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THE TRhlJSITION PHASE I N  THE TAKE-OFF OF AN AIRPLAWE 

An i n v e s t i g a t i o n  mas u n d e r t a k e n  t o  d e t e r m i n e  t h e  cha r -  
a c t e r  2nd i m p o r t a n c e  o f  t h e  t r n n s i t i o n  phase  be tween  t h e  
g r o u n d  r u n  and  s t e a d y  c l i m b  i n  t h e  t a k e - o f f  of a n  a i r p l a n e  
a n d  t h e  e f f e c t s  of v a r i o u s  f a c t o r s  on t h i s  p h a s e  a n d  on t h e  
z i r - b o r n c  p a r t  o f  t h e  ta1:e-off as a v h o l e .  The i n f o r m a t i o n  
was o b t - i n c d  from a  s e r i e s  of  s t e p - b y - s t e p  i n t e g r a t i o n s ,  
mhich d e f i n e d  t h e  n o t i o n  of t h e  a i r p l a n e  d u r i n g  t h e  t r a n s i -  
t i o n  and which were b a s e d  on d a t a  d e r i v e d  f r o n  a c t u a l  t ake -  
o f f  t e s t s  o f  a B e r v i l - l e  AT a i r p l a n e .  Both normal  and  zoom 
t a k e - o f f s  u n d e r  s e v e r a l  l o a d i n g  and  t a k e - o f f  speed  condi -  
t i o n s  were c o n s i d e r e d ,  The e f f e c t s  of a n o d e r a t e  v i n d  
w i t h  a c o r r e s p o n d i n g  mind g r a d i e n t  and  t h e  e f f e c t  of  p rox-  
i m i t y  of t 3 e  ground were a l s o  i n v e s t i g a t e d .  

The r e s u l t s  shorn t h a t ,  f o r  no rma l  t a l r e - o f f s ,  t h e  b e s t  
,/- 

t r a n s i t i o n  was r e a l i z e d  a t  t h e  l o n e s t  p o s s i b l e  t a k e - o f f  ,,, 

s p e e d .  i Jo reove r ,  t h i s  speed: gave  t h e  s h o r t e s t  o v e r - a l l  i 

t a k e - o f f  d i s t a n c e  f o r  normal  t a k e - o f f s .  Zoon t a k e - o f f s  /' 

r e q u i r e d  a s h o r t e r  o v e r - a l l  t a k e - o f f  r u n  t h a n  no rma l  t a k e -  
o f f s ,  p a r t i c u l a r l y  m i t h  n heavy  l o a d i n g ,  i f  t h e  o b s t a c l e  I 

t o  be c l c a r e d  was sufficiently h i g h ,  e .g . ,  g r e a t e r  t h a n  5 0  
f e c t ;  no a d v a n t a g e  w a s  i n d i c a t e d  f o r  t h e  a i r p l a n e  w i t h  a 
l i g h t  l o a d i n g  i f  t h e  h e i g h t  t o  be c l e a r e d  mas l c s s .  The 
c T r o r  t h a t  ~ v o u l d  r e s u l t  f rom t h e  n e g l c d  of t h e  t r a n s i t i o n  
i n  t h c  c a l c u l a t i o n  of t h e  a i r - b o r n c  d i s t a n c e  of  t ake -o f f  
n n s  f o u n d  t o  v a r y  f rom 4 p c r c c n t  m i t h  t h e  h o a v i c s t  l oad -  
i n g  c o n s i d e r e d  t o  -4 p c r c c n t  n i t h  t h e  l i g h t e s t  l o a d i n g  f o r  
norm?l tn l re -of f  s  o v e r  n 100-foot  o b s t a c l e ;  t h e  n e r c e n t a g e  
e r r o r  nas t n i c c  a s  g r c c t  f o r  n 50- foo t  o b s t a c l e .  For  zoom 
t a k e - o f f s  t h e  e r r o r  n t t a l n o d  much g r e a t e r  v n l u e s .  The av- 
e r a g e  v i n d  g r a d i e n t  c o r r e s p o n d i n g  t o  a 5-mile-per-hour  

- s u r f a c e  1;rind r e d u c e d  t h e  n i r - b o r n c  d i s t ~ n c c  r e q u i r e d  t o  
c l e a r  3, 5 0 - f 0 0 t  o b s t a c l e  by l b o u t  9 p e r c e n t  w i t h  t h o  l i g h t -  
e s t  l o 3 6 i n g  and  16 p e r c e n t  w i t h  t h e  h e a v i e s t  l o a d i n g ;  f o r  
n 100- foo t  o b s t a c l c  t h e  r e d u c t i o n  a:xs abou t  10  p e r c e n t  i n  
b o t h  c c s e s .  The o v e r - a l l  r c d u c t i o n  due t o  t h i s  n i n d  was 
npproxim:-,tcly t n i c c  t h a t  r c & u l t i n g  f r o n  t h c  n i n d  g r a d i e n t  
c l o n e ,  A s i m p l e  e x p r e s s i o n  f o r  t h e  s e d u c t i o n  of  o b s e r v e d  
t a k e - o f f  gc r fo rmaocc  t o  no-vind c o n d i t i o n s  i s  p r e s e n t e d .  
Ground c f f e c t  i s  shown t o  r e d u c e  t h e  ~ " i r - b o r n e  d i s t a n c e  
t o  a t t a i n  a 1-icight of 50  f e c t  by 1 0  p e r c e n t  n i t h  t h e  lighiij- 
c s t  l o - d i n g  n r ~ d  16 p e r c o a t  ~ i t h  t h e  h e a v i e s t  l o a d i n g ;  f o r  
n 100- foo t  o b s t n c l o  t h e  p e r c c n t c g e  r e d u c t i o n  n a s  a b o u t  
one-hqTlf ~ . s  ?:reat .  



INTRODUCT-ION 

I n  t h e  p r o c e s s  of  t a k i n g  o f f ,  t h e  c o u r s e  of an  a i r-  
p l a n e  c o n s i s t s  of  t h r e e  p h a s e s :  a r u n  a l o n g  t h e  ground t o  * 

a t t a i n  f l y i n g  s p e e d ,  a t r a n s i t i o n  c u r v e  i n  which  t h e  f l i g h t  
- p a t h  changes  f rom t h e  h o r i z o n t a l  d i r e c t i o n  of  t h e  ground 

r u n  t o  an i n c l i n a t i o n  s u i t a b l e  f o r  c l i m b i n g ,  and  a more o r  
l e s s  s t e a d y  c l i m b  t o  a h e i g h t  a t  which  any o b s t a c l e s  a t  
t h e  edge  o f  t h o  a i r p o r t  w i l l  be surmounted.  The mot ion  of 
a n  a i r p l a n e  i n  t h e  ground-run and  s t e a d y - c l i m b  s t a g e s  i s  
r e l a t i v e l y  s i m p l e  and t h e r e f o r e  can  be p r e d i c t e d  f o r  p r e -  
s c r i b e d  c o n d i t i o n s  w i t h  r e a s o n a b l e  a c c u r a c y ,  p r e s u p p o s i n g  
a n  a d e q u a t e  knomledge of t h e  a i r p l a n e  c h a r a c t e r i s t i c s .  
The t r a n s i t i o n ,  on t h e  o t h e r  h a n d ,  can  be a c c u r a t e l y  de- 
f i n e d  o n l y  by v e r y  complex r e l a t i o n s ;  h e n c e ,  common p r a c -  
t i c e  i n  c a l c u l a t i n g  trike-off pe r fo rmance  h a s  been  t o  r e -  
g a r d  t h i s  p h a s e  a s  negligible o r  t o  acco.unt f o r  i t  w i t h  
a p p r o x i m z t i o n s  o f  u n c e r t a i n  v a l i d i t y .  

The i n v e s t i g a t i o n  described h e r e i n  was u n d e r t a k e n  t o  
p r o v i d e  a n  i n d i c a t i o n  of t h e  c h a r a c t e r  and  r e l a t i v e  impor- 
t a n c e  of t h e  t r a n s i t i o n  a n d  of t h e  e f f e c t ' s  of  v a r i o u s  f a c -  
t o r s  on t h e  t r a n s i t i o n  i t s e l f  and on t h e  a i r - b o r n e  p o r t i o n  
o f  t h e  t a k e - o f f  a s  3, n h o l e .  For t h i s  pu rpose  a a e r i e s  of 
t a k e - o f f  t e s t s  was conf iuc tod  n i t h  a c o n v e n t i o n a l  b i p l a n e .  
The t e s t s  i n c l u d e d  b o t h  normal  t a k e - o f f s ,  w h e r e i n  t h e  a i r  
s p e e d  m a s  n a i n t a i n e G  as n e a r l y  c o n s t a n t  a s  p o s s i b l e  from 
t h e  i n s t a n t  of  l e s v i n g  t h e  g round ,  and  zoom t a k e - o f f s ,  i n  
which  t h e  speed  was r e d u c e d  a f t o r  l e a v i n g  t h e  ground.  The 
t e s t  c o n d i t i o n 3  f o r  e a c h  t y p e  of t a k e - o f f  c o v e r e d  t v o  l o a d -  
i n g s  2nd s e v e r a l  t a ' rc -of f  s p e e d s .  The motion of t h e  a i r -  
p l a n e  i n  t h e  t a k e - o f f s  n a s  iaeasured w i t h  a r e c o r d i n g  p h o t o -  
t h e o d o l i t e .  

The r e s r , l t s  of  t h e s e  t e s t s  mere n o t  u s e d  d i r e c t l y ,  a s  
o r i g i n a l l y  i n t e n d e d ,  inasmuch a s  t h e y  n e r e  found  t o  be 
c o n f u s e d  by  r a t h e r  v i d e  v a r i a t i o n s  i n  p i l o t i n g  p r o c e d u r e  
a n d  n i n d  c o n d i t i o n .  I n s t e a d ,  t h e  f o r c e  r e l a t i o n s  p e r t a i n -  
i n g  t o  t h e  a i r p l a n e  u n d e r  t ake -o f f  c o n d i t i o n s  were d e r i v e d  
f rom d a t a  p r o v i d e d  by t h e  t e s t s  a n d  s e r v e d  a s  t h e  b a s i s  
f o r  a  s e r i e s  of  s t e p - b y - s t e p  i n t e g r a t i o n s  whereby t h e  mo- 
t i o n  of t h e  a i r p l a n e  d u r i n g  t ake -o f f  was d e t e r m i n e d  f o r  
v a r i o u s  c o n d i t i o n s  w i t h o u t  t h e  e f f e c t s  of p i l o t i n g  and wind. 
The c a l c u l a t i o n s  c o v e r e d  t h e  r a n g e  of  l o a d i n g  and speed  
c o n d i t i o n s  i n c l u d e d  bg t h e  a c t u a l  t e s t s ,  and  an a d d i t i o n a l  
l o a d i n g  c o n d i t i o n  was a l s o  c o n s i d e r c 8 .  



A necsu- re  of t h e  e f f e c t  of g-round p r o x i m i t y  on t h e  
a i r13 lane  c h a r a c t e r i s t i c s  was o b t a i n e d  from t h e  t e s t  d a t a  
a n d ,  v i t h  t h i s  i n f o r m a t i o n ,  t h e  i n f l u e n c e  of g round  e f -  

- f e c t  on t h e  t a k e - o f f  mas i n v e s t i g a t e d  f o r  e a c h  of two 
l o a d i n g  c o n d i t i o n s ,  F o r  t h e  same c o n d i t i o n s  t h e  e f f e c t s  
of  n mind i n c r e a s i n g  i n  v e l o c i t y  m i t h  a l t i t u d e  were a l s o  
e v a l u a t e d .  

APPARATUS 

( A  V e r v i l l e  AT a i r p l a n e  ( f i g .  1)  m a s  u s e d  f o r  t h e  t a k e - '  
o f f  t e s t s .  The p e r t i n e n t  c h a r a c t e r i s t i c s  of t h i s  a i r p l a n e  
a r e  g i v e n  i n  t a b l e  I. The f o l l o ~ v i n g  s t a n d a r d  N . A . C . A .  r e -  
corcliii: i n s t r u m e n t s  .were mounted i n  t h e  . a i r p l a n e  : an  a i r-  
s p e e d  r e c o r d e r ;  an a c c e l e r o m e t e r  1 6 c a t e d  n e a r  t h e  c e n t e r  
o f  g r 2 v i t y  and  r e c o r d i n g  a c c e l e r a t i o n s  a l o n g  t h e  no rma l ,  
o r  Z ,  a x i s  of t h e  @ i r g l a n e ;  an i n c l i n o m e t e r  r e c o r d i n g  
t h e  d i r e c t i o n  of t h e  r e s u l t a n t  of t h e  e x t e r n a l  f o r c e s  i m -  
p o s e d  on t h e  a i r p l a n e ;  a r e c o r d i n g  e n g i n e  t a c h o m e t e r ;  and  
a c o n t r o l - p o s i t i o n  r e c o r d e r  c o n n e c t e d  t o  t h e  e l e v a t o r s .  
En l f - second  i n t e r v a l s  of t ime  were  r e c o r d e d  by a l l  t h e  i n -  
s t r u m e n t s  f rom i m p u l s e s  p roduced  by a s t a n d a r d  t i m e r .  

An U.A.C . A ,  r e c o r d i n g  pho to  t h e o d o l i t e ,  e s s e n t i a l l y  a 
c o m b i n a t i o n  o f  n m o t i o n - p i c t u r e  c a n e r a  2ind a r e c o r d i n g  
t h e o d o l i t e ,  p r o v i d e d  r e c o r d s  f r o n  which t h e  h o r i z o n t a l  and  
v e r t i c a l  d i s p l a c e m e n t s  of  t h e  a i r p l a n e  r e l a t i v e  t o  t h e  
g r o u n d  a n d  i t s  a t t i t u d e  a n g l e  c o u l d  be d e t e r m i n e d  a t  i n -  
t e r v a l s  of  1 / 1 6  second ,  A t i n e r  was a l s o  u s e d  i n  conjunc-  
t i o n  v i t k  t h i s  i n s t r u m e n t .  

S y n c h r o n i z a t i o n  of t h e  p h o t o t h e o d o l i t e  r e c o r d s  w i t h  
t h o s e  of t h e  a i r p l a n e  i n s t r u n e n t s  m a s  a c c o n p l i s h e d  by n e a n s  
o f  ail e l - e c t r i c a l l y  o p e r a t e d  d e v i c e  mounted on t h e  l a n d i n g  
g e a r  of t h e  a i r p l a n e  and  c o n n e c t e d  t h r o u g h  t h e  i n s t r u m e n t  
s w i t c h  so t h a t ,  a t  t h e  i n s t a n t  t h e  p i l o t  th rew t h e  s w i t c h  
t o  s t a r t  t h e  i n s t r u m e n t s ,  a Q u a n t i t y  of w h i t e  powder mas 
d i s c h a r g e d  and  formed a c l o u d  t h a t  was r e a d i l y  d i s c e r n i -  
b l e  i n  t h e  p h o t o g r a p h s ,  

The mind speed  a t  t h e  ground mas measured m i t h  an  in -  
d i c a t i n g  vane anemometer.  

TEST PROCEDURE 

A s e r i e s  of e i g h t  t a k e - o f f s  was made v i t h  each  of two 



l o a c l i ~ ~ g  c o n d i t i o n s :  2 , 0 6 0  pounds and! 2 ,378  pounds g r o s s  
w e i g h t .  Fo r  f o u r  of t h e  t a k e - o f f s  o f  e a c h  s e r i e s ,  which 

7 

m i l l  be d e s i g n a t e d  "no rma l "  t -ake-of f  s ,  t h e  p i l o t  v a s  r e -  
q u e s t e d  t o  l e a v e  t 5 e  g round  a t  s p e e d s  r a n g i n g  from 3  t o  1 5  

L - 
m i l e s  p e r  hour  i n  e x c e s s  of t h e  n ip iqum l e v e l - f l i g h t  s p e e d  
a n d  t o  c l i n b  z t  t h e  snme s p e e d s ,  a t t a i n i n g  skeady  c l i n b -  
i n z  c o n d i t i o n s  as q u i c k l y  as  p o s s i b l e .  For  t h e  f o u r  r e -  
m a i n i n g  r u n s ,  g i v e n  t h e  d e s i g ~ a t i o n  of  l'zoomu t a k e - o f f  s ,  
t h e  s p e e d s  a t  the  i n s t a n t  of t a k e - o f f  n e r e  i n  t h e  same 
r ? n g e  b u t  n e r e  r educed  a f t e r  t h e  a i rplr? ,he l e f t  t h e  g round ,  
t h e  c l i m b s  i n  a l l  c a s e s  b e i n g  made n t  a speed  s l i g h t l y  i n  
c x c e s s  of t h e  minimum. I n  a l l  t h e  t a k e - o f f s  t h e  a i r p l a n e  \ 
n n s  hen2ed  d i r e c t l y  i n t o  t h e  mind. The e n g i n e  was o p e r a t -  
e d  z t  f u l l  t h r o t t l e  t h r o u g h o u t  e a c h  run.  

T:jc p ~ i o t o t h e o d o l i t e  n a s  s e t  u p  on t h e  g round  a t  a s u i t -  
a b l e  8 i s t a n c e  f rom t h e  c o u r s e  of t h e  e i r p l a n e  a n d  r e c o r d e d  
i t s  a o t i o n  d u r i n g  t h e ' l a t t e r  t h i r d  of  t h e  ground r u n  and  
t h r o u g h o u t  t h e  t r a a s i t i o n  and  cl.imb t o  n h e i g h t  o f  a b o u t  
1 0 0  f e e t ,  The g r o c e d u r e  fo l lowed  i n  t h e  o p e r a t i o n  of t h e  
p h o t o t h e o d o l i t e  znd i n  t h e  e v a l u a t i o n  of t h e  d a t a  o b t a i n e d  
t h e r e f r o m  mas s u b s t a n t i : x l l y  t h e  s ane  a s  t h a t  d e s c r i b e d  f o r  
t h e  l n r d i n g  t e s t s  of r e f e r e n c e  1, a l t h o u g h  t h e  i n s t r u m e n t  
u s e d  f o r  t h e  p r e s e n t  t e s t s  i s  of a l a t e r  and i n p r o v e d  de- 
s i g n .  

a 

COMPUTATIO~~S 

The r e s u l t s  of t h e  f o r e g o i n g  t e s t s  gave e v i d e n c e  of 
s u f f i c i e n t l y  g r e a t  i r r e g u l a r i t i e s  i n  t h e  mind c o n d i t i o n s  
a n d  p i l o t i n g  t o  o b s c u r e  c o n p l e t e l y  t h e  e f f e c t s  t h a t  t h e  
t e s t s  v e r e  e x p e c t e d  t o  d i s c l o s e ;  h e n c e ,  t h e  p u r p o s e  of t h e  
i n v e s t i g a t i o n  mas n o t  d i r e c t l y  a c c o a p l i s h e d  by t h e  t e s t s  
a l o n e .  The d a t a  o b t a i n e d  from t h e  t a k e - o f f  t e s t s ,  homever ,  1 
made - p o s s i b l e  t h e  d e r i v a t i o n  of t h e  f o r c e  r e l a t i o n s  r e q u i r e d  
a s  t h e  b a s i s  f o r  n  s e r i e s  of s t ep -by - s t ep  i n t e g r a t i o n s  d e f i n -  
i n s  " L e  clotioii  o f  t h e  a i r p l a n e  d u r i n g  t ake -o f f  f o r  v a r i o u s  
c o n d i t i o n s .  I n  t h i s  n a y  t h e  t roub le some  f a c t o r s  of  wind 
a n d  p i l o t i n g  were e l i m i n a t e d .  

E e r i ~ ~ t i o n  of f o r c e  1'-1ations.- S y n c h r o n i z e d  r e a d i n g s  
of  t h e  d a t e  r e c o r d e d  b y  t h e  n i r n l a n e  i n s t r u m e n t s  a n d  t h e  
pho t o t h e o d o l i  t e  d u r i n g  t 3 e  tnlre-of f s  were nade a t  f r e q u e n t  

<< 

i n t e r v ~ 5 l s  'chraughout t h e  r e c o r d s ,  t h u s  c o v e r i n g  n c o n s i d -  
e r n b l e  r3,nL;e of f l i g h t  c o n d i t i o n s .  Vnlues  of l i f t  and ex- 
c e s s  t h r u s t  were o b t a i n e d  f o r  cach  s e t  of r e a d i n g s  a c c o r d -  

/ - 
i n g  t o  t h e  f o l l o 7 , ~ i n g  p r o c e d u r e .  The n o r n n l  and  1 o n g i t u d i n ~ - 1  



components  of t h e  aerodynamic  f o r c e s  a c t i n g  on t h e  a i r -  
p l a n e  F, a s d .  F,, r e s p e c t i v e l y ,  Tvere d e t e r m i n e d  from 
t h e  r e l z t i o n s  

and 

- W Fx - g a, t a n  8 

n h e r e  B i s  t h e  g r o s s  v e i g h t  of t h e  a i r p l a n e  

g ,  t h e  a c c e l e r a t i o n  of. g r a v i t y  

a,, t h e  normal  a c c e l e r a t i o n  a s  r e c o r d e d  by t h e  
acce1erone . t  e r  

6 , t h e  a n g l e  o f  t h e  i n c l i n ' o m e t e r  pendulum r e l a -  
t i v e  t o  t h e  normal  a x i s  o f  t h e  a i r p l a n e  

The f l i g h t - p a t h  a n g l e  ' Y ,  r e f e r r e d  t o  mind a x e s ,  m a s  g i v e n  
by 

where  Vv i s  t h e  v e r t i c a l  v e l o c i t y ,  d e t e r m i n e d  by d i f f e r -  
e n t i a t i o n  of  t h e  t i m e - d i s t a n c e  c u r v e s  d e r i v e d  

' from t h e  p h o t o t h e o d o l i t e  r e c o r d s  

V ,  t h e  a i r  spec? a,long t h e  f l i g h t  p a t h  

I t  n a s  i l e c e s s a r y ,  of c o u r s e ,  t o  assume h e r e  t h a t  t h e  wind 
h a d  no v e r t i c a l  component ,  a p p a r e n t l y  a r e a s o n a b l e  assump- 

+ t i o n  f o r  a v e r a g e  c o n d i t i o n s  a c c o r d i n g  t o  t h e  i n f o r m a t i o n  

+ of r e f e r e n c e  1. 

The a n g l e  of  a t t a c k  a mas t h e n  o b t a i n e d  f r o n  

n h e r e  h i s  t h e  a t t i t u d e  a n g l e  of t h e  a i r p l a n e ,  p r o v i d e d  
by  t h e  p l l o t o t h e o d o l i t e  " r e c o r d s .  V i t h  t h e  foregoin<:  i n f o r -  
m a t i o n ,  i t  m a s  p o s s i b l e  t o  d e t e r m i n e  v a l u e s  f o r  t h e  l i f t  - L c a d  t h e  e x c e s s  t h r u s t  T,, by r e s o l v i n g  ' t h e  f o r c e s  Fx 

and F, a l o n g  t h e  f l i g h t - p a t h  a x e s  o r  



L = F, c o s  a +  F, s i n  a  = I  a , ( c o s  a t  t a n  6 s i n  a )  
g 

T e x  = F, c o s  a - F, s i n  a  = 9 a , ( t a n  6 c o s  a - E  
s i n  a )  

The v a l u e s  of  l i f t  were  c o n v e r t e d  t o  t h e  c o e f f i c i e n t  form 
L 

CJ, v i t h  t h e  r e l a t i o n  CL = y--- 
s 7 Thus t h e  d a t a  c o u l d  

s P 
r e ~ d l . 1 ; ~  be p l o t t e d  and  f a i r e d  a s  a f u n c t i o n  of a n g l e  of at-  
t a c k .  (See  f i g .  2 . )  

The f u l l - t h r o t t l e  e x c e s s  t h r u s t  i s ,  i n  e f f e c t ,  a func-  
t i o n  o f  tl-io v a r i a b l e s ,  a n g l e  of a t t a c k  and a i r  s p e e d .  I t  
would  c o n s e q u c n t l y  bc d i f f i c u l t  t o  p l o t  t h e s e  d a t a  d i r c c t -  
l y .  For t h i s  r e a s o n  t h e  e f f e c t i v e  p r o p e l l e r  t h r u s t  T ,  
shorrn i n  f i g u r e  3 ,  acs c ~ ~ l c u l a t e d  ky mea,ns of  t h e  informa-.  
t i o n  p r o v i d e d  i n  r e f e r e n c e s  2 and 3 .  The d r a g  D c o u l d  
t h e n  be  determined f rom t h e  e q u a t i o n  D = T - To, and 

D 
which c o u l d ,  of  t h e n c e  t h e  d r a g  coefficient CD = ------ 

h P S V  

c o u r s e ,  a l s o  be p l o t t e d  a s  a f u n c t i o n  of  n n g l c  of a t t a c k  t o  
c s t a b l i s h  s u i t a b l y  f a i r e d  c u r v e .  With t h e  d c t a  i n  t h i s  
f o r m ,   he r e l a t i o n  of e x c e s s  t h r u s t  t o  a i r  speed  a n d  l i f t  
c o c f f i c i c ~ t  n a s  d e t c r m i n e d  by u s i n g  t h e  ' a i r e d  r e s u l t s  i n  a 
r e v c r s 2 1  of  t h e  p r o c e d u r e .  

111 o r d e r  t o  t n k c  i n t o  accoui i t  t h c  e f f e c t  of g r o u n a  h 

p r o x i m i t y  on t h e  l i f t  a n d  d r a g  c h a r a c t e r i s t i c s ,  hence  on 
t h e  e x c e s s  t h r u s t ,  t h c  d a t a  n e r e  d i v i d e d  i n t o  two g r o u p s  
and  v c r c  p l o t t e d  s c p q r a t c l y ,  a c c o r d i n s  t o  mke the r  t h e y  were  
o b t a i n e d  mher t h e  w h e e l s  of t h e  a i r p l a n e  n e r e  above  o r  be- 
l o n  a h e i g h t  of 10  f e e t  from t h e  g round .  Th i s  h e i g h t  m a s  
a r b i t r a r i l y  chosen  a s  t h e  l i n e  of d e m a r c a t i o n  b e t v e e n  t h e  
r e g i o n  of s t r o n g e s t  g r o u ~ ~ d  e f f e c t  and  t h e  r e g i o n  i n  which ,  
f o r  t h e  p u r p o s e s  of t h e  p r e s e n t  i n v e s t i g a t i o n ,  t h e  ground 
e f f e c t  c o u l d  be c o n s i d e r e d  8,s n e g l i g i b l e .  The d a t a  a v a i l a -  
b l e  mere i n s u f f i c i e n t  t o  w a r r a n t  f u r t h e r  d i v i s i o n .  

The l i f t  a cd  d r a g  c o e f f i c i e l t s  e v a l u a t e d  by t h e  f o r e -  i 

g o i n g  x c t h o d s  a r e  ? L o t t e d  a g a i n s t  a n g l e  of a t t a c k  i n  f i g u r e  
2. I n  f i g u r c  3 t h c  e x c e s s  t h r u s t  v i t h i n  and o u t s i d e  of  t h e  , 
r e g i o n  of p r i n c i p a l  g round  c l f e c t  i s  shown a s  a f u n c t i o n  
of l i f t  c o e f f i c i e n t  and  a i r  speed .  

$tei2- 'o:~-ste~ i n . L q g r a L i _ ~ ~ n ~ . -  A t  q u a r t e r - s e c o n d  i n t e r -  
v a l s  throug:lout t h e  t r m . s i t i o n  p h a s e  of  t h e  t a k e - o f f ,  t h e  
v e r t i c a l  a c c e l e r a t i o n  a, and  t h e  h o r i z o n t a l  a c c e l e r a t i o n  
ah of  :he a i r p l a n e  were c a l c u l a t e d  by s u c c e s s i v e  a p p r o x i -  
m a t i o n s  a c c o r d i n g  t o  t h e  r e l a t i o n s  



g ( ~  c o s  Y + Tex s i n  Y - V) av = 
m 

a n d  

g ( l o x  c o s  Y - L  s i n  Y )  a h  = -.-------------------- 
m 

C o r r e s p o n d i n g  v e l o c i t i e s  were  d e t e r m i n e d  f rom 

a n d  

V e r t i c a l  a n d  h o r i z o n t a l  d i s p l a c e m e n t s  were s i m i l a r l y  de- 
t e r m i n e d ;  t h e  f l i g h t - p a t h  a n g l e  n a s  o b t a i n e d  f rom 

The i n i i i a l  v a l u e s  of a, and  Y,, i . e . ,  a t  t h e  i n s t a n t  

o f  l e a v i n g  t h e  g r o u n d ,  w e r e ,  of c o u r s e  

a n d  

The h o r i z o n t a l  speed  Tho a t  t h e  same i n s t a n t  w a s  t h e  a s -  

sumed t a k e - o f f  speed  a n d ,  s i n c e  a t  t h i s  i n s t a n t  



t h e  v a l u e  of  t h e  e x c e s s  t h r u s t  Te, a n d  t h e n c e  t h e  v a l u e  
o f  ah, c o u l d  be d e t e r m i n e d .  For  s u b s e q u e n t  i n t e r v a l s  

t h e  q u a n t i t i e s  i n v o l v e d  i n  t h e  c a l c u l a t i o n s  mere d e t e r -  
mined by t h e  u s u a l .  'methods of s u c c e s s i v e  a p p r o x i m a t i o n .  

The c o u r s e  of t h e  l i f t  c o e f f i c i e n t  i n  t h e  e a r l y  p a r t  
of t h e  t r c n s i t i o n  mas p r e s c r i b e d  by  t h e  a s s u m p t i o n  t h a t  
t h e  t r a n s i t i o n  s h o u l d  be of a s  s h o r t  d u r a t i o n  c s  g o s s i b l e .  
T h i s  l i l i l i t a t i o n ,  of c o u r s e ,  r e q u i r e d  t h a t  t h e  a i r p l a n e  be 
p u l l e d -  up q u i c k l y  t o  the a n g l e  of a t t a c k  f o r  maximum l i f t  
c o e f f i c i e n t ,  a s  soon as t h e  d e s i r e d  speed  f o r  t a k i n g  o f f  
mas a t t a i n e d - ,  and  h e l d  a t  t h i s  a n g l e  as l o n g  a s  p o s s i b l e .  
The l i f t  c o e f f i c i e n t  mas t h e n  r e d u c e d  i n  t ime  t o  g r e v e n t  
t l ic  f l i , z h t - p a t h  v e l o c i t y  f rom d e c r e a s i n g ,  by r e a s o n  of t h e  
i n c r e n s i n ~  c l imb  a n g l e ,  below t h e  v a l u e  d e s i g n a t e d  f o r  
t h e  s tead-y  c l i m b  and t o  p e r m i t  t h e  n d j u s t m e n t  of t h e  l i f t  
c o e f f i c i e n t  n e c e s s a r y  t o  p r o v i d e  c smooth a p p r o a c h  t o  t h e  
s t e a d y - c l i m b  c o n d i t i o n s  w i t h o u t  e x c e e d i n g  r e a s o n a b l e  v a l u e s  
f o r  t h e  c o r r e s p o n d i n g  r a t e  of change  of t h e  a n g l e  of a t -  
t a c k .  Examples  of t h o  v a r i a t i o n  i n  l i f t  c o e f f i c i e n t  f o l -  
l o v e d  i a  p e r f o r m i n g  t h e  c a , l c u l a t i o n s  a r e  shown i n  f i g u r e  41 

The e x c e s s  t h r u s t  c o r r e s p o n d i n g  t o  t h e  l i f t  c o e f f i -  
c i e n t  and s p e e d  o c c u r r i n g  a t  a p a r t i c u l a r  i n s t a n t  was 
t a k e g  from t h e  c u r v e s  of f i g u r e  3 ,  a c c o r d i n g  t o  w h e t h e r  . 
t h e  h e i g h t  a t  t h a t  i n s t a n t  mas g r e a t e r  o r  l e s s  t h a n , l O  
f e e t .  In  t h i s  may a l l o v a n c e  mas rnade f o r  t h e  g round  e f - '  
f e c t .  

The c o m p u t a t i o n s  c o v e r e d  t h r e e  l o a d i n g  c o n d i t i o n s :  
g r o s s  w e i g h t s  of  2 , 0 6 0  pounds ,  2 , 3 7 8  pounds ,  and  2 ,800  
pounds .  For  e a c h  l o a d  t h e  c a l c u l a t i o n s  mere c a r r i e d  
t h r o u g h  f o r  thr.ee normcl  t a k e - o f f s  a t  d i f f e r e n t  s p e e d s  
r z n g i n g  f rom an assumed minimum a l l e m a b l e  speed  t o  20 p e r -  
c e n t  i n  c x c c s s  of  t h i s  v a l u e .  S i m i l a r l y ,  two zoom t a k e -  
o f f s  n c r e  c a l c u l a t . e d  f o r  t a k e - o f f  s p e e d s  1 0  p e r c e n t  and  
2 0  p e r c e n t  q r e a t e r  t h a n  t h e  minimum a l l o w a b l e  s p e e d  a t  , 

~ ~ h i c h  t h e  f i n a l  s t e a d y  c l imb  mas nssumed t o  be made i n  . 
b o t h  c a s e s .  The minimum ~ ~ l l o m a b l e  s p e e d  m a s  a r b i t r a r i l y  - 
t a k e n  as 4 p e r c e n t  i n  e x c e s s  of t h e  speed c o r r e s ~ o n d i n g  
t o  t h e  maximum l i f t  c o e f f i c i e n t ,  1 .3 .  For a l l  t h e  f o r e -  
g o i n g  c o n d i t i o n s  t h e r e  was ns suned  t o  be no mind.. 

a 

The e f f e c t s  of mind were  d e t e r m i n e d  f o r  two c a s e s :  
one w i t 1 1  t h e  h e a v i e s t  l o a d i n g  and  t h e  o t h e r  w i t h  t h e  l i g h t -  
e s t  l o a d i n g .  For  t h e s e  c a s e s  t h e r e  mas i n t r o d u c e d  i n t o  
t h e  c a l c u l a t i o n s  a mind v e l o c i t y  of 5 -mi l e s -ne r -hour  nag- 



n i t u d e  z t  t h e  g round ,  i n c r e a s i n g  m i t h  h e i g h t  a c c o r d i n g  t o  
t h e  r e l a t i o n s h i p  g i v e n  by r e f e r e n c e  1 a s  r e p r e s e n t i n g  an  
a v e r a g e  mind g r a d i e n t ,  ~ h i c h  i s  

v h e r e  
vmo mhich was a s s i g n e d  a v a l u e  of 5 m i l e s  p e r  

h o u r ,  i s  t h e  mind speed  c o r r e s p o n d i n g  t o  H o ,  t h e  e f f e c -  

t i v e  h e i @ t  of t h e  a i r p l a n e  m h i l e  i n  c o n t a c t  m i t h  t h e  
g r o u n d ,  assumed t o  be 5 f e e t ;  and  V,' i s  t h e  mind s p e e d  

a t  any  o t h e r  e f f e c t i v e  h c i g h t  Ee,  i . e . ,  t h e  h e i g h t  of 

t h e  wheels above t h e  g r o u n d  p l u s  5 f e e t .  

Fo r  t h e  same two l o a d i n g  c o n d i t i o n s ,  t h e  e f f e c t  of 
g r o u n d  p r o x i m i t y  oil t h e  a i r - b o r n e  p h a s e  of t a k e - o f f  was 
i n v e s t i g a t e d  by u s i n g  t h e  e x c e s s - t h r u s t  d a t a  o b t a i a e d *  
a t o v e  tLe  1 0 - f o o t  l e v e l ,  h c n c e . s e n s i b l y  o u t s i d e  t h e  i n -  
f l u e n c e  of  g round e f f e c t ,  t h r o u g h o u t  t h e  i n t e g r a t i o n s  and 
compnr iag  t h e  r e s u l t s  n i t h ' t h o s e  o b t a i n e d  f o r  s i m i l a r  
c n s c s  i n  mhich t h e  g round  e f f e c t  was i n c l u d e d .  

The ground-run p h a s e  of t h e  t a k e - o f f  was cons ide red -  
o n l g  i n s o f a r  as  mas n e c o s s a r y  t o  show t h e  e f f e c t s  of sar i -  
a t i o i i s  i n  ta l re-off  s p e e d s  and  methods on t h e  comp1et;'e t ake -  
o f f .  In a l l  c a s e s  o n l y  t h e  d i s t a n c e  r e q u i r e d  t o  a c c c l e r -  
n t c  f r o x  n common speed  of 75 f e e t  p e r . s e c o n d  u p  t o  t h e  
t a k e - o f f  s p e e d  mas c a l c u l a t e d .  In  t h e  d e t e r m i n a t i o n  of 
t h c s e  e i s t a n c e s ,  t h e  r o l l i n g - f r i c t i o n  c o e f f i c i e n t  was as- 
sumed t o  be 0 .05 ,  c o r r e s p o n d i n g  t o  a n  a v e r a g e  t u r f  s u r f a c e .  
Thc a i r  f o r c e s  mere t a k e n  from t h e  d a t a  o b t a i n e d  m i t h i n  
t h e  r e g i o n  of ground e f f e c t .  

A sunmary of t h e  r e s u l t s  o b t a i n e d  from t h e  c a l c u l a -  
t i o n s  i s  g i v e n  i n  t a b l e  TI. F i g u r e s  5 t h r o u g h  7 show t h e  
c a l c u l a t e d  f l i g h t  p a t h s  of t h e  a i r p l a n e  d u r i a s  t h e  t r a n s i a  
t i o n  en& s t e a d y  c l imb  f o r  a l l  t h e  c o n d i t i o n s  i n v e s t i g a t c & r  
I n  5 g u r o  8 t h e .  d i s t a n c e  on tho  g round  r e q u i r e d  t o  a c c e l e r -  
a t e  f r o n  9. sspeed of 7 5  f e e t  -oer s econd  t o  t h e  t a k e - o f f  
s p e e d  i s  : ? l o t t e d  ? g a i n s t  t a k e - o f f  s n e e d  f o r  t h e  t h r e e  lond-  
i n g  coniLi t ioas .  F i g u r e s  9 t h r o u g h  11 show' t h e  v a r i a t i o n  
due t o  ta7:e-off speed  i n  t h e  a i r - b o r n e  d i s t a n c e s  r e q u i r e d  



t o  c l e a r  h e i g h t s  of 50 and  100  f e e t  f o p  b o t h  n o r m a l . a n d  
zoom ta!:e-offs. These f i g u r e s  a l s o  show t h e  e f f e c t  of 
t a k e - o f f  s p e e d  on t h e  o v e r - a l l  t a k e - o f f  d i s t a n c e ,  i . e . ,  
i n c l u d i n g  t h e  ground r u n  a f t e r  a v e l o c i t y  of 75 f e e t  p e r  
s e c o l ~ d  i s  z t t a i n e d .  

B 

F i g u r e  1 2  sho-ms t h e  p e r c e n t a g e  O i f f e r e n c e  f o r  v a r i -  
o u s  t a k e - o f f  s p e e d s  bctmcen t h e  a i r - b o r n e  d i s t a n c e  a s  
c a l c u l a t e d  by t h e  n e t h o d s  p r e v i o u s l y  d e s c r i b e d ,  whore due 
c o n s i d e r a t i o n  m e s  g i v e n  t o  t h e  t r a n s i t i o n ,  and  t h e  d i s -  
t a n c e  t h t  mould be o b t a i n e d  were t h e  t r a n s i t i o n  t o  be 
n e g l e c t e d .  Fo r  t h e  normal  t a k e - o f f s ,  t h e  l a t t e r  v a l u e  f o r  
t h e  d i s t a n c e  mas t a k e n  a s  

R D = ---- 
t a n  Y 

where B i s  t h e  o b s t a c l e  h e i g h t  t o  be c l e a r e d  a n d  7' i s  
t h e  f l i g h t - p a t h  a n g l e  c o r r e s p o n d i n g  t 6  a g i v e n  speed .  A 

T h i s  r e l a t i o n  was b a s e d  on t h e  a s s u m p t i o n  t h a t  s t e a d y -  
c l i m b i n g  c o n d i t i o n s  o b t a i n e d  from t h e  i n s t a n t  of l e a v i n g  
t h e  ground,  Fo r  t h e  zoom t a k e - o f f  s t h e  most o b v i o u s  ap- 
proximaate  r e l a t i o n  f o r  t h e  a i r - b o r n e  d i s t a n c e  a g r e a r e d  t o  
b e  

cg D = ------------- 
tail Y 

vrhere TI and  Va a r e  t h e  i z i t i a l  and  f i n a l  f l . i g h t - p a t h  
v e l o c i t i e s ,  r e s p e c t i v e l y ;  and  Y i s  t h e  f l i g h t - p a t h  a n g l e  
c o r r e s s o n d i n g  t o  Va . T h i s  e q u a t i o n  nres based  on t h e  a s -  
s u m ~ t i o n s  t h a t  c o n s t a n t  e x c e s s  p o n e r  w a s  a v a i l a b l e  th rough-  
o u t  t h e  c l i m b  and  t h a t  s t e a d y  c o n d i t i o n s  mere r e a l i z e d  
b e f o r e  t h e  h e i g h t  B mas a t t a i n e d .  F i g u r e  1 2  i s  i n t e n d e d  
t o  i n d i c a t e  t h e  e x t e n t  t o  mhich the t a k e - o f f  i s  a f f e c t e d  by 
t h e  t r a n s i t i o n  and t h e  magni tude of t h e  e r r o r  t h a t  might  
be i n t r o d u c e d  by  t h e  n e g l e c t  of t h e  t r a n s i t i o n  i n  t h e  c a l -  
c u l a t i o n  of t a k e - o f f  d i s t a n c e s .  

The e f f e c t  on t h e  a i r - b o r n e  d i s t a n c e  of a n  a v e r a g e  
wind g r a g - i e a t  c o r r e s s o n d i n g  t o  a s u r f a c e  wind v e l o c i t y  of 
5 m i l e s  p e r  h o u r  i s  shown i n  f i g u r e  13 f o r  normal  t ake -  
o f f s  w i t h  t h e  h e a v i e s t  and  l i g h t e s t  l o a d s ,  In  f i g u r e  1 4  
t h e  i n f l u e n c e  of g round e f f e c t  i s  shown f o r  t h e  same l o a d -  
i n g  c o n d - i t i o n s .  



DISCUSSION 

The nature of the flight path during the transition 
phase of the take-off* is shown in figures 5, 6 and 7. The 
initially increasing slope of the path followed later by 
a decrease is apparently characteristic, at least for the 
airplane and conditions considered herein. In the case of 
normal take-off, the reason for this reversal of curvature 
lies in the fact 'that the airplane continues to accelerate 
immediately after leaving the ground and, in being slowed . 
to its original speed, assumes a climbing angle too steep 
to be maintained. The flight-path angle must therefore be 
reduced to a value at which the airplane can climb steadily. 
The flight paths for the zoom tako-offs have a generally 
similar shape, but variation's in the slope are more pro- 
nounced owing to the greater changes in speed, 

Inasmuch as most airplanes probably have, in part By 
virtue of the ground effect, an excess of thrust in the 
initial stage of thc transition and hence will accclorate, 
it is likely that the form of the transition curve shown 
is representative of the form that would generally be ex- 
perienced. 

The procedure that would be required in controlling 
aq airplane along a patn such as that described is indi- 
cated in figure 4. The control column would first be 
pulled bac,k to put the airplane in an attitude of high 
lift and held until the angle of climb was sufficient to 
cause a deceleration. It would then be pushed forward to 
raduce tho angle of attack to a value considerably below 
that corresponding to the steady climb in time to prevent 
the speed from dropping below that prescribed for the 
climb, Finally, it would again be pulled back as the an- 
gle of climb decreased so that the correct flight-path 
angle and angle of attack for steady climbing might be 
siaultaneously realized. In practice, it mould probably 
not be possible to synchronize, exactly, the attainment 
of the proper flight-path angle and angle of attack; con- 
sequently, an oscillatory rather than a steady flight path 
would result. If sufficient effort were made to maintain 
constant speed, however, the amplitude of thc oscillation 
would not be great and the mean flight path would probably 
correspond closely to the one that would be obtzined under 
steady conditions. 

For normal take-offs, it is apparent from the c u b e s  



of f i g u r e s  5 ,  6 ,  a n d  7 t h a t ,  i n s o f a r  a s  t h e  t r a n s i t i o n  
a l o n e  i s  c o n c e r n e d ,  t h e  optimum t a k e - o f f  s p e e d ,  i n  t h e  
r a n g e  c o n s i d e r e d ,  i s  t h e  l owes t  v a l u e  shown, H ighe r  
s p e e d s  p r o v i d e  a n  i n i t i a l l y  g r e a t e r  e x c e s s  of l i f t  a n d ,  
c o n s c q u e n t l y ,  a h i g b e r  v e r t i c a l  acceleration, s o  t h a t  
t h e  t r a n s i t i o n  i s  comple t ed  n o r e  q u i c k l y  and  w i t h  l e s s  
v a r i a b i o n  i n  f o r w a r d .  v c l o c i  t y .  A t  t h e  s lower  s p o e d ,  how- 
o v e r ,  t h e r e  i s  a g r e a t e r  e x c e s s  t h r u s t  a v a i l a b l e  which ,  
a l t h o u g h  p a r t l y  conver t . ed  t o  k i n e t i c  ene rgy  a t  f i r s t ,  
e v e n t u a l l y  g o e s  toward  i n c r e a s i n g  t h e  h e i g h t  o r  p o t e n t i a l  
e n e r g y  of t h e  a i r p l a n e ;  t h u s ,  when t h e  t r a n s i t i o n  i s  com- 
p l e t e d ,  t % e  h e i g h t  a t t a i n e d  i s  g r e a t e r  i n  p r o p o r t i o n  t o  
t h e  h o r i z o n t a l  d i s t a n c e  c o v e r e d  t h a n  t h a t  f o r  t h e  h i g h o r -  
s p e e d  t a k e - o f f s .  

The maximu~n a n g l e  -of c l imb  o c c u r s  a t  a p p r o x i m a t e l y  
t h e  i n t e r m e d i a t e  speed  shown s o  t h a t ,  i n  t h e  r a n g e  of 
s p e e d s  be tween  t h e  micimum and  t h a t  f o r  b e s t  a n g l e  of 
c l i m b ,  t h e  e f f e c t s  o f . v a r i a t i o n s  i n  t a k e - o f f  spoed  on t h e  
t r a n s i t i o n  a n d  on t h e  s t n a d y  c l i m b  a r e  opposed.  For  a n  
o b s t a c l e  h e i g h t  of 50 f e e t  a c o n s i d e r a b l e  p o r t i o n  of t h e  , 

a i r - b o r n e  d i s t a n c e  i s  o c c u p i e d  by t h e  t r a n s i t i o n  s o  t h a t  
t h e  o p p o s i n g  e f f e c t s  a r e  n e a r l y  b a l a n c e d .  Hence t h e r e  i s  
l i t t l e  change  i n  t h e  a i r - b o r n e  d i s t a n c e  w i t h  i n c r e a s i n g  
t a k e - o f f  s p e e d  up t o  t h e  speed  f o r  b e s t  a n g l e  o f  c l imb  
( f i g s .  9 ,  1 0 ,  and  1.1); beyond t h i s  s p e e d  t h e  d i s t a n c e ,  of 
c o u r s e ,  i n c r e a s e s .  Obv ious ly  t h e n  s i n c e  t h e  ground-run  
d i s t a n c e  ( f i g .  8) i n c r e a s e s  w i t h  t h e  t a k e - o f f  s p e e d ,  t h e  
s h o r t e s t  o v e r - a l l  t a k e - o f f  d i s t a n c e  r e q u i r e d  t o  g a i n  a 
h e i g h t  of 50 f e e t ,  i n  a normal  t a k e - o f f ,  would b e  r e a l i z e d  
w i t h  t l ie l o w e s t  p o s s i b l e  t a k e - o f f  s p e e d .  

K i t h  a n  o b s t a c l e  h e i g h t  of 1 0 0  f e e t  t h e  t r a n s i t i o n  
i s  a r e l a t i v e l z  s m a l l  p a r t  of t h e  a i r - b o r n e  d i s t a n c e .  The 
e f f o c t  of t a k e - o f f  speed  on t h e  s t e a d y  c l imb  i s  t h e r e f o r e  
p r e d o a i n a i i t  and  c o n s e q u e n t l y  t h e  s h o r t e s t  a i r - b o r n e  d i s -  
t a n c e  o c c u r s  a t  o r  n e a r  t h e  speed  f o r  b e s t  a n g l e  of  c l i m b .  
T h e  r e . l u c t i o n  i n  a i r - b o r n e  d i s t a n c e ,  however ,  i s  more. t h a n  
o f f s e t  by t h e  i n c r e a s e d  ground r u n  s o  t h a t ,  i n  t h i s  c a s e  
a l s o ,  t h e  l o w e s t  t a k e - o f f  s p e e d  g i v e s  t h e  s h o r t e s t  ovcr-  
a l l  d i s t a n c e .  

I n  zoom t a k e - o f f s  t h e  a i r p l a n e  i s  h e l d  i n  c o n t a c t  
w i t h  t h e  g r o u n 3  u n t i l  t h e  speed  r e a c h e s  a v a l u e  c o n s i d e r -  
a b l y  above  t h e  ninimum f l y i n g  s p e e d .  I t  i s  t h e n  p u l l e d  
o f f  a b r u p t l y  i n t o  a s t e e p  c l imb  d u r i n g  which t h e  speed  i s  
r e d u c e d .  I t  nay  be shown t h a t  a n  a i r p l a n e  r u n n i n g  a l o n g  
t h e  ground a t  i t s  most e f f i ' c i e n t  a t t i t u d e ,  i . e . ,  t h e  a t t i -  



t u d e  cor respond ing  t o  t h e  minimum v a l u e  of CD - CL, 

w i l l  o r d i n a r i l y  have ,  i n  t h e  range  of speeds  be-tween t h e  
minimum f l y i n g  speed and a  speed c o n s i d e r a b l y  i n  excess  
of t h e  minimum, a p p r e c i a b l y  l e s s  r e s i s t a n c e ,  hence  g r e a t -  
e r  excess  t h r u s t ,  t h a n  i f  i t  were c o m p l e t e l y  a i r - b o r n e  
a t  s i m i l a r  speeds .  The excess  k i n e t i c  energy g a i n e d  i n  
runn ing  a g i v e n  d i s t a n c e  a l o n g  t h e  ground would be g r e a t -  
e r ,  t h e r e f o r e ,  than  t h e  p o t e n t i a l  energy t h a t  might be 
g a i n e d  i n  f l i g h t  i n  t h e  same d i s t a n c e .  Thus, i f  t h e  ex- 
c e s s  k i n e t i c  energy c o u l d  be c o n v e r t e d  t o  p o t e n t i a l  oner-  
gy  mi thout  t o o  g r e a t  l o s s ,  i t  shou ld  be p o s s i b l e  t o  a t-  
t a i n  a g r e a t e r  h e i g h t  i n  a  g iven  d i s t a n c e  from a zoom 
take-of f  t h a n  from t h e  s h o r t e s t  normal t a k e - o f f .  This  
argument i s  borne ou t  i n  f i g u r o s  9 ,  1 0 ,  and 11 f o r  a n  ob- 
s t a c l e  h e i g h t  of 100 f e e t  where, w i t h  t h e  l i g h t e s t  l o a d ,  
t h e  t o t a l  h o r i z o n t a l  d i s t a n c e  r e q u i r e d  t o  g a i n  t h i s  
h e i g h t  f rom a ground speed  of 75 f e e t  p e r  second i s  abou t  
5 p e r c e n t  l e s s  f o r  t h e  s h o r t e s t  zoom t a k e - o f f  t h a n  f o r  
t h e  s h o r t e s t  normai t a k e - o f f ;  w i t h  t h e  h e a v i e s t  l o a d  t h e r e  
i s  a l a z g e r  d i f f e r e n c e ,  about  17  p , e r c e n t ,  owing t o  t h e  
f a c t  t h a t ,  w i t h  o t h e r  c o n d i t i o n s  remain ing  e q u a l ,  t h e  d i f -  

i f e r e n c e  between t h e  e x c e s s  t h r u s t  on t h e  groundand t h a t  i n  
f l i g h t  i n c r e a s e s  wi th  i n c r e a s i n g  w e i g h t .  

I n  f i g u r e s  5 ,  6 ,  and 7 i t  w i l l  b e  no ted  t h a t  i n  some 
d 

c a s e s ,  p a r t i c u l a r l y  w i t h  t h e  l i g h t e r  l o a d s  and h i g h e r  
t ake -o f f  s p e e d s ,  t h e  h e i g h t  a t t a i n e d  b,e-fore t h e  convers ion  

I of energy i s  completed i s  g r e a t e r  t h a n  50 f e e t .  I n  t h e s e  
casc;s ,  a t  a n  o b s t a c l e  h e i g h t  of 50 f e e t ,  t h e r e  i s  s t t l l  
ail excess  of k i n e t i c  ene rgy  r e m a i n i n g ,  which i s  equiva-  
l e n t  t o  a l o s s .  T h e r e f o r e  t h e  zoom take-off  p r o v i d e s  l i t -  
t l e  o r  no advan tage  over  t h e  normal t a k e - o f f ,  as may be 
s e e n  i n  f i g u r o s  9 ,  1 0 ,  and 11. 

An i n d i c a t i o n  of t h e  e x t e n t  of t h e  e r r o r  t h a t  might 
Bo i n t r o d u c e d  i n t o  t h e  c a l c u l a t i o n  of t ake -o f f  porform- 

I ance  by t h e  n e g l e c t  of t h e  t r a n s i t i o n  i s  p r o v i d e d  i n  f i g -  
u r e  12.  T h i s  f i g u r e  shows t h e  p e r c e n t a g e  d i f f e r e n c e  be- 
tween t h e  a i r - b o r n e  d i s t a n c e  as c a l c u l a t e d  by t h e  r i g o r o u s  
method and t h e  d i s t a n c e  r e s u l t i n g  f rom t h e  assumpt ion  t h a t  
t h e  change f rom t h e  c o n d i t i o n s  of t h e  ground r u n  t o  t h o s e  
of t h e  s t e a d y  cl imb o c c u r s  i n s t a n t a n e o u s l y  and wi thou t  
e f f e c t i v e  l o s s  of ene rgy .  For normal  t a k e - o f f s  over  a 
100-foot  o b s t a c l e  t h e  e r r o r  r a n g e s  from a  maximum p o s i t i v e  
v a l u e  of abou t  4 p e r c e n t  w i t h  t h e  h e a v i e s t  l o a d ,  i . e . ,  t h e  
approximate  d i s t a n c e  i s  too  g r e a t ,  t o  a  maximum n e g a t i v e  
v a l u e  of t h e  same magnitude.  The f a c t  of a  p o s i t i v e  e r r o r  



1 4  

i s  undoub ted ly  a t t r i b a t a b l e  t o  t h e  i n f l u e n c e  of ground 
e f f e c t .  V i t h  a  50-foot  o b s t a c l e  h e i g h t  t h e  e r r o r  i s  abou t  
t w i c e  a s  g r e a t  i n  t h e  same sense  f o r  co r respond ing  condi-  
t i o n s ,  s i n c e  t h e  e r r o r  i n  a c t u a l  d i s t a n c e  i s  a b o u t  t h e  
same. 

', 

For t h e  zoom t a k e - o f f s  over a  100-foot  o b s t a c l e ,  t h e  
e r r o r  i s  comparable a t  t h e  lower t a k e - o f f  speeds  wi th  
t h a t  f o r  t h e  normal t a k e - o f f s  b u t  becomes i n c r e a s i n g l y  
n e g a t i v e  as t h e  t ake -o f f  speed d e p a r t s  more from t h e  mini-  
mum v a l u e .  The l a r g e s t  e r r o r  i n  t h i s  c a s e ,  i n  t h e  range  
of c o n d i t i o n s  covered ,  o c c u r s  w i t h  t h e  l i g h t e s t  l o a d  and 
h a s  a n e g a t i v e  v a l u e  of abou t  1 0  p e r c e n t .  For  t h e  50- 
f o o t  o b s t a c l e  h e i g h t ,  t h e  e r r o r  i n c r e a s e s  r a p i d l y  w i t h  
t ake -o f f  speed t o  v e r y  l a r g e  v a l u e s ,  p a r t i c u l a r l y  w i t h  
t h e  l i g h t e r  l o a d s .  Thc l a r g e  e r r o r s  a r e  due t o  t h e  f a c t  
t h a t  t h e  c o n v e r s i o n  f rom k i n e t i c  t o  p o t e n t i a l  energy i s  
not completed u n t i l  a f t e r  t h e  50-foot  h e i g h t  h a s  been 
r e a c h e d ,  i n  which c a s e  t h e  assumpt ion  of a n  i n s t a n t a n e o u s  
change f rom ground-run t o  s t eady-c l imb  c o n d i t i o n s  i s  n o t  
j u s t i f i e d ,  

The scope of t h i s  i n v e s t i g a t i o n  i s  not  s u f f i c i e n t l y  
wide f o r  a  d e f i n i t e  d e t e r m i n a t i o n  of t h o  r e l a t i o n s h i p  
t h a t  might e x i s t  between t h i s  e r r o r  and t h e  a i r p l a n e  char-  
a c t e r i s t i c s ,  b u t  i t  i s  b e l i e v e d  t h a t  t h i s  r e l a t i o n s h i p  

5 

c o u l d  be e s t a b l i s h e d  w i t h  t h e  a i d  of s i m i l a r  d a t a  f o r  
o t h e r  t y p e s  of a i r p l a n e ,  I t  would t h e n  be p o s s i b l e  t o  
o b t a i n  a measure of t h e  i n h e r e n t  t a k e - o f f  c a p a b i l i t i e s  
of a g iven  a i r p l a n e ,  e x c l u s i v e  of t h e  t roublesome f a c t o r  
of p i l o t i n g  p r o c e d u r e ,  by means of a  r a t h e r  s i m p l e  method. 
The r e l a t i o n  between ground-run d i s t a n c e  and speed would 
be  de termined i n  one s e r i e s  of t e s t s ;  o t h e r  t e s t s ,  made 
a t  seine s a f e  a l t i t u d e  p r o v i d i n g  s t e a d y - a i r  c o n d i t i o n s ,  
nou ld  e s t a b l i s h  t h e  r e a l t i o n s h i p  between a n g l e  of  cl imb 
and s;2eed. These q u a n t i t i e s ,  which Should be l a r g e l y  i n -  
depeii$?ent of p i l o t i n g  e f f e c t s ,  c o u l d  then  be combined, 
w i t h  a s u i t a b l e  c o r r e c t i o n  f o r  a s t a n d a r d  t y p e  of t r a n s % -  
t i o n ,  t o  g i v e  t h e  t o t a l  d i s t a n c e  r e q u i r e d  t o  t a k e  o f f  over  
o b s t a c l e s  of any d e s i r e d  h e i g h t .  

The e f f e c t s  on t h e  a i r - b o r n e  p o r t i o n  of t h e  t ake -o f f  
of a mind i n c r e a s i n g  i n  v e l o c i t y  w i t h  h e i g h t  a r e :  a  reduc-  , 

t i o n  i n  t h e  speed of t h e  a i r p l a n e  r e l a t i v e  t o  t h e  ground,  
c o n s e q u e n t l y  a  r e d u c t i o n  i n  t h e  h o r i z o n t a l  d i s t a n c e  cov- 
e r e d  i n  a  g i v e n  t ime ;  and a n  i n c r e a s e d  v e r t i c a l  v e l o c i t y  
due t o  t h e  v e l o c i t y  g r a d i e n t ,  Those e f f e c t s  i n  combina- 
t i o n  and. t h e  e f f e c t  of t h e  wind g r a d i e n t  a l o n e  a r e  shown 



i n  f i g u r e  13 f o r  normal t a k e - o f f s  w i t h  t h e  h e a v i e s t  and 
t h e  l i g h t e s t  l o a d s .  For t h e  heavy-load c o n d i t i o n ,  t h e  
o v e r - a l l  r e d u c t i o n  i n  t h e  d i s t a n c e  r e q u i r e d  t o  c l e a r  a 
50-foot  o b s t a c l e  i s  25 p e r c e n t ;  t h e  r e d u c t i o n  due t o  t h e  
mind g r a d i e n t  a l o n e  i s  1 6  p e r c e n t .  For  a n  o b s t a c l o  
h e i g h t  of 100 f e e t ,  t h e  reductions a r e  21 p e r c e n t  and 11 
p e r c e n t ,  r e s p e c t i v e l y .  With t h e  l i g h t  l o a d  t h e  d i s t a n c e  
t o  c l e a r  t h e  50-foot  o b s t a c l e  i s  reduced 19 p e r c e n t  by 
t h e  o v e r - a l l  e f f e c t  of wind and 9 p e r c e n t  by r e a s o n  of 
t h e  wind g r a d i e n t  a l o n e .  For a  100-foot  o b s t a c l e  t h e  r e -  
d u c t i o n s  a r e  2 1  p e r c e n t  and 1 0  p e r c e n t ,  r e s p e c t i v e l y .  

Apparen t ly  t h e  e f f e c t s  of even a v e r y  moderate wind 
a r e  r a t h e r  l a r g o  and s h o u l d  be t a k e n  i n t o  accoun t  i n  t h e  
a n a l y s i s  of t ake -o f f  d a t a .  The method used i n  t h i s  r e -  
p o r t ,  i . e . ,  s t ep -by-s tep  i n t e g r a t i o n ,  would be t o o  l a b o r -  
i o u s  f o r  g e n e r a i  u s e  i n  e v a l u a t i n g  t h e  c o r r e c t i o n s  f o r  
wind,  b u t  i t  h a s  been found t h a t  t h e s e  c o r r e c t i o n s  can 
be  de te rmined  w i t h  s u f f i c i e n t  a c c u r a c y  th rough  t h e  a i d  of 
r a t h e r  s i m p l e  r e l a t i o n s :  S t i l l  r e g a r d i n g  t h e  e f f e c t s  of 
wind v e l o c i t y  and v e l o c i t y  g r a d i e n t  as s e p a r a t e ,  t h e  cor -  
r e c t i o n  t o  t h e  a i r - b o r n e  d i s t a n c e  f o r  t h e  e f f e c t  of wind 
v e l o c i t y  i s  

'2 
AD,  = / Vw d t  

0) > 

where 
Vw 

i s  the  wind v e l o c i t y  a t  any time t and T 

i s  t h e  t ime  r e q u i r e d ,  f rom t h e  i n s t a n t  of l e a v i n g  t h e  
ground,  t o  a t t a i n  t h e  h e i g h t  H. 

For  t h e  average  wind g r a d i e n t ,  p r e v i o u s l y  d e f i n e d ,  
t h e  c o r r e c t i o n  becomes, f o r  H = 50 f e e t ,  

miier e  i s  t h e  wind v e l o c i t y  a t  t h e  ground. 

F o r  H = 1 0 0  f e e t  

AD,  = 1.38 V, T 
0 

The e f f e c t  of a  wind v e l o c i t y  g r a d i e n t  on t h e  h e i g h t  
a t t a i n e d  i n  a  g i v ~ n  t ime T i s  found f r o m  t h e  energy  r e -  
l a t i o n s  t o  be 



V c o s  yATr, 
AH = - .- 

g: 

I 

' w h e r e  .4H ' i s  t h e  d i f f e r e n c e  between t h e  h e i g h t s  a t t a i n e d  
\ w i t h  and' w i t h o u t  t h e  b e a e f i t  of a wind g r a d i e n t ,  i n  t h e  

5,ame p=~_Sa, -~ , f : , - . l ; i~~: , , , ,~y~~& i s  v e r y  n e a r l y  e q u i v a l e n t  t o  
t h e  same h o r i z o n t a l  d i s t a n c e )  V i s  t h e  a i r  s p e e d  a t  t h e  
h e i g h t  3 ;  Y i s  t h e  f l i g h t - p a t h  a n g l e  r e l a t i v e  t o  t h e  
a i r  a t  t h e  h e i g h t  H ;  AV, i s  t h e  d i f f e r e n c e  be tween  t h e  

mtnd speed  a t  5 f e e t  f r o m  t h e  ground and  a t  t h e  e f f e c t i v e  
h e f g L ~ 6  1 .  The c o r r e c t i o n  t o  t h e  o b s e r v e d  a i r - b o r n e  d i s -  
t a n c e  f o r  t h e  wind g r a d i e n t .  i s  t h e n  

I 

where Y, i s  t h e  a n g l e  of c l imb  t h a t  would o b t a i n  were 
- 

t h e r e  no wind g r a , d i e n t ;  i t  i s  g i v e n  c l o s e l y  onough by 

- 1 d V ~  V s i n Y  
Y1 = 'Y - t a n  - X 

dH g 

For  t h e  a v e r a g e  wind  g r a d i e n t  

A ' V  = 0 . 4 1  8, , a t  a h e i g h t  of 50 ' f e e t  
m 0 

a n d  AV, == 0 . 5 5  V, a t  a h e i g h t  of 1 0 0  f e e t .  
0 ? 

Thc a n g l e  o f  c l i m b  f o r  k ~ o  mind i s  g i v e n ,  f o r  a n  ob- 
s t z c l e  h e i g h t  of 50 f e e t ,  by 

-, V s i n  Y 
- .L 

Y,= Y - t a n  0.0037 V w o  x -- 
% 

a n d ,  f o r  a n  o b s t a c l e  h e i g h t  of 1 0 0  f e e t ,  by 

The o v e r - a l l  c o r r e c t i o n  t o  no-wind c o n d i t i o n s  i s  
t i l e a ,  f o r  a n  o b s t a c l e  h e i g h t  of 50 f e e t ,  



V c o s  Y X 0 . 4 1  Vw 
A D  = 1 .27  TIw T + ------- O- 

0 - - 1 VWo V s i n  Y 
g t a n j r t ' - t a r .  0.0037 ' \ \ 

Pe 

a n d ,  f o r  a n  o b s t a c l e  h e i g h t  of 100  f e e t ,  

V c o s  Y X 0.55 Vwo 
A 3  = 1.38 V T + ------ 

0 
- 1 

g t a n ( ?  - t a n  0.0021 
Q 

The c o r r e c t i o n s  a s  computed f rom t h e  f o r e g o i n g  equa- 
t i o n s  a g r o e d  c l o s e l y  m i t h  t h o s e  d e t e r m i n e d  by the,  s tep-by-  
s t e p  i n t e g r a t i o n s ,  t h e  d i f f e r e n c e  b e i n g  l e s s  t h a n  2 p e r -  

,. c e n t  o f  t h e  a i r - b o r x e  d i s t a n c o  i n  a l l  t h e  c a s e s  c o n s i d e r e d .  
I n  t n e  a b s e n c e  of s p e c i f i c  d a t a  on t h e  v a r i a t - i  on of t h e  
wind v e l o c i ' t y  m i t h  a l t i t u d e ,  i t  i s  b e l i e v e d  t h a t  t h e  as- 

- sumpt ion  of a n  a v e r a g e  mind g r a d i e n t  w i l l  p r o v i d e  a good 
a - p p ~ o x i ; n a t i o n .  

Tke e f f e c t  of p r o x i m i t y  of t h e  ground on t h e  d i s t a n c e  
-i r e q u i r e d  f o r  t h e  a i r - b o r n e  s t a g e s  of t h e  t a k e - o f f  i s  shown 
, i n  P i g u r e  1 4 .  The ground. e f f e c t  r e d u c e s  t h e  d i s t a n c e  r e -  

q u i r e d  t o  a t t a i n  an a l t i t u d e  of 50 f e e t  by 1 0  p e r c e n t  w i t h  
t h e  l i g h t c s t  l o a d  and  by 1 6  p e r c e n t  n i t h  t h e  h e a v i e s t  l o a d .  
F o r  an  o b s t a c l c  h o i g h t  of 100 f e o t ,  t h e  p e r c e n t a g e  reduc-  
t i o n s  a r e  a b o u t  one-ha l f  of t h o s e  f o r  t h o  50- foo t  o b s t a c l e .  
The g r e a t e r  d i f f e r e n c e  f o r  t i le h e a v i e r  l o a d  i s  p r o b a b l y  
due  t o  t h e  f a c t  t h a t  t h e  a i r p l a n e  c l i m b s  morb s l o w l y  t h a n  
w i t h  t h e  l i g h t  l o a d ;  hence  i t  i s  i n  t h e  r e g i o n  of s t r o n g -  
e s t  ground e f f e c t  f o r  a l o n g e r  p e r i o d .  

1 

1. Fos normal. t a k e - o f f s  t h e  optimum c o n d i t i o n s  f o r  

I .  t h e  t r a n s i t i o n  phase  were r e a l i z e d  a t  t h e  s l o w e s t  p o s s i b l e  
t a k e - o f f  s p e e d .  L i k c v i s e ,  t ho  s h o r t e s t  o v e r - a l l  d i s t a n c o  
r e q u i r e d  i n  t a k i n ~  o f f  o v e r  an  o b s t a c l e  w a s  o b t a i n e d  m i t h  

F t h e  s l o w e s t  speed .  

2 .  Tor  normal ground c o n d i t i o n s ,  zoom t a k e - o f f s  r e -  
q u i r e d  s h o r t e r  o v e r - a l l  d i s t a n c e s  t h a n  normal t a k e - o f f s ,  
p a r t i c a l a r l g  w i t h  heavy l o a d s  i f  t h e  o b s t a c l e  t o  be s u r -  



noun ted  w a s  s u f f i c i e n t l y  h i g h .  With l i g h t  l o a d i n g s  and  
low o b s t a c l e  h e i g h t s  t h e  zoom t a k e - o f f s  p r o v i d e d  no ad- 
v a n t a g e .  

3 .  The e r r o r  r e s u l t i n g  f rom n e g l e c t  of t h e  t r a n s i -  
t i o n  i n  c a l c u l a t i n g  t h e  a i r - b o r n e  d i s t a n c e  i n  t a k e - o f f  va- 
r i e d  f rom 8 p e r c e n t  w i t h  t h e  h e a v i e s t  l o a d  c o n s i d e r o d  t o  
-!? p c r c c n t  v i t h  t h e  l i g h t o s t  l o a d  f o r  normal  t a k e - o f f s  
o v e r  a 5 0 - f o o t  o b s t a c l e ,  Fo r  a  1 0 0 - f o o t  o b s t a c l e  t h e  
p e r c e n t a g e  e r r o r  was a b o u t  o n e - h a l f  of  t h a t  f o r  t h e  50- 
f o o t  o b s t n c l e .  For zoom t a k e - o f f s  t h e  e r r o r  a r i s i n g  f rom 
n e g l e c t  o f  t h e  t r a n s i t i o n  was mnch g r e a t e r .  

4. The e f f e c t  of t h e  a v e r a g e  mind g r a d i e n t  c o r r e -  
spond ing  t o  a 5-mi le -per -hour  s u r f a c e  wind was a r educ -  
t i o n  i n  t h e  a i r - b o r n e  d i s t a n c e  t o  c l e a r  a 5 0 - f o o t  o b s t a c l e  
of a b o u t  9 p c r c c n t  w i t h  t h e  l i g h t e s t  l o a d  a n d  a b o u t  1 6  
p e r c e n t  w i t h  t h e  h e a v i e s t  l o a d .  Fo r  t h e  1 0 0 - f o o t  o b s t a c l e  
h e i g h t  t h e  r e d u c t i o n  w a s  a b o u t  1 0  p e r c e n t  f o r  b o t h  l o a d s .  
The o v e r - a l l  r s d u c t i o a  due t o  t h i s  wind was a p p r o x i m a t e l y  
t w i c e  t h a t  due t o  t h c  n i n d  g r a d i e n t  a l o n e .  The c o r r e c t i o n  
of obscsved  t a k e - o f f  pe r fo rmance  t o  no-wind c o n d i t i o n s  can  
b e  a c c o m p l i s h e d  t k r o u g h  t h e  u s e  of  r e l a t i v e l y  s i m p l e  ox- 
p r e s s i o n s .  

5 .  The ground e f f e c t  r e d x c e d  tilt: a i r - b o r n e  d i s t a n c e  
r e q u i r e d  t o  a t t a i n  a h e i g h t  o l  50 f e e t  by a b o u t  1 0  p e r c e n t  
w i t h  the l i g h t e s t  l o a d i n g  and  bg a b o u t  1 6  p e r c e n t  w i t h  t h e  
h e a v i e s t  l o a d i n g .  Fo r  a n  o b s t a c l e  h e i g h t  of 100  f e e t  t h e  
p e r c e n t a g e  r e d u c t i o n  w a s  a b o u t  o n e - h a l f  a s  g r e a t .  

Langlcy  Her2or ia l  A e r o n a u t i c a l  L a b o r a t o r y ,  
E a t i  o n a l  Adv i so rg  Committee f o r  A e r o n a u t i c s ,  

Ladrigley F i e l d ,  Ba . ,  O c t o b e r  2 6 ,  1937 .  
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TABLE I - C h a r a c t e r i s t i c s  of t h e  V e r v i l l e  A T  A i r p l a n e  

. . . . .  Engine - C o n t i n e n t a l  A-70 165  hp. a t  2 , 0 0 0  r.p.m. 

P r o p e l l e r  - ivietal, f i x e d  p i t c h :  . . . . . . . . . . . . . . . .  Blade s  e c  t i  on C l a r k  Y . . . . . . . . . . . . . . . . .  Diameter  8 f t .  5 i n .  . . . . . . . . .  Blade-angle  s e t t i n g  a t  0.75 B 12.8' 

\Ti.ng d imens ions  - C l a r k  Y-15: . . . . . . . . . . . . . . .  Tota,l a r e a  262.5 sq .  f t .  . . . . . . . . . . . . . .  Span,  upper  w i n g .  3 1 f t .  . . . . . . . . . . . . . . .  Span,  lower  wing 31  f t .  . . . . . . . . . . . . . . .  Chord, upper  wing 50 i n ,  . . . . . . . . . . . . . . .  Chord, lower wing 50 i n .  

T e s t  l o a d i n g s :  . . . . . . . . . . . . . . . .  Gross v e i g h t  2 , 0 6 0  l b .  . . . . . . . . . . .  Ying l o a d i n g  7 .8  Lb. p e r  sq.  f t .  . . . . . . . . . . . .  Power l o a d i n g  1 2 . 5  1%. p e r  hp. 

. . . . . . . . . . . . . . . .  Gross weight  2 ,378  l b .  . . . . . . . . . . .  v ing  l o a d i n g  9 . 1  lb . ,  p e r  sq.  f t ,  . . . . . . . . . . . .  Pomer l o a d i n g  14.4 l b ,  p e r  hp. 



F 
X 

TABLE I1 - Take-Off Dietancee fo r  the Verville AT Airplane From Step-by-step Integratione 
c 

Renarks 

_ _ I  

} Eormal.' 

1 zoom. 

1 ioruuil. 

1 zoom. 

} Bo-. 

] , 

Take-off 
speed 
( a i r )  

(f.p.s.1 

75.5 
82.0 
90.0 

82.0 
90.0 

I 
81.0 
88.0 
96.0 

88.0 
96.0 

88.0 

reigllt 

( l b . )  

2,060 

2,378 > Bo wind 

Climbing 
speed 
( a i r )  

(f.p.8.) 

75.5 
82.0 
90 .O 

75.5 
75.5 

81.0 
88.0 
96.0 

81.0 
81.0 

88.0 
96.0 

104.0 

88.0 
88.0 

75.5 
15.5 

88.0 
88.0 

75.5 

88.0 

height= 50 

Total 
die- 

tance 
izoa 

t a n c e V E 7 5  
f.p.8. 

( f t . )  

377 
457 
600 

374 
445 

629 
752 
965 

584 
661 

1,282 
1,465 

1,0981,880 

1,045 
1,084 

--- 
3 3 7 - - -  

--- -- 
--- 

Obetaole 

Hori- 
sontal  
die- 

tance 
for  

steady 
climb 

( f t . )  

--- 
20 
78 

- -- 
40 

139 
238 

--- -- 
482 
543 
786 

13 --- 
--- - 
--- -- 
-- 

5 m.p.h. wind + gradient. 
Wind gradient only. 

5 m.p.h. wind + gradient. 
Wind gradient only. 

Bo ground ef fec t .  

Mo ground ef fec t .  

Hori- 
~ o n t a l  
die- 

tanae 
for 

tran- 
s i t i o n  

( i t . )  

534 
348 
314 

483 
490 

491 
396 
335 

519 
550 

526 
432 
312 

542 
509 

--- --- 
--- -- 
495 

308 

2,800 

2,060 

2,800 

2,060 

2,800 

Power 
lo&- 
int3 

( lb .  
hp.( 

12.5 

14.4 

he igh ta100f t .  

Total 
ble- 

t a w e  
from 
V 5 7 5  
f .p.s. 

( f t . )  

E81 
966 

g" 
1,161 
1,267 
1,526 

2::; 
2,381 
2,468 
3,011 

2,140 
1,977 

--- --- 
-- -- 
--- 

f t .0betac le  

Hori- 
eontal 
Qie- 

tance 
fo r  

steady 
climb 

( f t . )  

176 
359 
444 

121 -- 
572 
654 
799 

376 
125 

1,581 
1 540 
1:917 

1,108 
686 

--- --- 
--- --- 
254 

Total 
air- 

borne 
die- 

( f t . )  

370 
368 
392 

287 
237 

531 
535 
573 

367 
269 

1,008 
975 

555 
502 

300 

756 
844 

404 

Cround- 
run 
die- 

tance 
from 

V = 75 
f .p .8 .  

( f t . )  

7 
89 

208 

89 
208 

98 
217 
392 

217 
392 

274 
490 
782 

490 
782 

--- --- 
--- --- 
-- 
-- 

Tan ent 
o f  

2'. 
steady 
climb, 

Y 

0.1441 
.I464 
.I366 

.I441 
-1441 

.0930 

.0969 

.0894 

.0930 

.0930 

.0455 

.0503 

.0443 

.0455 

.0455 

--- --- 
--- --- 
--- 
- 

Wing 
loading 

(1b. I  
.a-i t . )  

7.8 

9.1 

- 

Total 
a -  

borne 
&is- 

tence 

( f t , )  

710 
707 
758 

482 

1,063 
1,050 
1,134 

'95 
675 

2,107 
1,972 
2,229 

1,650 
1,185 

561 
642 

1,665 
1,878 

749 

Ileight 
a t -  

tained 
i n  

tran- 
eiti'on 

( i t . )  

74.5 
47.2 
39.2 

82.5 
101.0 

46.2 
36.5 
28.6 

65.0 
88.3 

28.0 
22.7 
15.0 

49.5 
68.7 

--- -- 
--- -- 
63.3 

10.6 

17.0 

12.5 

17.0 

12.5 

17.0 2,270 -- 1,962 
-- - 

866 1,173 
- 

96.0 
10.7 104.0 

96.0 
104.0 

7.8 

10.7 

7.8 

10.7 

7 5 5  [ 75:5 

88.0 [ 88.0 

75.5 

88.0 
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Pigs. 13,13,14 

Pigure 12. 

Take-off speed, fp.s. 

Figure 13. 

Pigure 14. 

Horizontal distance, f t. 




