
N O T A T I O N  

T, t e m p e r a t u r e  of pla te  o r  infinite p r i s m a t i c  body; Bi, Blot number ;  T a , ambient  t empera tu re ;  F = W/ 
k ; W, speci f ic  s t rength  of ene rgy  sources ;  k ,  t he rma l  conductivity. 
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M A I N  T Y P E S  O F  C O N J U G A T E  P R O B L E M S  

I N  H E A T  A N D  M A S S  E X C H A N G E *  

N.  I .  N i k i t e n k o  UDC 536.24.02 

The development  of opt imal  technological  p r o c e s s e s  and appa ra tu se s  fo r  heat and m a s s  exchange is 
placing m o r e  and m o r e  s e v e r e  r e q u i r e m e n t s  on the sui tabi l i ty  of ma thema t i ca l  mode ls  and the accu rac y  of 
t he i r  mechanizat ion.  Of g rea t  i n t e re s t  in this  connection is  the solution of p r o b l e m s  in heat  and m a s s  ex-  
change in the conjugate formula t ion ,  which makes  it poss ib le  to take account m o r e  fully of the in te r re la t ion  
between the t r a n s f e r  p r o c e s s e s  taking p lace  in the bodies  which a re  in contact.  In th is  case  the descr ip t ion  
of 'the t r a n s f e r  p r o c e s s e s  at the in te r face  between the phases  makes  use of boundary conditions of the fourth 
kind, which a r e  different ial  equations that  a r i s e  out of the laws of conserva t ion  of the re levant  ent i t ies  being 

t r a n s f e r r e d - e n e r g y ,  m a s s ,  m o m e n t u m ,  etc.  

Although boundary conditions of the four th  kind have been used for  a fa i r ly  long t ime  [1], the solution 
of p r o b l e m s  in heat  and m a s s  exchange in the conjugate formula t ion  was long r e s t r i c t e d  by the inadequate 
level  of development  of the analyt ic  and numer i ca l  methods  of solution. The number  of published works  de-  
voted to the solution of conjugate p r o b l e m s  (CP) in heat  and m a s s  exchange began to inc rease  rapidly  a f te r  
the appea rance  of the works  of Lykov and P e r e l ' m a n  [2, 3], which were  the f i r s t  to fo rmula te  an external  CP 
in heat  exchange and show the des i rab i l i ty  of such a formulat ion.  The rapid  sp read  of invest igat ions re la ted  
to conjugate hea t -  and m a s s - e x c l m a g e  p r o b l e m s  was g rea t ly  faci l i ta ted by the development  of numer i ca l  m e t h -  

ods  of solution designed fo r  use with compute r s .  

The p lace  occupied by CP in the theory  of heat  and m a s s  exchange is  s i m i l a r  in many  ways to the pos i -  
t ion occupied by b ounda ry - l aye r  theory ,  ideal- l iquid theory ,  mechan ics  of v iscous  continuous media ,  o r  

* The a r t i c l e  gives  the substance  of the r e p o r t  de l ivered  at a meet ing of the "Calculation Methods for  P r o -  
c e s s e s  of Heat  T r a n s f e r  and P h y s i c o c h e m i c a I T r a n s f o r m a t i o n s  i n H i g h - T e m p e r a t u r e  Mate r i a l s "  sect ion of the 
State Science and Technology C o m m i s s i o n ' s  Scientific Council on the P r o b l e m  of "Mass  and Heat  T r a n s f e r  in 

Technological  P r o c e s s e s "  in Minsk,  October ,  1981. 
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statistical mechanics of liquids in fluid mechanics. Therefore it seems expedient to call the branch of the 
theory of heat and mass exchange which deals with CP "the theory of conjugate heat and mass exchange." Like 
the aforementioned areas of fluid mechanics, this theory requires not only the construction of mathematical 

models and the development of effective methods of solution but also a study of the question of the classes of 
processes for which its utilization is very appropriate. 

Despite the large number of published works devoted to CP in heat and mass exchange, up to now there 

is still no Classification of these problems, and there is not even any clear agreement as to what problems in 
heat and mass exchange should be regarded as conjugate problems. Thus, for example, [4] applies the term 
CP 'to transfer problems described by equations of various structure or type with some additional conditions at 
the ir~terfaces between the different media to represent mathematically the laws of conservation of mass, 
energy, and momentum. We can scarcely agree with such a treatment of CP. From the aforementioned for- 
mulation, in particular, it would follow that the problem of heat exchange between two je~s is not a conjugate 
problem, whereas a particular case of this -the problem of heat exchange between a jet and a solid - is a 

conjugate problem. 

The following formulation seems more acceptable. Conjugate problems in heat and mass exchange are 
problems in the determination of fields of physical quantities (temperature, concentration, velocity, etc.) in 
a system of bodies possessing different properties (in other words, a heterogeneous system) when the laws 
of conservation of the relevant entities are used to find the values of these physical quantities at the boundaries 
between the bodies in the system. Mathematically, conjugate problems are problems related to the solution of 
a system of differential or integrodifferential equations which differ either in the values of the coefficients by 
some finite quantity or in their structure, when in order to find the desiredfunctionson~he eommon boundaries 
between the domains of definition of the indicated equations we must use some algebraic and differential rela- 
tions. These relations can usually be represented in the form 

(P § 0) = f l  (,~ (P - 0)), 

(P + o) _ i ( P -  o) , (p + o ) , ,  ( P -  o), (P) l ,  
an \ an / 

where  Vn(P ) is that component of the velocity of motion of a point P lying on the boundary surface which is 
in the direct ion of the normal  n to this surface.  Like other  problems connected with the study of physical  
f ields,  CP may be s ta t ionary o r  nonstat ionary,  one-dimensional  or  multidimensional,  simply connected or  
multiply connected. Depending on the physical  state of the heterogeneous sys tem,  CP may be subdivided into 
'three c lasses .  The f i rs t  c lass  includes the CP of molecular  t ransfer .  These are re la ted to the study of the 
ir~teraction between solids and can be fur ther  subdivided into the following main types: 

1) CP in heat conduction, in which the desi red function is a t e m p e r a t u r e  function T for a heterogeneous 
sys tem;  

2) CP in diffusion, in which we are  trying to find the concentration C of a component; 

3) CP in radiant t r ans f e r ,  in which we determine the radiated energy density function u in a sys tem 
of absorbing solids; 

4) CP in thermoelas t ic i ty ,  involving the sea rch  for  the function T and a function charac ter iz ing  the de- 
format ion  of a sys tem - f o r  example,  'the displacement vector  U; 

5) CP in m a s s  e las t ic i ty  (the des i red  functions are  C and U). 

It should be noted that CP in heat conduction and diffusion can be mathemat ica l ly  descr ibed in the same 
way if the boundaries separating the bodies of the sys tem are motionless.  

The second c lass  includes CP in convective t r ans fe r ,  connected wi th the  study of the interaction between 
liquid media. The main 'types of CP in this class  are  the following: 

1) CP in heat t r ans f e r  (the desi red function is T); 

2) CP in m a s s  t r a n s f e r  (the des i red  function is C); 

3) CP in flow and heat t r ans f e r  (the des i red  functions are the velocity vector  function V and the t emper -  
a ture  T); 
4) CP in flow and m a s s  t r ans f e r  (the desi red functions are V and C); 
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5) CP in rad ian t -convec t ive  t r a n s f e r  (the des i r ed  functions a re  u and V). 

The th i rd  c lass  includes CP in mo lecu l a r - convec t ive  t r a n s f e r ,  r e la ted  to the invest igat ion of the i n t e r -  
act ion between solids and liquids. The ma in  types  of CP in th is  c l a s s  a re :  

1) CP in heat  t r a n s f e r  (the des i r ed  function is  T); 

2) CP in m a s s  t r a n s f e r  (the des i r ed  function is  C); 

3) CP in flow and heat  t r a n s f e r  (the des i r ed  functions a re  V and T); 

4) CP in flow and m a s s  t r a n s f e r  (the des i r ed  functions a re  V and C); 

5) CP in flow and heat t r a n s f e r  fo r  de fo rmed  s y s t e m s  (the des i red  functions a r e  V, T, and U); 

6) CP in flow and m a s s  t r a n s f e r  fo r  de formed  s y s t e m s  (the des i r ed  functions a re  V, C, and U). 

In addition to the main  types ,  each  of the c l a s s e s  of CP a l s o  has types  which a r e  combinat ions of the 
main  types  - for  example ,  CP in heat  and m a s s  t r a n s f e r  (the des i r ed  functions a re  T and C for  a s y s t e m  of 
sol ids and liquids) o r  t h e r m o m a s s o e l a s t i c i t y  [5] (the des i red  functions a re  T, C, and U for  a sy s t em of solids). 

The ma themat i ca l  mode ls  cor responding  'to CP a r e  e x t r e m e l y  d iverse .  In formula t ing  CP of the f i r s t  
kind, the fundamental  equations used m a y  be F o u r i e r ' s  heat-conduct ion equations,  hyperbol ic  t r a n s f e r  equa-  
t ions  [1] o r  in tegrodi f ferent ia l  t r a n s f e r  equations [5]. In formula t ing  CP of the second and third c l a s se s ,  we 
m a y  de te rmine  the function V by means  of N a v i e r - S t o k e s  equations,  bounda ry - l aye r  equations,  Et l ler '  s equa-  
t ions ,  etc.  
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