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IN  R E F E R E N C E  T O  A C E R T A I N  S O L U T I O N  O F  T H E  
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V A R I A B L E - O V E R - T H E - S U R F A C E  T H E R M A L  F L U X  

ON T H E  H E A T  T R A N S F E R  I N  A T U R B U L E N T  S T R E A M  
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In the  a r t i c l e  by  G. S. A m b r o k  [1] the  au tho r  shows  a " r e l a t i v e l y  s i m p l e  s o l u t i o n "  of the s a id  p r o b -  
l e m  and g i v e s  a c a l c u l a t i o n  f o r m u l a  a p p l i c a b l e  to "an a r b i t r a r y  hea t  load  d i s t r i b u t i o n . "  

C o n s i d e r i n g  that  p u b l i s h e d  a n a l y t i c a l  s o l u t i o n s  to the e n e r g y  equa t ion  fo r  an i n c o m p r e s s i b l e  f luid wi th  
c o n s t a n t  p h y s i c a l  p r o p e r t i e s  and a l o n g i t u d i n a l l y  v a r i a b l e  d e n s i t y  of the t h e r m a l  f lux f r o m  w a l l s  to f lu id  is  
not  e x p r e s s i b l e  by  s i m p l e  f o r m u l a s ,  any  a t t e m p t  to c o m e  up with  a l e s s  r i g o r o u s  bu t  s i m p l e r  so lu t i on  i s  of 
c o n s i d e r a b l e  p r a c t i c a l  i n t e r e s t .  

Unfo r tuna t e ly ,  the so lu t ion  in [1] is  b a s e d  on an e r r o n e o u s  p r e m i s e ,  as  wi l l  be  shown h e r e .  

The  s c h e m e  of the so lu t ion  in [1] is ,  indeed ,  s i m p l e .  The  s t r e a m  is c o n s i d e r e d  to c o n s i s t  of two 
l a y e r s .  In the t u r b u l e n t  m a i n s t r e a m  one a s s u m e s ,  a c c o r d i n g  to P r a n d t [ ,  that  

and in the l a m i n a r  s u b l a y e r  

q = __pCp• ~ d u_. dt  
dy dy ' 

(1) 

dt q = - -  s - - .  (2) 
dg 

The v e l o c i t y  p r o f i l e  is  a s s u m e d  l o g a r i t h m i c  and the t h i c k n e s s  of the t h e r m a l  b o u n d a r y  l a y e r  is  a s s u m e d  to 
fo l low the r e l a t i o n  5 T = c ~ / P r ,  u /v ,  wi th  v ,  = ~-ww/P. The  v a l u e s  of the t u r b u l e n c e  p a r a m e t e r s  a r e  a s s u m e d  
c o n s t a n t  and equal  to ~ = 0.4 and c~ = 11.5.  In o r d e r  to ob ta in  the t e m p e r a t u r e  p r o f i l e  f r o m  (1) and (2), 
and then to c a l c u l a t e  the s t r e a m  t e m p e r a t u r e  at  the wa i l  and the m e a n  t e m p e r a t u r e  of the s t r e a m  as  we l l  
as  the N u s s e l t  n u m b e r ,  the au tho r  of [1] s t i p u l a t e s  a l i n e a r  r a d i a l  d i s t r i b u t i o n  of t h e r m a l  f lux d e n s i t y :  

q = A o -~ Aiy. (3) 

S i m p l e  m a t h e m a t i c a l  o p e r a t i o n s  y i e l d  an e x p r e s s i o n  f o r  the N u s s e l t  n u m b e r :  

0.14Pc V'~ 
Nu ----- , (4) 

in (Pe V~-) - -  B (0.33+85/(Pe V-~-) - -  1.08 

w h e r e  ~ i s  the h y d r a u l i c  d r a g  c o e f f i c i e n t ,  Pe  is  the P e c l e t  n u m b e r ,  and B = r0Ai /A 0. 

Unti l  now we have  been  d e a l i n g  with  a we l l  known p r o c e d u r e  fo r  s o l v i n g  the p r o b l e m  of t u r b u l e n t  hea t  
t r a n s f e r  in a t w o - i a y e r  s y s t e m .  The  au tho r  of [1] a p p l i e s  nex t  an o r i g i n a l  me thod  of d e t e r m i n i n g  the c o e f -  
f i c i e n t  A 1 in Eq.  (3) ( coe f f i c i en t  A 0 is  found d i r e c t l y  f r o m  the cond i t i on  qy=0 = A0 = qw)" F o r  th is  p u r p o s e ,  
the au tho r  u s e s  the e n e r g y  equa t ion  in the f o r m  

Ot Oq~ Oq_~ (5) 
Cppu Ox = -  Ox c?y 

and a s s e r t s  that ,  s t n e e  at  the wa l l  u = 0, th i s  equa t ion  s u p p o s e d l y  y i e l d s  [dqy/dy]y=0 = - [dqw/dx] = At. 
F r o m  th is  he h a s  B = - r 0 ( d q w / d x ) / q w  , and the t e r m  wi th  c o e f f i c i e n t  B in the d e n o m i n a t o r  of Eq. (4; accoun t s  
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for the effect of the arbitrarily variable component of the heat load at the wall. It is easy to see, however, 
that the author is in error when he substitutes dqw/dx for [dqx/dx]y=0. As a matter of fact, dqw/dx = [dqy 
/dx]y= 0. Therefore, the "justification" with which the author of [I] arrived at his value of A I was wrong. 

We will now consider what happens if the radial distribution of thermal flux density q is a priori 
(without any justification) assumed 

dqcT 
q = q e r - -  - -  Y" (6) 

dx 

C o n s i d e r i n g  the cond i t ion  at  the  p ipe  ax i s  qy= r0 = 0, we ob ta in  dqw/dx = qw/r0.  I n t e g r a t i n g  with  r e s p e c t  

to x and d e t e r m i n i n g  the i n t e g r a t i o n  c o n s t a n t s  f r o m  the cond i t i on  qwlx= 0 = qw 0 wi l t  y i e l d  qw = qw 0 exp(x/r0) .  
C o e f f i c i e n t  B in f o r m u l a  (4) b e c o m e s  B = - 1  and th i s  f o r m u l a  then y i e l d s  Nu = cons t .  

In the b e s t  c a s e ,  t h e r e f o r e ,  the  a n a l y s i s  tn [11 i s  a p p l i c a b l e  on ly  to the  r e g i o n  of s t e a d y  hea t  t r a n s f e r  
wi th  an e x p o n e n t i a l  h e a t  load  d i s t r i b u t i o n  on the w a l h  As has  been  shown in s e v e r a l  s t u d i e s ,  u n d e r  such a 
d i s t r i b u t i o n  the v a l u e  of the N u s s e l t  n u m b e r  does ,  indeed ,  s t a b i l i z e  wi th in  s o m e  d i s t a n c e  f r o m  w h e r e  the 
h e a t i n g  b e g i n s .  
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