
C A L C U L A T I O N  O F  R A D I A T I V E  H E A T  T R A N S F E R  W I T H  

A N I S O T R O P I C  D I S P E R S I O N  O F  R A D I A N T  E N E R G Y  

Yu .  M. A g e e v  UDC 536.3 

Opt icogeomet r ica l  r e so lven t s  and the i r  equations a re  e s t ab l i shed  for  the case of an i so t ropy  
in the opt ical  p r o p e r t i e s  of a med ium and i t s  su r faces .  

It  i s  well  known that the optical  p r o p e r t i e s  of all  m a t e r i a l s  depend v e r y  s t rongly  on the di rect ion of 
incident and t r ansmi t t ed  r ays ,  the l a t t e r  having an apprec iab le  ef fec t  on the resu l t an t  radiant  f luxes [1]. 
The advantages  of t he rma l  radiat ion cannot a lways be fully ut i l ized in modern  technological  p r o c e s s e s ,  
meanwhile,  because  no complete  genera l  theory  has been developed yet  on calcula t ing the radia t ive  heat  
t r a n s f e r  where the optical  p r o p e r t i e s  of solid su r faces  and semi t r ans lucen t  media  a re  an iso t ropic  [1-8]. 
This  study here  is  concerned  with an ana lys i s  of the p rob lem.  

It  i s  a s s u m e d  here  that there  occu r s  no spec t r a l  red is t r ibu t ion  of radiant  ene rgy  due to d ispers ion .  
In the case  of a c losed s y s t e m  which cons i s t s  of an i so t rop ica l ly  radia t ing and d i spers ing  boundary su r faces  
and media  contained between them, we obtain the following in tegra l  equat ions for  the luminance of effect ive 
radia t ion f r o m  e l emen t s  of boundary su r f aces  and of the media  contained between them: 
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(2) yields the following express ion  for  the  luminance of effective radiation The solution of Eqs. (1), 
along any direction r 0 f rom elements  of boundary sur faces  and the media contained between them: 
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The opt icogeometr ica l  functions ~ h  r ep resen t  the effect  of innumerable d ispers ions  of radiant energy  
at  the boundary su r faces  and inside the volume of the media in a sys tem,  and they are  determined f rom the 
following sys tem of opt icogeometr ica l  integral  equations: 
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An advantage of sys tems  (9)4(12) and (13)-(16) is  that each is  a closed one and has a maique solution 
in t e rms  of the sought opticogeometrical  functions N~ (i, k = 1, 2, 3, 4). These sys tems of integral  equations 
can be solved on a computer  [9]. 

On the other hand, the solution to Eqs. (1), (2) for the luminance of effective radiation ]3 e (m/r0) or  
Be(b/r  0) along a given d i ree t ionr  0 and coming respect ively  f rom an a rb i t r a ry  boundary surface element  
dF ( m/ r  0) or  f rom an a rb i t r a ry  medium volume element  dV(b/r 0) ean be put in the form [9] 
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The optieogeometrical  resolvents  @l(elm), @2(ntm), ~3(ctb), P4(nlb) represent ing the effects of in-  
numerable dispersions respect ively  at  the boundary surfaces  and inside the medium volume are determined 
f rom the following sys tem of optieogeometrical  integral  equations: 
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We have here  for  the f i r s t  t ime der ived  in tegra l  equations for  the luminance of effect ive radiat ion 
for  the genera l  case  of opt ica l ly  an i so t rop ic  boundary su r f aces  and media  in a c losed sys t em,  we have 
a lso  obtained the i r  solution in the f o r m  of op t i cogeomet r i ca l  in tegra l  equations.  
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N O T A T I O N  

is the luminance of intrinsic radiation from point c i in a system 
along direction r(clc 2) (from point c i to point c2); 

is the luminance of intrinsic radiation of a perfectly black body at 
the temperature of the given point el; 

is the indicatrix of intrinsic radiation from point c i along direction 

r(ele2); 
is the luminance of effective radiation from point cl along direction 

r(ele2); 
i s  the ref lec t ion  fac to r  at  point c I f r o m  direct ion r (mel ) ;  
is  the indicat r ix  of d i spers ion  at  point c I f r o m  direct ion r(clc2) 

along di rec t ion r(c2c3); 
is  the space coordinate  of point ci; 

i s  the volume of the medium;  
is  the boundary sur face  of the sys t em;  
is  the extinct ion fac to r  of the med ium at  point  n i with coordinate  

r (hi); 
is the e l emen t  of boundary sur face ;  
is  the e l emen t  of med ium volume;  
is  the d i spe r s ion  fac to r  at  point  n 2 f r o m  direct ion r(eln2) ; 
i s  the e m i s s i v i t y  of the s y s t e m  c I. 
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