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An experimental investigation has been made of heat transfer in a 
large-scale model of a channel with fins transverse to a gas stream. 
Distributions of local heat transfer coefficient over fin height have 
been obtained as a function of the geometrical characteristics and the 
Re number, and from these data correction coefficients have been 
5omputed for the effectiveness of the fins, taking account of the 
nonuniformity of the distribution of c~ over fin height. 

The w i d e s p r e a d  use  of f inned s u r f a c e s  in m o d e r n  
hea t  e x c h a n g e r s  m a k e s  i n c r e a s e d  demands  on t h e i r  
computa t ion .  I t  is  known that  hea t  t r a n s f e r  coef f i c ien t s  
m a y  va ry  c o n s i d e r a b l y  f rom the b a s e  to the top of a 
fin. However ,  in view of the a b s e n c e  of s y s t e m a t i c  
e x p e r i m e n t a l  data,  it  is  a s s u m e d  in computa t ion  that  
the hea t  t r a n s f e r  coef f i c ien t s  a r e  cons tan t  o v e r  the 
e n t i r e  s u r f a c e  of the fin, which m a y  lead  to s u b s t a n t i a l  
e r r o r s  in c e r t a i n  condi t ions .  O u r  knowledge  of loca l  
hea t  t r a n s f e r  on s t r a i g h t  t r a n s v e r s e  fins in longi tudinal  
flow ove r  a f inned s u r f a c e  is  ve ry  m e a g e r .  Stynes and 
M y e r s  [1] s tud ied  the d i s t r i bu t i on  of loca l  m a s s  t r a n s -  
f e r  coef f i c ien t s  fo r  so l id  benzoic  ac id  d i s s o l v e d  by 
w a t e r  f rom the s u r f a c e  of a t r a n s v e r s e  fin, a t  Re = 
= 5800 and 12 000 and s / h  = 0 .31--2 .3 .  H a r r i s  and 
Wi l son  [2] i nves t i ga t ed  the  d i s t r i b u t i o n  of l oca l  hea t  
t r a n s f e r  coef f ic ien t  on a l a r g e - s c a l e  m o d e l  a t  Re = 
= 105-6.105 and s / h  = 0.3. Thus, the a v a i l a b l e  da ta  
e i t h e r  span  a ve ry  n a r r o w  range  of Re, o r  hold  only 
fo r  a s ing le  value of s / h .  T h e r e f o r e  s tudy  of the hea t  
t r a n s f e r  coef f ic ien t  d i s t r i bu t i on  with fin height  ove r  a 
wide r ange  of the b a s i c  p a r a m e t e r s ,  and computa t ion  
of the e f f i c i ency  on the b a s i s  of the da ta  obtained,  
a l lowing  for  nonun i fo rmi ty  in d i s t r i b u t i o n  of c~, a r e  
ve ry  t ime ly .  

Experimental equipment and method. The hea t  
t r a n s f e r  i nves t iga t ion  was conducted  on a l a r g e - s c a l e  
m o d e l  of a channel  with t r a n s v e r s e  fins in the r ange  
of va r i a t i on  of Re f r o m  3.103 to 3.5.105. The e x p e r i -  
m e n t a l  s ec t ion  (Fig .  1) was  a r e c t a n g u l a r  p l ex ig l a s  
channel ,  400 • 100 m m  in c r o s s  s ec t ion  and 1020 m m  
long. The b a s e  of the channel  had 64 s l o t s  of width 
3.2, depth 8, and p i tch  15 ram, in which w e r e  mounted  
m i c a r t a  f ins 3 m m  thick,  m e a s u r i n g  62 • 400 ram.  
V a r i a t i o n  of the g e o m e t r i c a l  p a r a m e t e r s  was  accom-  
p l i s h e d  by  v a r y i n g  the d i s t ance  be tween  f ins .  

T e s t s  w e r e  p e r f o r m e d  with s / h  = 0.222, 0.5, 1.06, 
2.17, (h = 54 ram),  and on a s ing le  fin (s = ~o). 

Heat  t r a n s f e r  was i nves t i ga t ed  by  the me thod  of 
loca l  t h e r m a l  m o d e l i n g  on a s ing le  fin, the other fins 
s e r v i n g  to  m o d e l  the  h y d r o d y n a m i c  a r r a n g e m e n t .  The 
t e s t  fin was  a m i c a r t a  p la te ,  on both s i d e s  of which 
w e r e  c e m e n t e d  cons tan tan  r ibbons  0.2 m m  thick with 
c o p p e r  l e ads .  After hot bonding under  p r e s s u r e ,  the 
ribbon was divided into individual strips in such a way 
as  to  fo rm 5 s t r i p s  10 m m  wide on each side of the fin.  

The s p a c e  be tween  s t r i p s  was i ram,  and was f i l l ed  in 
with epoxy  r e s i n .  On the lower  p a r t  of the fin, that  
i n s e r t e d  into the s lo t ,  t h e r e  was one r ibbon  s t r i p  7 m m  
wide on each  s ide ,  to c o m p e n s a t e  fo r  l o s s  by conduct ion 
to the  base .  

The s u r f a c e  t e m p e r a t u r e  was  m e a s u r e d  by  24 cop-  
p e r - c o n s t a n t a n  t h e r m o c o u p l e s ,  which w e r e  l a id  in 
s p e c i a l  s l o t s  of width 1 ram,  and depth 0.7 m m  p r e -  
v ious ly  m i l l e d  in the  m i c a r t a  p la te .  A f t e r  the t h e r m o -  
coup les  w e r e  put in, the s lo t s  w e r e  f i l l ed  with epoxy 
r e s i n  in such a way that  the heads  of the t h e r m o c o u p l e s  
w e r e  f lush with the s u r f a c e  of the back ing  p iece .  The 
a i r  t e m p e r a t u r e  was  m e a s u r e d  by the s a m e  t h e r m o -  
coup les  at  the in le t  to the e x p e r i m e n t a l  sec t ion ,  the 
t h e r m o c o u p l e  emf  be ing  m e a s u r e d  with a P P T N - 1  
p o t e n t i o m e t e r .  Se l f -hea t ing  of the  s t r i p s  was  a c c o m -  
p l i s h e d  by  p a s s i n g  a l t e r n a t i n g  c u r r e n t  th rough  t hem 
supp l i ed  f rom the  m a i n s  through a s t a b i l i z e r  and a 
vol tage  t r a n s f o r m e r .  The h e a t e r  p o w e r  was c o n t r o l l e d  
by  an a u t o t r a n s f o r m e r  on the h igh -vo l t age  s ide .  The 
c u r r e n t  was m e a s u r e d  with an a s t a t i c  a m m e t e r  of 
a c c u r a c y  c l a s s  0.5% and a c u r r e n t  t r a n s f o r m e r .  The 
r e s i s t a n c e  of each  s t r i p  was  m e a s u r e d  be fo rehand  by  
a p o t e n t i o m e t r i c  method .  

To r educe  the hea t  l o s s  by rad ia t ion ,  the two f ins 
ad jo in ing  the t e s t  fin we re  c o v e r e d  ove r  with a luminum 
foi l .  

The a i r  c a m e  to the e x p e r i m e n t a l  s e c t i on  f rom a 
h i g h - h e a d  fan, f i r s t  p a s s i n g  through a s t r a i g h t e n i n g  
g r i d  and a s t i l l i ng  sec t ion .  Mass  flow r a t e  was m e a -  
s u r e d  by a c u r t a t e  Ventur i  tube, and at  the m a x i m u m  
flow r a t e s  (Re _> 1.5.105)--with a P i to t  tube.  

In the t e s t s  the t e m p e r a t u r e *  was m a i n t a i n e d  con-  
s t an t  ove r  the  whole fin by  con t ro l l i ng  the hea t  power  
g e n e r a t e d  in the s t r i p s .  

The hea t  f lux de ns i t y  was d e t e r m i n e d  f rom the 
equat ion 

q~ = ( q i -  qr )/F/n, (1) 

w h e r e  F / n  is  the  hea t  t r a n s f e r  a r e a  ot a s t r i p ;  Qi = 
= IZR is the e l e c t r i c a l  power  g e n e r a t e d  i n  the s t r i p ;  
Qr is  the  hea t  flux due to r ad i a t i on .  

In c a l c u l a t i n g  Qr ,  the e m i s s i v i t y  e of the constantan 
r ibbon  s u r f a c e  was a s s u m e d  to be 0.26. The magnitude 
of Q r  d i d  not u s u a l l y  exceed  10% of the power  g e n e r a t e d .  

The local heat transfer coefficients were calculated 
f rom the equat ion 

*It was confirmed experimentally in [2] that the dis-  
tribution of heat transfer coefficient was practically 
independent of the temperature distribution on the fin. 
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Fig. 1. Schematic of experimental apparatus: 1) test fin-- 
calorimeter; 2) experimental section; 3) micromanometer; 
4) modeling fins; 5) static pressure taps; 6) thermocouple; 
7), 8) straightening grids; 9) Venturi tube; 10) U-tube manom- 
eter; 11) copper leads to plate; 12) micarta backing piece; 
13) constantan plates; 14) channel for thermocouples along 
center of plate; 15) stepdown transformer;  16) voltage reg-  
ulator; 17) current transformer; 18) compensating heater. 
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a=qJ(ts--ta). 
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Fig .  2. D i s t r i bu t ion  of hea t  t r a n s f e r  
coef f i c ien t  o v e r  fin he igh t  for  s / h  = 
ffi 1.06 and Re = 3.53.103 (1), 19.2.103 
(2), 51.1.10 ~ (3), 95.2.103 (4), 336.103 
(5) for  the f ron t  (a) and r e a r  (b) s i d e s  

of the  fin. 

(2) 

The mean  hea t  t r a n s f e r  coef f i c ien t  and the c o r r e -  
sponding  Stanton n u m b e r  w e r e  c a l c u l a t e d  f rom the 
equat ions  

l0 
= - q~  ( t s - - t ~ ) ,  ( 3 )  

1 0  i = l  

St = a/W~cp. (4) 

R e s u l t s  of the inves t iga t ion  and t h e i r  g e n e r a l i z a t i o n .  
F i g u r e  2 shows a t yp i ca l  d i s t r i b u t i o n  of hea t  t r a n s f e r  
coe f f i c i en t s  o~ ove r  the fin height .  On the f o r w a r d  s ide  
of the fin v~ d r o p s  s h a r p l y  f rom the top to the bo t tom.  * 
On the r e a r w a r d  s ide  the hea t  t r a n s f e r  coe f f i c i en t  
d i s t r i b u t i o n  is  m o r e  c o m p l e x - - t h e r e  a r e  m i n i m a  c l o s e  
to the top and to the roo t  of the fin, a n d m a x i m a  d i r e c t l y  
at  the top and in the m i d d l e  p a r t  of the fin.  A d i s t r i -  
but ion of th is  k ind  is due to the n a t u r e  of mot ion  of the 
f luid in the gap be tween  fins (to the p r e s e n c e  of two 
coupled  v o r t i c e s  [2, 3]). The  r e d u c e d  hea t  t r a n s f e r  
coe f f i c i en t  d i s t r i b u t i o n s  ob ta ined  a r e  in s a t i s f a c t o r y  
a g r e e m e n t  with the  da ta  of r e f e r e n c e s  [1, 2]. 

The e x p e r i m e n t a l  da t a  on m e a n  hea t  t r a n s f e r  c o e f -  
f i c i en t s ,  in the r ange  10 4 < Re < 3.5.10 ~, m a y  be  a p -  
p r o x i m a t e d ,  with an a c c u r a c y  of :E10%, by  the equat ion 

St =0.078 Re -~ (s/h) ~ ( 5 )  

The exponent  f o r  Re is  a m e a n  fo r  the  whole  r ange  of 
s / h  (it v a r i e s  f r o m  - 0 . 2  at  s / h  = 0.222 to - 0 . 2 8  at  
s / h  = 2 . 1 7 ) .  

*This ef fec t  i n c r e a s e s  with d e c r e a s e  of s / h .  

F o r  the value  s = co ( s o l i t a r y  fin) we obta ined  

S-t = 0.272 Re -~ 37. (5a) 

C o m p a r i s o n  of the t e s t  da ta  on S--t n u m b e r  of the 
p r e s e n t  inves t iga t ion  with r e s u l t s  of o the r  p a p e r s  on 
m e a n  hea t  t r a n s f e r  on f inned tubes  [3 -7 ]  shows s a t i s -  
f a c t o r y  a g r e e m e n t .  

E f f i c i ency  of a s t r a i g h t  fin when the hea t  t r a n s f e r  
coef f i c i en t  v a r i e s .  The s t epwise  d i s t r i b u t i o n  of loca l  
hea t  t r a n s f e r  coe f f i c i en t s  ove r  the height  of a fin ob ta ined  
in the  t e s t s  a l lows  ca l cu la t ion  of the ac tua l  e f f i c i ency  
of f inning in the r ange  of the b a s i c  p a r a m e t e r s  (s /h ,  
Re) examined .  

To d e t e r m i n e  the e f f i c i ency  we m a k e  the conven-  
t ional  a s s u m p t i o n s :  1) the hea t  t r a n s f e r  p r o c e s s  is  
s t a t i ona ry ;  2) the t h e r m a l  conduct iv i ty  of the fin is  
constant ;  3) the fin t h i cknes s  i s  s m a l l  in c o m p a r i s o n  
with i ts  height,  so that  t e m p e r a t u r e  g r a d i e n t s  in a 
d i r e c t i o n  p e r p e n d i c u l a r  to the l a t e r a l  s u r f a c e  a r e  
neg l ig ib ly  s m a l l ,  and hea t  exchange  with the ends  m a y  
be neg lec t ed ;  4) t h e r e  a r e  no in t e rna l  hea t  s o u r c e s  in 
the fin. 

With the above  a s s u m p t i o n s  the d i f f e r e n t i a l  equat ion 
of hea t  t r a n s f e r  fo r  a s t r a i g h t  fin of cons tan t  t h i cknes s  
has  the fo rm 

8;~ d~ O~ = 2a:Oi, (6) 
dy 2 

w h e r e  

a ,  = ( . ~  + ~ "  ) / 2 ;  O i  = t~  - -  t ~ ;  

i = 1 ,  2, . . . ,  n ; t  I is the t e m p e r a t u r e  of the fin; a[ ,  
a [  a r e  r e s p e c t i v e l y  the hea t  t r a n s f e r  coef f i c ien t s  on 
the f ront  and r e a r  s ides  of the fin on the t - t h  s t r i p .  In 
our  t e s t s  n = 5. 

The bounda ry  condi t ions  a r e  

when y = 0 

when y = i / x  

when y = n A = h  

0 = 0o; 

0i~0~+1, dOi dOi+l. 
dy dy 

d 0 ,  = 0. (7) 
dy 

We s e e k  a g e n e r a l  so lu t ion  of the s y s t e m  (6) in the 
f o r m  

O~ ~ G s h  I~ [ y - - ( i - -  I)AI + C~ chlh [ y - -  ( i - -  I)AI, 

i = I ,  2, ..., n; St V S X  " (8) 

Using  (7), we obta in  a s y s t e m  of equat ions  fo r  d e -  
t e r m i n i n g  C i and C!: I 

c i  = o o ,  

~i+1 Cich~iA @C; sheba =Ci+1 --~-T-' i =  1, 2, ..., ( n - - l ) ,  

c .  c h  ~ , , a  + C ~  s h  ~ . a  = 0 .  ( 9 )  
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F r o m  ( 9 )  w e  o b t a i n  r e c u r r e n c e  r e l a t i o n s  f o r  d e t e r -  
m i n i n g  a l l  t h e  c o e f f i c i e n t s :  

C ~  = - -  C ~ ,  % ,  ~Pi = c h  13 ia  X 

x (  p '+ '  ) 

x (  ) \ [~ i  T ~ + ~ t h [ ~ i  A + ~ i + ~  " ( 1 0 )  

T h e  e x p r e s s i o n  f o r  t h e  e f f i c i e n c y  

r l  : q l q x = ~  ( 1 1 )  

m a y  b e  p u t  i n  t h e  f o r m  o f  a p r o d u c t  o f  t h e  e f f i c i e n c y  
w h e n  

h 

- , s  
= a = - -  a ( D  d y  

h 
o 

a n d  a c o r r e c t i o n  c o e f f i c i e n t  f o r  v a r i a t i o n  o f  t h e  h e a t  
t r a n s f e r  o v e r  f i n  h e i g h t ,  i . e . ,  

r 1 - - =  v l ~ ; ,  ( 1 2 )  

w h e r e  ~ = q / q ~  
U s i n g  ( 6 ) ,  w e  h a v e  

~ l  = 
q 5 ~ ,  ( d  O / d y ) y = o  C 1  ~ ) ~ 1  

q x = ~  2 u h 0 0  2 a h O o  

= - -  C l  y a , - - - ~ / a  

[J h O o  
( 1 3 )  

w h e r e  ) ~  = 

F r o m  ( 1 0 )  w e  f i n d  

C 1  = % 0 o .  

U s i n g  ( 1 3 )  a n d  t h e  w e l l - k n o w n  e x p r e s s i o n  f o r  r / c  = 
= t h  # h / # h ,  w e  f i n a l l y  o b t a i n  

- ~ e ~ ' - ~  ( 1 4 )  
r  l h ~ h  

F i g u r e  3 s h o w s  v a l u e s  o f  ~ c a l c u l a t e d  f r o m  t h e  
a b o v e  e q u a t i o n s  f o r  a l l  t h e  s y s t e m s  i n v e s t i g a t e d .  T h e s e  
g r a p h s  p e r m i t  u s  i n  e n g i n e e r i n g  c a l c u l a t i o n s ,  t o  t a k e  
a e c o u n t  d i r e c t l y  o f  t h e  d i s t r i b u t i o n  o f  h e a t  t r a n s f e r  
c o e f f i c i e n t  o v e r  t h e  h e i g h t .  F o r  e x a m p l e ,  f r o m  t h e  
k n o w n  c h a r a c t e r i s t i c s  o f  f i n n i n g ,  s / h ,  a n d  t h e  p a r a m -  
e t e r s  o f  t h e  h e a t  t r a n s f e r  a g e n t ,  R e ,  w e  f i n d  t h e  f i t  
n u m b e r  f r o m  ( 5 ) ,  a n d  t h e n ,  u s i n g  F i g .  3 ,  w e  o b t a i n  

S t  t = S } n g ,  ( 1 5 )  

f r o m  w h i c h  w e  m a y  d e t e r m i n e  t h e  h e a t  f l u x  o r  t h e  
t e m p e r a t u r e  a t  t h e  b a s e  o f  t h e  f i n .  

5 0 5' 2 f 0 

a.a 

�9 n - A _  

0.6  

/.0 

o.g 

~ o  

o 

x - . _ .  

1 2 3 4, h ~ i ]  ~ 

F i g .  3 .  D e p e n d e n c e  o f  c o r r e c t i o n  
c o e f f i c i e n t  C o n  t h e  q u a n t i t y  h ( 2 ~ /  
/ 6 X )  1 / 2  f o r R e = 3 " 1 0  5 ( 1 ) ,  l 0  s ( 2 ) ,  5 * 1 0  4 
( 3 ) ,  2 - 1 0 4  ( 4 ) ,  1 0 4  ( 5 ) ,  3 - 1 0 3  ( 6 )  
a n d  s / h  = 0 . 5  ( a ) ,  ~o  ( b ) ,  0 . 2 2 2  
( c ) ,  2 . 1 7 ,  ( d ) ,  1 . 0 5  ( e ) .  V a l u e s  o f  
t h e  a b s c i s s a  h ~  f o r  ( b ) ,  ( c ) ,  
a n d  ( e )  a r e  o n  t h e  l o w e r  s c a l e ,  a n d  
f o r  ( a )  a n d  ( d ) - - o n  t h e  u p p e r  s c a l e .  

N O T A T I O N  

h - f i n  h e i g h t ;  y ,  s - d i s t a n c e s  f r o m  b a s e  a n d  b e t w e e n  f i n s ;  5 - f i n  
t h i c k n e s s ;  H a n d  b - h e i g h t  a n d  w i d t h  o f  c h a n n e l ;  f = b ( H  - h ) - - f r e e  
f l o w  s e c t i o n ;  d e - - 2 b ( H  - -  h ) / ( b  + H - -  h ) - e q u i v a t e n t  d i a m e t e r  w i t h  
r e s p e c t  t o  f r e e  f l o w  s e c t i o n ;  W - - v e l o c i t y  o f  h e a t  t r a n s f e r  a g e n t  ( d e t e r -  
m i n e d  f r o m  c r o s s  s e c t i o n  f ) ;  t 0 - t e m p e r a t u r e  a t  b a s e  o f  f i n ;  t s a n d  t a -  
t e m p e r a t u r e  o f  s u r f a c e  a n d  a i r ;  q - h e a t  f l u x  t h r o u g h  b a s e  o f  f i n ;  q k = * o -  

h e a t  f l u x  t h r o u g h  b a s e  u n d e r  c o n d i t i o n s  o f  i n f i n i t e  t h e r m a l  c o n d u c t i v i t y  
h - §  o f  f i n  m a t e r i a l ;  ~ = q / q 3 ; ~ - e f f i c i e n c y  c~, c~ - -  ~ d y  , ~ r = 

o 
= q / ( t o -  t a )  - - l o c a l ,  m e a n ,  a n d  r e d u c e d  h e a t  t r a n s f e r  c o e f f i c i e n t S ;  

X,  u ,  c p - - r e S p e c t i v e l y ,  t h e r m a l  c o n d u c t i v i t y ,  k i n e m a t i c  v i s c o s i t y ,  a n d  
s p e c i f i c  h e a t  o f  a i r ;  S t  ; a / W ~ p ,  S t  r ; a r / W ~ p - r e s p e e t i v e i y ,  m e a n  
a n d  r e d u c e d  S t a n t o n  n u m b e r s ;  R e  = W d e / U - - R e y n o l d s  n u m b e r ,  
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