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3y A r t h u r  B. T i f f o r i !  a n d  George P. Wood 

The e q n a t f o x s  t'!it d o s c r i 3 e  t h e  ope r -z t ion  o f  a heat 
O X C h a n g O r  - tho equations f o r  pressure d r o p ,  rat0 of heat 
t r a n s f e r ,  and  pawor o x p e n d i t u r o  - havo bosn pu t  i n t o  no% 
dimensional, gc: ie ra l izod  f o r a .  Theso g o n o r a l i z e d  o q u n t i o n s  
c a n  b o  used f o r  c o n s t r u c t i n g  s e l e c t i o n  c h a r t s  f o r  various 
t y p e s  @f a i r c r a f t  h o a t  oxcLangs r s .  
f a c i l i t a t e  c h o i c e  o f  hpa t -uxchsngor  dimensions for any 
given s e t  of  o p 2 r o t i n g  conditions, A t y p i c a l  s e l e c t i o n  
c h a r t  i s  p r c s o n t e d ,  

Such c h a r t s  would  

U;:Cil -7erg r e c e n t l y ,  l i 5 t l e  E?etailec? m a t h e m a t i c a l  anal- 
y s i s  o-' t i l e  cILsi%;l;Ti o f  ".eat exchangers  used i n  a i r c r a f t  has 
been  :?ubli sirzit .  3 a s i c  p k y s i c r l  ;?lienoner,a i n v o l v e d  have been  
d e s c r i b L d ,  g c n e r s l  t r o - i d s  i n  g o o d  d c s i p  have been  i n v e s t i -  
g ~ ) . t e d ,  s ~ c i  s c l c c t i o i :  cherts € o r  s y c c i f i c  o p e r a t i n g  c o n d i t i o n s  
have bccx d?vclo-peL i:i s o v z r z l  pa;Jcrs s u c h  as r o f c r o n c c s  1 
throua;Z 6 .  T h e e  ~ a , ~ ~ r s  ( r e i e r e n c e s  7 ,  8 ,  ar_d 91, which pre- 
s e n t  n e v  ra t3er ; ln t ;  c n l  z ~ - - ~ g r o z c k e s  t o  t h e  pro'blern of  s e l e c t -  
i n g  e f ; ' i c ien- l  i : i s : s , l l a t ions  o f  s p e c i f i c  t y 2 o s  o f  h e a t  OX- 
cl iar,gor,  havo y e c e n t l y  bo3:i vf i - i t te i l .  R e f e r e n c e  7 s h o r s  h o w  
t o  o b t n i r .  t h e  d i 2 e n s i o n s  a n d  tY.o o p e r a t i r g  c h n r a c t c r i s t i c s  

t u r e s .  I n  r e f e r e n c e  8 t l -ere  i s  d o r i v c d  a f o r n u l a  t h a t  de-  
fires tZ;c voXur!~ o f  ra6irrtors u s i n g  a nir,irnua o f  powor as a 
f u c c t t o r ,  0:  t h e  F;:.rpl .;le an& r i r  c h a r a c t e r i s t i c s .  A useful 
d o s i p  &art v i t ' l  F C  Grz. . l izoc? coor< . . inafee  i s  ,7150 p r e s e n t e d  
i ~ .  t i l o  sone i ) r p e ~ .  12 3 t h i r d  pape r  ( T o f e r o n c e  9 )  general- 
iTe6- c = o r d i : 1 a t c s  ;?,re U S C ~  t o  p l o t  a suivfacc r c p r o s c n t i n g  a11 
r z G i n 5 o r  d e s i g n s .  

. 0." c r o s s - f l o w  i n t e r c o o l c r s  t h a t  hnvc srnall power expendi-  

? 'his pzpe r  ~ r e s e n 5 s  a n o t h o d  of d c r i v i n g  gcnc rF i l i zcd  
c o o r d i n ~ t c s  f o r  sol.cc:lon cl l ,q , r ts  f o r  x y , r  t y ? c  o f  h e a t  ox-  
ch -RP 5.1 r - c r o 2 s - f 1'0 1.r , c c)u11 t, e 1- f 1 o w , c r :> ar 8 1 ? c 1 - f 1 o r  
d i s r i n e t i n g  !>.cat f r o - ;  a y  t y p o  o f  % l u i &  and i l l s t a l l e d  i n  an 
n l r ~ l n : ? . c  

- 
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The u n i t s  
Any c o n s i s t c n t  

g i v e n  arc t h e  o z e s  used i n  tkiis p a p e r r  
s y s t e m  o f  u n i t s  mag %e used .  

e np i r i c a1 Eilae r i c a 1 c on  s t ~n t s 

drag c o e f f i c i e n t  of  a i r p l a n e  

l i f t  C o e f f i c i e n t  o f  a i r p l a n e  

o u t s i d e  t u b e  d i a m e t e r ,  f e e t  

Dh 
K 

h y d r a u l i c  diameter of  p a s s a g e ,  f e e t  

r a t i o  ;f apsu  a r e a  t o  t o t a l  f r o n t a l  a r e a  

a c c e l e r a t i o n  due  t o  g r a v i t y ,  32 .2  f e e t  
p e r  s econd  p e r  second- 

e 

s l ~ r  f ;i c e he a t  - t ran s f e r  c oe f f i c I e fit 33 t u  
g e r  second p e r  aq-uare f o o t  p e r  *F 

h 

H 

k 

n e a t  d i s ~ i ~ a t i o n ,  3tt.1: ?er second  

tk .or ix i .1  c o n d u c t i ~ i t y  o f  f l u i d ,  Btu p e r  
s e c o n d  p e r  square foe$ p e r  OF p e r  f o o t  

c on s t a n t  s 

l e x g t h  o f  f l .u id  p a s s a g e ,  f e e t  

l e n g t h  GI" L e s t  exc l i czgs r  i r i  no-flow d i r e c -  
t i o n ,  f e e +  

L 11 

n u a b e r  of  t7;bes p e r  s q u a r e  r o o t  o f  f a c e  
o f  h e c t  C X C ) l 3 , 3 g C r  w i t h  open e n d s  o f  
t u b e s  . .  

t u b e  > i t c h ,  f e e t  P 

p r e s s u r e  c i r o n ,  p o u r ~ d s  p e r  square f o o t  

P power ,  f oo t -pound-s  p e r  s econd  
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e f f e c t i v e  coo!-ir_z surface p e r  u n i t  l e n z t k  
of '  t - ~ b e ,  ;qasr .e  f e e t  p e r  f o o t  

s f f e c t i - e  c o o l i n g  s u r f a c e ,  sqcare f e e t  

i n l t  ial tea?erature d i f f e r  s n c e  a - r a i l a b l e  
l o r  ~ g ~ l i n g ,  0 F 

c o n c t 7 . : 1 t  s 



a 



AlTXI. Y 3 I s 

ThrsP; t y y e s  of:  17ezt exchangers  - e t h ; ~ l e n e - g l g c o l  radi- 
a t o r s ,  o i l  c o o l e r s ,  snd i n t e r c o o l z r s  - ai-e used  i n  a i r -  
c rp-z t  toc'-?ag. Ir, al?. t h r e e  !,ea', e x c > i a n g e r s ,  the fluids e f -  
t;icT f i o v  f r i c t i o n a l l y  t h o u g h  pasr,z><;es o r  f l o w  a . c r o s s  
b e s k z  o f  %u-D;?s. 
sc:-its.!. 3:- > r e s s u r e - d r o g  a.nd i i e a . t - t r a n s f e r  
p o s s i b l e  t h a  ncl .ect , inn n f  h e s t .  e :cc>~zngerc  p- -  A V I  ~ L v a u  - - - - - - -  C 0 i i G - i -  

tions. 

The ~ h s s i c a l  phexocena  o c c u r r i n g  a r e  [le- 
ilat,a t h a t  make 
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lj;- a c o n b i n s t i a n  o f  e c _ u a t i o n s  (5; anA- ( 6 ) ,  t h e  gcn- 
erali z e ?  Z o - m t l o n  f3r  :?.e power  e x g e n d i t u r e  c l i a r g e a 3 l e  t o  
:ke i x s t a i l a 5 f o n  i s  r v t a i y e c ? :  



a 

t i t r e ,  ca::i;~letel.y d e s c r i b e s  t h c  c h a r a c t e r i s t i c s  o f  a11 c ross -  
f l o w  h e a t  e x c h a n g e r s .  S i n i l a r  equations c o n p l e t e l g  dc- 
ccr?lbc t h e  c h a i * ~ . c t s r i s t i c s  o f  c o u n t e r f l o ? r  a n d  p a r a l l e l -  
f l o v  h e a t  cxc5ar.gers.  These  e q u a t i o n s  i.1:lst b e  u s e d  i n  ob-  
taiiItl:.g t h o  g e n e r a l i z e d  c o . o r d i n a t e s  f o r  t h e  s e l e c t i o n  
ch3rt ;s  o f  h e a t  exc3.x:i.: -.rs. The c i e r i - r n t i o n  o f  t h e  g e n e r a l -  
ized. c o o r 3 i c a t c s  fo- ;he  s e l e c t i o n  c l i a r t s  o f  czoss - f low 
i:.aat exch:;tncern v i 1 1  now 5 e  g i v c r . .  X x a c t l y  a n a l o g o a s  d e r -  
i v a t i n r s  i t re  a p p ~ l i c a b l c  t o  c o u n t e r f l o v  anu p a r a l l e l - f l o w  
h e a t  cxcLargers. 

Ev--Js+ion ( 7 1 ,  t i l e  g ( > n c r a l i  z o d  c q u a t  i o n  f o r  t h e  power 
expoi-:diture, r o L r . t e s  f,our ( L u a n t f t i c s :  t h c  _uowr?r e x l J c n d i t u r e ,  

(12) 

It i s  t o  be  r L o t c d  t k t ,  i r ,  o r d e r  f o i -  tkc g c n c r n l i z a d  equa-  
t i .02  f o r  yowe;. cixpend! ture t o  ; . e l a t e  t h r e e  q u n n b i t i e s ,  
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; i re  n o n d i m e n s i o n n l  and &re 

-- 7- 

U - 

t i o n  (14) i s  r e f e r r e d  t o  a g a i n ,  i t  Ls s e e n  t h a t  the fourth 
U 





12 

P' 

I a 

Lax g l  e 3' M e  3 o r  i 21 A e r o nau t i c i! 1 I1 ab o r a t  o r g 
' N c i t i o g a l  Advisory Com,: i t tee  f o r  A e r o n a u t i c s ,  

Ln;:gle;r F i e l d ,  V a .  
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