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The paper  p resen t s  the r e su l t s  o f a n u m e r i c a l  ca lcu la t ion  of the function ~n(r  *) through which 
one e x p r e s s e s  the solution of the p rob lem of conjugate unsteady heat exchange between a plate 
containing heat sources  and a gas s t r e a m  flowing over  one s ide.  

In [1, 2] the solution of the p rob lem of conjugate unsteady heat exchange between a semiinf ini te  plate (with 
heat sources  of the type R(z, ~-) = Rn(~')z n) and a gas s t r e a m  flowing over  one side is exp res sed  through the 
function ~2n(1-). In [2] it is showntha t  ~2n(T ) is r ep re sen ted  by a power- law s e r i e s .  The r e su l t s  of a numer ica l  
calculat ion of the function ~n(T) a r e  presented  in the presen t  work.  

The ma themat i ca l  formula t ion  of the p rob lem discussed  in ['1, 2] has the f o r m  (in d imens ionless  form)  

a~~ -FPr f  ao _ - p r f ' ~  O0 + B ~  2 O0 (1) 
on ~ an a~ a~ 

ao,,~=o = a,o,,~=o +. M ( a~n ) a~ a~, ~ "=~ + R(~, ~), (2) 

aol,=o ( ao,,l=o 

(o+) _-o. . ,  

Here  

B =  2 a 8 ,  M= ~.| (_~___) '/2 L 
R-T Ca~ ~-Z --d- Y~ .  

The meaning of the other quantit ies which f igure in the expres s ions  presented  above is revea led  in [1]o 

Before  s ta r t ing  on the numer ica l  calculat ion,  let us t r a n s f o r m  the p rob lem (1)-(4): 4, % z -* ~ * = M1/3~, 
7 "  = M4/3T, z* = M2/az. Then (1)-(4) t akes  the f o r m  

020 + P r [  OO =Pr/'~2 0(~ +B*~*' O0 
o,1 - - - ~ -  an ~ a----T- ' , (5) 

ao],~=o a~o,,,=o + , / ao \ , ( z* ~* ) 
--o~. - o~,' - - ~ , , ~ / - ~ - ~ ) , : o + - ~  - ~ . ~ ,  ~ ' , ~  , (6) 

( oo,~=o ) = ( oo,.=o ~ 
-az* ,*=o \ az* ]z,~-=~ (7) 
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Fig.  1. Graphs  of functions ~2n(r *) (n = 0-5) with 
P r  = 1 for different  approximat ions  N = 1 (1); 4 
(2); 7 (3); 10 (4); a) N = 0 ;  b) 4; c ) 1 ;  d ) 5 .  
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Fig .  2. Graphs of functions l ln( r*)  (n = 0-5) in 
the f i r s t  approx imat ion  for Pr  = 1 (1); 7.03 (2); 
50 (3); I00 (4) w i t h N = l :  a) n = 0 ;  b) 4; c) 1; 
d) 5. 

oo 1 - ' ~ - / ~ * = 0  = 0,  0 1 ~ .  = 0,  01~.=0 = 0 ,  ( s )  

where  B * = BM 2/3. 

P r e c i s e l y  the p rob lem (5)-(8) is analyzed i n t h e  p resen t  r epo r t ,  s ince for it the function ~n0"* )does  
not contain the quantity M explici t ly .  

A compar i son  of Eqs.  (1)-(4) and (5)-(8) shows that  the solution of p rob lem (5)-(8) is obtained f r o m  
the solution found in [1, 2] for  p rob lem (1)-(4) by the subst i tut ion 

~, z, % M, B--~*,  z*, ~*, 1, B*. 

The solut ion of p rob l em  (5)- (8) can be calculated by Eqs .  (43), (50), (51), (89)-(92), and (115)-(118) 
f r o m  [1, 2] s ta r t ing  f r o m  an  ass igned heat sou rce .  Only knowledge of the function fln(r *), which does not 
depend on the source ,  is requi red  for  these  calcula t ions .  

The r e su l t s  of a calculat ion of the function lTn(r *) in the quasis teady case  (i .e . ,  a quasis teady bound- 
a ry  l aye r  and an unsteady substance)  a r e  presented  in this r e p o r t .  Approximate  equations for calculating 
Dn(r *) i n t h e  N-th approx imat ion  a r e  obtained in See. 10 of [2]. The calculat ions were  ca r r i ed  out i n t h e  
approximat ions  N = 3m + 1, s ince one can show that  p rec i se ly  these  a r e  the bes t  approximat ions .  

Graphs  of the function ~7 n (r *) for d i f ferent  approximat ions  N a re  presented  in Fig. 1. It is seen  
f r o m  the f igure that the f i r s t  approx imat ion  a l ready  r e p r e s e n t s  the function Dnff *) r a t he r  well.  
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The re su l t s  of the ca lcula t ion of the functions ~n( r* )  in the f i r s t  approx imat ion  for P r -  1, 7.03, 50, and 
100 a r e  shown in Fig.  2. The weak dependence of the functions $2n(T*) on the PrandtI  number  is s een  f r 6 m  the 
f igure .  

NOTATION 

0, dimensionless temperature; a s (a~), coefficient of thermal diffusivity of plate (of onflowing gas); 
A s (~J, coefficient of thermal conductivity of plate (of onflowing gas); L(H), length (thickness) of plate; C, 
constant in Chapman-- Rubezin law. 
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The conjugate p rob l em  of convect ive heat exchange in a flat  channel is solved by the combined 
appl icat ion of the in tegra l  Laplace t r a n s f o r m a t i o n  and the Bubnov- -  Galerk in  method. 

Considerable  at tent ion has r ecen t ly  been  paid to p rob lems  of conjugate heat exchange [1]. 

Resul ts  of numer ica l  calculat ions of the conjugate p rob lem of s teady  heat exchange a r e  presented  in [2, 
3], while an exact  solut ion of the ve ry  gene ra l  p rob lem of conjugate heat exchange with boundary conditions of 
the f i r s t  kind at the su r face  of the pipe wall  is obtained analyt ical ly  in [4]. However ,  p rac t ica l  use of the so -  
lutions obtained is made difficult by the complicated and c u m b e r s o m e  functional dependences .  

The combined appl icat ion of the in tegra l  Laplace t r a n s f o r m a t i o n  and the Bubnov--  Galerk in  method [5] 
al lows one to obtain an approx imate  solution of the conjugate p rob lem which is sui table for d i r ec t  calculat ions.  

Let us make the following as sumpt ions :  the flow of the fluid and the p roces s  of heat exchange a re  s teady;  
the h e a t - t r a n s f e r  agent is v iscous  and incompress ib le ;  the mode of flow is l aminar ;  the t e m p e r a t u r e  of the 
h e a t - t r a n s f e r  agent is constant  in the ent rance  sec t ion  of the channel; the t e m p e r a t u r e  of the outer  su r face  of 
the channel walls is an a r b i t r a r y  function of the longitudinal coordinate;  the curva ture  of the t e m p e r a t u r e  d i s -  
t r ibu t ion  in the fluid in the longitudinal d i rec t ion  can be neglected in c o m p a r i s o n  with the curva tu re  iin the t r a n s -  
v e r s e  d i rec t ion  - -  this a s sumpt ion  is evaluated in [6]; the t e m p e r a t u r e  field is a x i s y m m e t r i c .  With al lowance 
for  these  assumpt ions  the energy  equation for  the fluid in d imens ion less  va r i ab l e s  has the f o r m  

(l__~a) ae,(~, x) = a~e,(~, x) ( o < ~ < 1 ,  o < x < ~ ) .  (1) 
2 a x  a~ ~ 

We a s s u m e  that  the channel wall  is made of an an iso t ropic  ma t e r i a l  (here the coordinate  s y s t e m  coincides with 
the pr incipal  coordinate  sys tem) ,  and then  the heat-conduct ion equat ion for  the wall  is wr i t ten  in the f o r m  
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