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A BRIEF STUDY OF THE SPEED REDUCTION OF OVERTAKIMG 

By H. A. Pea r son  and B. F. Anderson 

SUMMARY 

A s  an a i d  t o  a i r p l a n e  d e s i g n e r s  i n t e r e s t e d  i n  p r o v i d -  
i n g  p u r s u i t  a i r p l a n e s  w i t h  d e c e l e r a t i n g  d e v i c e s  i n t e n d e d  
t o  i n c r e a s e  t h e  f i r i n g  t i m e  when o v e r t a k i n g  a n o t h e r  a i r -  
p l a n e ,  f o r m u l a s  a r e  g i v e n  r e l a t i n g  t h e  p e r t i n e n t  d i s t a n c e s  
and s p e e d s  i n  h o r i z o n t a l  f l i g h t  t o  t h e  d r a g  i n c r e a s e  r e -  
q u i r e d .  

C h a r t s  a r e  g i v e n  f o r  a  r e p r e s e n t a t i v e  p a r a s i t e - d r a g  
c o e f f i c i e n t  from which t h e  d r a g  i n c r e a s e ,  t h e  t i m e  g a i n e d ,  
and t h e  c l o s i n g  d i s t a n c e  may b e  found. The c h a r t s  a r e  
made up  f o r  t h r e e  v a l u e s  o f  t h e  r a t i o  of  t h e  f i n a l  speed  
o f  t h e  p u r s u i n g  a i r p l a n e  t o  t h e  speed  of t h e  pu r sued  a i r -  
p l a n e  and f o r  s e v e r a l  v a l u e s  of t h e  r a t i o  of t h e  speed  of 
t h e  p u r s u e d  a i r p l a n e  t o  t h e  i n i t i a l  speed  of t h e  p u r s u i n g  
a i . r p l a n e .  C h a r t s  a r e  a l s o  g i v e n  i n d i c a t i n g  t h e  d r a g  i n -  
c r e a s e s  o b t a i n a b l e  w i t h  d o u b l e  s p l i t  f l a p s  and w i t h  con- 
v e n t i o n a l  p r o p e l l e r s .  The u s e  of t h e  c h a r t s  i s  i l l u s -  
t r a t e d  by an  example i n  which it  i s  i n d i c a t e d  t h a t  e i t h e r  
d o u b l e  s p l i t  f l a p s  o r ,  u n d e r  c e r t a i n  i d e a l  c o n d i t i o n s ,  
r e v e r s i b l e  p r o p e l l e r s  s h o u l d  p r o v i d e  t h e  speed  r e d u c t i o n s  
r e q u i r e d .  

P x p e r i e n c e s  of  f i g h t e r  p i l o t s  i n  t h e  c u r r e n t  war 
have  i n d i c a t e d  t h a t  t h e r e  a r e  numerous o c c a s i o n s  where a 
d e c e l e r a t i n g  d e v i c e  cou ld  be  u s e d  t o  advan tage .  One of 
t h e s e  o c c a s i o n s  o c c u r s  when a f i g h t e r  o v e r t a k e s  a bomber 
a t  n i g h t .  By t h e  t i m e  c o n t a c t  i s  d e f i n i t e l y  e s t a b l i s h e d  
. t h e  bomber i s  u s u a l l y  b e i n g  approache'd s o  r a p i d l y  t h a t  
t he r ' e  i s  i n s u f f i c i e n t  t ime  f o r  a c c u r a t e  . f i r i n g  b e f o r e  i t 
i s  n e c e s s a r y  t o  swerve i n  o r d e r  t o  a v o i d  a c o l l i s i o n .  



She n e c e s s a r y  d e c e l e r a t i o n  o b v i o u s l y  can  be  o b t a i n e d  
by an  i n c r e a s e  i n  t h e  d r a g ,  by a d e c r e a s e  i n  t h e  t h r u s t ,  
o r  by combina t ions  of b o t h .  R e g a r d l e s s  of which method 
i s  u s e d ,  i t  i s  d e s i r a b l e  i n  t h e  slowing-down p r o c e s s  t h a t  
t h e r e  shou ld  b e  n6 sudden a d d i t i o n a l  f o r c e s  no r  moments 
i n t r o d u c e d  which w.ould c a u s e  t h e  p i l o t  t o  l o s e  h i s  l i n e  
of f i r e ,  

As a  p r e l i m i n a r y  c r i t e r i o n  D r .  Edward Warner,  who had 
t a l k e d  w i t h  f i g h t e r  p i l o t s  I n  England,  s u g g e s t e d  t h e  f o l -  
l owing  a s  r e q u i r e m e n t s  f o r  a  d e c e l e r a t i n g  d e v i c e :  ? . . 
an a v e r a g e  a c c e l e r a t i o n  of one t h i r d  g r a v i t y  over  a speed  
r a n g e  from 300 t o  1 5 0  m i l e s  p e r  hour  s h o u l d  be  t a k e n  as 
t h e  i d e a l ,  and i t  shou ld  b e  p o s s i b l e  t o  s e c u r e  t h e  f u l l  
e f f e c t  w i t h i n  two seconds  of t h e  f i r s t  a p p l i c a t i o n  of t h e  
c o n t r o l  o r  t o  t a k e  t h e  b r a k e  o f f  w i t h i n  a  s imilar  t ime."  

I d e a s  of o t h e r s  on t h i s  s u b j e c t  have  been t h a t ,  f o r  
day f i g h t e r s ,  t h e  d e v i c e  s h o u l d  b e  c a p a b l e  of s lowing  
from 400 t o  300 m i l e s  p e r  h o u r  and ,  f o r  n i g h t  f i g h t e r s ,  
f rom 300 t o  200 m i l e s  p e r  hour  w i t h  a v e r a g e  d e c e l e r a t i o n s  
of 1 g  and 1/2 g ,  r e s p e c t i v e l y .  Such c r i t e r i o n s  a r e  r e l -  
a t i v e l y  i n c o m p l e t e  a s  t h e y  c o n t a i n  n e i t h e r  t h e  i n i t i a l  
d i s t a n c e s  i n v o l v e d  n o r  t h e  t i m e  d u r i n g  which t h e  d e c e l e r a -  I 

t i o n  i s  t o  a c t .  The f a c t  t h a t  t h e  . i n i t i a l  d i s t a n c e s  w i l l  
v a r y  w i t h  p i l o t s  and t h a t  t h e  o v e r t a k i n g  v e l o c i t i e s  w i l l  
v a r y  a c c o r d i n g  t o  t h e  a i r p l a n e s  Snvolved f u r t h e r  s e r v e s  
t o  c o m p l i c a t e  t h e  e s t a b l i s h m e n t  of f i x e d  c r i t e r i o n s  and 
i n d i c a t e s  t h a t  a somewhat more d e t a i l e d  s t u d y  would b e  
d e s i r a b l e .  

The p r e s e n t  b r i e f  b u l l e t i n  i n c l u d e s  such  a  s t u d y  and 
i n d i c a t e s ,  f o r  a  p a r t i c u l a r  t y p e  of d e c e l e r a t i o n ,  t h e  r e -  
l a t i o n s  between i n i t i a l  d i s t a n c e s ,  n e c e s s a r y  d r a g ,  and 
f i r i n g  t i m e  g a i n e d  f o r  v a r i o u s  combina t ions  of a i r s p e e d  
Of a  f i g h t e r  and of a  bomber. The p o s s i b i l i t i e s  of t h e  
d o u b l e  s p l i t  f l a p  and t h e  r e v e r s i b l e - p i t c h  p r o p e l l e r  a s  
d e c e l e r a t i n g  d e v i c e s  a r e  c o n s i d e r e d .  

I n  t h e  t y p e  of d e c e l e r a t i o n  c o n s i d e r e d ,  t h e  b r a k i n g  
d e v i c e  i s ' a s s u m e d  t o  be  moved i n s t a n t l y  t o  a  f i x e d  p o s i -  
t i o n  s o  t h a t  t h e  d e c e l e r a t i o n  d e c r e a s e s  w i t h  time'. An- 2.  t 

o t h e r  p o s s i b i l i t y  would b e  t o  assume a  c o n s t a n t  d e c e l e r a -  
t i o n ,  i n  which c a s e  t h e  main problem becomes t h e - d e t e r -  
m i n a t i o n  of t h e  m o t i o s  of t h e  b r a k i n g  d ' ev ice ,  inasmuch a s  
t h e  t i m e  g a i n e d  and t h e  v e l o c i t y  r e d u c t i o n  can  be  o b t a i n e d  . 
d i r e c t l y .  



EQUATIOWS . 

The r e l a t l o n  between t h e  f o r c e  r e q u i r e d  t o  d e o e l e r -  
a t e  one a i r c r a f t  o v e r t a k i n g  a n o t h e r - a h d  t h e  s p e e d s ,  t i m e s ,  
and d i s t a n c e s  a r e  o u t l i n e d ,  t h e  n o t a t i o n  of f i g u r e  1 be-  
i n g  used.  I n  f i g u r e '  I, t h e  a i r p l a n e s  a r e  i n  h o r i z o n t a l  
f l i g h t  and t h e  d i s t a n c e s  t r a v e l e d  a r e  r e f e r r e d  t o  t h e  
g round ,  s t a r t i n g  w i t h  t h e  p o s i t i o n  of t h e  p u r s u i n g  a i r -  
p l a n e  when t h e  d rag- inc ' r eas ing  d e v i c e  i s  f i r s t  o p e r a t e d .  
I n  n i g h t  f i g h t i n g  t h i i ' p o . ~ i t i o n  might b e  a t  t h e  i n s t a n t  
t h a t  t h e  bomber i s  f i r s t '  s i g h t e d  o r  i n  day f i g h t i n g  when 
t h e  bomber f i r s t  came i n t o  extreme r a n g e ,  A t  t h i s  i n s t a n t  
l e t  t h e  speed of t h e  f i g h t k r  be  Vo  and t h e  h o r i z o n t a l  
d i s t a n c e  between t h e  two a i r p l a n e s  be t l .  Let nV, be 
t h e  speed of t h e  f i g h t e r  a t  t h e  d i s t a n c e  2, a t  which 
f i r i n g  c o n t a c t  i s ' b r o k e n .  Thus le  might be  c o n s i d e r e d  

a s  t h e  d i s t a n c e  a t  which t h e  f i g h t e r  a i r p l a n e  would be  i n  
e f f e c t i v e  range  of t h e  guns o f  t h e  bomber o r  t h e  d i s t a n c e  
a t  which i t  i s  n e c e s s a r y  t o  swerve i n  o r d e r  t o  a v o i d  c o l -  
l i s i o n ,  Assume t h a t  t h e  speed of t.he bomber i s  m a i n t a i n e d  
a t  a c o n s t a n t  v a l u e  V l  d u r i n g  t h e  t i m e  i n t e r v a l  t t h a t  
t h e  f i g h t e r  c l o s e s  from t l  t o  l e e  I n  t h i s  i n t e r v a l  t h e  
bomber t r a v e l s  t h e  d i s t a n c e  

and t h e  f i g h t e r  t r a . v e l s  t h e  d i s t a n c e  

t h u s  

For t h e  f i g h t e r  t h e  speed changes d u r i n g  t h e  i n t e r v a l  t h a t  
.& t h e  d e v i c e  i s  i n  o p e r a t i o n  accord ing  t o  t h e  e q u a t i o n  



where t h e  symbols  have  t h e i r  u s u a l  s i g n i f i c a n c e .  The i n -  
duced  d r a g  i n c r e a s e s  d u r i n g  t h e  slowing-down p r o c e s s  be-  
c a u s e  t h e  a i r p l a n e ,  i n  o r d e r  t o  m a i n t a i n  l e v e l  f l i g h t ,  , 
m u s t - i n c r e a s e  i t s  a n g l e  o f  a t t a c k  u n l e s s  t h e  l i f t  i s  a l s o  
i n c r e a s e d  a s  t h e  speed  i s  d e c r e a s e d .  I f  c o n s t a n t  e n g i n e  
s p e e d  and  c o n s t a n t  p i t c h  s e t t i n g  i s  m a i n t a i n e d ,  t h e  t h r u s t '  
w i l l ,  i n  g e n e r a l ,  a l s o  i n c r e a s e .  P i n c e  t h e s e  two e f f e c t s  
t e n d  t o  c o u n t e r a c t  e a c h  o t h e r ,  i t  seem,s r e a s o n a b l e ,  a t  
t h i s  s t a g e ,  t o  make t h e  a s s u m p t i o n - t h a t  t h e  t h r u s t  r ema ins  
c o n s t a n t  and e q u a l  t o  i t s  i n i t i a l  v a l u e  of 

and  t h a t  t h e  d r a g  c o e f f i c i e n t  i s  e q u a l  t o  

where 

CD, i n i t i a l  d r a g  c o e f f i c i e n t  

ACg i n c r e a s e  i n  d r a g  c o e f f i c i e n t  i n t r o d u c e d  by o p e r a t i n g  
a  d r a g - i n c r e a s i n g  d e v i c e ,  such  a s  d o u b l e  s p l i t  
f l a p s .  ( 1 t  i s  assumed h e r e  t h a t  A C D  r ema ins  
c o n s t a n t  d u r i n g  t h e  s p e e d  change .  ) 

The e f f e c t  of  r e v e r s i n g  t h e  p r o p e l l e r  b l a d e  a n g l e  
w i l l  b e  c o n s i d e r e d  l a t e r .  S u b s t i t u t i n g  e q u a t i o n s  (3) and 
( 4 )  i n t o  e q u a t i o n  ( 2 )  g i v e s  

d t  = WdV - - 

f ron!  which 

f >  
t nV 1 n j Vdt = - Vd.V 

(6) 

o  cDOvoa - (OD, + ACD)V '  

I n t e g r a t i n g  e q u a t i o n  ( 6 )  and  i n s e r t i n g  t h e  l i m i t s  g i v e s  



If e q u a t i o n  ( 5 )  i s  i n t e g r a t e d  between t h e  l i m i t s  V o  and  
nV1 and  t h e  r e s u l t i n g  e q u a t i o n  s i m p l i f i e d ,  t h e r e  i s  ob- 
t a i n e d  f o r  t h e  t i m e  e l a p s e d  

s u b s t i t u t i o n  o f  e q u a t i o n s  ( 7 )  and ( 8 )  i n t o  e q u a t i o n  (1) 
e r e  a r e  t h e n  o b t a i n e d  t h e  r e l a t i o n s  be tween  t h e  d r a g  
c r e a s e ,  t h e  c l o s i n g  d i s t a n c e s ,  and t h e  o v e r t a k i n g  v e l o -  
t i e s  g i v e n  by 

2 

V1 
C ( 9 )  



Equa t ion  ( 9 )  may be e x p r e s s e d  i n  t h e  form of  a  dimen- 
s i o n l e s s  d i s t a n c e  t r a v e l e d  by t h e  f i g h t e r  a i r p l a n e  w i t h  

W r e s p e c t  t o  t h e  bomber by d i v i d i n g  by - . 
gPs  

The a d d i t i o n a l  f i r i n g  t ime  g a i n e d  by t h e  u s e  of an 
i n s t a n t a n e o u s  speed- reduc ing  d e v i c e  o v e r  t h e  f i r i n g  t i m e  
w i t h o u t  a  speed- reduc ing  d e v i c e  i s  e q u a l  t o  

CHARTS. FOR DETERMIXING DRAG BEQUIRED 

I n  o r d e r  t o  p r o v i d e  a b a s i s  f o r  c . a l c u l a t i n g  t h e  d r a g  
i n c r e a s e  n e c e s s a r y  t o  o b t a i n  a  g iven  speed  change ,  v a l u e s  
have  been  computed from e q u a t i o n s  ( 8 )  and ( 9 )  f o r  

0 
= 0.02, t h r e e  v a l u e s  of  n  ( f a c t o r  by which t h e  

f i n a l  speed  of t h e  f i g h t e r  i s  g r e a t e r  t h a n  t h a t  of t h e  
bomber) ,  and s e v e r a l  v a l u e s  of V 1 / V o .  The r e s u l t s  a r e  
g i v e n  i n  t h e  form of c u r v e s  of  ACD p l o t t e d  a g a i n s t  t h e  

d i m e n s i o n l e s s  c l o s i n g  d i s t a n c e  I )  on f i g u r e s  2 ,  w - 
S \ 

3 ,  and 4. The r e s u l t s  a r e  t h u s  a p p l i c a b l e  t o  any wing 
l o a d i n g  and a i r  d e n s i t y  ( a l t i t u d e ) .  Values  of a  dimen- 

s i o n l e s s  t ime  t V ~ g p  have been  c r o s s - p l o t t e d  on t h e  f i g -  
TN' - 
S 

u r e s  t o  f a c i l i t a t e  t h e  c a l c u l a t i o n  of ' t .  

As an i l l u s t r a t i o n  of t h e  u s e  of t h e  c h a r t s ,  c o n s i d e r  
t h e  c a s e  where i t  i s  r e q u i r e d  t o  f i n d  t h e  i n s t a n t a n e o u s  
d r a g - c o e f f i c i e n t  i n c r e a s e  t h a t  would b e  n e c e s s a r y  u n d e r  
t h e  f o l l o w i n g  c o n d i t i o n s :  

I n d i c a t e d  a i r s p e e d  of bomber on c o u r s e  V 1 ,  m i l e s  
p e r  hour  . . . . . . . . . . . . . . . . . . : . .  1 5 0  

True  a i r s p e e d  of bomber on c o u r s e  V 1 ,  f e e t  p e r  
second . . . . . . . . . . . . . . . . . . . .  239.5 

I n i t i a l  i n d i c a t e d  a i r s p e e d  of o v e r t a k i n g  f i g h t e r  
V,, m i l e s  p e r  hour  . . . . . . . . . . . . . .  300 



True .  a i r s p e e d  of  o v e r t a k i n g  f i g h t e r  V o ,  f e e t  p e r  
second . . . . . . . . . . . . . . . . . . . .  479 

I n i t i a l  d i s t a n c e  from bomber when t h e  d rag -  
i n c r e a s i n g  d e v i c e  i s  f i r s t  o p e r a t e d  , f e e t  . 1000 

D i s t a n c e  from bomber a t  which c o n t a c t  i s  t o  be 
broken i e ,  f e e t  . . . . . . . . . . . . . . .  50 

W / S ,  pounds p e r  s q u a r e  f o o t  . . . . . . . .  36 
. . . .  Mass d e n s i t y  of a i r  p ,  ( a l t i t u d e  5800 f t )  0.002 

F i n a l  speed  of f i g h t e r  e q u a l s  speed of bomber ( n =  1 )  

From t h e s e  v a l u e s ,  

R e f e r e n c e  t o  f i g u r e  2 ( f o r  n  = 1) and t o  t h e  cu rve  l a b e l e d  
Vl/V, = 0.5 shows t h a t  t h e  r e q u i r e d  i n c r e a s e  i n  d r a g  C O -  - 

tVagp = 9 * 3 *  e f f i c i e n t  i s  e q u a l  t o  0.245 and - 
S 

Then 

I f  t h e r e  were no check ing  of t h e  f i g h t e r  s p e e d ,  t h e  t i m e  
t o  c l o s e  950 f e e t  would b e  

s o  t h a t  t h e  a d d i t i o n a l  f i r i n g  t ime  g a i n e d  i s  

10.9 - 4.0 = 6.9 s e c  

Thus,  i n  t h i s  i n s t a n c e ,  t h e  f i r i n g  t i m e  i s  n e a r I y  t r e b l e d  
and a d d i t i o n a l  f i r i n g  t ime  would be  g a i n e d  a s  t h e  bomber 
drew away. The i n c r e a s e  i n  a n g l e  of a t t a c k  would b e  abou t  
6' ( f o r  a  l i f t - c u r v e  s l o p e  of 0.075, i n  deg  u n i t s ) .  A s  
w i l l  be mentioned l a t e r ,  i t  may t h e r e f o r e  b e  d e s i r a b l e  t o  
p r e v e n t  a change i n  , a t t i t u d e  by m a i n t a i n i n g  c o n s t a n t  l i f t .  
A method such a s  t h e  a d d i t i o n a l  opening  of a  lower  f l a p  
c o u l d  be  used.  



The d rag  c o e f f i c i e n t  i n c r e a s e  of 0.245, s p e c i f i e d  by 
t h e  c o n d i t i o n s  of t h e  problem, c a n  be o b t a i n e d ,  as was 
p r e v i o u s l y  p o i n t e d  o u t ,  by t h e  u s e  of a  s i n g l e  d e v i c e  o r  I 

can be made up of inc rements  due , to each  of  s e v e r a l  de- 
v i c e s ,  such a s  doub le  s p l i t .  f l a p s ;  s p l i t  r u d d e r s ,  r e v e r s -  
i b l e  p r o p e l l e r ,  and s o  f o r t h .  

I t  i s  r e a l i z e d  t h a t  t h e  speed of a bomber w i l l  p rob-  
a b l y  n o t  remain c o n s t a n t  when i t  i s  a t t a c k e d ,  b u t  t h e  
d r a g  c o e f f i c i e n t s  found from t h e  f i g u r e s  w i l l  a t  l e a s t  
g i v e  an approx imat ion  t o  t h e  v a l u e  r e q u i r e d .  

DOUBLE SPLIT FLAP 

The d r a g  of wings w i t h  doub le  s p l i t  f l a p s  shou ld  be  
o b t a f n e d  by t e s t s  o r  by c a l c u l a t i o n ,  a n  S n t e g r a t i o n  a c r o s s  
t h e  span and a p p r o p r i a t e  s e c t i o n - d r a g  c o e f f i c i e n t s  b e i n g  
used.  A s  t h e r e  a r e ,  however,  few d a t a  a v a i l a b l e ,  t h e  f o l -  
lowing  method i s  g i v e n  t o  a i d  i n  f i n d i n g  t h e  o r d e r  of mag- 
n i t u d e  of t h e  d r a g  i n c r e a s e  o b t a i n a b l e .  

F i g u r e  5 shows t h e  v a r i a t i o n  w i t h  f l ap -chord  r a t i o  of 
t h e  increment  of s e c t i o n - d r a g  c o e f f i c i e n t  due t o  d e f l e c t -  
i n g  ( n o n p e r f o r a t e d )  double s p l i t  f l a p s  e q u a l l y  and Oppo- 
s i t e l y .  The c u r v e s  g iven  a r e  based on t h e  assumption t h a t  
t h e  d r a g  i n c r e a s e  of t h e  combinat ion  i s  e q u a l  t o  t h e  r a t i o  
of t h e  p r o j e c t e d  f l a p  a r e a  t o  t h e  wing a r e a  m u l t i p l i e d  by 
t h e  d r a g  c o e f f i c i e n t  (1.25) of a  f l a t  p l a t e  normal t o  t h e  
wing, T h i s  assumpt ion  y i e l d s  t h e  f o l l o w i n g  e q u a t i o n  f o r  
t h e  increment  of s e c t i o n  d r a g  c o e f f i c i e n t  hodo: 

Ac = 2.50 KE s i n  6 
do 

( 1 1 )  

where 

E f l ap -chord  r a t i o ,  c f / c  

6 f l a p  d e f l e c t i o n  

K e m p i r i c a l  f a c t o r  ' 

The e m p i r i c a l  f a c t o r  was o b t a i n e d  by i n s e r t i n g  ex- 
p e r i m e n t a l  v a l u e s  of Acd0, t aken  from unpub l i shed  t e s t  

r e s u l t s  of a  0.2 chord  doub le  s p l i t  f l a p ,  i n t o  e q u a t i o n  



( 1 1 )  and s o l v i n g  f o r  K. The a i r f o i l  was 1 2  p 'ercent  t h i c k  
and t h e  t e s t  Reynolds number was 600,000,  

The d a t a  of f i g u r e  5  r e p r e s e n t  t h e  l i m i t i n g  c a s e  of 
n o n p e r f o r a t e d  f l a p s .  F l i g h t  t e s t s  have  i n d i c a t e d  t h a t  
f l a p s  a r e  u s u a l l y  p r e f e r a b l e ,  b u t  i f  it i s  d e s i r e d  $0 u s e  
p e r f o r a t e d  f l a p s  t h e  v a l u e s  of f i g u r e  5 s h o u l d ' b e . r e d u c e d  
somewhat. Although d a t a  shoving ,  t h e  e f f e c t  of p e r f o r a -  
t i o n s  a r e  meager a t  p r e s e n t ,  t h e  r e s u l t s  o f  r e f e r e n c e  1 
i n d i c a t e  t h a t  8 5  p e r c e n t  of t h e  s o l i d  f l a p  d r a g  was r e a l -  
i z e d  w i t h  33.1 p e r c e n t  of t h e  a r e a  removed by t h e  p e r f o r a -  
t i o n s ,  

mod 
of 

The r e s u l t s  g i v e n  i n  f i g u r e  5 a r e  a p p l i c a b l e  w i t h o u t  
. i f i c a t i o n  t o  t h e  c a s e  of f u l l - s p a n  doub le  s p l i t  f l a p s  
c o n s t a n t  chord  r a t i o  ( A C ~  = Acdo).  I t  i s  s een  t h a t  

t h e  d r a g - c o e f f i c i e n t  i n c r e a s e  s o u g h t ,  t h a t  i s ,  0.245, 
c o u l d  b e  e a s i l y  o b t a i n e d  w i t h  f l a p s  of r e l a t i v e l y  s m a l l  
chord  e x t e n d i n g  a c r o s s  t h e  span.  If  i t  were d e s i r a b l e ,  
however ,  t o  o b t a i n  t h e  d e s i r e d  i n c r e a s e  w i t h  p a r t i a l - s p a n  
f l a p s ,  t h e  v a l u e s  g iven  i n  f i g u r e  5  would have t o  b e  i n -  
c r e a s e d  i n  t h e  r a t i o  of t h e  t o t a l  wing a r e a  S t o  t h e  

S wing a r e a  i n  f r o n t  of t h e  f l a p s  S t  (ACD = - Acdo) .  
S t 

The i n c r e a s e  f a c t o r  S / S '  i s  shown i n  f i g u r e  6 p l o t t e d  
a g a i n s t  f l a p  span  f o r  v a r i o u s  wing t a p e r  s a t i ' o s  f o r  wings 
w i t h  t r a p e z o i d a l  t i p s .  

I n  o r d e r  t o  i l l u s t r a t e  t h e  u s e  of f i g u r e  6 ,  assume 
t h a t  t h e  n e c e s s a r y  i n c r e a s e  i n  A C D  i s  t o  b e  o b t a i n e d  

by t h e  u s e  of a h a l f - s p a n  d o u b l e  s p l i t  f l a p  on a 2:1 ta-  
p e r e d  wing,  t h a t  i s ,  r a t i o  of t i p  c h o r d  t o  r o o t  chord  
h = 0.5. R e f e r r i n g  t o  f i g u r e  6 t h e  i n c r e a s e  f a c t o r  f o r  
b f / b  = 0.5 i s  found t o  b e  1 . 7 2 , s o  t h a t , t h e  Ao 

do 
r e -  

q u i r e d  i s  1 .72  X 0.245 = 0,422. Refe rence  t o  f i g u r e . 5 ,  
i n d i c a t e s  t h a t  t h i s  i n c r e a s e  would be  o b t a i n e d  w i t h  t h e  
f o l l o w i n g  c o m b i n a t i o n s  of  E and 6: 



I t  can be seen  t h a t  ' a  d o u b l e  s p l i t  f l a p  aan e a s i l y  be  
s e l e c t e d  which cou ld  meet even more s e v e r e  c o n d i t i o n s  than  
t h o s e  chosen, Even though such  c a p a b i l i t i e s  e x i s t  w i t h  
t h e  doub le  s p l i t  f l a p  i t  i s  q u e s t i ~ p a b l e  whether  t h e y  
c o u l d  b e  f u l l y  u t i l i z e d  because  of t h e  i n c r e a s e d  d e c e l e r a -  
t i o n  t h a t  would occur  w i t h  l a r g e r  f l a p s  and l a r g e r  d e f l e c -  
t i o n s .  P i l o t s  e v i d e n t l y  f e e l  t h a t  an a v e r a g e  d e c e l e r a t i o n  
of 1 g  i s  a  maximum which can  be  a l lowed  if accuracy  i n  
f i r i n g  i s  t o  b e  had, For t h e  example g iven  t h e  i n i t i a l -  
d e , c ~ l e r a t i o n  when t h e  f l a p s  a r e  f i r s t  d e f l e c t e d  i s  

and. t h e .  d e c e l e r a t i o n  when t n e  f i g h t e r  b r e a k s  c o n t a c t  a t  a  
speed of 150 m i l e s  p e r  hour  i s  0.39g. Prom a  curve  of de- 
c e l e r a t i o n  p l o t t e d  a g a i n s t  t ime ,  t h e  a v e r a g e  d e c e l e r a t i o n  
was found t o  be O.78g, and a  s t r a i g h t  ave rage  y i e l d s  a  
v a l u e  of 0.98g. 

R e s u l t s  of a s tep-by-s tep  computa t ion  ( r e f e r e n c e  2 )  
f o r  an a i r p l a n e  u s i n g  t h e  s p l i t  f l a p s  a s  a  b r a k e ,  i n d i -  
c a t e s  t h a t  by an a d d i t i o n a l  p r o g r e s s i v e  a n g l e  i n c r e a s e  of 
t h e  lower  f l a p  a  p r a c t i c a l l y  c o n s t a n t  a t t i t u d e  may be 
main ta ined ,  Thus,  t h e  c h a r t s  g iven  i n  t h i s  paper  may be 
used  t o  d e t e r m i n e  a v e r a g e  f l a p  c o n d i t i o n s  and f u r t h e r  c a l -  
c u l a t i o n s  may b e  made i f  i t  i s  c o n s i d e r e d  d e s i r a b l e  t o  
i n c r e a s e  t h e  a n g l e  of t h e  lower  f l a p .  

REVERSIBLE PROPELLERS 

Although some b r a k i n g  can be  o b t a i n e d  simply by 
t h r o t t l i n g  t h e  e n g i n e ,  t h i s  amount of b r a k i n g ,  i n  t h e  
l i g h t  b f  t h e  c r f  t e r i o n s  which have a l r e a d y  been advanced,  
would be i n a d e q u a t e .  I n  o r d e r  t o  o b t a i n  t h e  r e q u i r e d  . 
amount of b r a k i n g  from a  c o n v e n t i o n a l  p r o p e l l e r  i t  would 
be n e c e s s a r y  n o t  on ly  t o  be  a b l e  t o  a b r u p t l y  reduce  t h e  
p i t c h  s e t t i n g  b u t  a l s o  t o  s u p p l y  pQwer from t h e  engine.  
The f o l l o w i n g  a n a l y s i s  w i l l  i n d i c a t e  rough ly  t h e  d r a g  i n -  
c r e a s e s  which c o u l d  be  expec ted  from a c o n v e n t i o n a l  pro* 
p e l l e r  under  r a t h e r  i d e a l  c o n d i t i o n s .  

I f  t h e  t h r u s t  of  a  p r o p e l l e r  i s  e x p r e s s e d  by t h e  
e q u a t i o n  . ,  



and  i t  i s  assumed t h a t  t h e  p r o p e l l e r  i s  i n s t a n t l y  r e v e r s e d  
from i t s  normal  o p e r a t i n g  p o s i t i o n  t o  a n o t h e r  p o s i -  

t i o n  Pa a t  t h e  same V / ~ D  t h e  change  i n  t h r u s t  o r  d r a g  
i n c r e a s e  would be  g i v e n  by  

T O  c o n v e r t  t h i s  change  i n  t h r u s t  t o  an inc remen t  i n  d r a g  
c o e f f i c i e n t  b a s e d  on t h e  wing a r e a ,  l e t  A T  b e  g i v e n  by 

Then 

where SD i s  t h e  p r o p e l l e r  d i s k  a r e a .  

I n  g e n e r a l  t h e  v a l u e s  of C  and C T 2  
w i l l  depend  

*l 
on s e v e r a l  v a r i a b l e s ,  such  a s  number of b l a d e s ,  s o l i d i t y ,  
i n i t i a l  and  f i n a l  b l a d e  s e t t i n g ,  and  O/nD. Fo r  p u r p o s e s  
of making q u a n t i t a t i v e  compar i sons  o f  t h e  d r a g - i n c r e a s i n g  
c a p a b i l i t i e s  of  t h e  p r o p e l l e r  w i t h  t h o s e  of t h e  d o u b l e  
s p l i t  f l a p ,  r e s u l t s  from some u n p u b l i s h e d  d a t a  have  been  
e v a l u a t e d  t o  g i v e  t h e  c u r v e s  shown i n  f i g u r e s  7 and 8 .  
F i g u r e  ? ( a )  g i v e s  t h e  v a l u e  of C T 2  - O T 1  f o r  v a r i o u s  

b l a d e - a n g l e  r e d u c t i o n s  f o r  e a c h  of a number of i n i t i a l  
b l a d e - a n g l e  s e t t i n g s .  The d a t a  g i v e n  was o b t a i n e d  on a  
two-blade C l a r k  Y p r o p e l l e r  of 1 0 - f o o t  d i a m e t e r  t e s t e d  
a t  r e l a t i v e l y  low t i p  s p e e d s .  I n  t h e  d e r i v a t i o n  of f i g -  
u r e  7  i t  was assumed t h a t  a t  c r u i s i n g  s p e e d ,  t h e  p r o p e l l e r  
would b e  i n i t i a l l y  o p e r a t i n g  a t  t h e  CT c o r r e s p o n d i n g  t o  

t h e  V/nD of  maximum e f f i c i e n c y ,  which would a l s o  a u t o -  
m a t i c a l l y  d e t e r m i n e  t h e  i n i t i a l  v a l u e s  o f  t h e  power o r  
t o r q u e  c o e f f i c i e n t s  C p  and C Q  d e f i n e d  by 



Cp = e n g i n e  power.  CQ = A 
p n3 D' p n2 D5 

I f  t h e  p i t c h  were t h e n  a b r u p t l y  r e d u c e d ,  w i t h  t h e  V/nD 
r e m a i n i n g  t h e  same, new v a l u e s  of CT and CQ c o u l d  b e  

o b t a i n e d  f o r  i n i t i a l  b l a d e  s e t t i n g s  as h i g h  as  65' t o  
f i n a l  b l a d e  . s e t t i n g s  a s  low a s  -25'. Whereas f i g u r e  ? ( a )  

. shows t h a t  a r e d u c t i o n  i n  t h r u s t  i s  a lways  o b t a i n e d  r e -  
g a r d l e s s  of t h e  i n i t i a l  s e t t i n g  and t h e  amount of t h e  
b l a d e - a n g l e  r e d u c t i o n ,  f i g u r e  7 ( b )  shows t h a t  i f  t h e  r e -  
d u c t i o n  i n  b l a d e  a n g l e  i s  n o t  s u f f i c i e n t ,  a  w i n d m i l l i n g  
t o r q u e  w i l l  bk e f t e r t ed  on t h e  p r o p e l l e r ,  t e n d i n g  t o  ove r -  
speed  t h e  e n g i n e  u n l e s s  t h e  t h r o t t l e  s e t t i n g  i s  a l s o  r e -  
duced.  A t  t h e  v a l u e  of A P  where C - C = 0 t h e r e  

Q, Q l 
would % e  no o v e r s p e e d i n g ,  b u t  i f  t h e  change i n  b l a d s  
a n g l e  i s  g r e a t e r  t h a n  t h i s  amount,  i t  would be  n e c e s s a r y  
t o  s u p p l y  a d d i t i o n a l  power. S ince  t h e  maximum v a l u e s  of 
O T ~  - C ~ l  f o r  a g i v e n  i n i t i a l  b l a d e  s e t t i n g  w i l l  o c c u r  

beyond t h e  v a l u e  where C ~ ,  
= 0 ,  i t  would, i n  most 

c a s e s ,  be  n e c e s s a r y  t o  s u p p l y  power t o  o b t a i n  a maximum 
of b r a k i n g  from t h e  p r o p e l l e r .  

F i g u r e  8  shows t h e  i n c r e a s e  i n  a i r p l a n e  d r a g  c o e f f i -  
c i e n t  t h a t  i s  o b t a i n a b l e  w i t h  t h e  p r o p e l l e r .  The c u r v e s  
g i v e n  a r e  d e r i v e d  by s u b s t i t u t i n g  t h e  v a l u e s  from f i g u r e  

SD 7 ( a )  i n t o  e q u a t i o n  (141,  assuming a v a l u e  of 7 = 0.318, 

and a s s i g n i n g  t o  V / ~ D  t h e  v a l u e  h o l d i n g  a t  maximum e f f i -  
c i e n c y  f o r  t h e  v a r i o u s  i n i t i a l  b l a d e  s e t t i n g s .  The c u r v e s  
on t h i s  f i g u r e  show t h a t  t h e  d r a g - c o e f f i c i e n t  i nc remen t  
d e c r e a s e s  a s  t h e  i n i t i a l  b l a d e  s e t t i n g  i n c r e a s e s ,  f t  i s  
a l s o  i n d i c a t e d  t h a t  t h e  maximum v a l u e  of  ACD o c c u r s  ' 

at  a Afa of abou t  60'. 

Comparison of  t h e s e  v a l u e s  of ACD w i t h  t h o s e  0%- 

t a i n a b l e  w i t h  a doub le  s p l i t  f l a p  i n d i c a t e s  t h a t  t h e  con- 
v e n t i o n a l  p r o p e l l e r  does  n o t  have u l t i m a t e  c a p a b i l i t i e s  
a s - g r e a t  as  t h e  f l a p  f o r  r e d u c i n g  t h e  speed.  I n  t h e  p r e s -  
e n t  i n s t a n c e ,  however ,  i t  w i l l  be  n o t i c e d  t h a t  t h e  ACD 

of 0.245 r e q u i r e d  i n  t h e  p r e v l o u g  example oould  t h e o r e t -  
ica1L.y b e  o b t a i n e d  w i t h  t h e  p r o p e l l e r  i f  t h e  c h a r a c t e r i s -  



t i c s  of t h e  a i r p l a n e  were such  t h a t  t h e  i n i t i a l  b l a d e  s e t -  
t i n g  w a s  no g r e a t e r  t h a n  a b o u t  3 0 ° . ( f i g .  8 ) .  I n  o r d e r  
t h a t  t h e r e  s h o u l d  be  no t endency  of t h e  e n g i n e  t o  change 
speed  t h e  i n i t i a l  b l a d e  s e t t i n g  shou ld  have  been 26' ( f i g .  
8 ,  l i n e  of no t o r q u e  change and bCD = 0.2451, and t h e  - 
r e d u c t i o n  i n  b l a d e  s e t t i n g  shou ld  be 371/20. 

The u s e  of  t h e  p r o p e l l e r  'as a  wor th-whi le  a i r  b r a k e ,  
however ,  would n e c e s s i t a t e  a  r a p i d  change ?n b l a d e  a n g l e ,  
b e c a u s e  o t h e r w i s e  t h e  e n g i n e  would g r e a t l y  ove r speed  un- 
l e s s  t h e  t h r o t t l e  were s i m u l t a n e o u s l y  a d j u s t e d .  Some 
rough u a l c u l a t i o n s  f o r  a t y p i c a l  e n g i n e - p r o p e l l e r  combi- 
n a t i o n  i n d i c a t e  t h a t  i f  i t  r e q u i r e d  o n l y  1 second t o  make 
t h e  change i n  b l a d e  a n g l e ,  a p p r o x i m a t e l g  1 0  r p s  would b e  
g a i n e d  a t  f u l l  t h r o t t l e ,  On t h e  o t h e r  hand,  i f  t h e  t h r o t -  
t l e  s e t t i n g  were changed t o  r educe  any t endency  t o  over -  
s p e e d ,  a r o l l i n g  motion would r e s u l t ,  Thus,  u n l e s s  . 
c o u n t e r - r o t a t i n g  ( t o r q u e - r e a c t i o n - f r e e )  p r o p e l l e r s  were 
u s e d  i t  might be  n e c e s s a r y  t o  compensate  n o t  on ly  f o r  t h e  
e f f e c t  of a i r s p e e d  on t h e  a t t i t u d e  a n g l e  b u t  a l s o  p o s s i b l y  
f o r  t h e  r e s u l t i n g  r o l l i n g  mot ion ,  

1 .  

An a d d i t i o n a l  c o n s i d e r a t i o n  i s  t h e  e f f e c t  of t h e  de- 
c e l e r a t i o n  on t h e  engine-  and p r o p e l l e r - s t r e n g t h  r e q u i r e -  
ments ,  As t h e  d e c e l e r a t i o n  caused  by r e v e r s i n g  t h e  p i t c h  
w i l l  be  s e v e r a l  t i m e s  t h e  a c c e l e r a t i o n  u s e d  i n  t a k e - o f f ,  
t h e  p r o p e l l e r  and eng ine  p a r t s  may r e q u i r e  s t r e n g t h  i n -  
v e s t i g a t i o n  f o r  t h e  i n c r e a s e d  l o a d s  when t h e  p i t c h  i s  r e -  
v e r s e d ,  

CONCLUDING REMARKS 

I t  h a s  been  i n d i c a t e d  t h a t  speed- reduc ing  d e v i c e s ,  
such  a s  doub le  s p l i t  f l a p s  o r  r e v e r s i b l e - p i t c h  p r o p e l l e r s ,  
shou ld  p r o v i d e  a c o n s i d e r a b l e  amount of b r a k i n g  a n d ,  con- 
s e q u e n t l y ,  a l e n g t h e n i n g  of t h e  f i r i n g  t i m e  f o r  a f i g h t e r  
a i r p l a n e  o v e r t a k i n g  a bomber. 

If doub le  s p l i t  f l a p s  were u s e d ,  i t  would be d e s i r a -  
b l e  t o  a d j u s t  one of t h e  f l a p s  a f t e r  t h e  i n i t i a l  d e f l e c -  
t i o n  i n  o r d e r  t o  m a i n t a i n  a  c o n s t a n t  a t t i t u d e .  

I f  r e v e r s i b l e - p i t c h  p r o p e l l e r s  were u s e d ,  i t  would 
b e  n e c e s s a r y  t h a t  l a r g e  changes  i n  b l a d e  a n g l e  be  p o s s i -  
b l e  i n  a  s h o r t  i n t e r v a l  of t i m e  (o f  t h e  o r d e r  of 1 1 2  s e c )  
t o  p r e v e n t  o v e r s p e e d i n g  a t  a  c o n s t a n t  t h r o t t l e  s e t t i n g .  



In order to av.aid possible changes in attitude, not only 
wauld counter-rotating propellers be desirable to ~elim$- 
nate rolling tendencies but also a lift-increasing device 
should probably be used to prevent a change in attitude, 
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Figure 1.- Convontlona wad in dssivation. 
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F1guPe 2.- Relation bebeen drag coefflcflrat and elorbq dirtanbe. Final speed of' 
pursuing airplane equal to rpeed of purrueg alrplme. 

(n=l) 
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?5/s mgol.9 3.- Relation between drag coefficient and elos di8t.nce. binal speed 

of  puraullyr al~plane equal to 1.25 ttr8% speed of the p l u d  airplane* 
(nz1.25 
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Flgura 6.- fOcreaae rector Tor partial a m  napa, for  dnga  with tnpeoo1cl.l tipa. 
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F/gc/re 7- - Chonge in thrust ond toque coefficients 
coused by sudden/y /educ/i?g f i e  Mode ong/e, 



Figure 6.- Change /h oirp/ane drug coefficknt 
caused by sudden/g reducing f i e  pmpe//er. &/ode onq/e. 




