Wormal and 1ore:ikudinaf - --L -. .-..-.--.-..- . f o r c e s  . --.--.-. on t h e  ..- --.,,--,,-. auxiliar_yl,- 
Some d a t a  a r e  available from mind-tunnel  t e s t s  made t o  de- 



t e rmine  t h e  d i v i s i o n  of a % r  load  betmeaa f i x e d  a u x i l s a r y  
a i r f o i l s  and a Clark Y main wing f o r  a. few r e p r e s e n t a t i v e  
ca ses  ( r e f e r e n c e  6 ) .  The arraagements  t e s t e d  and t h e  re- 
s u l t s  of t h o s e  t e s t s  a r e  shorn i n  f i g u r e s  7 and 8. The 
l o a d  on t h e  a u x i l i a r y  a i r f o E l s  i s  d iv ided  i n t o  n ~ t m a l  and 
l a n g i t u d i n a l  components and t h e s e  a r e  given i n  terms of 
t h e  t o t a l  l i f t  on t h e  main wing p l u s  t h e  a u x i l i a r y .  

A n  a u x i l i a r y  a i r f o i l  having a syame t r i ca l  s e c t i o n  ( f i g .  
7 )  c a r r i e d  about 20 pe rcen t  of t h e  t o t a l  load  throughout 
t h e  e n t i r e  angle -of -a t tack  range t e s t e d ,  A h igh ly  cambered 
N . A . C . A .  22 a u x i l i a r y  a i r f o i l  ( f i g .  8 )  c a r r i e d  about t h e  
same p o r t i o n  of t h e  t o t a l  l oad  at"igh l i f t  c o e f f i c i e n t s ,  
but  a  h ighe r  p ropor t ion  i f  t h e  a n g l e  of a t t a c k  m a s  reduced. 
The t o t a l  l o a d s  on t h e  wing wi th  a u x i l i a r y  a i r f o i l s  may be 
found i n  r e f e r e n c e  6. No o t h e r  l oad  d a t a  f o r  t h e s e  dev ices  
a r e  a v a i l a b l e  a t  t h e  p r e s e n t  time. 

111. FLAPS 

4,-Qrdin_a_r~--_t~~~liLZ~n_~sdtre~~f L%EE. !, ,-~orma_L-f o_cee-an_ 
t h e  f lap.-  Measurements have been made i n  t h e  W.A. C.A. 
v a r  i ab l e -dens i ty  mind tunne l  t o  determine the  p r e s s u r e  d i s -  
t r i b u t i o n  over t h e  midspan s e c t i o n  of an  B.B.F. 30 a i r f o i l  
w i t h  t r a i l i ng -edge  f l a p s  ( r e f e r e n c e  7 ) .  The a i r  f o r c e s  on 
t h e  f l a p  and on t h e  f i x e d  p a r t  of t h e  wing were determined 
from t h e  d i r e c t  p r e s s u r e  measurements. 

* 

The f o r c e  a c t i n g  on t h e  f l a p  normal ' t o  i t s  chord i s  
p l o t t e d  in c o e f f i c i e n t  form (based on f l q  a r e a )  i n  f i g u r e  
9 f o r  d i f f e r e n t  f l a p  d e f l e c t i o n s  and a n g i e s  o f  a t t a c k .  
Displacement of t h e  f l a p  t o  ang le s  of 40 ( t h e  l a r g e s t  t e s t -  
ed) produces a  p r o g r e s s i v e  i nc rezse  i n  t h e  norma.1 f o r c e  on 
t h e  f l a p  up t o  t h e  s t a l l  of t h e  wing. Inc reas ing  t h e  a n g l e  
of a t t a c k  from nega t ive  va lues  t o  p o s i t i v e  v a l u e s ,  i n  gen- 
e r a l ,  a l s a  i nc reases  t b e  normal f o r c e  somewhat f o r  down- 
f l a p  d e f l e c t i o n s ,  whi le  t h e  oppos i t e  i s  t r u e  f o r  up-f lap 
movements. The maximum va lue  of t h e  normal-force coe f f i -  
c i e n t  a t t a i n e d  a t  t h a  40' f l a p  d e f l e c t i o n  (up t o  t h e  s t a l l  
of t h e  wing) was about 0.90 a l though t h e  maximum l i f t  of 
t h e  wing was no t  reached w i t h  t h i s  d e f l e c t i o n .  (cSTmax of  

~ i n g  v i t h  I j  = 40' mas 1.68.) f e ~  r e p r e s e n t a t i v e  pressure-  
d i s t r i b u t i o ' a  diagrams a r e  shown i n  f i g u r e s  10 ,  1 1 ,  and. 12, 



2.  Xip_gg.-rnorncnts--gf-~e-f1_~~~.- The rxboment s  about  t h e  
f l a p  h i n g e  a r e  p l o t t e d  on f i g u r e  9 i n  te rms of hinge-moment 
c o e f f i c i e n t s  based on f l a p  a r e a  and chord. The h i n g e  mo- 
ment i n c r e a s e s  a lmos t  l i s e a r l y  w i t h  i n c r e a s e  i n  f l a p  de- 
f l e c t i o n  up t o  t h e  s t a l l  of t h e  wing. I n c r e a s i n g  t h e  a n g l e  
of  a t t a c k  of  t h e  wing up  t o  t h e  s t a l l  d e c r e a s e s  t h e  h i n g e  
moinents s l i g h t l y .  The c e n t e r  of p r e s s u r e  of t h e  normal 
f o r c e  on t h e  f l a p  may be computed, i f  d e s i r e d ,  from t h e  
hinge-moment and normal-f o r c e  c o e f f i c i e n t s .  

I 

~~-~n_a_~x~~ca_~-~s~~erm_~n_a_t1on~~~o~~ -f _1-m--Lgg_4. - An a n a l  y t i- 
c a l  e x p r e s s i o n  h a s  been d e r i v e d  i n  r e f e r e n c e  8 which e n a b l e s  
t h e  computa t ion  of t h e  l P f t  c o e f f i c i e n t  of t h e  f l a p .  The 
t h e o r e t i c a l  r e s u l t s  seem t o  show a f a i r  agreement w i t h  t h e  
meager e x p c r i a e n t a l  r e s u l t s  a v a i l a b l e .  

T&e e x p r e s s i o n  f o r  t h e  f l a p  l i f t  c o e f f i c i e n t ,  which i s  
independent  of a s p e c t  r a t i o ,  wa.s d e r i v e d  a s  

where CL i s  t h e  l i f t  c o e f f i c i e n t  of t h e  r i n g  w i t h  f l a p ,  
and 8 i s  t h e  c o r r e s p o n d i n g  f l a p  d e f l e c t i o n .  Values  of 
t h e  p a r a m e t e r s  no  and n  a r e  g i v e n  i n  f i g u r e  1 3  f o r  d9f- 
f e r e n t  r a t i o s  of f l a p  chord  t o  t o t a l  chord. 

B,. -Z~.LL4,traLLZn~--e_dgs.~~f_Las- . L,-Xor~a_al_Cor-ce~-%n_d 
c . p _ p _ f  no~ggh- fo rce -on  f l a 2 . -  D i r e c t  measuremeuts of t h e  
f o r c e s  a c t i n g  on s p l i t  f l a p s  .and on t h e  complete wing have 
been ma-de i n  t h e  N.d.C,A, 7 by 10 f o o t  mind t u n n e l  ( r e f e r -  
ence  9 ) .  C l a r k  Y wing models were used  w i t h  t uo  d i f f e r e n t  
s i z e s  of f u l l - s p a n  s p l i t  f l a p s ,  one hav ing  a  narrow chord  
( 1 5  p e r c e n t  c . ) ,  and t h e  o t h e r  a  med.ium chord ( 2 5  p e r c e n t  
c . ) .  

F i g u r e s  1 4  and 1 5  show t h a t  t h e  normal f o r c e  on t h e  
s p l i t  f l a p s  i n c r e a s e s  bo th  w i t h  a n g l e  of a t t a c k  and w i t h  
f l a p  d e f l e c t i o n  f o r  a n g l e s  of a t t a c k  below t h e  s t a l l *  The 
v a l u e  of t h e  normal- force  c o e f f i c i e n t  ( b a s e d  on f l a p  a r e a )  
i s  a'aout 1.40 a t  t h e  a n g l e  of  a t t a c k  and f la ,p  d e f l e c t i o n  
f o r  aaximum l i f t  w i t h  e i t h e r  of t h e  f l a , p s  t e s t e d  (CLmax 

- - 

2.06) .  The c e n t e r  of p r e s s u r e  of t h e  l o a d  on t h e  s p l i t  
f l a p s ,  i n  g e n e r a l ,  moves forward  w i t h  d.ecreasing f l a p  de- 
f l e c t i o n  and  w i t h  i n c r e a s i c g  a n g l e  of a t t a c k  from smal l  
n e g a t i v e  a n g l e s  up t o  t h e  s t a l l .  . 

C .  Zgp-f*g.- Load d a t a  a r e  a v a i l a b l e  from t h e  Zap Bor- 



p o r a t i o n  t o  t h o s e  mbo d e a l  w i t h  them d i r e c t l y .  

D,.-F_g~Ler-f-&a~!g.- An i n v e s t i g a t i o n  i s  naw under  way 
i n  t h e  K.A. C,A. 7 by 10 Toot mind t u n n e l  En n h i e b  t h e  f l a p  
l o a d s  mill be measured d i r e c t l y ,  In a d d i t i o a ,  t h e  @ l e n s  L. 
M a r t i n  Company may bnve s o q e  d a t a  a v a i l a b l e  f o r  t h o s e  wha 
dea l  w i t h  them d i r e c t l y ,  

BL.-E,xternaLf.L~s-~L~3lkecs.-~r.r-FB.r,ri4~ggtae- 3 0  l o a d  
d a t a  a v a S l a b l e  a t  p r e s e n t .  

An i n v e s t i g a t i o n  h a s  been approved 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 ,  but  not  y e t  under taken  
becanse  o f  t h e  p r e s s  of o t h e r  work, i n  which p r e s s u r e - d i s -  
t r i b u t i o n  measurements a r e  t o  be made on l a r g e  wing models 
i n  t h e  '7 by 10 f o o t  wind t u n n e l .  I t  i s  i n t e n d e d  t o  i n c l u d e  
a l l  o f  t h e  most p romis ing  h i g h - l i f t  d e v i c e s  p r e v i o u s l y  in-  
v e s t i g a t e d  i n  t h o  t u n n e l ,  The r e s u l t s  w i l l  show t h e  spas 
a n d  t h e  chord  l o a d  d i s t r i b u t i o n ,  a s  w e l l  as  t h e  t o t a l  l o a d s  
a n d  c e p e  l o c a t i o n s  on t h e  n a i n  n i n g  and on t h e  h i g h - l i f t  
d e v i c e s .  I t  i s  a l s o  p l a n n e d  t o  i n v e s t i g a t e  by mea'ns o f  
p r e s s a r e  d i s t r i b u t i o n  t h e  l o a d i n g  on v a r i o u s  h i g h - l i f t  de- 
v i c e s  as - a p p l i e d  t o  a n  F-22 a i r p l a n e  i n  t h e  f u l l - s c a l e  tun-  
n e l ,  

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

Langley Y i e l d ,  Va., March 22 ,  1934. 
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Figure 5. - Pressure distribution diagram for slotted R.A.F.31 
airfoil. U =  250 , R . N . =  6,150,000 

Figure 6. - Pressure distribution di am for slotted R.A.F. 
airfoil. a - 31° , R.N.=~150,000 
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Figure 9.- Normal force and hinge moment ooeffioient for a a0 percent chord 
flap on a R.A.F. 30 airfoil. R.N.=6,700,000. 
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Wind 

Figs. 10,12 

--  
Figure la.- Preeeure distribution diagreae for B.A.7. 30 sirfoil with trailing edge flap.a= 2 8 O  

R.IJ. = 8,700,000. 
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Fig. 13 

Figure 13.-Theoretioal parameters. 



M.A.C.A. Fig. 14 



Fig. 15 

Figure 15.- Normal force and c.p. location on 25 percent chore full-span 
s p l i t  f l ap   lark Y wing). 




