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A new approximate analytical method for solving the integral radiation equations [i, 2] is 

used for the numerical calculation and investigation of the local and average characteris- 

tics of radiative heat transfer in systems of grey bodies separated by an isothermal ab- 

sorbing medium. 

The Solution of the Mixed Two-Dimensional Problem of Radiative Heat Transfer in a Chamber of 

Rectangular  Cross  Section. A chamber  of r ec tangu la r  c ro s s  sect ion of infinite length consis ts  of t k ree  
optical ly homogeneous bounding g rey  bodies (one at each end with degrees  of b lackness  A1, A3, and an 
adiabat ic  one in the middle  with su r f ace  Qres ,  2 = Eres ,  2F2 - 0) separa ted  by an i so the rma l  absorb ing  m e -  
dium with given t e m p e r a t u r e  T~ and coefficient  of volume absorp t ion  ~. In addition the geometrical ,  d i -  
mens ions  of the chamber  and the t e m p e r a t u r e s  of the ends T l and Ta a r e  defined. 

It is requi red  to de t e rmine  the field of values  of the su r face  densi ty of the resul t ing radia t ion f r o m  
the ends E re s  (Mi)M i e F i (i = 1,3) and the t e m p e r a t u r e  field T(M2) of the la te ra l  su r face  F 2 of the chamber .  

The fundamental  computat ional  equations and express ions  in the mos t  genera l  nondimensional  fo rm 
in this case  a r e  [3]: 

O~(M~)= gr (MO _ A~ [~ (M~, V) + &O~y (M,, &)], (1) 
E,, 

0res(Ma)= Eres(Ma) = A 3 [~(Ma, V) - -  [1 - -  AaT (M 3, Fa) ] 0a, }, (2) 
E4i 
T ~ (M~) - -  T 4 

O (M2) -- T~ - -  T 4 = 1--2[ (M 2, V)--Aa0a,~ (M 2, Fa), (3) 

w h e r e  031 : ( T I  - T  /(Ti - 

In Eqs. (1)-(3) 2I(Mi, V) is the local  reso lv ing  absorp t iv i ty  of the medium,  [4] 

~(Mi, V)= 1--Axg(M,,  Fx)--AaT(M~, Fa) (M~EF~, i = 1, 2, 3). (4) 

If in (4) we make  the subsc r ip t  i take the values  1, 2, 3, in turn we obtain 

~(M~, V)=  1--A~Rr(M~, F 0 --A3rY(M~, Fa) (M~EFO, (5) 

91(M2, V)= 1--A,~(M2,  F,)--AaT(M2, Fa) (M2EF2), (6) 

9/(M a, V)=  1--AxV,2"(Ma, V,)--AaT(Ma, Fa) (MaEFa). (7) 

Express ions  for  the a v e r a g e  re so lv ing  absorp t iv i t i e s  of the media  2Ii(V ) (i - 1, 2, 3) can eas i ly  be ob- 
tained f r o m  express ions  (4)-(7) for  ~ (Mi, V) by replac ing  in them the local r eso lv ing  angular  radia t ion co-  
efficients ,P(Mi, Fn) by the cor responding  a v e r a g e  reso lv ing  angular  coefficients  q~in" In turn rep lac ing  
the functions 9~ (Mi, V), ~,(Mi, Fn) by the cor responding  ~li(V), ~in in Eqs. (1)-(3) makes  it poss ib le  to ob- 
tain computat ional  express ions  for  the a v e r a g e  nondimensional  boundary radia t ion c h a r a c t e r i s t i c s  0 r e s ,  1, 
0 res , a ,  and 02. 
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Fig. I. Local resolving absorptivity of the medium as a 

function of x/a (1) and of z/b (II) for various values of a: 

I: i) 11 (M~, V), 11 (M2, V), A t = A 3 = 1.0; 2)-11(511 , V); 3) 

-11(M 3, V) [2 and 3)A i = 0.3,A 3 = 0.7]; Ih I)-11(M2, V),A~ 

=A 3 =I.0;2) A t = 0.3,A 3 = 0.7. 

F o r  a r a d i a t i n g  s y s t e m  which  i s  a c h a m b e r  of  r e c t a n g u l a r  c r o s s  s e c t i o n  wi th  p la in  ends  F~ and F3, 
t he  l o c a l  and a v e r a g e  g e n e r a l i z e d  a n g u l a r  c o e f f i c i e n t s  of s e l f - r a d i a t i o n  a r e  z e r o  (~(M1, Ft)  = r F3) 
= r = Cs~ = 0), and the  c o e f f i c i e n t s  of r e p e a t e d  r e f l e c t i o n  a r e  71 = 73 = 1. Hence  the  c o m p u t a t i o n a l  e q u a -  
t i ons  f o r  d e t e r m i n i n g  the  l o c a l  r e s o l v i n g  a n g u l a r  r a d i a t i o n  c o e f f i c i e n t s  ob ta ined  in  [1] can  be  s i m p l i f i e d  
and t a k e  the  f o r m :  

DT (M1, Y~) = ,~, (1 -}- Ra~a)~ (M~, F2) -}- R3(~3 q- ~,2~)~l  ~ (M~, Fa), 

D'~" (M~, F~) ---- (1 - -  R~*~;i )  * (~W~, r~) 

+ ~ ,  (1 rF R~%~), (M~., 2r + R~ ( ,~  § %~,~),~ (M~, &), 

D ~  (M a, Y~) = (1 - -  Ra~2~)~) x[~ (M a, F~) -{- q~ (1 q- RaW,a) q) (Ma, F2), 

D'I* (M. F9 = ~?~, (1 + R~,hoo) ~ (~4~, F9 + (1 - -  R~%~,~) ,~ (M~,F~), 

• " ( M 2 ,  P1) Dm (M2, F3) = R1 (%3 , %2%1) 

+ *~1 (1 + R ~ ) ~ r  (M2, ~'~) + (1 --  R1%2%;~)* (M2, ~:3), 

DR" (M 3, Fa) = R 1 (413 -~ ~D12.2I) ~ (M3, F1) -]- ~21 (1 ~- R1~)13 ) q) (M3, ~L~2) , 

(s) 

(9) 

(lO) 

(11) 

(12) 

(13) 

(14) 

w h e r e  the  R k a r e  the  coe f f i c i en t s  of r e f l e c t i o n  (iRk = 1 Ak) , k = I ,  3; r  -- 21 = r r i s  the  e f f ec t ive  
g e n e r a l i z e d  a v e r a g e  a n g u l a r  r a d i a t i o n  c o e f f i c i e n t  f r o m  the  l a t e r a l  s u r f a c e  F 2 on the  b a s e  F 1 of the  c h a m b e r  
(a s u r f a c e  F 2 c o n s i s t s  of two p a r a l l e l  unbounded s t r i p s ) .  

F r o m  the  s y m m e t r y  of the  r a d i a t i n g  s y s t e m  (a c h a m b e r  of r e c t a n g u l a r  c r o s s  sec t ion)  i t  fo l lows  tha t  
r  F3) = r F1) , r  F2) = r F2) fo r  s i m i l a r  po in t s  M 1 and M 3 r F1) = r F3) fo r  the  po in ts  
M 2 s y m m e t r i c a l l y  p l aced  wi th  r e s p e c t  to the  ax i s  of s y m m e t r y .  F o r  the  a v e r a g e  a n g u l a r  r a d i a t i o n  c o e f -  

f i c i e n t s  we have  r e s p e c t i v e l y :  r = r r = r r = r r ~ 0. 

The  g e n e r a l i z e d  l o c a l  and a v e r a g e  a n g u l a r  r a d i a t i o n  c o e f f i c i e n t s  fo r  a c h a m b e r  of r e c t a n g u l a r  c r o s s  
s e c t i o n  (a/b = 0.5) w e r e  d e t e r m i n e d  us ing  the  a p p r o x i m a t e  me thod  of Mikk [5, 6] fo r  v a r i o u s  v a l u e s  of the  
c o e f f i c i e n t  of v o l u m e  a b s o r p t i o n  (a = 0.1, 0.5, 1.0). The l o c a l  r e s o l v i n g  a n g u l a r  r a d i a t i o n  c oe f f i c i e n t s  ~,(Mi, 
Fk) w e r e  c o m p u t e d  f r o m  Eqs.  (8)-(14) fo r  the  fo l lowing  v a l u e s  of the  c o e f f i c i e n t s  of r e f l e c t i o n  R 1 = R 3 = 0 

and R t = 0.7, R 3 = 0.3. 

1150 



O r e s ( ~ ) - -  

~5 

~0 

o,! __._._J 

/,o o,J o,/ 
_ _  

(0o,5 o,,, / ,Ol 
-o,2 :" . . . .  

-O,4 ~ 0,5 

F i g .  2. The n o n d i m e n s i o n a l  d e n s i t y  o f  the r e s u l t i n g  r a -  
d i a t i o n  as a f u n c t i o n  o f  x/a ( le f t )  and ~he n o n d i m e n s i o n a l  
temperature factor as a function of x/b (right) for vari- 

ous values ofc~: 0res, 2 = 0; 03t = 1.05; I) A t =A 3 = 1.0; If) 

A 1 = 0.3, A s = 0.7. 

The  r e s u l t s  of the  n u m e r i c a l  c a l c u l a t i o n s  of the  f u n d a m e n t a l  l o c a l  c h a r a c t e r i s t i c s  of  r a d i a t i v e  hea t  
t r a n s f e r  a r e  shown in F i g s .  1, 2. F i g u r e  1 shows  the g r a p h i c a l  r e l a t i o n s  be tw e e n  the  l o c a l  r e s o l v i n g  a b -  
s o r p t i v i t y  of the  m e d i a  ~[ (Mi, V) and the  n o n d i m e n s i o n a l  c o o r d i n a t e s  (x/a and z / b )  of the  b a s e  and l a t e r a l  
s u r f a c e  of the  c h a m b e r  fo r  a/b = 0.5 and v a r i o u s  v a l u e s  of A 1 and A 3 (A 1 = A s = 1.0 and A t = 0.3, A:3 = 0.7) 
and a = 0.1, 0.5, 1.0. F o r  a/b = 0.5 and f ixed  v a l u e s  of ~ and A i (i = 1, 3) the  l o c a l  r e s o l v i n g  a b s o r p t i v i t y  
~I (Mi, V) of the  v o l u m e  V of the  m e d i a  d e p e n d s  w e a k l y  on the  n o n d i m e n s i o n a l  c o o r d i n a t e  x/a and i n c r e a s e s  
both  a s  t he  c o e f f i c i e n t  of v o l u m e  a b s o r p t i o n  ~ i n c r e a s e s  and a s  the  d e g r e e  of b l a c k n e s s  of the  b a s e  (Fig.  1, 
I) d e c r e a s e s .  F o r  A t - A 3 the  l o c a l  r e s o l v i n g  ~absorp t iv i ty  of the  m e d i u m  ~(M2, V) has  i t s  g r e a t e s t  va lue  
fo r  the  poin t  M 2 ( F 2 wi th  n o n d i m e n s i o n a l  c o o r d i n a t e  z / b  = 0.5. F o r  A 1 ~ A s the  m a x i m u m  of ~(M2, V) i s  
d i s p l a c e d  t o w a r d s  po in ts  on the  l a t e r a l  s u r f a c e  n e a r e r  the  b a s e  wi th  the  l ower  d e g r e e  of b l a c k n e s s  (in th i s  
c a s e  t o w a r d s  the  b a s e  F i ,  s i n c e  R 1 > R3) (Fig.  1, II). Such a d i s p l a c e m e n t  i s  e a s i l y  exp l a ined  by the  fac t  
tha t  the  l o c a l  r e s o l v i n g a b s o r p t i v i t y  ~ (Mi, V) of the  v o l u m e  V of the  m e d i u m ,  a s  d i s t i n c t  f r o m  the  p r o p e r  
l o c a l  a b s o r p t i v i t y ,  t a k e s  in to  accoun t  the  fac t  tha t  t h e r e  m a y  be  a b s o r p t i o n s  a s s o c i a t e d  wi th  r e p e a t e d  r e -  
f l e c t i o n s  a t  the  b o u n d a r y  [4]. 

The  r e s u l t s  of the  n u m e r i c a l  c a l c u l a t i o n s  of the  l o c a l  e n e r g y  c h a r a c t e r i s t i c s  of  the  r a d i a t i o n  fo r  
g i v e n  v a l u e s  of t he  p a r a m e t e r s  a/b = 0.5, 0 r e s ,  2 = 0, A 1 = A 3 = 1.0, A t = 0.3 and A 3 - 0.7, 03~ = 1.05 for  
v a r i o u s  v a l u e s  of the  coe f f i c i en t  of v o l u m e  a b s o r p t i o n  (~ = 0.1, 0.5, 1.0) a r e  shown on F ig .  2. When  ~ i s  
cons t an t  the  l o c a l  n o n d i m e n s i o n a l  d e n s i t y  of the  h e m i s p h e r i c a l  r e s u l t i n g  r a d i a t i o n  of the  b a s e s  0 r e s (Mt )  
and 0res (M3)  changes  l i t t l e .  F o r  g iven  031 = 1.05, a s  the  coe f f i c i en t  of v o l u m e  a b s o r p t i o n  (~ i n c r e a s e s  
0 r e s ( M  1) i n c r e a s e s ,  wh i l e  0 res(M3) d e c r e a s e s  in  a b s o l u t e  m a g n i t u d e  (Fig.  2, left) .  As  the  d e g r e e  of b l a c k -  
n e s s  of the  b a s e s  i n c r e a s e s  0 res(M1) and 0 res(M3) i n c r e a s e  in modu lus .  

The  d i s t r i b u t i o n  of the  n o n d i m e n s i o n a l  t e m p e r a t u r e  f a c t o r  0 (M 2) o v e r  the  l a t e r a l  s u r f a c e  (the l ining) 
v a r i e s  c o n s i d e r a b l y  (Fig .  2, r igh t ) .  The  n o n d i m e n s i o n a l  t e m p e r a t u r e  f a c t o r  0 (M 2) d e c r e a s e s  in the  modu lus  
b o t h w i t h i n c r e a s e i n  the  coe f f i c i en t  of v o l u m e  a b s o r p t i o n  ~ and wi th  d e c r e a s e  in the  d e g r e e  of b l a c k n e s s  of 
the  b a s e s .  

The Solu t ion  of the  Mixed  T w o - D i m e n s i o n a l  P r o b l e m  of R a d i a t i v e  Heat  T r a n s f e r  in a R a d i a t i n g  S y s t e m  
C o n s i s t i n g  of Two C o n c e n t r i c  G r e y  C y l i n d e r s  Div ided  by  an  A b s o r b i n g  Medium.  The  r a d i a t i n g  s y s t e m  
c o n s i s t s  of a p a i r  of c o n c e n t r i c  g r e y  (0 < A1, A 2 < 1) i n f in i t e  c y l i n d e r s  d iv ided  by  a h o m o g e n e o u s  and 
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T A B L E  1. The  A v e r a g e  C h a r a c t e r i s t i c s  of t he  R a d i a t i o n  of C o -  
a x i a l  In f in i te  C y l i n d e r s  ( r l / r  2 = 0.5) a s  a F u n c t i o n  of the  A b s o r p -  
t ion  of the  M e d i u m  

0,1 
0,5 
1,0 

0,922 
0,690 
0,492 

0,342 
0,078 
0,016 

1,560 
0,789 
0,512 

O, 693 
O, 196 
0,061 

0,423 
0,782 
0,899 

0,375 
0,~85 
0,795 

0res,1 

0,089 
0,499 
0,635 

0,014 
0,423 
0,560 

i s o t h e r m a l  a b s o r b i n g  m e d i u m  wi th  t e m p e r a t u r e  T 3. I t  i s  a s s u m e d  tha t  the  t e m p e r a t u r e  T 3 of the  m e d i u m  
i s  h i g h e r  than  the  t e m p e r a t u r e  T~ of the  i n n e r  c y l i n d e r  (T 3 > T1) , and tha t  the  s u r f a c e  of the  s u r r o u n d i n g  
c y l i n d e r  i s  n o n a d i a b a t i c  (0 r e s ,  2 ~ 0). I t  i s  r e q u i r e d  to d e t e r m i n e  the  d e n s i t y  of the  h e m i s p h e r i c a l  r e -  
su l t ing  r a d i a t i o n  0 r e s ,  1 of the  i n n e r  c y l i n d e r  and the  t e m p e r a t u r e  T 2 of the  s u r r o u n d i n g  c y l i n d e r .  

The  so lu t i on  of th i s  p r o b l e m  i s  g iven  by the  fo l lowing  n o n d i m e n s i o n a l  c o m p u t a t i o n a l  e x p r e s s i o n s  [4]: 

E r~s, 1 
0~e~,~= &~ - A~ [~1 (V)--  0 ~ ,  ~ ] ,  (15) 

T~ " ) o~ - ~ (y) - -  ~ + ~.~ 0r~ ~, (16) 
= T 4 - - T  4 \ ~  , ' 

w h e r e  ~.IiW) i s  the  r e s o l v i n g  a b s o r p t i v i t y  of the  m e d i u m  (i = 1, 2), 

0res,2= Eres:,2 = Fres, 

The  s u r f a c e  of the  i n n e r  c y l i n d e r  i s  not  c onc a ve  and so  ~bll = 0, A;  = A1, R] = R1, r = r and the  c o m -  
pu t a t i ona l  e x p r e s s i o n s  fo r  ~Ii(V) and ~Iq2 , ~22, ob ta ined  in [4] can be  s i m p l i f i e d :  

~2~)12 ~2 (~22 q- RI%~;,) (17) 

w h e r e  72 = 1 / ( 1  - r r = r - r 

The  g e n e r a l i z e d  a v e r a g e  a n g u l a r  r a d i a t i o n  c o e f f i c i e n t s  a r e  d e t e r m i n e d  by the  a p p r o x i m a t e  me thod  
of Mikk  [5, 6]. The  g e n e r a l i z e d  a v e r a g e  and r e s o l v i n g  a n g u l a r  r a d i a t i o n  c oe f f i c i e n t s  (for r l / r  2 = 0.5), 
and the  r e s o l v i n g  a b s o r p t i v i t y  of the  m e d i u m  (for A 1 -- 0.8) w e r e  c a l c u l a t e d  n u m e r i c a l l y  fo r  v a r i o u s  a b -  
s o r p t i o n s  of the  m e d i u m  (a = 0.1, 0.5, 1.0). 

If 0 r e s ,  ~ > 0, then~.I1(V) - q~120 r e s ,  2 > 0 i m p l i e s  0 r e s ,  2 < '~I l (V) /~12,  f r o m  which  the  v a l u e s  of 0 r e s ,  
a r e  to  be  c h o s e n  s i n c e  o t h e r w i s e  the  i n n e r  c y l i n d e r  b e c o m e s  a r a d i a t i o n  s o u r c e .  

The  r e s u l t s  of t he  n u m e r i c a l  c a l c u l a t i o n s  of the  r a d i a t i o n  c h a r a c t e r i s t i c s  (to c a l c u l a t e  0 r e s ,  1 and 02 
we took  O r e s ,  2 = 0.2, A 2 = 0.9) fo r  v a r i o u s  v a l u e s  of the  c o e f f i c i e n t  of v o l u m e  a b s o r p t i o n  (a = 0.1, 0.5, 1.0) 
a r e  g iven  in  T a b l e  1 f r o m  which  i t  fo l lows  tha t  a s  a i n c r e a s e s  the  r e s o l v i n g  a b s o r p t i v i t y  9Ji(V) of the  v o l u m e  
V of the  m e d i u m  i n c r e a s e s .  If the  d i f f e r e n c e  b e t w e e n  the  t e m p e r a t u r e  of the  m e d i u m  T 3 and tha t  of the  
i n n e r  c y l i n d e r  T 1 i s  c o n s t a n t  an  i n c r e a s e  in  the  a b s o r p t i o n  a of the  m e d i u m  is  a c c o m p a n i e d  by an  i n c r e a s e  
in  t h e  t e m p e r a t u r e  T~ of the  r a d i a t o r  {the s u r r o u n d i n g  cy l i nde r )  and hence  by an  i n c r e a s e  in t he  d e n s i t y  of 

the  h e m i s p h e r i c a l  r e s u l t i n g  r a d i a t i o n  0 r e s ,  1 of the  i n n e r  c y l i n d e r .  

Ai 
if0 

(M i, V), ~ i (V) 
@(Mi, Fk) ,  ~ (Mi ,  Fk) 

N O T A T I O N  

i s  the  a v e r a g e  c o e f f i c i e n t  of a b s o r p t i o n  (de g re e  of b l a c k n e s s )  of the  s u r f a c e  F i ;  
i s  the  S t e f a n - B o l t z m a n n  cons tan t ;  
i s  the  coe f f i c i en t  of v o l u m e  a b s o r p t i o n  of the  m e d i u m ;  
a r e  the  r e s o l v i n g  l o c a l  and a v e r a g e  a b s o r p t i v i t y  of the  m e d i u m ;  
are the generalized local geometric and resolving angular radiation coefficients 
of the elementary surface dF i at the point M i on the surface Fk; 
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~ik, ~ik 

0 res(Mi),  0 res ,  i 
(M2), % 

are the generalized average geometrical and resolving angular radiation coefficients 
of the surface F i on the surface Fk; 
are the nondimensional local and average densities of the resulting radiation; 
are the nondimensional local and average temperature factors. 
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