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Temperature distributions, heat fluxes, and Nusselt numbers at the 
walls have been obtained for the case of laminar flow of a liquid in a 
rectangular channel for various laws of internal heat release. 

In r e f e r ence  [2], for  the ease  of l a m i n a r  flow of 
an i n c o m p r e s s i b l e  l iquid in an inf in i te  r e c t a n g u l a r  
channel,  the t e m p e r a t u r e  d i s t r i bu t i on  in  the l iquid 
and the heat  flux through the wall  were  obtained with 
energy  d i s s ipa t ion  unde r  cons tan t  channel  wall  t e rn -  I 
pe ra tu re .  

The p r e s e n t  paper  examines  l a m i n a r  flow of an 
i m c o m p r e s s i b l e  l iquid in an inf in i te  channel  of r e e -  
t a n g u l a r  c ro s s  sec t ion  with a r b i t r a r y  ra t io  of s ides ,  
with i n t e rna l  heat  r e l e a s e  in the liquid, de s c r i be d  
by r e l a t ions  of a d i f ferent  type. The bas ic  a s s u m p -  
t ions a re  the s ame  as in r e f e r e n c e  [2]: s teady flow 
of the l iquid is cons ide red  with eons tan t  phys ica l  
p rope r t i e s ,  and the effect of g rav i ty  is not taken into 
account.  The wail t e m p e r a t u r e  is  a s s u m e d  cons tan t  
and the s a m e  for  all  the channel  wal l s .  

Under  the above a s sumpt ions ,  the d i f fe ren t ia l  
equat ion of ene rgy  may be wr i t t en  in the fol lowing 
f o r m  [1]: 

ff_L + J__L = _ Q (x, v)  (1) 
Ox 2 O f  

The boundary  condi t ions  a r e  

x = O ;  x = a ;  t = t w ;  

y = O ;  g = b ;  t = t  w. (2) 

The heat  r e l e a s e  Q(x, y) in  the l iquid is a s s u m e d  
to be r e p r e s e n t a b l e  in  the fo rm of a product  of func -  
t ions  of the coord ina tes  

Q (x, v) = ~ (x). ,  (v). 

A solut ion was obtained, fol lowing t r a n s i t i o n  in (1) 
and (2) to the new v a r i a b l e s  

X x = - - z ~ ,  Y =  g---zL T = t - - t  w (3) 
a b 

by use  of a f in i te  in teg ra l  F o u r i e r  s i n e - t r a n s f o r m a -  
tion with r e spec t  to the va r i ab l e  X [4]. Quite a de-  
ta i led s i m i l a r  so lu t ion  has been  examined  in r e f e r -  
ence [2], and the re fo re  we give he re  only the f inal  
r e s u l t s  for  the t e m p e r a t u r e  f ie lds  over  the channel  
sec t ion  and for  the heat  f luxes at the wal ls .  

The fol lowing cases  of i n t e r n a l  heat  r e l e a s e  in the 

l iquid a re  examined:  

Q (x, V) = Q~ -- const; (4) 

Q (x, y) = Qs sin x ~  ; (5) 
a 

Q(x ,g )=Qas in  x~  . y~: s , n - -  ; (6) 
a b 

X ~  
Q (x, y) = Q~ - -  (7) 

a 

The f inal  e xp r e s s i ons  for  the t e m p e r a t u r e  f ield 
over  the channel  c r o s s  sec t ion  and for  the heat  f luxes 
at the wal ls  have the following fo rm.  

For  the case  Q(x, y) = Q1 = const  

2 a~Q1 E [1--(--1)~1 
T =  n3 )~ k 3 • 

k = l  

• [ l - - c h ( k Y  b - - k  ~ b ] / c h  kr~b] sinkX; (8) 
k \ a 2a J /  2a j 

o r  2 aQ 1 [ 1 - - ( - -  1)kl 
qcx=0)=--X ~ o----  ~-~- k~ X 

x =  k ~ l  

X [ I - - c h ( k Y @ - - k n ~ a ) / C h k ~ l .  (9) 

F o r  the ca se  Q(x,y)  = Q2 s in  (xTr/a) = Q2 s in  x 

T m s )~ a 2a ch sinX;i(10) 

~ -  a 2 a / /  - ~ a J "  (11) 

F o r  the ca se  Q(x,y)  = Q3 s in  (xTr/a) s in  (yzr/b) = 
=Qa s i n X  s i n Y  

a 2 Q3 sinY sinX 
T - -  ~2 ~ 1 +a2/b s ; (12) 

aQ3 
q(x=0) -- sin Y. (13) 

(! + aS~ b2) 

For  the case  Q(x, y) = Q4xlr/a = Q4X 

T 2 Q~a2 2 (--1)k [I_ 
~2 ~ k 3 

k =  l 

a 2a 
(14) 

ao 

2 X (  1,, [ q(x=0) = - -  aQa k "2 1 -  
J~ 

k = l  

2a / ea j (15) 

D e t e r m i n a t i o n  of Nusse l t  n u m b e r  at the wal ls  was 

c a r r i e d  out as follows [3]: 

Nu = qdeq , (16) 
~ ( t w - t l )  
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whe re  

4F ~ :~ i ~ 
deq=--~- ,  ~1 = j" j' V/z tdXciY/ !  .i'W~ dXdY, 

0 0 0 0 

and the e x p r e s s i o n  f o r  W z, obtained in r e f e r e n c e  [2], 
has  the f o r m  

2 - ,  
p=1,3,5... 

2a 2a p~ (17) 

Since the e x p r e s s i o n s  fo r  W z and fo r  T a r e  in genera l  
inf ini te  s e r i e s ,  s e v e r a l  t e r m s  w e r e  used  fo r  the ea l -  

eulat ions ,  depending on the r a t e  of conve rgence  of 
the co r r e spond ing  s e r i e s .  The t e r m s  of the s e r i e s  
d e e r e a s e  quite  rapidly.  F o r  example ,  for  each of the 
s e r i e s  d e s c r i b e d  by (8) and (14) fo r  X = 7r/2, the v a l -  

ues  of the th i rd  t e r m s  a re  l e s s  than 0.01 of the v a l -  

u e s o f t h e f i r s t t e r m s .  IneomputingSStWzdXdY, 
u 0 

where  e x p r e s s i o n s  (8) and (1'/) w e r e  used  fo r  T and 
W z, it was suf f ic ien t  to take a s ing le  t e r m  of each  of 
the s e r i e s  (with k = p = 1), s ince  a f t e r  in tegra t ion  the 

value  of the second t e r m  of the f inal  e x p r e s s i o n  was 
�9 l e s s  than 0. 002 of the value  of the f i r s t  t e r m .  

The r e s u l t s  of the computa t ions  a r e  shown in Figs .  
1 and 2. All the computa t ions  w e r e  p e r f o r m e d  fo r  the 

s a m e  vatues  of in te rna l  heat  r e l e a s e  p e r  unit  channel 

length, i . e . ,  with 

n ~2 2 e2=VQ,, 
F i g u r e  l a  shows c u r v e s  of t e m p e r a t u r e  d i s t r i b u -  

tion in d i m e n s i o n l e s s  f o r m  T/(a2QI/X), obtained a c -  
co rd ing  to the f o r m u l a s  given above.  Curve  5 was 
cons t ruc t ed  fo r  the case  of hea t  r e l e a s e  in the l iquid 

with the law Q(x,y)  = Q5 (1 - s in  (x~/a) )  = Q5 (1 - sin X), 
and was obtained by combining  so lu t ions  of Eq. (1) 

with Q(x, y) = Q1 and Q(x, y) = Q 2sin x .  Here,  

Q~ = = - -  2 q'" 

It may be seen from Fig. la that the most uniform 
temperature field across the section with a symmet- 

rical distribution of heat sources relative to the mean 

plane of the channel occurs when the maxima of heat 

0J0 ~--3 

0 ~ n ~__ x 

r e l e a s e  a r e  d i sp laced  as c lose  as poss ib le  to the 
walls ,  and, converse ly ,  the m o s t  nonuni form t e m p e r -  
a tu re  f ie ld  with the g r e a t e s t  heat ing of the l iquid r e l -  
a t ive  to the wall  is  obtained fo r  heat  r e l e a s e  m a x i m a  
c lose  to the channel axis .  The heat ing of the l iquid at 
the c e n t e r  of the channel,  with a heat  r e l e a s e  d i s t r i b u -  
tion acco rd ing  to the law Q = Q5 (1 - sin X), is ap-  
p r o x i m a t e l y  four  t i m e s  l e s s  than with a heat  r e l e a s e  
l a w Q = Q ~  s i n X  sin Y, and l e s s  b y a f a c t o r  of ap- 

p r o x i m a t e l y  t h r ee  than f o r  a hea t  r e l e a s e  law Q = 
= Q2 s in  x under  the s a m e  hea t  r e l e a s e  p e r  unit chan-  

nel length in all  cases .  
With an a s y m m e t r i c a l  heat  r e l e a s e ,  the t e m p e r -  

a tu re  f ie ld  a l so  r e m a i n s  a s y m m e t r i c a l  (curve 4), and 

a c o r r e s p o n d i n g  r e d i s t r i b u t i o n  of heat  f luxes at the 

wal l s  takes  p lace .  
F i g u r e  lb  shows c u r v e s  of t e m p e r a t u r e  d i s t r ibu t ion  

in the mean  plane  X = 7r/2 of  the channel  with ra t io  of 
s ides  b/a = 2. The gene ra l  p i c tu r e  shows a l m o s t  no 
change f r o m  that of Fig.  1. The  m in im um  t e m p e r a t u r e  
of the channel  a x i s - - f o r  heat  r e l e a s e  law Q = Q~(1 - 
- s in  x ) - i s  a l so  l e s s  by a f ac to r  of approx ima te ly  4 

than fo r  a heat  r e l e a s e  law Q = Q3 s in  X sin Y. It is 
i n t e r e s t i n g  that the t e m p e r a t u r e  d i s t r ibu t ion  for  a 

heat  r e l e a s e  law Q = Q1 co inc ides  with the t e m p e r a t u r e  
d i s t r ibu t ion  for  a heat  r e l e a s e  law Q = Q4 ( cu rves  1 and 
4). The hea t  f luxes  at the wal ls  fo r  X = 7r/2 a r e  quite  

cons ide rab ly  d i f fe ren t  f r o m  those  with Y = ~r/2. 
The d i s t r ibu t ion  of Nusse l t  number  at the wal ls  for  

a channel  of squa re  sect ion,  as obtained by f o r m u l a  
(16), i s  shown in Fig .  2. Since only q is  a funct ion of 
X and Y in f o r m u l a  (16), the c u r v e s  in Fig.  2 d e s c r i b e  
the d i s t r ibu t ion  of heat  flux at the wal ls  in the a p p r o -  

p r i a t e  sca le .  

NOTATION 

V z is the stream velocity; x, y are the coordinates 

perpendicular to the stream direction; Q(x, y) is the 

internal heat release; X is the thermal conductivity 

of the liquid; t is the temperature; a, b are width and 

height of the channel; q is the specific heat flux at 

the wall; deq is the equivalent diameter; a is the a 

constant; F, U are the area and perimeter of the 

channel; t w is the wall temperature; T/ is the mean 

enthalpy temperature of the liquid. 

b 

0 T[ "~ 3T{ Y 
# 2 4 

F ig .  1. Temperature distribution in the mean plane 
Y = v/2 of a channel  of s q u a r e  s ec t ion  (a), and in the 
mean  plane  (X = 7r/2) of a channel  with r a t io  of s ides  

b/a = 2 (b): 1 - f o r Q  = Q1; 2 - Q  = Ql0r/2)  s in  X; 3 -  
Q = Q10r2/4) s inX" s inY;  4 - Q  = Q l ( 2 ~ ) x ;  5 - Q  = 

= Ql[Tr/(r - 2)] (1 - s in x) ;  B = T/(a2Q1/X). 
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