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THE XFFECT OF SURFACE IRREGULARITIES OIT ' J I N G  DRAG 

I1 - LAP JOINTS 

By Ma,nley J. Hood 

T e s t s  have been made i n  t h e  11.A.C.A. 8- foot  h igh -  
s p e e d  n i n d  t u n n e l  of t h e  dr7.g c a u s e d  by f o u r  t y p e s  of l a p  
j o i n t .  Thc t e s t s  were made on an a i r f o i l  of N . A . C . A .  
23012 s e c t i o n  and  5 - f o o t  c h o r d  and  c o v e r e d  a r a n g e  of 
s p e e d s  f rom 80 t o  500 m i l e s  p e r  h o u r  and  l i f t  c o e f f i c i e n t s  
f rom 0  t o  0.30. 

The i n c r e q s e s  i n  p r o f i l e  dr?"g caused  by r e p r e s e n t a -  
t i v e  c r r a n g e m e n t s  of l a p s  v 2 r i e d  f rom 4 t o  9 p e r c e n t .  
Vhen t h e r e  mere g r o t r u d i n g  r i v e t  h e a d s  on t h e  s u r f a c e ,  t h e  
a d d i t i o i i  o f  l a p s  i n e r e - s e d  t h e  d r a g  o n l y  s l i g h t l y .  Laps 
on t h e  f o r ~ ~ a r d  p x r t  of 8 ming i n c r e a s e d  t h e  d r a g  c o n s i d e r -  
a b l y  y o r e  thqnAn t h o s e  f a r t h e r  back .  

S k i n - f r i c t i o n  d r a g  i s  n major p o r t i o n  of  t h e  t o t a l  
d r z g  of  w e l l - s t r e a m l t n e d  p r e s e n t - d a y  a i r p l a n e s .  1% i s  
t h e r e f o r e  i m p o r t a n t  t h a t  s k i n  f r i c t i o n  be  r e d u c e d  as much 
a s  p o s s i b l e .  I t  h a s  becn  shown t h a t  r i v e t  h e a d s  ( r e f e r -  
e n c e  I), c e r t a i n  a r b i t r a r y  p r o t u b e r a n c e s  ( r e f e r e n c e s  2 and  
x), ,?ad s u r f a c e  r o u g h n e s s  ( r e f e r e n c e s  4 and  5 )  g r e a t l y  i n -  
c r e a s e  t h e  d r a g  o f  n i n g s .  A r e c e n t  s e r i e s  of t e s t s  by t h e  
B . A . C . B .  h z s  shovn t h e  e f f e c t s  on m i n s  d r a g  of n w i d e r  
rn.ngc o f  r i v e t  s i z e s ,  t y p e s ,  and  a r r a n g e m e n t s  and  of s p o t  
w n l d s  ( r e f e r e n c e  6 ) ,  of s e v e r a l  d e g r e e s  of s u r f a c e  rough- 
n c s s  7 ) ,  znd of m a n u f a c t u r i n g  d i s c r e p a n c i e s  

8 ) .  

The p r e s e n t  p a p e r  g i v e s  t h e  r e s u l t s  of t e s t s  made i n  
t h e  B . A . C . A .  % - f o o t  h igh - speed  wind t u n n e l  t o  d e t e r m i n e  
t h e  e f f e c t  on wing d r a g  of t h e  s u r f a c e  d i s c o n t i n u i t i e s  r e -  
s u l t i n g  f rom l a p ~ e d  j o i n t s  i n  s h e e t - m e t a l  c o n s t r u c t i o n .  
The t y p e s  of l a p  j o i n t s  t e s t e d -  i n c l u d e d :  j o g g l e d  l a p s  
f a c i n g  a f t ,  p l a i n  l a p s  f a c i n g  a f t  b o t h  w i t h  a n d  : ~ i t h o u t  
r i v e t s ,  p l a i n  l a ~ s  f a c i n g  f o r a a r d ,  and  f a i r e d  l a p s  f a c i n g  
f o r w a r d ,  



The r e s u l t s  of  t h e  t e s t s  showed t h e  i n c r e a s e  i n  t h e  
d r a g  of  as a i r f o i l  o f  N . A . C . A .  23012 p r o f i l e  a n d  5 - f o o t  
c h o r d  c a u s e d  by t y p i c a l  a r r a n g e m e n t s  of  e a c h  t y p e  of l a p  
a n d  t h e  d r a g  r e d u c t i o n  o b t a i n e d  by e l i m i n a t i n g  one o r  
more o f  t h e  f o r w a r d  l a p s ,  The t e s t s  mere made a t  l i f t  co- 
e f f i c i e n t s  f rom 0  t o  0 .30  and  a t  s p e e d s  f rom 80 t o  500 
m i l e s  p e r  h o u r ,  c o r r e s p o n d i n g  t o  Reyno lds  Numbers from 
3 , 0 0 0 , 0 0 0  t o  1 8 , 5 0 0 , 0 0 0 .  

APPASASUS 

The t e s t s  mere c o n d u c t e d  i n  t h e  3 .A..C.A. $- foo t  h i g h -  
s p e e d  n i n d  t u n n e l .  The a i r  f low i n  t h e  c l o s e d  c i r c u l a r  
t e s t  s e c t i o n  o f  t h i s  n i n d  t u n n e l  i s  q u i t e  u n i f o r m  and t h e  
t u r b u l e n c e  of  t h e  a i r  f l o w  i s  so s m a l l  t h a t  s p h e r e  t e s t s  
h a v e  shown v i r t u a l l y  t h e  same c r i t i c a l  Reynolds  Numb.er i n  
t h e  t u n n e l  a s  i n  f r e e  a i r  ( r e f e r e n c e  9 ) .  

An B.A.S.A.  23012 a i r f o i l  h a v i n g  a  cho rd  of  5  f e e t  
a n d  a n  a c t i v s  span  of 6 f e e t  n a s  'uscd f o r  t h e s e  t e s t s .  
F i g u r e  1 shows t h e  a i r f o i l  mountcd i n  t h e  min?. t u n n e l .  A 
d e s c r i p t i o n  o f  t h e  a , i r f o i l  and  i t s  arrangement i n  t h e  t un -  
n e l  i s  g i v e n  i n  r e f c r o n c c  6 .  The l a p  j o i n t s  n c r e  sfmu- 
l a t e 6  by c u t s  a a d e  i n  t h e  s u r f a c e  o f  t h c  z i r f o i l  t o  rep-  
r e s e n t  l a s g e d  s h e o t s  0.018 i n c h  t h i c k  b u t  a c t u a l  3 / 3 2 -  
incla b r a z i e r - h e a r d  ~ i v e t  s, v i t h  thc, shanks  p r e s s e d  i n t o  
h o l e s  i n  t h o  n i r f o i l ,  were  u s e d  f o r  t h e  t e s t s  t o  d o t e r m i n e  
t h e  combined e f f e c t  of r i v e t s  a n d  l a p s  (3g.  2 ) .  The chord 
p o s i t i o n s  of  t h e  l a p s  qnd r i v e t s  a r e  shown i n  f i g u r e  3 ,  
The r i v e t s  were a t  3 / 4 - i n c h  p i t c h  i n  spsnwise  r o n s  a t  t h e  
c h o r d  p o s i t i o n s  shovn. The r i v e t  h o l e s  were p l u g g e d  and  
f i n i s h e d  f l u s h  nhen n o t  i n  u g e ,  As ide  f rom t h e  l a p s  a n d  
r i v e t s ,  t h e  a i r f o i l  s u r f a c e  mas a e r o d y n : ~ n i c a l l y  smooth; 
t h a t  i s ,  f u r t h e r  p o l i s h i n g  mould b r i n g  abou t  no measura- 
b l e  r e d u c t i o n  i n  d r a g .  

The l i f t ,  t h e  d r a g ,  and  t h e  p i t c h i n g  moment o f  t h e  
a i r f o i l  wit3 e a c h  a r r a n g e m e n t  of l .?,ps,  o r  of l a p s  and  
r i v e t s ,  n e r e  determj.ned ct -1.25', -0.15',  and  0,95O nn- 
g l e  of a t t a c k ,  c o r r e s p o n d i n g  t o  l i f t  c o e f f i c i e n t s  of ap- 
p r o x i m a t e l y  0 ,  0 .15 ,  nnd 0 , 3 9 ,  r e s n e c t i v e l y .  The t e s t s  
a t  l i f t  c o e f f i c i e n t s  of 0.15 ?;ad 0.70 rrere nacle st s p e e d s  
v a r y i n g  f rom 80 t o  F70 a n d  from 80 i ; ~  270 m i l e s  p e r  h o u r ,  
r e s p e c t i v e l y ,  t 5 e  u p g e r  L i m i t  i n  each  c a s e  p r o 2 u c i n g  a 



n i n g  l o a d i n g  of a p p r o x i m , ~ t e l y  5 9  pounds p e r  s q u a r e  f o o t .  
F o r  t h e  t e s t s  a t  z e r o  l i f t ,  t h e  s p e e d  mas v a r i e d  f rom 80 
m i l e s  !?er h o u r  t o  a speed  a t  which t h e  d r a g  c o e f f i c i e n t  
began  t o  i n c r e a s e  r a p i d l y  due t o  c o n p r e s s i b i l i t y  e f f e c t s ,  
a b o u t  500 n i l e s  p e r  h o u r  u n d e r  t h e  c o n d i t i o n s  o f  t h e s e  
t e s t s .  

The o r d s r  o f  t e s t i n g  mas, b r i e f l y ,  a s  f o l l o w s :  The 
j o g g l e d - l a p  s i a u l a t i o n s  mere c u t  i n  t h e  a i r f o i l  s t a r t i n g  
n i t h  t h e  t h r e e  r e a r  l a p s  i n  e a c h  s u r f a c e  and  ere sdded  
one a t  a t ime  a s  t h e  t e s t s  p r o c e e d e d .  A f t e r  a l l  t h e  jog-  
g l e d  l a g s  had  been c a t  and  t e s t e d ,  t h e y  were widened  t o  
s i m u l a t e  g l a i n  l a p s  f a c i n g  a f t .  The a i r f o i l  was t e s t e d  
i n  t h i s  c o n d i t i o n ;  1 3  rows of r i v e t s  mere t h e n  added  on 
e a c h  s u r f a c e ,  and  f u r t h e r  t e s t s  mere made. The r i v e t s  
mere r exoved ,  t h e  r i v e t  h o l e s  p l u g g e d ,  f i n i s h e d  f l u s h  and  
smooth ,  and t h e  a i r f o i l  a g a i n  t e s t e d .  The l a p s  were  t h e n  
f i l l e d ,  one o r  more l a p s  at a  t i m e ,  s t a r t i n g  a t  t h e  f r o n t  
a n d  :3roceeding r e a r w a r d ,  and  t e s t s  were  mad-e a f t e r  e a c h  
change .  A f t e r  a l l  t h e s e  l a p s  mere f i l l e d ,  t h e  s i m u l a t i o n s  
of ? l a i n  l a p s  f a c i n g  f o r w a r d  mere c u t  i n  t h e  s u r f a c e  s t a r t -  
i n g  c i t h  t h e  t h r e e  r e a r  ln ,ps  and  l,vorking f o r n a r d  one o r  
more l a p s  n t  a t ime  a s  t e s t s  p r o c e e d e ?  u n t i l  a l l  t h e s e  
l a p s  had been  c u t  and t h e i r  e f f e c t s  d e t e r m i n e d .  The f i n a l  
s t e p  mas t o  round  t h e  c o r n e r s  of t h e  p l a i n  l a p s  f a c i n g  
f o r n z r d  t o  p roduce  t h e  s i m u l a t i o n s  of f a i r e d  l a p s  f a c i n g  
forvi-ard ?"ad t o  measure  t h e  d r a g  f o r  t h i s  c o n d i t i o n .  The 
d r a g  of t h e  smooth a i r f o i l  n i t h o u t  l a p s  was measured  be- 
f o r e  a n 6  a f t e r  and once d u r i n g  t h e s e  t e s t s .  

A t  t h e  h i g h  s p e e d s  a t t a i n e d  i n  t h e  N.A.C.A. 8 - f o o t  
h i g h - s p e e d  mind tunne 1, t h e  dynamic p r e s s u r e  ( q  = P v2) 
u s e d  i n  c o n p u t i n g  f o r c e  aiid nonent  c o e f f i c i e n t s  d e p a r t s  
c o n s i d e r a b l y  f r o n  t h e  i m ~ a c t  p r e s s u r e  shown by a  p i t o t -  
s t a t i c  t u h e .  The method by which t h e  dynamic p r e s s u r e ,  
a i r  s p e e d ,  and  Reynolds  Number i n  t h e  t e s t  s e c t i o n  a r e  
computed i s  p r e s e n t e d  i n  r e f e r e n c e  6.  

RESU'LTS 

The t u n n e l  e f f e c t s  on t h e  c h a r a c t e r i s t i c s  of an a i r -  
f o i l  t h a t  i s  a s  l a r g e  r e l a t i v e  t o  t h e  t u n n e l  d i a m e t e r  a s  
t h e  one u s e d  i n  t h e s e  t e s t s  a r e  q u i t e  a p p r e c i a b l e .  S i n c e  
t h e s e  e f f e c t s  have n o t  y e t  been c o m p l e t e l y  d e t e r m i n e d  f o r  
t h i s  n f n d  t u n n e l ,  no c o r r e c t i o n s  have  been a p p l i e d  and  
none  of t h e  r e s u l t s  a r e  ? r e s e n t e d  a s  a b s o l u t e  d r e g  c o e f f i -  



c i e n t s .  The r e s u l t s  a r e ,  i n s t e a d ,  p r e s e n t e d  i n  t e r m s  of 
i n c r e a s e s  i n  d r a g  c o e f f i c i e n t ,  n h i c h  s h o u l d  be l i t t l e  al- 
t e r e d  by  t u n n e l  e f f e c t s .  

Even though t h e  d r a g  r e s u l t s  s h o u l d  u s u a l l y  be a p p l i e d  
on t h e  b a s i s  of Reyno lds  Number, t h e y  a r e ,  f o r  e x p e d i e n c y ,  
shonn i n  t e r m s  of l,!ach number , ( t h e  r a t i o  of t h e  a i r  
spec?- t o  t h e  s p e e d  of sound i n  t h e  a i r )  b e c a u s e ,  a t  t h e  
h i g h e r  s p e e d s  employed i n  t h e  t e s t s ,  c o m p r e s s i b i l i t y  e f -  
f e c t s  c a u s e  d r a g  c o e f f i c i e n t s  t o  v a r y  so r a p i d l y  w i t h  14 
t h a t  com>ar i sons  a r e  n r e f e r a b l ; ~  made a t  e q u a l  v a l u e s  of  
t h i s  p a r a n e t e r .  The a i r  s p e e d s  g i v e n  a r e  n o t  a c t u a l  t e s t  
a i r  s p e e d s  a t  t h e  reduced. d e n s i t i e s  e x i s t i n g  i n  t h e  w ind  
t u n n e l . b u t  a r e  s p e e d s  mhich ,  a t  sea, l e v e l  i n  s t a n d a r d  a t -  
mosphere ,  mould p roduce  v a l u e s  of 1 e q u a l  t o  t h e  t e s t  
va lv-es .  The Reynolds  Numbers a r e  t h e  a v e r a g e s  of ' t h e  ac-  
t u a l  Reyno lds  Numbers f o r  t h e  v a r i o u s  t e s t  r u n s .  Bone of 
t h e  Reyno lds  Numbers d e p a r e s  f rom t h e s e  a v e r a g e s  enough 
t o  a f f e c t  t h e  r e s u l t s  a p p r e c i a b l y .  

I n c r e a s e s  i n  t h e  d r a g  of t h e  a i r f o i l  c a u s e d  by s i x  
l a p s  on e a c h  s u r f a c e  a r e  p l o t t e d  % g a i n s t  M i n  f i g u r e  4 
f a T  e a c h  of t h e  f o u r  t y p e s  of l a p  t e s t e d  and  f o r  p l a i n  
l z p s  f a c i n g  a f t  i n  combina t ion  w i t h  1 3  rows of 3 /32 - inch  
b r a z i e r - h e a d  r i v e t s  on e a c h  s u r f a c e .  Curves  f rom r e f e r -  
ence  6 shoming d r a g  i n c r e a s e s  c a u s e d  by 3/32-inch b r a z i e r -  
hertd r i v e t s  i n  t h e  . a b s e n c e  of l a p s  a r e  i n c l u d e d  f o r  corn- 
p ~ ~ r i s o n .  I n  o r d e r  t o  a i d  i n  v i s u a l i z i n g  t h e  magni tude  of 
t h e  d r a g  i n c r e a s e s ,  t h e  papproximate p e r c e n t a g e  i n c r e a s e s  
% t  one  Reyno lds  NunSer,  u s i n g  a s  b a s e  v a l u e s  f u l l - s c a l e  
w ind- tunne l  r e s u l t s  f rom r e f e r e n c e  10 c o r r e c t e d  f o r  t i p  
e f f e c t s ,  z r e  shown f o r  a few r e p r e s e n t a t i v e  p o i n t s .  

A s  l a p s  were e l i n i n a t e d  s t a r t i n g  w i t h  t h e  f o r w a r d  
? a i r  (one on e a c h  s u r f a c e ) ,  t h e  l a p  d r a g  d .ecreased  a s  
shonn i n  f i g u r e  5.  T h i s  f i g u r e  shows d a t a  f o r  a  t u n n e l  
s p e e d  of  230 m i l e s  p e r  h o u r  a c d  f o r  a l i f t  c o e f f i c i e n t  of 
0.15. S i c i l a r  r e s u l t s  wore found  f o r  o t h e r  s p e e d s  and  l i f t  . 
c o e f f i c i e n t s .  The e f f e c t s  of l a p s  on t h e  u p p e r  a n d  l o w e r  
s u r f a c e s  of t h e  a i r f o i l  were n o t  s e p a r a t e d .  

Xone o f  t h e  c o n d i t i o n s  t e s t e d  had  any a ? p r e c i a b l e  e f -  
f e c t  oil l i f t  o r  p i t c h i n g  moment a t  any  o f  t h e  a n g l e s  of 
a t t c c k  i n c l u d e d  i n  t h e  t e s t s ,  n h i c h  c o v e r e d  t h e  u s u a l  
high-speed- a a d  c r u i s i n g  r a n g e .  



Q n l g  i n c r e a s e s  i n  d r a g  c o e f f i c i e n t  a r e  r e p o r t e d  h e r e -  
i n .  Fo r  t h e  r e a s o n s  d i s c u s s e d  i n  r e f e r e n c e  6 ,  random e r -  
r o r s  i n  t h e s e  i n c r e a s e s  ? r o b a b l y  do n o t  exceed  f0 ,0001 ,  
c o r r e s p o n d i n g  t o  21.4 p e r c e n t  of t h e  d r a g  of t h e  smooth 
n i r f o i l ,  e x c e p t  a t  s p e e d s  belom 1 0 0  and  above 400 m i l e s  
p e r  h o u r ,  where t h e  e r r o r s  may be t w i c e  t h i s  v a l u e .  Sys- 
t e m a t i c  e r r o r s  a r e  t h o u g h t  t o  be small enough t h a t  t h e i r  
e f f e c t  on t h e  r e s u l t s  i s  n o t  i n p o r t a n t .  

DISCUSSION 

The r c l a t i r e  m e r i t s  of t h c  f o u r  d i f f e r e n t  t y p e s  of 
l a p  can  be judged  from f i g u r e  4 .  The j o g g l e d  l a p s  were 
t h o  S e s t  t y p e  t e s t e d .  P l a i n  l a p s  f a c i n g  f o r w a r d  c a u s e d  
t h e  g r e a t e s t  i n c r e a s e  i n  d r a g  b u t ,  when t h e s e  l a p s  were 
f ~ ~ i r e d  by r o u n d i n g  t h e  e d c e s  of t h e  s h c c t s ,  t h e  d r a g  n a s  
a b o u t  t h c  sarne a s  t h a t  of t h e  n o r e  cormonly used. p l a i n  
l a p s  f a c i n g  a f t .  

The d r z g  c a u s e d  by l a p s  was s s a l - 1  compared ~ i t h  t h e  
d r a g  c a u s e d  by  p r o t r u d i n g  r i v e t  h e z d s .  For  example ,  p l a i n  
l a p s  f a c i a g  a f t  i n c r e a s e d  t h e  d r a g  o n l y  abou t  o n e - t h i r d  2s 
much c s  3/32-inch b r a z i e r - h e a d  r i v e t s .  The d r a g  i n c r e a s e s  
c a u s e d  by l a p s  mere of t h e  same o r d e r  of magni tude  a s  t h e  
i n c r e a s e s  c a u s e d  by c o u n t e r s u n k  r i v e t s  ( r e f e r e n c e  6 1. 

F r o m  t h e  r e s u l t s  shown i n  f i g u r e  4  i t  can be s e e n  t h a t  
t h c  c e f e c t s  o f  r i v e t s  and. l a p s  a r e  n o t  a d d i t i v e .  Adding 
? l a i n  la,,-t3s f a c i n g  a f t  t o  :: r i n g  a l r e a d y  h a v i n g  .1/32-inch 
b r a z i e r - b e 2 d  r i v e t s  i n c r e a s e d  t h e  d r a g  o n l y  a b o u t  o n e - t h i r d  
2 s  1nu& ~ 2 s  a d d i n g  t h e  s a n e  l a p s  t o  an  o the r tv i se  smooth ?7ing* 

The d r a g  c a u s e d  by l a p  j o i n t s  i n c r e a s e d  as  Reynolds  
Number nzs  i n c r e a s e d  up  t o  a b o u t  1 2 , 0 0 0 , 0 0 0  ( f i g .  4 ) .  As 
Reyno lds  ITumber n s s  f u r t h e r  i n c r e a s e d ,  t h e  l a p  d r a g  de- 
c r e a s e d  b u t  t h i s  d e c r e a s e  canno t  be n k t r i b u t e d  e n t i r e l y  t o  
s c a l e  e f f e c t  because  t h e  t e s t  s p e e d s  c o r r e s p o n d i n g  t o  t h e  
h i g h e r  Reyno lds  ?Jumbers n e r e  so h i g h  t h a t  c o m p r e s s i b i l i t y  
e f f e c t s  miT;ht have been ? r e d o m i n a n t ,  From t h e  n a t u r e  of 
t h e  s c a l e  e f ' f e c t ,  i t  i s  e v i d e n t  t h a t  s m a l l - s c a l e  t e s t s  of 
l a p  d r a g  = r e  u n r e l i a b l e .  

Fi:;ure 5 shows t h a t ,  a s  l a p s  n e r e  e l i m i n a t e d  s t a r t i n g  



a i t h  t h e  f o r n a r d  l a p s ,  t h e  d r a g  mas r e d u c e d  q u i t e  r a p i d l y  
a t  f i r s t  bu-t t h a t  t h e  r e d u c t i o n  became a p p r o x i m a t e l y  l i n -  
e a r  25 p e r c e n t  0.f t h e  c h o r d  back  f rom t h e  l e a d i n g  edge.  
T h i s  r e d u c t i o n  o f  l a p  d r a g  n a s  s imilar  t o  t h e  r e d u c t i o n  
shonn f o r  r i v e t s  i n  r e f e ~ e n c e  6  a n d  r e -emphas i zes  t h e  i m -  
p o r t a n c e  o f  k e e p i n g  t h e  f o r n a r d  p o r t i o n s  of w ings  smooth. 

InasA:~uch a s  l a p  s i m u l a t i o n s  r e p r e s e n t i n g  o n l y  one 
shec-b t h f c l r n e s s ,  0.018 i n c h  (0.080 p e r c e n t  c h o r d ) ,  mere 
t e s t e d ,  no d a t a  a r e  p r o v i d e d  on t h e  v a r i a t i o n  of  l a p  d r a g  
a i t h  s h e e t  t h i c k n e s s .  I t  must be remembered t h a t ,  as i n  
t h e  c a s e  o f  r i v e t s  ( r e f e r e n c e  6 ) ,  t h e  d imens ions  and  ar- 
r a n g e n e a t s  of l a p  j o i n t s  must be c o n s i d e r e d  i n  t e r m s  of 
w ing  chord .  

T?ae e f f e c t  on t h e  p e r f o r i a n c e  of a n  a i r p l a n e  h a v i n g  
t h e  f o l l o w i n g  assumed c h a r a c t e r i s t i c s  n i l 1  be c o n s i d e r e d  
t o  i l - l u s t r a t e  t h e  i m p o r t a n c e  of t h e  d r a g  c a u s e d  by l a p s  on 
a n  a i r p l a n e  ; ~ i n g :  

G r o s s  n e i g h t  - - - - - - - - - 25,000  pound-s . 
TlinG : , r ea  - - - - - - - -- - - 1 , 0 0 0  s q u a r e  f e e t .  

v i n g  span - - - .- - - -- - - - i O O  f e e t .  

C r u i s i n g  speed  - - - - - - - 200 a i l e s  F e r  hou-r. 

C r u i s i n g  a l t i t u 2 . e  - - - - - .- 8 ,000 '  f e e t .  

C r u i s i n g  p o n e r  - - - - - - - 1 , 2 0 0  ho r sepower .  

P r o p e l l e r  e f f i c i e n c y  - - - - - 85 p e r c e n t .  

Type of l a p  on x ~ i n g  s u r f a c e  - P l a i n  l a p s  f a ' c i n g  a f t .  

Thickness of  l a p p e d  s h e e t s  - - 0.036 i n c h  (0.030 p e r -  
c e n t  c h o r d ) .  

P o s i t i o n  of f o r n a r d  l a p s  - - 8 p e r c e n t  c h o r d .  

ITumber of l a p s  - - - - - - - - 6 on each  s u r f a c e .  

V i n g  o t h e r n i s o  smooth. 

T ron  t h e s e  assumed c h s r a c t c r i s t i c s  t h e  f o l l o n i n g  can  
be  conpu tad :  



Avcrzge  cho rd  - - - - - - - - 1 0  f e c t .  

C r u i s i n g  Reynold-s lJurnber - - . -  1 4 , 4 0 0 , 0 0 0  

C r u i s i n g  cD - - - - - - - -  0.0238 

C r u i s i n g  C L -  - - - - - - - - 0 . 3 1  

Fro:-? r i g u r c  4 ,  it i s  s e e n  t h a t  c l i n i c a t i n g  t h e  l r p s  from 
t h e  z7ing of t h i s  a i r p l a n e  n o u l d  r e d u c e  t h e  d r a g  c o e f f i -  
c i e n t  by ?bout  0.0004. With t h i s  drcbg r e d u c t i o n  t h c  a i r -  
pln.ne -.79711? c r u i s e  n t  201.3 m i l e s  p e r  hour  nit11 t h e  sane 
po'7cr as ' o c f o r e ,  o r  t h e  o r i g i n a l  c r u i s i n g  speed  of 200 
n i l c s  pel- :lour c o u l d  .be main ta i l l ed  r r i t h  20 h o r s e p o v e r  
l e s s .  

I<cndnl l  P c r k i n s  ( r e f e r e n c e  11) h a s  e s t i m a t e d  t h a t  i n -  
c r c c s i g g  t 3 e  speed  o f  2, 25,000-pound t r a n s p o r t  a i r p l a n e  
1 n i l c  p c r  h o u r  i n c r e a s e s  i t s  s a l e s  v a l u e  a z p r o x i m a t e l y  
$1 ,000 .  . I f  t h i s  e s t i n a t e  be a c c e p t e d ,  a p p r o x i m a t e l y  $1 ,300  
p e r  n i r s l n n e  c o u l d  bc e c o n o m i c a l l y  exponded i n  e l i m i n a t i n g  
t h e  l n p s  f r o n  t h e  v i n g ,  Thc g a i n s  n a u l d  be l a r g e r  f o r  a i r -  
pl .?<ncs cleaner t h a n  t h e  one assumed. 

Thc n o s t  i m p o r t a n t  c o n c l u s i o n s  d rann  from t h e  t e s t s  
can  be  s u n a a r i z c d  a s  f o l l o n s :  

1. Zzpped j o i n t s  i n  a  r e p r e s e n t a t i v e  a r r a n g e m e n t  i n -  
c r e a s e d .  .the p r o f i l e  d r a g  frorn 4  t o  9  p e r c e n t .  

2, fls l a g s  n c r e  e l i n i n a t c d  s t a r t i n g  n i t h  t h e  f o r n n r d  
l a p s ,  t h c  d r a g  n a s  r c d u c e d  q u i t e  r a p i d l y  at  f i r s t  b u t  t h c  
r e d u c t i o n  Seczmc a p g r o x i ~ n a t ~ e l y  l i n e z r  25 p e r c e n t  of  t h e  
c h o r d  'gnck f rom t h e  l e n d i a g  cdgo. 

(-7 
. . 

a. With 2 t y p i c a l  ?"rranges:cnt of S r a z i e r - h e a d  r i v -  
e t s  on a r . i n g ,  t h c  a d d i t i o n a l  d r a g  due t o  l a v s  mas s n a l l .  

L a n g l c y  1fc:::orial A e r o n a u t i c a l  L a b o r a t o r y ,  
B z t i o n c l  Adv i so ry  C o a n i t t c c  f o r  A e r o n a u t i c s ,  

Lnngley  F i e l d ,  V n . ,  Dccenbcr  2 ,  1937.  
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FIGURE LEGEMDS 

F i g u r e  1.- A i r f o i l  n i t h  3 /32 - inch  b r a z i e r - h e a d  r i v e t s  and 
p l a i n  l a p s  f a c i n g  a f t  mounted i n  a i n d  t u n n e l .  
The a i r f o i l  i s  s e t  a t  a l a r g e  n e g a t i v e  angle 
t o  shoa t h e  l a p s  and r i v e t s .  

F i g u r e  2.- D e t a j l s  of s i m u l a t i o n s  of l a p s .  A l l  d i m e n s i o n s  
a r e  i n  i n c h e s .  

F i g u r e  3.d P o s i t i o n s  of l n p s  and r o n s  of r i v e t s  u s e d  i n  
t e s t s .  

F i g u r e  4.- I n c r e a s e  i n  dr,2,g due t o  s i x  l n p s  on e a c h  s u r f a c e  
of a i r f o i l .  

F i g u r e  5.- Drag due t o  l a p s  w i t h  fo rmkrd  l a p s  a t  v a r i o u s  
chord  p o s i t i o n s :  CL, 0.15; V, 230 m.p.h.; 

a v e r a g e  R ,  1 0 , 2 0 0 , 0 0 0 .  
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