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An approx imate  solution of the hea t  balance equations for  the liquid and m a t r i x  in a porous  
m a t r i x - l i q u i d  s y s t e m  is given. A compar i son  with the exact  solution shows good a g r e e -  
men t  of the t e m p e r a t u r e  p rof i l e s .  

The solution of s eve ra l  p rac t i ca l  p rob l ems  r equ i r e s  a knowledge of the heat  t r a n s f e r  coefficient  for  
a flow of liquid through a packed bed. Such a need a r i s e s ,  in pa r t i cu l a r ,  in the planning of a number  of 
e l ec t r i ca l  engineer ing ins ta l la t ions .  

The ana lys i s  of  the complex  p rob lem of heat  t r a n s f e r  is usual ly s impl i f ied  by a s suming  that  the 
the rmophys ica l  p a r a m e t e r s  a r e  constant .  The initial equations for  ana lys i s  of heat  t r a n s f e r  in a porous  
m a t r i x  and liquid a r e  the heat  balance equations.  Radiant  heat  t r a n s f e r  is usual ly  neglected in the inves t i -  
gations owing to the s m a l l n e s s  of i ts  contr ibut ion to the total  t r ansmi t t ed  heat  flux in alt  the pa r t i cu la r  in-  
ves t iga ted  condit ions.  

I f  there  is no phase  t rans i t ion  in the porous  m a t r i x - l i q u i d  s y s t e m  the heat  ba lance  equation for the 
porous  m a t r i x ,  which has  po ros i ty  e and in which heat  ene rgy  is r e l e a s e d  uni formly  throughout i ts  volume,  
while the the rmophys ica l  p a r a m e t e r s  a r e  constant  and the liquid moves  in one d i rec t ion  x, has  the fo rm 
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The heat  ba lance  equation for  a liquid when the the rmophys ica l  p a r a m e t e r s  and flow veIoci ty  a r e  
constant  has  the f o r m  
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The hea t  t r a n s f e r  coeff icient  is  r e f e r r e d  to unit volume of the porous  ma t r i x ,  which is common p r a c -  
t ice in s eve ra l  s tudies  of the heat  t r a n s f e r  a s soc ia t ed  with a flow through a porous  ma t r i x .  

An analys is  of this s y s t e m  was  given by Green  et  al .  [1] for boundary conditions of the f i r s t  kind. 
These  au thors ,  unfortunately,  could not obtain an analyt ical  solution of s y s t e m  (1), (2). A numer ica l  so lu-  
t ion was  obtained for  s e v e r a l  values  of  the s y s t e m  p a r a m e t e r s  but, as  the au thors  t hemse lves  noted, the 
obtained solutions were  r a t he r  complex  for use  in the evaluat ion of  exper imenta l  r e su l t s .  

The above s y s t e m  of equations excluding the second t e r m  in the f i r s t  equation was solved for  the 
following boundary conditions: 

q(o, T):: t;, q / t ,  ~ ) =  t;, q (x, o) := t I, q (o ,  0 ::: t,~, t., r  "0 = t; .  (3) 

Using the Lap lace  t r ans fo rma t ion  we u l t imate ly  obtained ve ry  unwieldy exp res s ions  for  t I and t 2, 
which we do not give he re  and which a r e  r a t h e r  inconvenient for  p rac t i ca l  use.  

Since the heat  t r a n s f e r  coeff ic ient  in our  formula t ion  of the p rob lem is independent of x, and taking 
into account  the p r e s c r i b e d  boundary condit ions,  we introduce an approx imate  r e p l a c e m e n t  of the t e m p e r a -  
tu re  head by the product  (t~ - to)  (1--xl -1)exp [(-  ~2/p2Cp212v)x]. We will a s s e s s  the val idi ty  of this subs t i tu -  
t ion l a t e r .  The init ial  equations (1) and (2) then a s sume  the fo rm 
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Fig. 1. Tempera ture  distribution in porous 
ma t r i x - l i q u i d  sys tem obtained from exact 
and approximate solutions: 1) temperature  of 
porous mat r ix  from exact solution; 1') t em-  
perature  of liquid from exact solution; 2) 
temperature  of porous mat r ix  from approxi-  
mate solution; 2') temperature  of liquid from 
approximate solution (t, *C, x, cm). 
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where k = ~ - t  o is determined from the boundary conditions. 

The boundary conditions are  the same,  i .e. ,  they are  determined by sys tem (3). The solution scheme 
for sys tem (4), (5) Is also the same.  Applying Laplace t ransformat ions  to (4), (5) we obtain 

plcra dx" (1-- ~) PtCraS . p,_cv.,12v ~ s p i t  m ( 1 - -  e) . 

p~---~_-d-~ ~,o~.~ T ~xp - x d~-, . (7) 
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-{1(0, s~ = t i ' s .  t?(.r~ . . . . . . . . .  oo)  - -  ii.;s, -[1(I, s ) - - t ; / s ,  ~(0, s):= t,/s, (8) 

-i.,_ (t, s) = t'~/s. 

These t ransformat ions  reduce the solution of the sys tem of equations to the solution of a s econd-  
order  equation. Since its solution presents  no par t icular  difficulties,  and to avoid burdening our account 
with superfluous mathematical  calculat ions,  we give only the final expression for the tempera tures  
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and the liquid temperature  is given by the expression 

t 2 ( x .  x ) . - ~ t t ( x  , x ) - - k  (1 - - - / )exp( - -ax :v l2) .  (lo) 
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To a s se s s  the degree of approximation introduce d by the assumption of an exponential var ia t ion of 
the difference in t empera tu res  of the porous mat r ix  and liquid with the coordinate we calculated the t em-  
pera tu re  profi les  of the porous mat r ix  and liquid f rom the exact  sys tem (1), (2) and the approximate sys tem 
(9), (10) for the same conditions (Fig. 1). 

The initial data were  as follows: heat t ransfer  medium - water ,  porous mat r ix  - s intered aluminum, 
duration of experiment  - I000 sec,  liquid tempera ture  at entrance - 10~ tempera ture  of porous mat r ix  
- 20~ liquid t empera tu re  at exit - 100~ bulk heat re lease  - 0.08 J / c m  '~' see. The maximum dif fer -  
ence in the t empera tu res  calculated from the exact and approximate solutions was 4%. 

F r o m  this we can conclude that the approximate solution (9), (10), which is s impler  than the exact 
solution, can be recommended  for evaluation of t empera tures  in a porous m a t r i x - l i q u i d  system.  

N O T A T I O N  

is the porosity; 
is the thermal conductivity; 

p is the density; 
Cp is the heat  capaci ty;  
t is the temperature; 
T is the t ime; 
x is the coordinate;  
av  is the heat t r ans fe r  coefficient per  unit volume of porous mat r ix ;  
Qv is the heat flux per  unit volume of porous mat r ix ;  
v is the liquid fi l trat ion velocity;  
l is the thickness of porous ma t r ix  in direct ion of coordinate;  

e~' = O~v/plCpl(1--~); 
a is the thermal  diffusivity; 

AT = ~l /p lCpl .  

Subscripts 

1 denotes porous matrix; 
2 denotes liquid. 
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