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The d i s t r ibu t ion  of t e m p e r a t u r e  a c r o s s  the channel has been obtained for  l a m i n a r  flow of a 
fluid in an infinite r e c t a n g u l a r  channel ,  in the case  when the heat  flux to the wal l s  is a func-  
t ion of the coo rd ina t e s .  

F o r  the case  of a fluid in a r e c t a n g u l a r  channel ,  the d i f fe ren t ia l  equat ions of motion and energy  can 
be wr i t t en ,  r e s p e c t i v e l y ,  in the following form:  

O2W, O~W~ 1 OP (1) 
ax ~ + ay ~ - - ~ -  - O z '  

O~t O2t _ W~ at 
Ox 2 + Oy 2 • Oz" (2) 

Equat ions (1) and (2) have been obtained with the following a s sumpt ions :  

1) S ta t ionary  flow of an i n c o m p r e s s i b l e  fluid with cons tant  phys i ca l  p r o p e r t i e s ,  independent  of t e m -  
p e r a t u r e ,  is  c o n s i d e r e d  downs t r eam of the sec t ion  where  the heat  flux and the t e m p e r a t u r e  became s t a b i l -  
i zed .  

2) The fluid flow is l a m i n a r ,  the ve loc i ty  components  W x = Wy = 0, and P = const  a c r o s s  the channel .  

3) No account is  taken of the ef fec t  of m a s s  f o r c e s ,  the genera t ion  of f r ic t iona l  heat ing,  and heat  con-  
duct ion of the wa l l s .  

In this  fo rmula t ion ,  the solut ion was given in [1] for  the t e m p e r a t u r e  d i s t r ibu t ion  in a r ec t angu la r  
channel ,  for  the case  of constant  heat  flux to the wal l .  T e m p e r a t u r e  d i s t r ibu t ions  were  obtained,  both for  
the case  of heat ing f rom all  s ides ,  and for  heating" f rom two opposi te  s ides .  Siegel and Savino [6] cons ide red  the 
p r o b l e m  of t e m p e r a t u r e  d i s t r i bu t ion  in a r ec t angu la r  channel with constant  heat  flux to the wa l l s ,  al lowing 
for  heat  conduction of the wa l l s .  

In the p r e s e n t  p a p e r  the t e m p e r a t u r e  d i s t r ibu t ion  a c r o s s  the channel sec t ion  has  been obtained when 
the hea t  flux to the wai l s  is  a function of the coord ina te s  x or  y, but does not va ry  along the s t r e a m ,  with z. 
F o r  s i m p l i c i t y ,  the case  cons ide red  is that of s y m m e t r i c a l  heat ing,  i .e . ,  the heat  flux to opposite wal ls  of 
the channel is  given as  the same function of the coord ina tes .  

The boundary condit ions for  this p r o b l e m  can be wr i t t en  in the form (Fig. 1): 

( t)0 y = 0 ~ -  = - -  r (x); ~ = o; 

(at) 
y = b  ~ = % ( x ) ;  W , = O ;  

(3) 
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x = O  

X ~ - - - a  / ) -~- , =  *, (v); 

W, = 0;. 

W, = 0 .  

(4) 

By conve r t i ng  in Eqs .  (1)-(4) to the new v a r i a b l e s :  

x x 
= T a '  Y = a '  

we obtain:  
o'wz a ~ a ~ w z  a s 1 a P  
a x  ~ + b ~ a Y  2 = z 2 ~ o z - A ;  (5) 

a~t a s a~t a 2 W~ a t  . 

o x  2 " +  b ~ OY  ~ - ~ ~ a z  ' (6) 

g = o ;  ~V o = -  ~ ( x ) ~ ;  

b (7) 
Y = a ;  ~p(X) ~ , 

( a t ) 0 =  - - - ;  W~=O; X = 0; ~ _ ~ (y) a 

(s) 
(at) a. ~ = o .  x = ~; ~ ,,= * (Y) -d- '  

In a c c o r d a n c e  with a s s u m p t i o n s  (1), E q s .  (5) and (6) can be so lved  independent ly .  The solut ion of Eq .  
(5), s a t i s fy ing  condi t ions  (7) and (8), has  been given in [5], and has  the fol lowing f o r m :  

W z - -  - -  - -  1 pS 

p=l , a ,5  . . . .  c h  p n b  
2a 

Since,  in condi t ions  of s tab i l i zed  flow with cons tan t  phys i ca l  p r o p e r t i e s ,  the local  fluid t e m p e r a t u r e  
v a r i e s  l i nea r ly  a long the channel  [2], i .e . ,  ~ t /Oz  = cons t ,  Eq .  (6) can  be wr i t t en  in the fol lowing f o r m :  

a~t a~ a2t B - -  1 ps 
OX ~ + b 2 OY  2 := A__2 ch p a b  

p=~ ,a,5 .... 2 a  

(10) 

w h e r e  

4 A  a s Ot 
B = -- const. 

g s  x Oz 

To solve  Eq.  (10), with boundary  condi t ions  (7) and (8), we use a finite in tegra l  F o u r i e r  cos ine  t r a n s -  
f o r m a t i o n  with r e s p e c t  to X, cons ide red  in detai l  in [3]. By mul t ip ly ing  both s ides  of Eq.  (1 0) by cos  kXdX, 
and in tegra t ing  f r o m  0 to 7r, we obtain:  

1) k ~ 0 ,  k e v e n  

B _ _  - -  1 f _ b~ k~T  + ~p(Y); (11) 
p=[a,5,.., ch p ~  b ( f  - - k ~ )  a Y 2  

�9 , 2a 
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t _ 'X' 

0 0 t ~  , t , a  ~r 

'z 

F i g .  i. The c a l c u l a t i o n  s c h e m e .  

2) k = O  

B 

r b 

~=i,3,5 .... ch pn 2a 

E - - 1  
a 2 O~To 
b ~ Oy  2 + ~P (Y); 

3) k ~ 0 ,  k odd 

a ~ 02T 2a 
b. ~ Og  ~ k 2 r  + ~ ~; (Y)  = O. 

The b o u n d a r y  cond i t i ons  can  be w r i t t e n  in the fo l lowing f o r m :  

k ~ 0  

Y = O; 

Y : ~r; 

07"'  = _ b coskXdX ~ (a); 
0r ]o ; '~ (x) - -  = - 

0 

k = O  

Y = 0 ;  

Y = n ;  

(OTo)= f b a x =  ,x(o); 
: 0  

(0ro  i -oY]. = ~(x) b--dX. =~(0~. 

In E q s .  (11)-(15) i t  i s  a s s u m e d  that  

T =  tcoskXdX; T o =  t d X .  
0 0 

Solv ing  the d i f f e r e n t i a l  e q u a t i o n s  (11)-(13),  we ob ta in  [4]: 

1) k ~ 0 ,  k e v e n  

) ( ~ - Y  §  - - k  b r ) + F ( r ) ,  

w h e r e  

(12) 

(13) 

(14) 

(15) 

(16) 
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F ( Y ) = B  s 
p = l , 3 , . . .  

ch ~ a  b ( f - -  k 2) 4 -~-  
1 2 
p~ (p2 _ k ~) + f (Y); 

f(Y) is the pa r t i cu la r  solution of the equation 

a ~ O~f (y )  
b ~ 3F~ -. 

__kT(y) _= _ _  __2a , ( y ) ;  

2) k;~O, k o d d  

( b )  ( ) T=C3exp k - ~ - Y  + C  4exp --k b a  Y +- f (Y); 

3) k : 0  
To = Cio + C2oY + Fo (Y); 

( b b) 
Fo(Y)= B ~ 2 ch PY-~---P~-2affch p~b 

p ,. 2a 

b 2 
a ~ 2 + to (F), 

and f0(Y) is the pa r t i cu la r  solution of the equation 

a s 0~fo (Y) 2a 
b -~-  - OY ~ - n * (y)" 

The constants C 1, C z, C 3, C 4, and C20 are  determined f rom the boundary conditions (14) and (15). 
The constant C10 can be de termined  by assuming,  for  example,  that t = 0 when X = Y = 0. The final ex -  
p re s s ion  for  the tempera ture  field ac ross  the channel can be wri t ten in the following form: 

1 T o + 2  ~ t : --h- -if- T cos kX. 

If, for  example,  a heat flux of constant value q0 = eonst is given on all the channel walls,  the ex -  
p re s s ion  for  the t empera tu re  field ac ross  the channel has the form 

+ B  

t =  ~ C,o+ -~- ~ -  + B  --~-n Y 

p = l , 3 , . . ,  

=z~a,...~ a 2a b 2 y2 qo b~ y~ 

p~ch pr~b a 2 2 ~,a 
o 2a 

+ ~  Ciex p k ~ Y  -t-C2exp --  

k ~ 2 , 4 , 6 ,  �9 �9 �9 

X ch pY a 2a 1 1 
+ B  , .-[- 

pnb , 2 ,2, k-2 P~ 

k T Y  

2 2a qo 
( p ~ k  ~) d nk 2 

whe re 

B -  qo a ( a + b )  1 

I cos kX, 

(17) 

(18) 

(19) 

(20) 

(21) 

(22) 

(23) 

(24) 
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Fig.  2. T e m p e r a t u r e  d is t r ibut ion at the walt  (Y = 0) for  a 
s inusoidal  (a) and a parabol ic  (b) distr ibution of heat 
flux: 

a) - - \~-y/b= - ~-sin-a-;  (-bV)o= 0; 
1--a/b=7,0; 2--5,0; 3--2,0; 4--1,0; 5--0,2; 

b) T o = -  o,; L )0=L )o =~ 
1--a/b=3,3; 2--2,0; 3--I,0; 4--0,2; 5--0,1 

b 
l + e x p ( k n ~ )  2B ~ thp~ 2a 

p=I,3 . . . .  

and the value of Cl0 obtained f r o m  the condition t = 0 for  X = Y = 0 is equal to 

C t o = - - 2  C t 4 - C 2 + B  k2(p2 k2)~ 4 ~k~ Z - -  2B p6 �9 
k=2,4 .... v=l,3 .... p=1,3 .... 

In the case  when the heat  flux to two opposite walls  is a s inusoidal ly vary ing  quantity,  i .e . ,  

~, a ' 

we can obtain the following exp re s s ion  for  the t empe ra tu r e  field a c r o s s  the channel: 

t =  1 C ~ o + B '  ~ + B '  �9 
a2- 7 - ~  p2ch pnb 

P=~'a .... P=, .... 2a 

k = 2 , 4  . . . .  

(25) 
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- -  a " ~ +-~- 
p=,,3 .... [ k  ch "-~ab (P2-- k') 

] 
1 2 / cos kX, (26) p~ (p~--k 2) ] 

where 

B ' - -  q' a~ 2 1 
7 

- p b -  ~ # 

! I I 
and the constants 010, C t, C 2 can easi ly be determined f rom the boundary conditions. 

Figure 2a shows curves  of temperature  at the wall (Y = 0), obtained f rom Eq. (26) with a sinusoidal 
heat flux distr ibution on two opposite walls,  for channels with various rat ios of s ides,  and Fig. 2b gives 
curves  of tempera ture  distr ibution at the wall (Y = 0) for the case when the heat flux is parabolic  on two 
opposite walls, 

X ~  2 
q = q2 X 2  = q2 a ~ , 

as a function of the rat io of sides (t X = y  = 0 = 0). 

Since the express ions  for the temperature  and velocity fields are  infinite se r i es ,  the f i rs t  few terms 
are  used to calculate according to the corresponding formulas ,  depending on the convergence of the r e s p e c -  
tive se r i e s .  For  example, using Eq. (9), it is enough to take only the f i rs t  two te rms  of the ser ies  (p = 1, 
p = 3), since the coefficient of the third te rm (p = 5) is less  than 0.01 of the coefficient of the f i rs t  te rm of 
the se r i es .  

W Z 

x , y  
Z 

X 

P 

t 

a,b 

qo, q~, q2 

NOTATION 

is the s t r eam velocity;  
are  the coordinates perpendicular  to the s t r eam direction;  
is the coordinate along the s t ream;  
is the thermal  conductivity of the fluid; 
is the thermal  diffusivity of the fluid; 
is the viscosi ty  of the fluid; 
is the p r e s su re ;  
is the tempera ture ;  
are  the channel width and height; 
a re  the specific heat fluxes to the wall. 
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