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A s t u d y  h a s  been made of t h e  i m p o r t a n t  p r i n c i p l e s  i n -  
v o l v e d  i n  t h e  o p e r a t i o n  of s b a f f l e  f o r  an e n g i n e  c y l i n -  
d e r  and  s h o n s  t h a t  t h e  c o o l i n g  can be  improved 20 p e r c e n t  
by u s i n g  a c o r r e c t l y  d e s i g n e d  b a f f l e .  Such a g a i n  i s  a s  
e f f e c t i v e  i n  c o o l i n g  t h e  c y l i n d e r  p i t h  t h e  improved b a f f l e  
a s  a 65-igercent i n c r e a s e  i n  p r e s s u r e  d rop  a c r o s s  t h e  s t a n d -  
a r d  b a f f l e ,  n h i c h  h a d  a 1 / 4 - i n c h  c l e a r a n c e  betmeen b a f f l e  
and  f i n  t i p s .  

TRODU C T I  

I n  t h e  d e s i g n  of  a c o v l i n g  a c e r t a i n  p r e s s u r e  d rop  
a c r o s s  t h e  c y l i n d . e r s  of a rad.ial a i r - c o o l e d  e n g i n e  i s  made 
a v a i l a F l e .  B a f f l e s  a r e  d e s i g n e d  t o  make u s e  of t h i s  a v a i l -  
a b l e  p r e s s u r e  d rop  f o r  c o o l i n g .  

The  p r o b l e n  of c o o l i n g  an  z i r - c o o l e d  e n g i n e  c y l i n d e r  
h a s  been  t r e a t e d ,  f o r  t h e  most g a r t ,  f rom c o n s i d e r a t i o n s  
of a l a r g e  h e a t - t r a n s f e r  c o e f f i c i e n t .  The knowledge of 
t h e  p r e c i s e  c y l i n d e r  c h a r a c t e r i s t i c s  t h a t  g i v e  a maximum 
h e a t - t r a n s f  e r  c o e f f i c i e n t  s h o u l d  b e  t h e  f i r s t  c o n s i d e r a -  
t i o n .  The n e x t  g roblem i s  t o  d i s t r i b u t e  t h i s  a b i l i t y  t o  
c o o l  so t h a t  t h e  c y l i n d e r  c o o l s  u n i f o r m l y .  

H a r t s h o r n  ( r e f e r e n c e  1 )  h a s  made some zleasurements  on 
e n e r g y  l o s s  a n d  e f f e c t  of b a f f l e  2,rrangement. E i s  i n t e r -  
e s t i n g  d i s c u s s i o n  of t h e  problem might  be  r e a d  w i t h  p r o f i t  
by anyone i n t e r e s t e d  i n  t h e  problem of e n g i n e  c o o l i n g .  
The t e s t s  made by Z a r t s h o r n  s u f f e r  f rom i n c o m p l e t e n e s s ,  no 
doubt  owing t o  t h e  f a c t  t h a t  t h e  e f f e c t  of b a f f l e  a r r a n g e -  
ment mas o n l y . o n e  p a r t  of a l a r g e  problem.  

The s u b j e c t  r e 2 o r t  t a k e s  up t h e  problem of  t h e  d e s i g n  
of a b a f f l e  f o r  a model c y l i n d e r .  The v a r i a b l e s  t h a t  a f -  



f e c t  t h e  d e s i g n  of t h e  b a f f l e  a,nd t h e  s e v e r a l  v a r i a b l e s  i n  
t h e  b a , f f l e  i t s e l f  a r e  s t u d i e d ,  The r e s u l t s  a l s o  shorn, t o  
some e x t e n t ,  t h e  e f f e c t  of f i n  s p a c i n g  and  c y l i n d e r  diam- 
e t e r .  

Each a c t u a l  e n g i n e - c y l i n d e r  t y - ~ e  i s  a  s e p a r a t e  prob-  
lem t h a t  must be s o l v e d  by t e s t s  i n  f l i g h t  o r  i n  a l a r g e  
wiad t u n n e l .  A s i m p l e  c a s e  i s  s t u d i e d  t o  a e t e r m i n e  t h e  
f u n c t i o n  a n d  i m p o r t a n c e  of e a c h  e l emen t  i n  t h e  b a f f l e -  
cy l ind -e r  a r ra l igement  , The f u n d a m e n t a l  i d e a s  b r o u g h t  o u t  
i n  t e s t s  of t h e  model c y l i n d e r  w i l l  be of a s s i s t a n c e  i n  i n -  
t e ! - l i g e n t l y  p l a n n i n g  t h e s e  t e s t  s a n d  a d j u s t m e n t s .  

T h i s  s t u d y  i s  n o t  c o n c e r n e d  n i t h  t h e  c o o l i n g  per form-  
a n c e  of  t h e  f r o n t  of t h e  c y l i n d e r .  I t  h a s  been  shown i n  
r e f e r e n c e  2 t h a t  t h e  f r o n t  of t h e  c y l i n d e r  i s  c o o l e d  by 
l a r g e - s c a l e  t u r b u l e n c e .  I t  f o l l o w s ,  t h e n ,  t h a t  t h e  c o o l -  
i n g  p e r f o r m a n c e  of t h e  b a f f l e d  p a r t  of t h e  c y l i n d e r  h a s  no 
r e l a t i o n  t o  t h e  c o o l i n g  p e r f o r m a n c e  of t h e  f r o n t  of t h e  
c y l i n d e r  e x c e p t  f o r  t h e  f a c t  t h a t  t h e  a i r  e n t e r i n g  t h e  
b a f f l e  i s  s l i g h t l y  h e a t e d  by t h e  f r o n t  of t h e  c y l i n d e r .  

ANALYSIS OF THE PROBLEM 

The ene rgy  l o s s  of  t ,he z i r  f l o w  a round  t h e  b g f f l e d  
p a r t  of a f i n n e d  c y l i n d e r  a s  i t  i s  commonly i n s t a l l e d  on 
an  e n g i n e  i s  of t h e  same c h a r a c t e r  a s  t h e  ene rgy  l o s s  
t h r o u g h  a v e n t u r i  t u b e .  

F i g u r e  1 shovrs a v e n t u r i  t u b e  w i t h  PoVo co r re spond-  
i a g  t o  t h e  e n t r a n c e  of t h e  b a f f l e  where t h e  s t r e a m  v e l o c -  
i t y  i s ,  f o r  a l l  p r a c t i c a l  p u r p o s e s ,  z e r o .  The v a l u e  of 
P,V, c o r r e s p o n d s  t o  t h e  f i n n e d  p a r t  of t h e  c y l i n d e r .  1% 
i s  a p p a r e n t  t h a t  V1 i s  l a r g e  i n  t h i s  r e g i o n  and  t h a t  

P, + 4 plV12 a t  t h e  e n t r a n c e  t o  t h e  f i n s  i s  e q u a l  t o  Po  
a s suming  V o  = 0 .  The v a l u e  of P1 v a r i e s  t h r o u g h o u t  

t h e  r e s t r i c t e d  p a s s a g e .  Near t h e  e x i t  

where f ( ~ )  i s  t h e  l o s s  i n  ene rgy  p e r  u n i t  l e n g t h  due t o  
v i s c o u s  f r i c t i o n  and. t u r b u l e n c e .  



The e x p a n s i o n  of t h e  a i r  t o  t h e  c o n d i t i o n  P2 V2, 
where  V2 i s  a p p r o x i m a t e l y  z e r o ,  i s  t h e  most t r o u b l e s o m e  
p a r t .  of t h e  o p e r a t i o n ,  t h e  o b j e c t  b e i n g  t o  r e c o n v e r t  a s  
such as  _ u o s s i b l e  of t h e  k i n e t i c  e n e r g y  t o  p o t e n t i a l  en- 
e rgy .  I t  i s  me11 knovn t h a t  i f  t h e  t u b e  i s  ended a t  
P1 V1 t t h e  e n t i r e  k i n e t i c  ene rgy  i s  l o s t .  I f  a s u i t a b l e  

expans io i i  of t h e  f l u i d  i s  a c c o m p l i s h e d ,  an a p p r e c i a b l e  
p r o p o r t i o n  of t h i s  ene rgy  may be  r e c o n v e r t e d  t o  p o t e n t i a l  
ene rgy .  I n  t h e  c a s e  of t h e  a c t u a l  e n g i n e ,  t h e  f r o n t  and  
r e a r  of t h e  c y l i n d e r ,  c o r r e s g o n d i n g  t o  t h e  r e g i o n s  PoV, 

a n d  F2V2, r e s p e c t i v e l y ,  have  a c o n s t a n t  d i f f e r e n c e  i n  
p r e s s u r e  f o r  a g i v e n  c o w l i n g  and  a t  a g i v e n  a i r  speed .  I f  
by  a s u i t a b l e  e q a n s i o n  V2 i s  made s m a l l ,  t h e  v a l u e  of 
4 ps v," m i l l  b e  s m a l l .  I n  t h e  i d e a l  c a s e ,  where 
Po - P2 = 1 f ( V )  and  i t  i s  assumed t h a t  V2 = Vo = 0 ,  
t h e  a i r  p a s s e s  t h r o u g h  t h e  r e s t r i c t e d  t u b e  w i t h  a  r e l a -  
t i v e l y  l a r g e  v e l o c i t y  and  d i s s i p a t e s  i t s  e n t i r e  a v a i l a b l e  
e n e r g y  i n  f r i c t i o n .  T h i s  c o n d i t i o n  would c o r r e s p o n d  t o  
t h e  maximum c o o l i n g  p o s s i b l e  on t h e  b a f f l e d  p a r t  of t h e  
c y l i n d e r ,  

I n  t h e  a r r angemen t  shown i n  f i g u r e  1 t h e  chance  of 
a p p r o a c h i n g  t h e  i d e a l  f l o w  i s  c o n s i d e r a b l y  g r e a t e r  t h a n  i n  
a n  a c t u a l  c a s e .  F i g u r e  2 ( a )  shows t h e  e s s e n t i a l  p a r t s  of 
t h e  a r r a n g e m e n t  of t h e  p r a c t i c a l  c a s e .  The e n t r a n c e  cond i -  
t i o n s  of an  a c t u a l  c y l i n c i e r  can be  made as good a s  i n  t h e  
s i m p l i f i e d  c a s e ,  b u t  f rom t h a t  p o i n t  on t h e  a c t u a l  f i n n e d  
c y l i n d e r  o p e r a t e s  a t  a d i s a d v a n t a g e .  Two s t r e a m s  o r  j e t s  
come t o g e t h e r  f rom o p p o s i t e  d i r e c t i o n s  a t  t h e  p o i n t  where 
a comple t e  e x p a n s i o n  of  t h e  j e t s  mould t a k e  p l a c e  i f  $ h e r e  
rvere no e x i t  d u c t  on t h e  b a f f l e .    he t v o  j e t s  must come 
t o g e t h e r  f rom o p p o s i t e  d i r e c t i o n s  b e c a u s e  t h e  r e a r  of t h e  
c y l i n d e r  must b e  c o o l e d .  I t  can  b u  s e e n  t h a t ,  i f  t h e  a i r  
mere p e r m i t t e d  t o  l e a v e  t h e  c y l i n d e r  f a r t h e r  t o  t h e  f r o n t ,  
t h e  two j e t s  c o u l d  b e  b r o u g h t  t o g e t h e r  at  a more a c u t e  an- 
g l e .  Thus a s m a l l e r  l o s s  i n  e n e r g y  would r e s u l t  b e c a u s e  
t h e  j e t s  would n o t  b e  r e q u i r e d  t o  make so s h a r p  a t u r n  a n d  
t h e  mix ing  l o s s  might  b e  l e s s .  A f t e r  t h e  two j e t s  have  
been  u n i t e d  i n  a common e x i t ,  a c o n s i d e r a b l e  p a r t  of  t h e  
k i n e t i c  ene rgy  nay be s a l v a g e d  by a  s u i t a b l e  e x p a n s i o n ,  
as  i n  t h e  i d e a l  c a s e .  Any such  improvement w i l l  s e r v e  
e i t h e r  t o  d - i s s i p a t e  more h e a t  on an u n d e r c o o l e d  e n g i n e  o r  
t o  r e d u c e  t h e  c o s t  of c o o l i n g  an  a d e q u a t e l y  c o o l e d  e n g i n e .  
I n  t h e  t e s t s  r e p o r t e d  h e r e i n ' t h e  optimum c o n d i t i o n s  f o r  
t h e  c o m b i n a t i o n  of t h e s e  two j e t s  a n d  t h e i r  s u b s e q u e n t  
e x p a n s i o n  were  de t e rmined .  



The f o r e g o i n g  a n a l y s i s  c o n s i d e r s  t h e  ~ r o b l e m  from 
c o n s i d e r a t i o n s  of r e a l i z i n g  t h e  maximum h e a t  t r a n s f e r  on a 
g i v e n  c y l i n d e r  by t h e  optimum c h o i c e  of b a f f l e s .  The prob-  
lem i s  r e a l l y  somewhat more c o m p l i c a t e d  t h a n  t h e  mere de- 
t e r m i n a t i o n  of maximum h e a t  t r a n s f e r .  A l l  t e m p e r a t u r e s  on 
t h e  c y l i n d e r  must be  h e l d  below some s p e c i f i e d  maximum. 
One can  r e a d i l y  v i s u a l i z e  a s i t u a t i o n  i n  which p a r t  of t h e  
c y l i n d e r  i s  o v e r c o o l e d  w h i l e  a n o t h e r  ?ar t  i , s  un d e  r c o o l e d .  
Such a c o n d i t i o n  may b e  c o n t r o l l e d  by p r o p e r  b a f f l i n g  and 
f i n n i n g ,  n e i t h e r  of which t a k e s  t h e  p l a c e  of t h e  o t h e r .  
F i n n i n g  i s  u s e d  t o  g i v e  t h e  c y l i n d e r  a l a r g e  h e a t - t r a n s f e r  
c o e f f i c i e n t ;  and  b a f f l i n g .  t o  i n c r e a s e  t h e  a i r  f l o w  a t  a 
g i v e n  Ap and  t o  c o n t r o l  t h e  t e m p e r a t u r e  d i s t r i b u t i o n .  
T h i s  i n v e s t i g a t i o n  i s  c o n c e r n e d  o n l y  w i t h  b a f f l i n g .  

The s t u d y  of c o r r e c t  b a f f l e  d e s i g n  i s  t h e r e f o r e  made 
t o  d e t e r m i n e  i lot  o n l y  t h e  a r ra ,ngements  g i v i n g  maximum average 
hea,t t r a n s f e r  w i t h  a g i v e n  Ap b u t  a l s o  t h o s e  g i v i n g  t h e  
l o m e s t  maximum t e m p e r a t u r e .  The two c o n d i t i o n s  a r e  n o t  
c o n c o m i t a n t  a s  i t  i s  n e c e s s a r y  t o  s a c r i f i c e  some of t h e  
o v e r - a l l  h e a t  t r a n s f e r  t o  o b t a i n  a low maximum t e m p e r a t u r e .  

APPARATUS AND TESTS 

The p r e s s u r e  drop  a c r o s s  t h e  c y l i n d e r  was made t o  sim- 
u l a t e  c o n d i t i o n s  i n  an a c t u a l  e n g i n e .  The c y l i n d e r  was 
s e t  i n  t h e  s i d e  of a box so t h a t  t h e  p a r t  c o r r e s p o n d i n g  t o  
t h e  f r o n t  m a s  ogen t o  t h e  room and  t h e  b a f f l e d  p a r t  was 
i n s i d e  t h e  box w i t h  t h e  e x i t  of t h e  b a f f l e  d i s c h a r g i n g  
i n t o  t h e  box ( f i g .  3 ( a ) ) .  The box was c o n n e c t e d  t o  t h e  
s u c t i o n  s i d e  of a b lower .  The p r e s s u r e  i n  t h e  box c o u l d  
be  v a r i e d  f rom 0 t o  24 i n c h e s  of w a t e r  below a t m o s p h e r i c  
p r e s s u r e  by t h e  a d j u s t m e n t  of a b y p a s s  and  a c u t - o f f  
v a l v e .  The p r e s s u r e  i n s i d e  t h e  box was measured  by an 
open-end t u b e  l o c a t e d  i n  a p o s i t i o n  f r e e  f rom a i r  c u r r e n t s .  
A s  o n l y  t h e  b a f f l e d  p a r t  of t h e  c y l i n d e r  was s t u d i e d ,  a l l  
t h e  e s s e n t i a l  c h a r a c t e r i s t i c s  of t h e  p r a c t i c a l  c a s e  were 
r e p r o d u c e d  by such a s e t - u p .  Sma l l  impac t  and s t a t i c  t u b e s  
( o u t s i d e  d i a m e t e r ,  0.015 i n c h )  were  p l a c e d  i n  t h e  f i n  
s p a c e s .  A l l  o p e n i n g s  mere a l o n g  a g i v e n  r a d i u s  b u t  n o t  
Eore  t h a n  two t u b e s  mere i n  2" g i v e n  f i n  space .  F i v e  i m -  
p a c t  and  f i v e  s t a d t i c  t u b e s  were  t h u s  l o c a t e d  a t  s u i t a b l e  f ' 

i n t e r v a l s  a l o n g  t h e  c e n t e r  l i n e  be tween  t h e  f i n s .  These 
t u b e s  xirere u s e d  t o  g i v e  t h e  v e l o c i t y  and  t o t a l - h e a d  d i s -  : 
t r i b u t i o n  i n  t h e  f i a  s p a c e s .  As a  check  on t h e s e  measure- 
ments  a s m a l l  ~ l a t i n u m  m i r e  m a s  l o c a t e d  a l o n g  t h e  c e n t e r  



l i n e  of t h e  f i n  s p a c e  on t h e  same r a d i u s  a s  t h e  o p e n i n g s  
t o  t h e  s u r v e y  t u b e s .  The c u r r e n t  r e q u i r e d  t o  k e e p  t h i s  
w i r e  a t  a g i v e n  t e n p e r a t u r e  above  t h e  a i r  s t r e a m  gave  a 
measure  of t h e  c o o l i n g .  

The c y l i n d e r  l.vas so  a r r a n g e d  t h a t  i t  c o u l d  b e  r o t a t e d  
w i t h  r e f e r e n c e  t o '  t h e  b a f f l e .  Ano the r  g roup  of s u r v e y  
t u b e s  made f rom 0.040-inch t u b i n g  mas l o c a t e d  i n  t h e  e x i t -  
d u c t  o p e n i n g  t o  measure  t h e  ene rgy  and  v e l o c i t y  d i s t r i b u - .  
t i o n  a t  t h a t  p o i n t .  

TITO c y l i n d e r  d i a m e t e r s  were u s e d  w i t h  two f i n  spac-  
i n g s  i n  t h o  l a r g e r .  Fo r  each  a r r angemen t  t h e  e f f e c t  of 
t h e  b a f f l e - e x i t  mid th  a n d  t h e  e x i t - d u c t  l e n g t h  and  f l a r c  
w2.s s t u d i e d .  On onc  s e r i e s  t h e  r a d i u s  of c u r v a t u r e  of t h e  
b a f f l e  a t  t h e  p o i n t  where i t  l e r v e s  t h e  c y l i n d e r  and  j o i n s  
t h c  c x i t  d u c t  mas v a r i e d .  F i g u r e  2 ( c )  shows t h e  g e n e r a l  
a r r a n g e m e n t  of c y l i n d e r  end  b a f f l e .  

A s i n g l e  t e s t  r u n  w a s  u s u a l l y  made a t  t n o  a i r  s p e e d s  
f o r  s e v e r a l  a n g u l a r  p o s i t i o n s  a r o u n d  t h e  c y l i n d e r .  Such 
t e s t  d a t a  made i t  p o s s i b l e  t o  p l o t  c n r v c s  of v e l o c i t y ,  en- 
e r g y  l o s s ,  znd  c o o l i n g  of t h e  h o t  m i r e  a g a i n s t  a n g u l a r  
p o s i t i o n  a r o u n d  t h e  c y l i n d e r .  A s e r i e s  of t e s t s  i n  which 
e x i t - d u c t  l e n g t h ,  f l , ? . re ,  2nd b a f f l e - e x i t  w i d t h  mere sepa-  
r a t e l y  v a r i e d  d e t e r m i n e d  t h e  optimum z r r angemcn t .  

The re  a r e  t v o  s o u r c e s  of e r r o r :  ( 1 )  an a c c i d e n t a l  
chenge  i n  t h e  geomet ry  of t h e  a r r a n g e m e n t ,  e a s i l y  detect- 
ed  by t h e  u s u a l  c r o s s  p l o t s  of t h e  d a t h ;  znd  ( 2 )  a s y s t e -  
m a t i c  e r r o r  dne  t o  n c k i n g  sll t h e  mccsurcments  on t h e  ten- 
t e r  l i n e  of t h e  f i n  s p a c e .  A s y s t e m ~ , t i c  e r r o r  of  t h i s  
t y p e  c a u s e s  no t r o u b l e  f o r  c o m p ~ r i s o n s  of a g i v e n  f i n  
s p a c i n g  b u t ,  i f  t h e  e r r o r  n e r e  l a r g e ,  compar i sons  of v a r i -  
o u s  f i n  s p a c i n g s  mould b e  d i f f i c u l t  t o  make. Measure- 
ments  of v e l o c i t y  nnd e n e r g y  l o s s  a c r o s s  t h e  f i n  s p a c e  
show t h a t  t h e  boundary  l a y e r  i s  v e r y  t h i n  end  t h a t  t h e  
measurements  mnde on t h e  c e n t e r  l i n e  n i l 1  b e  i n  e r r o r  by 
o n l y  n f e n  p e r c e n t .  I n  t h e  r a n g e  of f i n  s p a c i n g s  u s e d  
t h i s  e r r o r  i s  n o t  i m p o r t a n t .  Each measurement c2n be  made 
v i t h  n h i g h  d e g r e e  of a c c u r a c y ,  

A s  e check  on t h e  v e l o c i t y  and  c o o l i n g  t e s t s  of t h e  
u n h e n t e d  c y l i n d e r ,  t e s t s  sere made of an e l e c t r i c a l l y  
h e c t e d  b r a s s  c y l i n d e r .  T h i s  c y l i n d e r  n n s  5&3/4 i n c h e s  
h i g h  w i t h  an  i n s i d e  d i c m e t e r  of 5 ' i n c h e s  2nd n c y l i n d e r  
w a l l  1 / 4  i n c h  Chic?:. The f i n s  n e r e  1 / 3 2  i n c h  t h i c k  and  
3/4 i n c h  wide  n i t h  p, l / 1 0 - i n c h  f r e e - a i r  s p a c e  between f i n s .  



The h e a t e r  m ~ , s  mound on n s o a g s t o n e  c o r e  n i t h  a b o u t  114- 
i n c h  gap betrreen t h e  c y l i n d e r  n a l l  and  t h e  c o i l s .  Heat 
t r a n s f e r  mas p r i n c i p a l l y  by r a d i a t i o n  from t h e  h e a t i n g  
c o i l  t o  t h e  c y l i n d e r  m a l l .  

The t e m p e r a t u r e  of t h e  c  l i n d e r  w a l l  w a s  measured by 8 t e n  t h e r m o c o u p l e s  p l a c e d  a t  0  , 3 0 ° ,  6 0 ° ,  g o 0 ,  105',  120' 
135O, 150'. 165O, and 180' f rom t h e  f r o n t  .o.f t h e  c y l i n d e r  
on t h e  s i x  f i n s  n e a r e s t  t h e  c e n t e r  of t h e  c y l i n d e r .  The 
h o t  j u n c t i o n s  mere made by p e e n i n g  c o n s t a n t a n  w i r e s  i n t o  
t h e  c y l i n d e r  A l e a d  of t h e  same m a t e r i a l  a s  t h a t  of 
t h e  c y l i n d e r  was j o i n e d  a,t t h e  c o o l i n g - a i r  i n l e t  t o  a  con- 
s t a n t a n  w i r e  t o  form t h e  c o l d  j u n c t i o n .  The t h e r m o c o u p l e s  
gave  a  p r a c t i c a l l y  s t r a i g h t - l i n e  c a l i b r a t i o n  so t h a t  tem- 
p e r a t u r e  d i f f e r e n c e s  measured  i n  t h i s  nanne r  a r e  r e l a t i v e l y  
f r e e  f rom e r r o r  c a u s e d  by small changes  i n  c o o l i n g - a i r  tem- 
p e r a t u r e .  

A c o n s t a n t  h e a t  i n n u t  of 3 , 1 0 0  w a t t s  mas s u p p l i e d  t o  
t h e  h e a t e r .  The c y l i n d e r  w a s  a l l o w e d  t o  h e ~ t  up f o r  a b o u t  
30 m i n u t e s  u n d e r  c o n t r o l l e d  c o n d i t i o n s  of h e a t  i n p u t  and  
p r e s s u r e  d rog  a c r o s s  t h e  b a f f l e .  Read ings  on a l l  thermo- 
c o u p l e s  mere t a k e n  a t  5 -minute  i n t e r v a l s  u n t i l  a p p r o x i m a t e  
e q u i l i b r i u m  had  been a t t a i n e d .  E q u i l i b r i u m  u s u a l l y  oc- 
c u r r e d  a b o u t  5 0  m i n u t e s  a f t e r  t h e  s t a r t  of t h e  t e s t .  The 
t e m p e r a t u r e  d i s t r i b u t i o n  f o r  t h e  c y l i n d e r  was t h e n  o b t a i n e d .  

I t  i s  o b v i o u s  t h a t ,  a s  o n l y  t h e  r e a r  of t h e  c y l i n d e r  
mas b a f f l e d  i n  t h i s  s t u d y ,  t h e  f r o n t  of t h e  c y l i n d e r  ~ v o u l d  
h e a t  up e x c e s s i v e l y .  On an  a c t u a l  comled and  b a f f l e d  en- 
g i n e  t h e  f r o n t  of t h e  c y l i n d e r  c o o l s  w i t h o u t  d i f f i c u l t y  

1 owing t o  l a r g e - s c a l e  t u r b u l e n c e .  I n  t h e s e  t e s t s  i t  was 
f o u n d  n e c e s s a r y  t o  employ a b a f f l e  on t h e  f r o n t  of t h e  
c y l i n d e r ,  c r e a t i n g  a  f l o w  toward  t h e  f r o n t  ( f i g s .  2 ( b )  a n d  
3 ( b ) ) .  The d u c t  c a r r y i n g  t h e  a i r  away from t h i s  b a f f l e  

i d i s c h a r g e d  i n t o  t h e  same box as t h e  r e a r  b a f f l e  a n d ,  ac- 
I c o r d i n g l y ,  t h e  same c o n t r o l l e d  A;p d e t e r m i n e d  t h e  f l o w  
! t h r o u g h  t h e  f r o n t  b a f f l e .  The f r o n t  t e m p e r a t u r e  r ema ined  
# f a i r l y  c o n s t a n t .  
< < ? A  

I t  mas hoped t h a t  such  an  a r r angemen t  mould g i v e  a 
f r o n t  t e m p e r a t u r e  i n d e p e n d e n t  of t h e  r e a r  b a f f l e  a r r a n g e -  
ment. T h i s  r e s u l t  was o b t a i n e d  when t h e  r e a r  b a f f l e  m a s  
t i g h t - f i t t i n g ,  b u t  l o o s e l y  f i t t i n g  r e a r  b a f f l e s  a l l o w e d  a 
l a r g e r  p r o p o r t i o n  of t h e  c y l i n d e r  t o  be c o o l e d  by t h e  a i r  
f l o ~ v i n g  townrd  t h e  f r o n t .  A s  2, r e s u l t ,  t h e  f r o n t  temper- 
a t u r e  mas h i g h e r  m i t h  a l o o s e l y  f i t t i n g  r e a r  b a f f l e .  



RESULTS 

The & e t a i l e d  r e s u l t s ,  t o g e t h e r  w i t h  t h e  method f o r  
e v a l u a t i n g  them, ?,re shown f o r  a t y p i c a l  c a s e ;  b a f f l e  ar- 
r a n g e m e n t s  u s e d  a r e  shown i n  f i g u r e  2 ( a ) ,  and  t h e  b a s i c  
r e s u l t s  a r e  p l c t t e d .  i n  f i g u r e s  4 t o  9 .  F i g u r e  4 g i v e s  
t h e  d i s t r i b u t i o n  of t o t a l  h e a d  a l o n g  t h e  c e n t e r  l i n e  of 
t h e  f i n  s p a c e .  F i g u r e  5 g i v e s  t h e  v e l o c i t y  d i s t r i b u t i o n  
f o r  t h e  same p o s i t i o n ,  The t o t d  h e a d  HT ~ , n d  v e l o c i t y  
V a r e  p r e s e n t e d  i n  nond imens iona l  fo rms  i n  t e r m s  of Ap 

' f o r  by u s i n g  HT/AP f o r  t o t ? , l  he2d and  
VH 

v e l o c i t y  where H S  i s  t h e  s t n t i c  p r e s s u r e  and HT - HS = 

The e n e r g y  i s  g i v e n  by $ HT VdA. a h e r e  A i s  . t h e  
c r o s s - s c c t i o n E l  a r e a .  On a c y l i n d e r  b a f f l e d  as  i n  f i g u r e  
2(2), A i s  c o n s t n n t  and  V i s  a p p r o x i m a t e l y  c o i i s t z n t  
so t h a t  H T  cnn b e  c o n s i d e r e d  x measure  of t h e  ene rgy .  
S i m i l a r l y  H ~ / A ~  can be  cons ide re? .  a s  p r o p o r t i o n a l  t o  
t h e  e n e r g y .  

The a v e r r g e  o3 , luss  of EXT/hp and  V / V ~  a r e  d e t e r -  
mined from an i n t e g r a t i o n  of t h e  a r e a s  unde r  t h e  c u r v e s  of 
f i g u r e s  4 and  5 .  The v:?lue of v A / V H  f o r  a t i g h t l y  f i t -  
t i n g  b a f f l e  must r ema in  c o n s t a n t  a t  a l l  p o s i t i o n s  i n s i d e  
t h e  b a f f l e ,  The r a t i o  H T / A ~  becomes g r a d u a l l y  s m a l l e r  
a s  t h e  a i r  moves a round  t h e  c y l i n d e r  and o u t  t h e  e x i t .  
P i g u r e  6 shows a s l o t  of t h e  l o s s  of  H T / A ~  a g a i n s t  an- 
g l e  a r c u n d  t h e  c y l i n d e r  where 0' i s  t h e  f r o n t  and 180' 
t h e  r e a r  of t h e  c y l i n d e r .  Each c u r v e  i s  f o r  a p a r t i c u l a r  
e x i t - d u c t  o n e n i n g .  F i g u r e  7 shons  t h e  e f f e c t  of e x i t -  
d u c t  o ~ e n i n g  on b o t h  t h e  HT/AP l o s s  t o  t h e  150' p o s i t i o n  
and  t h e  v&/v=. The ?eaks of t h e  c u r v e s  show t h e  expan- 
s i o n  t h a t  g i v e s  maximum c o o l i n g .  

The c u r v e  f o r  I 2  - a l s o  shown i n  f i g u r e  7 
w i l l  now be  d i s c u s s e d .  The ene rgy  t o  h e a t  t h e  h o t  m i r e  t o  
a g i v e n  t e m p e r a t u r e  a t  eny  a i r  speed  i s  r e p r e s e n t e d  by 

2 KI" a n d ,  when t h e  a i r  s g e e d  i s  z e r o ,  t h e  e n e r g y  i s  X I 0  . 
I t  f o l l o w s ,  t h e n ,  t h a t  t h e  h e a t  c a r r i e d  away by t h e  a i r  

a s t r e a m  i s  F r o p o r t i o n a l  t o  I" - I, . F i g u r e  8 s h o n s  a  
p l o t  of I" - Io2 a g a i n s t  Ap, S e p a r a t e  c u r v e s  a r e  g i v e n  
f o r  e a c h  a n g u l a r  p o s i t i e n  t a s t e d .  The v a l u e s  of I" - I: 
a r e  r e a d  f r o n  t h e  c u r v e s  a t  a v a l u e  o f  Ap = 1 0  and  p l o t *  



t e d  a g a i n s t  a n g l e  i n  f i g u r e  9 .  The v a l u e s  of I a  - 
a r e  r e a d  a t  t h e  150° p o s i t i o n  from t h e  c u r v e s  and  p l o t t e d  
z g a i n s t  e x i t - d u c t  open ing  ( f i g .  7 ) .  F i g u r e s  1 0 ,  1 1 ,  and  
1 2  show t h e  l o s s  i n  ~ ~ / b p  and t h e  v a l u e s  of VA/VH a n d  
I2 - a t  t h e  150' p o s i t i o n  a l l  p l o t t e d  a g a i n s t  e x i t -  
d u c t  l e n g t h  f o r  s e v e r a l  b a f f l e  o p e n i n g s .  These  r e s u l t s  
a r e  f o r  t h e  7- inch  o y l i n d e r ,  1116- inch  f i n  s p a c i n g ,  and  
314-inch f i n  v i d t h .  The p e a k s  of t h e  c u ~ ? v & s  d e t e r m i n e d  i n  
t h i s  manner shon t h e  optimum c o n d i t i o n s  of t h e  e x i t - d u c t  
e x p e n s i o n .  Thc c h o i c e  t h r o u g h o u t  of 150' f o r  t h e  p o i n t  of 
compar i son  and of Ax ,  = 1 0 ,  a t  which a l l  v a l u e s  of 

2 
1' - I0  mere p l o t t e d ,  was e n t i r e l y  a r b i t r a r y .  

F i g u r e s  1 3 ,  1 4 ,  and  1 5  ? r e s e n t  s i m i l a r  r e s u l t s  f o r  
t h e  114- inch  s?aci:ig on t h e  7 .00-inch c y l i n d e r ;  f i g u r e s  
1 6 ,  1 7 ,  2nd 1 8  l i k e w i s e  ? r e s e n t  s i m i l a r  r e s u l t s  f o r  t h e  
1116- inch  s p a c i n g  on t h e  4 . 6 6 - i n c h  c y l i n d e r .  F i g u r e s  10  
t o  1 8  g i v e  r e s u l t s  t h a t  make i t  p o s s i b l e  t o  choose  t h e  
b e s t  b a f f l e - e x i t  w i d t h  and t o  d e t e r m i n e  t h e  g a i n  o b t a i n a -  
b l e  f o r  a  p a r t i c u l a r  e x i t - d u c t  l e n g t h .  F i g u r e  1 9  shows 
t h e  optimum a n g l e  of e x p a n s i o n  f o r  each  g e n e r a l  a r r a n g e -  
ment t e s t e d .  

A l l  t h e  r e s u l t s  f rom t h e  t h r e e  c y l i n d e r  a r r a n g e m e n t s  
t e s t e d  have  two c h a r a c t e r i s t i c s  i n  common: (1) A g a i n  i n  
c o o l i n g  can  be s e c u r e d  by l e n g t h e n i n g  t h e  e x i t  d u c t ;  a n d  
( 2 )  t h e  l a r g e r  p a r t  of t h i s  g a i n  can be s e c u r e d  by a  r e l a -  
t i v e l y  s h o r t  e x i t  d u c t .  I t  i s  t o  be  n o t e d  t h a t  t h e s e  r e -  
s u l t s  a l l  a p p l y  t o  t h e  150' p o s i t i o n  on t h e  c y l i n d e r .  

F i g u r e s  20 and 2 1 ,  i n  which - i s  p l o t t e d  
& g a i n s t  baf  f  l e - e x i  t w i d t h  f o r  t h e  v a r i o u s  c y l i n d e r  a r r a n g e -  
ments  t e s t e d ,  shon t h e i r  r e l a t i v e  c o o l i n g  p e r f o r m a n c e .  
The v a l u e s  a s p e a r i n g  i n  f i g u r e s  20 and  21 canno t  b e  com- 
p a r e d  b e c a u s e  t h e  p l a t i n u m  w i r e  mas d e s t r o y e d  be tween  t h e  
t e s t s  f rom which t h e  two s e t s  of d a t a  were t a k e n .  I t  i s  
8.t o n c e  a p y a r e n t  t h a t  t h e  n a r r o w e r  b a f f l e  e x i t  g i v e s  t h e  
b e s t  c o o l i n g  a t  t h e  180' p o s i t i o n .  

A l l  t h e  r e s u l t s  p r e s e n t e d  e x c e p t  t h o s e  i n  f i g u r e  21  
mere o b t a i n e d  from t h e  t e s t s  made o f  a b a f f l e  h a v i n g  a 
114- inch  r a d i u s  st t h e  p o i n t  of j u n c t i o n  of t h e  s k i r t  a n d  
b a f f l e .  A. few t e s t s  mere made t o  d e t e r m i n e  t h e  e f f e c t  of 
a l a r g e r  r a d i u s .  F i g u r e s  22 and 2 3  show t h e  r e s u l t s  f o r  
1 .0- inch  and  1 .5 - inch  b a f f l e  e x i t s  where t h e  r a d i u s  was 
v a r i e d  and  t h e  e x i t - d u c t  l e n g t h  r ema ined  a t  7.00 i n c h e s  
f o r  a l l  t h e  t e s t s .  The c o o l i n g  was improved 8 t o  1 0  p e r -  



c e n t  by i n c r e a s i n g  t h e  r a d i u s  f rom 1 / 4  t o  3/4 i n c h .  Such 
a n  improvement i n  c o o l i n g  i s  t o  be e x p e c t e d  i n  any  d e s i g n .  

I t  h a s  been  p o i n t e d  o u t  t h a t  t h e  c o o l i n g  problem i s  
n o t  m e r e l y  a problem of  s e c u r i n g  a  h i g h  h e a t - t r a n s f e r  co- 
e f f i c i e n t  b u t  a l s o  a p rob lem of o b t a i n i n g  a r e a s o n a b l e  
u n i f o r m i t y  of c y l i n d e r  t e m p e r a t u r e .  Some 40  b a f f l e  ar- 
r a n g e m e n t s  mere s t u d i e d  i n  t h e s e  c o o l i n g  t e s t s .  T a b l e  I 
p r e s e n t s  t h e  r e s u l t s  of 1 5  of t h e s e  t e s t s  a n d  g i v e s  a de- 
s c r i p t i o n  of  e a c h  of t h e  1 5  b a f f l e s .  The r e s u l t s  shom t h e  
change  i n  t e m p e r a t u r e  d i s t r i b u t i o n  a n d  t e m p e r a t u r e  when 
t h e  b a f f l e  e n t r a n c e ,  b a f f l e  e x i t ,  b a f f l e - e x i t  r a d i u s ,  a n d  
e x i t - d u c t  l e n g t h  a r e  v a r i e d .  

B a f f l e  1 i s  r e y r e s e n t a t i v e  of t h e  most u s u a l  b a f f l e  
nom i n  u s e .  I t  w a s  made v i t h  an  e n t r a n c e  s imilar  t o  t h a t  
shown i n  f i g u r e  2 ( a ) .  The b a f f l e  e x i t  was g i v e n  a 1/4- 
i n c h  r a d i u s  a n d  m a s  p l a c e d  c o n c e n t r i c  w i t h  t h e  t e s t  model 
a l l o ~ v i n g  a 1 /4 - inch  c l e a r a n c e  be tween  f i n  t i p s  and  b a f f l e .  

B a f f l e s  7 and 8  shom t h e  e f f e c t  of t h e  e n t r a n c e  open- 
i n g .  B a f f l e  9  shows t h e  e f f e c t  of s p e e d i n g  up t h e  a i r  
v e r y  r a p i d l y  a t  t h e  r e a r  of t h e  c y l i n d e r .  B a f f l e  1 0  rep-  
r e s e n t s  an a t t e m p t  t o  a c c e n t u a t e  t h e  e f f e c t  d e v e l o p e d  i n  
b a f f l e  9 .  I t  was t h o u g h t  t h a t  t h e  s h a r p  b r e a k  i n  t h e  ba f -  
f l e  t e n d e d  t o  s e t  up t u r b u l e n c e .  The a d d i t i o n  of a  t i g h t -  
l y  f i t t i n g  i n n e r  b a f f l e ,  1-1/2 i n c h e s  w ide ,  l e a v i n g  a 
1 /2 - inch  o p e n i n g  ahead  of t h e  p o i n t  where t h e  b a f f l e  comes 
i n  c o n t a c t  w i t h  t h e  f i n s  mas e x p e c t e d  f u r t h e r  t o  i n c r e a s e  
t h i s  t u r b u l e n c e .  Such a b a f f l e  a c t s  a s  an i n j e c t o r ,  i n -  
c r e a s i n g  t h e  v e l o c i t y  between t h e  f i n s  and  f o r c i n g  c o l d  
a i r  between t h e  f i n s  a t  t h e  p o i n t  where t h e  g r e a t e s t  coo l -  
i n g  i s  needed .  B a f f l e  11 was d e v e l o p e d  t o  i n c r e a s e  t h i s  
t u r b u l e n c e .  T h i s  b ~ f f l e  had  a 1 /8 - inch  s t r i p  a t  t h e  ba f -  
f l e  e n t r a n c e  and a 3 /8- inch  gap f o r  t h e  e n t r a n c e  of t h e  
a i r .  The 1-1 /2  i n c h  i n n e r  b a f f l e  mas l o c a t e d  t h e  same as 
i n  b a f f l e  10.  T h i s  a r r a n g e m e n t  f a i l e d  t o  c o o l  s a t i s f a c -  
t o r i l y  w i t h o u t  t h e  i n n e r  b a f f l e s .  L a t e r  t e s t s  made i t  
r e l a t i v e l y  c e r t a i n  t h a t  a gap w i d e r  t h a n  3 / 8  i n c h  would 
h a v e  f u r t h e r  improved t h e  c o o l i n g .  B a f f l e  1 2  w a s  t e s t e d  
i n  an a t t e m p t  t o  show t h a t  a g r e a t e r  improvement i n  coo l -  
i n g  mould r e s u l t  f rom a v e r y  h i g h  f l o w  v e l o c i t y  t h a n  from 
an  e n t r a n c e  d e s i g n e d  t o  c a u s e  t u r b u l e n c e .  The r e s u l t s  
a r e  i n d e c i s i v e .  The a d d i t i o n  of a 1-1/2 i n c h  s t r i p ,  w i t h  
a 3 /4- inch  o p e n i n g  be tween  t h e  s t r i p  and t h e  b a f f l e ,  s i m -  
i l a r  t o  t h a t  i n  I a f f l e  1 0 ,  gave  v e r y  s a t i s f a c t o r y  c o o l i n g .  
B a f f l e  1 3  shows t h e  e f f e c t  of an  i n j e c t o r  i n  t h e  e x i t  d u c t  
n e a r  t h e  b a f f l e  e x i t .  The re  i s  a d e f i n i t e  improvement i n  



c o o l i n g ,  which u n d o u b t e d l y c o u l d  b e  f u r t h e r  e x t e n d e d ,  The 
- b e n e f i t  d e r i v e d  from such  a n  a r r a n g e m e n t ,  however ,  i s  

s m a l l  i n  compar i son  m i  t h  t h e  c o m p l i c a t i o n s  of c o n s t r u c -  
t i o n  t h a t  such  a b a f f l e  would i n v o l v e .  B a f f l e  1 4  i s  a 
t y p e  which might  3 e  u s e d  f o r  b lower  c o o l i n g .  B a f f l e  1 5  
was d e s i g n e d  t o  show the improvement t o  be o b t a i n e d  by sep- 
a r a t i n g  t h e  tmo j e t s  and  s h o u l d  be  compared m i t h  b a f f l e  
1 4 .  Each c o o l s  t h e  e n t i r e  c y l i n d e r ,  i n  c o n t r a s t  t o  t h e  
p r e v i o u s l y  d i s c u s s e d  b a f f l e s .  Note  t h a t  b o t h  maximum and  
a v e r a g e  t e m p e r a t u r e s  a r e  20' l o w e r  m i t h  b a f f l e  15  t h a n  w i t h  
b a f f l e  1 4 .  A s  i n d i c a t e d  i n  f i g u r e  2 ( j ) ,  b a f f l e  1 5  h a s  an  
i n t e r f i n  b a f f l e .  T h i s  i n t e r f i n  b a f f l e  was so  f i t t e d  t h a t  
s u f f i c i e n t  a i r  mas a l l o w e d  t o  p a s s  t o  g i v e  r e l a t i v e l y  good 
c o o l i n g  a t  t h e  p o i n t  of p a s s a g e  of t h e  a i r .  An a d a p t a t i o n  
of t h i s  i d e a  might p r o v e  a d v a n t a g e o u s  f o r  c o o l i n g  h a l f  t h e  
c y l i n d e r .  

DISCUSSION 

The l o s s  i n  t o t a l  h e a d  f o r  t h e  b a f f l e  a r r a n g e m e n t  i s  
c o n v e n i e n t l y  d i v i d e d  i n t o  t h r e e  p a r t s :  ( 1 )  t h e  d r o p  i n  
t h e  f i n s ;  ( 2 )  t h e  l o s s  a t  t h e  b a f f l e  e x i t ,  c a u s e d  c h i e f l y  
by t h e  n e c e s s a r i l y  s h a r p  t u r n  t h a t  t h e  a i r  f l o w  must make; 
and  ( 3 )  t h e  e x p a n s i o n  l o s s  t h a t  t a k e s  p l a c e  i n  t h e  e x i t  
d u c t  and  t h e  e x i t - d u c t  open ing .  The f i r s t  l o s s  i s  t h e  
o n l y  l o s s  t h a t  can be u t i l i z e d  f o r  c o o l i n g  t h e  c y l i n d e r .  
F i g u r e  16  shows t h e  u s e f u l  l o s s  a t  t h e  150' p o s i t i o n  t o  be  
0.275 H T / n p .  The b a f f l e  e x t e n d s  t o  t h e  1650 p o s i t i o n .  
Thus t h e  l o s s  i n  t h e  b a f f l e  m i l l  be  0.86 H T / n P .  F i g u r e  
1 7  shoms t h a t  VA/ITE f o r  t h e  same a r r angemen t  i s  0.725. 
From t h e  t h i c k n e s s  of t h e  f i n s  and t h e  e x i t - d u c t  expan- 
s i o n  a n g l e  i t  can be  shown t h a t  t h e  a i r  i s  expanded t o  ap- 
p r o x i m a t e l y  h a l f  v e l o c i t y  b e f o r e  i t  r e a c h e s  t h e  e x i t - d u c t  
o p e n i n g  where V ~ / V  m i l l  be  a b o u t  0.36. The a i r  a t  t h i s  
p o i n t  h a s  o n l y  (VA$VB)' ene rgy  r e m a i n i n g ,  o r  0.13 HT/bp. 
T h i s  v a l u e  l e a v e s  a p p r o x i m a t e l y  h a l f  of t h e  o r i g i n a l  e n e r g y  
t o  b e  a c c o u n t e d  f o r  a t  t h e  t u r n  a n d  e n t r a n c e  t o  t h e  e x i t  
d u c t .  T e s t s  of an a c t u a l  e n g i n e  gave  l o s s e s  of H T / ~ P  of 
0 .2  i n  t h e  b a f f l e  and 0.8 a t  t h e  b a f f l e  e x i t .  

These v a l u e s  a r e  o n l y  a p p r o x i m a t e  b u t  a r e  s u f f i c i e n t -  
l y  a c c u r a t e  t o  i n d i c a t e  how v e r y  i n e f f i c i e n t  t h e  mechan- 
ism of c o o l i n g  r e a l l y  i s ,  e i t h e r  on an a c t u a l  e n g i n e  o r  
w i t h  t h e  more e l a b o r a t e  a r r angemen t  t e s t e d .  The re  i s  s t i l l  
a g r e a t  o p p o r t u n i t y  f o r  imyrovement.  The p r e s e n t  t e s t  r e -  
s u l t s ,  however ,  seem t o  i n d i c a . t e  t h a t  f u r t h e r  improvement 
i n  t h i s  d i r e c t i o n  w i l l  be s l i g h t  and  d i f f i c u l t  u n l e s s  t h e  



g e n e r a l  sys t em of c o o l i n g  now employed i s  changed t o  make 
t h e  u s e l e s s  l o s s e s  s m a l l  and  t h e  u s e f u l  d-rop i n  t o t a l  h e a d  
l a r g e .  C l o s e r  f i n  s p a c i n g  w i l l  i n c r e a s e  t h i s  u s e f u l  d r o p  
i n  t o t a l  h e a d ,  - 

The r e s u l t s  i n d i c a t e  t h a t  a s  l o n g  an e x i t  d u c t  a s  
p o s s i b l e  s h o u l d  be u s e d ,  w i t h  a r a d i u s  of a p p r o x i m a t e l y  
3/4 i n c h  a t  t h e  b a f f l e  e x i t .  A s m a l l e r  r a d i u s  c a u s e s  a 
l a r g e  l o s s  i n  energy  w i t h  a c o n s e q u e n t  lower  v e l o c i t y ,  
whe reas  a  l a r g e r  r a d i u s  a l l o ivs  t h e  f l o w  t o  m i s s  t h e  r e a r  
of t h e  c y l i n d e r .  The b a f f l e  shou ld  f i t  c l o s e l y  n e a r  t h e  
b a f f l e  e x i t  , g r a d u a l l y  expand ing  toward  t h e  f r o n t  . 

The r e s u l t s  f o r  e i t h e r  t h e  e n e r g y - l o s s  s t u d y  o r  t h e  
t e s t s  of t h e  h .eated c y l i n d e r  show t h a t ,  compared w i t h  t h e  
s t a n d a r d  b a f f l e ,  an improvement of 20  t o  25 g e r c e n t  of 
t h e  h e a t  t r a n s f e r  of t h e  c y l i n d e r  can  be r e a l i z e d  by t h e  
u s e  of t h e  b s s t  a r r angemen t  t e s t e d .  Such a n  improvement 
might  n o t  a p p e a r  t o  be p a r t i c u l a r l y  i n t e r e s t i n g .  I t  would 
b e  n e c e s s a r y  t o  i n c r e a s e  t h e  Ap 65  p e r c e n t  t o  ~ b t a i n  
such  a  g a i n  when t h e  s t a n d a r d  b a f f l e  i s  u se4 .  The s t and -  
a r d  b a f f l e ,  hcwever ,  mould r e e u i r e  a b o u t  doub le  t h e  power. 

The b e s t  b a f f l e  t e s t e d ,  b e c a u s e  i t  f i t s  c l o s e l y ,  r e -  
q u i r e s  no more p o a e r  a t  a g i v e n  Q p  t h a n  t h e  p o o r e s t  ar- 
rangement .  The good b a f f l e  h a s  a  h i g h e r  v e l o c i t y  between 
t h e  f i n s ,  t h u s  u s i n g  more a i r  where a c t u a l  c o o l i n g  i s  ac-  
compl i shed ;  t h e  s t s n d a r d  b a f f l e  h a s  a  lower  v e l o c i t y  be- 
t ~ i e e n  t h e  f i n s .  The s t a n d a r d  b a f f l e ,  moreove r ,  a l l o w s  
a i r  t o  e s c a p e  w i t h o u t  c o o l i n g .  Thus t h e  q u a n t i t y  of a i r  
u s e d  i s  a b o u t  t h e  same f o r  each  b a f f l e .  . 

The f u n c t i o n  of t h e  b a f f l e  i n  c o n t r o l l i n g  t e m p e r a t u r e  
d i s t r i b u t i o n  w i l l  now be c o n s i d e r e d .  The t e m p e r a t u r e  on 
t h e  c y l i n d e r  would be  e x p e c t e d  t o  i n c r e a s e  f rom t h e  b a f f l e  
s n t r a n c e  t o  t h e  b a f f l e  e x i t .  T a b l e  I c o n f i r m s  t h i s  r e s u l t  
f o r  eve ry  b a f f l e  t e s t e d .  The e f f e c t  i s  more p ronounced  i f  
t h e  b a f f l e  h a s  t h e  same shape  ads t h e  c y l i n d e r  and  l e s s  
p ronounced  when t h e  b a f f l e  has  some c l e a r a n c e  a t  t h e  en- 
t r a n c e ,  g r a d u a l l y  a p p r o a c h i n g  t h e  c y l i n d e r  and coming i n  
c o n t a c t  w i t h  i t  j u s t  i n  advance  of t h e  e x i t .  T h i s  p e r f e c t -  
l y  l o g i c a l  r e s u l t  i s  due t o  t h e  h e a t i n g  of t h e  a i r .  It 
c o u l d  be p r e d i c t e d  t h a t  t h e  < r a d u a l  i n c r e a s e  i n  t h e  v e l o c -  
i t y  and. t h e  c o n t i n u e d  a d d i t i o n  of c o o l  a i r  between t h e  
f i n s  mould c o u n t e r a c t  t o  some e x t e n t  t h e  e f f e c t  of t h e  
h e a t i n g  of t h e  a i r .  

The p r o b l e m ,  t h e n ,  i s  t o  d e t e r m i n e  t o  what e x t e n t  i t  



i s  p o s s i b l e  t o  overcome t h i s  h e a t i n g  e f f e c t .  The r e s u l t s  
show s e v e r a l  a r r a n g e m e n t s  t h a t  a r e  p a r t i c u 1 a r l : r  e f f e c t i v e  
i n  l e v e l i n g  o f f  t h e  t e m p e r ~ t u r e  d i s t r i b u t i o n .  Such ar- 
r a n g e m e n t s ,  of c o u r s e ,  a r e  o n l y  e f f e c t i v e  t o  t h e  e x t e n t  
t h a t  t h e  maximum t e n p e r a t u r e  i s  r e d u c e d .  T a b l e  I shows 
s e v e r a l  d e v i c e s  t h a t  a p p e a r  t o  be e q u a l l y  good. A more 
e x h a u s t i v e  s e r i e s  of t e s t s  n o u l d  p r o b a b l y  f u r t h e r  improve 
t h e  c o o l i n g .  Such t e s t s  s h o u l d  be  i n c i d e n t a l  t o  t h e  f i t -  
t i n g  of a  b a f f l e  t o  an a c t u a l  e n g i n e  c y l i n d e r .  

CONCLUSIONS 

1. A 20-percent  i n c r e a s e  i n  c o o l i n g  mas o b t a i n e d  by 
t h e  u s e  of a p r o p e r l y  d e s i g n e d  b a f f l e  e x i t .  T h i s  g a i n  
cor res730nds  t o  t h a t  ~ h i c h  can be  o b t a i n e d  ahen  t h e  s t a n d -  
a r d  b a f f l e  w i t h  a 6 5 - n e r c e n t  i n c r e a s e  i n  p r e s s u r e  drop  
a c r o s s  t h e  b a f f l e  i s  u sed .  

2. The b a f f l e - e x i t  r2 ,d ius  a n d  vridth and  e x i t - d u c t  
l e n g t h  were f o u n d  t o  b e  t h e  most c r i t i c a l  p a r t s  of t h e  
b a f f l e .  

3 .  A b a f f l e  mas deve loped  t h a t  gave  a r e l a t i v e l y  
u n i f o r m  t e m p e r a t u r e  d i s t r i b u t i o n  a r o u n d  t h e  c y l i n d e r .  

Langley  X e m o r i a l  A e r o n a u t i c a l  L a b o r a t o r y ,  
N a t i o n a l  Adv i so ry  Cornmitt ee  f o r  A e r o n a u t i c s ,  

Lang ley  F i e l d ,  Ta., J a n u a r y  1 4 ,  1937 .  
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Fimre 3(a).- Test arrangs)nsst for s~elooitg study. 

Figure 3(b) , -  Teat arrangement for cooling with heated cylinder, 



Y.A.C .A .  Fig. 4 
Fin width, inch 

3 i p r e  4.- Loss i n  t o t a l  head between f i n s  f o r  several  pos i t ions  around 
cyl inder .  Exit-duct length ,  3.75 inches; exit-duct opening, 

1.50 inches; ba f f l e  opening, 1.00 inch, 
Cylinder diameter, 7.00 inches; f i n  s-pace, 1/16 inch. 
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N . A . C . A .  Fig. 7 
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CI digure 8.- Effect of Op on cooling for several positions around 
the cylinder. Exit-duct length, 3.75 inches; exit-duct 

opening, 1.50 inches; baffle opening, 1.00 inch. 
Cylinder diameter, 7.00 inches; fin space, 1/16 inch. 



Figure 9.- Bffect o f  posit ion around cylinder on cooling fo r  several  exit-duct openings. Exit-duct a 
length, 3.75 inches; baffle opening, 1.00 inch. 

Cylinder diameter, 7.00 inches; f i n  space, 1/16 inch. 
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Z i p r e  10.- Effect of exit-duct length on loss in total head at 1500 from front of cylinder 
for several baffle openings at optimum exit-duct opening, 

Cylinder diameter, 7.00 inches: fin space, 1/16 inch 
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Figure 12.- Effect of exit-duct length on cooling at 150° from front of cylinder for several m 
baffle openings at optirmun exit-duct opening. 

P 
Sylinder diameter, 7.00 inches; fin space, 1/16 inch. h) 
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Figure 14.- Effect  of exit-duct length on V ~ / V *  a t  150° from front  of cylinder f o r  several  
baf f le  openings a t  optimum exit-duct opening. 2 

Cylinder diameter, 7.00 inches; f i n  space, 1 /4  inch. TQ 
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N.A.C.A. Fig. 19 
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Figure 19.- Effect  of baf f la  openilg o n  o p t i m  angle of expansion. 
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N.A.  C .A.  Fig. 21 
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Figura 21.- Effect of baffle-exit width on cooling at rear of cylinder 
for several exit-duct lengths and baffld radii at optimum- 

exi t--dus t opcning . 
Cylinder diamates, 4.66 inches; fin space, 1/16 inch. 



Fig. 22 
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Figure 22.- Ef fec t  of ba f f l e  radius  o n  H ~ / A ~ ,  v ~ / ? T ~ ,  and 12- 1 ~ 2  
at 150° from f ron t  of cyl inder  at optimum exit-duct 

opening. Baf f le  e x i t ,  1.00 inch; exit-duct length,  7.00 inches. 
Cylindar diameter, 4.66 inchzs; f i n  spacs, 1/16 inch. 



Fig. 23 
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@.@re 23.- S f f ec t  of ba f f l e  radius  on ~ ~ / h ~ ,  vA/vR, and I ~ -  
at 150° from f r o n t  of cylinder a t  optimum exit-duct 

opening. Baf f le  e x i t ,  1 .5  inches; exit-duct length,  7.00 inches. 
Cyli-nder diameter, 4.66 inches;  f i n  spaces. 1/16 inch. 




