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A method is outlined for  solving the equation of energy radiat ion and also for  determining the 
the rma l  radiat ion flux in an emitt ing,  an absorbing,  and an anisotropical ly  d ispers ing med i -  
um. Values of radiat ion flux calculated here  ag ree  closely with data published in the techni-  
cal  l i t e ra ture .  

Calculating the radiat ion in a gaseous medium with a slight admixture  of solid par t i c les ,  liquid d rop -  
le ts ,  o r  opaque gases  is worthwhile fo r  the evaluation of many h igh- tempera tu re  p rocesses .  In o rde r  to 
calculate  the the rmal  radiat ion flux in such contaminated media,  it is n ece s sa ry  to solve the in tegrodi f fe r -  
ent ial  equation of heat radiation. Under conditions of local  thermodynamic  equil ibr ium and with the intensity 
of monochromat ic  radiat ion independent of the azimuth angle ~0, this equation for  a plane l aye r  of an emi t -  
ting, an absorbing,  and a d ispers ing  medium is 

1 

aI(~, ~)+I (T ,  F) = (1-- COo) Ib ('0 + r176176 ~P0t,  ~')I(T, ~()dF', (1) 
a-~-~--- 2 J 

- -1 Z 

where  function P(u, # ' )  has been obtained f rom the d i spers ion  indicatr ix  P(0) = ~ a iP  i (cos 0) at  the angle 
i = 0  

subtending the l aye r ,  according to the law of cosines  in spher ica l  t r igonomet ry  

cos 0 = ~t~' + (1 - -  ~2) ,/2 [ 1 - -  (~')~] i/2 cos (q~ - -  ~') 

and by subsequent integrat ion with r e spec t  to (~o--~0') [2]: 

l 

P (P', P/) = X aiP~ (F) P~ (~'). (2) 
i = O  

We will a ssume that the plane l aye r  of d ispers ing  ma te r i a l  is bounded by p lane-para l l e l  diffusively 
radiat ing surfaces .  The boundary conditions at these sur faces  will then be [3]: 

--1 

I(0, ~t)I ,>0 = elIb (0) + 291 .I I (0, ~)[~<0 ~td~t, (3) 
0 

1 

I (%~)/~<0 ~ ejb (To) + 2p~ .f I (To, ~)J~>0 ~tdF. 
0 

Since the radiat ion intensity in p rob lems  of this kind is discontinuous at  p = 0, hence it is worthwhile 
to split  the problem into 1 + (T, ~) with 0 <~ -< 1 and I-(T, #) with --1 ___V < 0, and then, following the Eavon 
method [1], to use the Legendre  expansion of I+(z, #) into polynomials  Pn(2p--1) and of I - ( , ,  V) into poly-  
nomials  Pn(2P + 1): 

1 ~ _ ~ ( 2 i +  I)I+(T)Pi(2~ - 1), 
I+('~' ~)= 4-~ 

i = 0  
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w h e r e  

] -  (~, ~) = 1 ~(2i+1)I-~(~)P~(2~+1) 
4~ 

( i = 0 ,  1, . . . ) ,  (4) 

! 1 

I+(T) 2~ J ' l+ @, ~ ~ 1)P,(~)d~t, IT(r) 2 ~ j ' I - (  "c, ~ - - T )  = - -  = p~ (~) d~. 
--1 --1 

In these  expans ions  (4) we wi l l  r e t a in  only N t e r m s ,  and this  n u m b e r  N wil l  d e t e r m i n e  the d e g r e e  o f a p p r o x -  
trnation to w h i c h  the rad ia t ion  equat ion  is  so lved  by that  method.  

Inser t ing  (4) into (i),  we  obtain two equat ions  for  I+(r ,  #) and I - ( r ,  >) (here and hencefor th  we  i m -  
ply summat ion  o v e r  i) 

(2i + 1) ~tP, (2[t - -  1) dl+ (~c) @ (2i @ 1) Pl (2> - -  1) I + (T) = 4 a  (l--co0) I b (T) 

1 

+ 2~~ [(2i + l)l+(z) i'p~(2~t_ 1)P(~, ~')d~' + (2i + l)l-/'('r) X 
0 

0 

x J ' P , ( 2 > +  1)P(>, g')dlx' , 
--1 

(2i~+ 1)~tP~ (2~ -~ 1) dlT(~) �9 d ~  + (2i + 1)P~ (2~ + 1) IT('~)=4r~(1--o~o)Ib(~c ) 

1 

+~-% [(2i + 1) I + ('~)o'I Pi (2~ - -  1) P(~t, ~') @" + (2i + 1) 17- ('r) 

0 

• (s) 
--1 

We next  mul t ip ly  equat ions  (5) by (2k + 1)Pk(2 p , -1 )  and by (2k + 1)Pk(2P + 1) r e s p e c t i v e l y ,  then 
in teg ra te  with r e s p e c t  to ~ the f i r s t  equat ion  f r o m  0 to 1 and the second  equat ion  f r o m  --1 to 0. Let t ing 
k = 0, 1, 2 . . . . .  we obtain a s y s t e m  of 2ON + 1) o rd ina ry  d i f fe ren t ia l  equat ions  in funct ions  I~ff)  a n d I ~  (r) 

dl+ ('~) + ~i ~ 1+ ('~) = ~ -  { 1+ (T) 7+,+~ + I7 ('~) ?-,+k} + 4n (1 - -  ~Oo)[~o~I~('~ ), 
~ d ~  

% {I + (T) ?+i_~ + I~- (z) 7_~_~}+ 

-i- 4~ (t - -  a*o) ~onl~ (z), (6) 

w h e r e  

and 

! 

a ~  = (2i + 1) (2k + 1) J' ~P~ (2bt - -  1) Pf (2~t ~ 1) d~t 
0 

i --~, k = i - - 1 ,  

2 i + 1 ,  k=i ,  

i+  1 k = i + 1 ,  
2 ' 

tO, k < i - - 1 ,  k > i + l  

1 

~Iiu = (2i + 1)(2k + 1).I" Pk (2~ - -  1) Pf (2~t - -  1) d~ 
0 

0 

= (2i + 1) (2k + 1) .t" Ph (2~ + 1) P~ (2~t + !) d~t 
--1 

_ { O, f ::#k, 
- -  2 i +  1, i = k  

(7) 

(8) 
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by changing to va r i ab l e s  ~" = 2~ --1 o r  fi~ = 2/~ + 1 in the in tegra l s  and subsequent ly  applying the condit ion 
of or thogonal i ty  of Legend re  po lynomia ls  as  wel l  as  the r e c u r r e n c e  re la t ion  [4] 

(n + 1) P,+~ (ix) + nP,._~ (~) = (2n .4- 1) ixP~ (/0. (9) 

The coef f ic ien ts  m a t r i x  
l 1 

y+,+~ = (2i + l)(2k + 1) S d# .f P~ (2~--  1)e, (2~ ' - -  1) e (~t, ~t') d~', 
0 0 

0 1 

r+~-u = (2i + 1)(2k + 1) S e~ S P~ (2it + 1) P, (2~t, - 1) p (~, ~,) d~t', 
~ 1  0 

1 0 

V_,+r~ ----- (2i -r 1) (2k + 1) j" d~ S P~ (2~t - -  1) P, (2~/+  1)_P (Vt, p.') did, 
0 --1 

0 0 

y_~_~ = (2i + 1)(2k + 1) S dlx S P~ (2Ix + 1) P~ (2Ix' + 1) P (~t, p/) dlx' (10) 
~ 1  - -1  

has  the following s y m m e t r y  p rope r t i e s :  

1. By v i r tue  of defini t ion (2), e x p r e s s i o n s  (10) y ie ld  

Y+~+a = 7+k+~, ~-~-~ = ~-~-~- 

2. F r o m  the no rma l i za t ion  of the d i spe r s ion  ind ica t r ix  
1 

S p(~, V)d~' = 2, 
- - 1  

(11) 

(12) 

fol lows 

and,  analogously ,  

I ! 

Y+o+k + Y-o+~ = (2k + i).I d~ S Pa (2~t-- i) P (~, ~') d~' 
0 --I 

l 

= (2k + 1)S = { 2, k =o ,  
-1 O, k >/1) (13) 

2, k----0, 
?-0+h + 7_o_~ = 0, k > I. (14) 

3. By virtue of definition (2) and the property of Legendre polynomials that Pk(-#) = (--l)kPk(U), 
P~, ~') does not change after a simultaneous replacement of# --~ --~ and ~' ~ --~', so that 

l~i+k. IV+k. ~-i-h =(-- J ~+~+~, V§ = (-- j r_~+h. (15) 

The boundary conditions for I+(r) and I~(r are derived by analogy to (6), i. e., by inserting the ex- 
pansion (4) into the boundary conditions (3), then multiplying the first of them by (2k + 1) Pk(2#--l) and the 
second of them by (2k + 1) Pk(2~ + I), then integrating from 0 to 1 and from --1 to 0 respectively, and thus 
obtaining 2(N + 1) boundary conditions for I+(I -) and I~(v): 

~ihl + (0) = 4~zelI b (0) +2pji- (O)ch0 (--  1) t, 

j$i~I~- (0) = 4~%I b (%) +202h + (%) ~io. (16) 

Expansion (4) for  I+(q ,, /~) and I - (v , /~ )  is  convenient ,  i nasmuch  as  it y i e lds  a r a t h e r  s imple  e x p r e s -  
sion for  the t h e r m a l  r ad ia t ion  flux q. Indeed, 

1 1 --1 

q= 2a 51(% ~t)lad~= 2n[ .I I+ (T, [x)~td~-- S l-(v,, ~).d~] 
--I 0 0 

I =--~ [ ~_ l+('~)(2i + l) ~ P,(2~t--1)~td~t-- ~o l-[('~)(2i + l) 
0 = 

• I P '  (2~t + 1) ~td~t = T { [I+ (z) - -  I~- (~)] + [ I + (x) - -  li- (x)] �9 (17) 
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T A B L E  1. Coeff ic ien ts  c i in (32) fo r  the Radia t ion  Flux q 

Simplest forward elongated dispersion indicatrix 

'I;o Cl" 10 ~ C2 c3' 10 2 C4 

0.4 
0,8 
1:0 
1,2 
1.6 
2,0 

13,6 
1,72 
0.638 
0,274 
0.032 
0.004 

0.564 
0,561 
0,560 
0,560 
0,560 
0,560 

16,97 
7,41 
5,01 
3,42 
1,59 
0.773 

5,079 
5,071 
5,069 
5,067 
4,813 
5,066 

Spherical dispersion indicatrix 

To Cl r c j  g4 

0,1 
0.5 
1.0 
2,0 

0,085 
0.009 
0 
0 

0.6t9 
0.607 
0.603 
0.59l 

0,532 
0,219 
O. 146 
0.071 

4. 783 
4.727 
4.719 
4.701 

All  i n t eg ra l s  unde r  the s u m m a t i o n  s ign E a r e  equal  to z e r o  f o r  i >_ 2. 

It fo l lows f r o m  the r e su l t i ng  e x p r e s s i o n  (17) that ,  in o r d e r  to ca lcu la t e  the exac t  t h e r m a l  r ad ia t ion  
flux, it su f f i ces  to know two coe f f i c i en t s  in the L e g e n d r e  po lynomia l  expans ion  of  r ad i a t ion  in tens i t i e s  I + 
�9 (~-, ~) and I - ( r ,  ~). F o r  not  too  e longa ted  d i s p e r s i o n  i n d i c a t r i c e s  these  coe f f i c i en t s  can be found f a i r ly  
a c c u r a t e l y  f r o m  the solut ion to s y s t e m  (6) with N = 1, i. e . ,  to a s y s t e m  of f o u r t h - o r d e r  o r d i n a r y  d i f f e r -  
en t ia l  equat ions .  

When the t e m p e r a t u r e  d i s t r ibu t ion  in the l a y e r  is known,  then the so lu t ion  of  th is  s y s t e m  is easy .  
O the rwi se ,  one m u s t  add to this  s y s t e m  a l so  the d i f f e ren t i a l  equa t ion  of  e n e r g y  and then the t e m p e r a t u r e  
d i s t r i bu t i on  as  wel l  a s  the t h e r m a l  flux d i s t r i bu t ion  wil l  have to be d e t e r m i n e d  by d i f f e ren t i a l  me thods  of  
computa t ion .  

It is to  be noted that ,  when N = 0, s y s t e m  (6) with the boundary  condi t ion  (16) b e c o m e s  ident ica l  to 
the wel l  known d i f f e r e n t i a l - d i f f e r e n c e  a p p r o x i m a t i o n  used  in [5] f o r  ax ia l ly  s y m m e t r i c  i n d i c a t r i c e s  of any 
shape  and fo r  an i so t rop ic  in tens i ty  d i s t r i bu t ion  in the flux. Indeed,  by v i r t ue  of  p r o p e r t i e s  1 to 3, we have 

and 

?+o+o = Y-o-o := ?l, ?+o-o =: ?-o+o =- Y~. 

%o+0 + 7-0§ := 2. 

Coeff ic ien ts  Y1 and 3'2 r e p r e s e n t  the f r a c t i o n s  of  r ad i a t ion  flux d i s p e r s e d  by a unit  vo lume  along its 
pa th  of  inc idence ,  wi thin  the sol id angle  27r+and within  the sol id  angle  2u_ r e s p e c t i v e l y .  As a consequence  
of  the l a s t  r e l a t ion ,  2/1 = 2 c o r r e s p o n d s  to a d i s p e r s i o n  ind ica t r ix  m a x i m a l l y  e longa ted  f o r w a r d ,  "/1 = 1 
c o r r e s p o n d s  to a s y m m e t r i c  d i s p e r s i o n  ind ica t r ix ,  and "/t = 0 c o r r e s p o n d s  to a d i s p e r s i o n  ind ica t r ix  m a x i -  
m a l l y  e longa ted  backward .  

In the conven t iona l  notat ion,  s y s t e m  (6) fo r  d e t e r m i n i n g  the t h e r m a l  r ad ia t ion  flux q = E+(~)--E~(z) 
b e c o m e s  to the z e r o t h  a p p r o x i m a t i o n  

d~ + (~) d~ --  (~176 2) E+ (~c) - l  %Y2E~  ('O -~- 2~ (l - -  t%) Ib (r)' 

dEo  ('0 _ (%V..~o-0 6) -I- (2 - -  c%yi)Eo (-c) - -  2n (1 - -  %) I b (T), (18) 

w h e r e  

E+(, 0 I +(-c) ; Eo ( 0 -  I~-('0 
4 4 

We wil l  now exa m i ne  m o r e  c l o s e l y  the c a s e  N = 1, which  (unlike N = 0) y i e ld s  the funct ions  I+0-) ,  
I~(7),  I~(z) ,  I f(T) and thus a l so  the t h e r m a l  r ad ia t ion  flux q with suf f ic ien t  a c c u r a c y ,  as  wi l l  be shown 
here .  When N = 1, the coe f f i c i en t s  m a t r i x  (10) y i e l d s  16 coef f ic ien t s .  By v i r tue  of  p r o p e r t i e s  1 to 3, 
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7+1+o = 7+o+t = - -  7 - 1 - o  = - -  7 - o - x  = 7 3 ,  

7-o+1 + 7+o+1 = O, or 7-o+, = - -  7s, 

7+o-t + 7-o-1 = O, or 7+o_1 = 73, 

7-1+o = - -  7+I-o = 74, 7+1-1 = 7-1+i = 75, 

7+1+1 = Y-1-I = Ye" 
On the bas i s  of  the n o r m a l i z a t i o n  (12), m o r e o v e r ,  we have 

1 1 

V, -{- 7, = 3 S dia [ . f  Px (21~' - -  I) P (F, I ~') d~' 
O 0 

0 1 1 

+ S +')"(, ' ,  ,,,)d,,,] =oS* S ,")"," 
- - I  0 - -1  

I 1 l 

- -  3 (71 - -  Y=) = 6~.~ a I .t dF ~ P: (~) p/Pj (~') dg' 
i-~-O 0 - -  1 

- 3 (vl - v~) = 2 [al - 3 (vl - ~)]. 

( t8)  

(20) 

0 I 

y, nL- V, ~ 9_Jldt~ I P, (2~ + o  1)P, ( 2 p / - - 1 ) P  (~, ~') d~' 

1 l 

+ 9 S aF .[ PI (2~--  1) P1 (2F' - -  1) p (F, F') dF' 
0 0 

l 1 1 

= l ,  ~ ~j ~ 4 , '  I (2~,' - 1) p j  (~,') ~pj  (~) 4 , -  3 ( v . -  v,) 
1 = 0  O --1 

= 2a I - -  3 (73 - -  7,). (21) 

When N = 1, t h e r e f o r e ,  it su f f ices  to know t h r e e  coe f f i c i en t s  which depend on the d i s p e r s i o n  indica t r ix :  

1 1 

7, = .f d9 S p (P' F') d~', (22) 
0 0 

1 1 

v~ = 3 .f a~ j" Pl  (2~,' - -  11 p (~,, ~,'),#,', (23) 
0 0 

1 1 

7, = 9 S dF S P' (2F - -  11 P, (2 F' - -  11P(p., I i ' )  dF', (24) 
8 0 

i n a sm uch  as  a l l  o t h e r  coe f f i c i en t s  a r e  e x p r e s s e d  in t e r m s  of  these .  

Taking  into accmmt  the r e l a t i o n s  d e r i v e d  h e r e ,  an ana ly t i ca l  e x p r e s s i o n  fo r  q is  m o s t  convenien t ly  
obta ined  by r educ ing  the s y s t e m  (6) to 

w h e r e  

de. (r) = Ale. (x) + Age, (r) + 24~ (l - -  a)o) I~ (r), 
dr 

de2 (r) _ Ase3 (x) + A , e ,  (x) - -  8~  (1 - -  o)o) I b (% 
dr 

des (r) _ Asel (x) +Aee s (r), 

de, (r) _ATe1 (T) -}- As% (T), (25) 
dr 

el (r) = / +  (r)--/~ (I:); e= (r) -- 17 (r) + IT (r); 

e. (r) = I+ (~) + I~- (r); e, (r) = h + (r) --  IT (~); 

A1 ---- 3 ((% - -  1); 

---19 [3% (7 , - -7 , )  --o)o (7o--7s) + 6]; As 

A 3 -= 1 - -  e)o; (26) 
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TABLE 2. Compar ison between Radiation Flux q Calculated to the 
N = 1 Approximation with the Data in [6] (M) and with the N = 0 
Approximation. 

~o 

0,4 
0,8 
1,0 
1,2 
1,6 
2,0 

x= ' r :  o qN=l when "~='~. 
qM w h e n  aeCording to 
from [ g] [ 32] 

3,908 3,914 
2,482 2,514 
2,140 2,150 
1,772 1,777 
1,238 1,243 
0,836 0,838 

qN= 1--qM_, % 
qM 

0,2 
1,3 
0,5 
0,3 
0,4 
0,2 

qN 0 whenT= ~ 

3,496 
3,892 
3,125 
2,466 
1,492 
0,887 

qN~l--qN=O 
qN=O 

40,6 
54,8 
45,4 
38,8 
20,1 
5,8 

,% 

1 
A, = ~ -  [,% (Vo - -  ?o) - -  % (?a - -  7,) - -  6 ]; 

1 
.A, = T [3(% (7, - -  7,) - -  2%7a - -  6]; 

1 [3O, o (v, + v , ) - , %  (v~ + v~) + el; 

A7 = -21 [ 2 % % - -  % (7, - -  72) + 2]" 

1 

(27) 

If coe f f i c i en t s  aj  in the L e g e n d r e  e x p a n s i o n  of the d i s p e r s i o n  i n d i c a t r i x  a r e  known,  then the f o r m u l a s  
in [4] f o r  the i n t e g r a l s  of  L e g e n d r e  p o l y n o m i a l s  y i e ld  the  fol lowing e x p r e s s i o n s  f o r  c o e f f i c i e n t s  Yl, T3, and 

T6: 

I 1 l 1 

. . . . . .  el - -  -i- as, (28) 
o 0 i=o 0 4 64 a3 z o b  

1 l 

Ya'= 3 .t' d ~t .!' P1 ( 2 , ( - -  1) p (It,. [~')dg' 
0 0 

! I 

0 0 

l I 1 

= =  6 P ,  e, c - 
1 = 0  0 0 

1 1 

0 0 
1 1 

= 18 j 'd~ i'[tP~ (29.' - - 1 )  P (bt, [ ( ) d / - - 3 ~ ,  3 
o 

1 1 1 a _  L 1 = 9 [ , ~ - - 2 ( 1 + 1 a ~ ) ] + 3 6 ( - ~ - + ~ - . 1 - ~ - - ~ - ~ ,  ~ a 4 ) .  (30) 

In t he se  f o r m u l a s  we  have  r e t a i n e d  only l = 5 t e r m s  of the  i n d i c a t r i x  e x p a n s i o n s ,  b e c a u s e  such  d i s -  
p e r s i o n  i n d i c a t r i c e s  a r e  m o s t  of ten of i n t e r e s t .  

In o r d e r  to c o m p a r e  o u r  me thod  wi th  o t h e r  m e t h o d s  of ca l cu l a t i ng  the r ad i a t i on  f lux,  s y s t e m  (25) 
w a s  so lved  ana ly t i c a l l y  f o r  the c a s e  co o = 0.5 wi th  a s p h e r i c a l  and with  the s i m p l e s t  e longa ted  d i s p e r s i o n  
i n d i c a t r i x  P(0) = 1 + cos  0. 

L e t  the bounda ry  condi t ions  f o r  Eq. (1) be 

I (0, ~)[~>0 = El, I (%, >)[~<0 = E~. (31) 
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TABLE 3. Comparison between Reflectivity Values and between 
Transmittivity Values for a Layer,  Obtained in the Differential- 
Difference Approximation with an Isotropic Intensity Distribution in 
the Flux (g), by the Moments Method in the F i r s t  Approximation 0VI), 
in an Approximation Analogous to the Eddington Approximation (E), 
and in the N = 1 Approximation 

Reflecfivity 

To 

0,1 
0,5 
1,0 
2,0 

Rg 

0,044 
0,134 
0,163 
0,169 

RN=I 

0,042 
0,115 
0,130 
0,142 

R~__--RN=__~ ~ 
R N =  1 ' 

4,7 
16,5 
25,3 
19,0 

RM 

0,041 
0,111 
0,136 
0,146 

RM--RN=I, % 

RM 

2,4 
3,6 
4,4 
2,6 

RE 

0,037 
0,123 
0,158 
0,171 

RE-RN~1% 
RN= 1 ' 

11,9 
6,9 

21,5 
20,4 

TO 

0,1 
0,5 
1,0 
2,0 

Dg 

0,860 
0,491 
0,236 
0,058 

T ransmittivity 

D N~I 

0,866 
0,531 
0,307 
0,111 

Dg--D N=-'~1%] 
D N =  1 ' 

0,7 
9,4 

23,1 
47,7 

DM 

0,867 
0,530 
0,308 
0,109 

% DE--DN=I 
D M--;; ~1 DE ---DN=I '% 

0,I 
0,2 
0,3 
1,8 

0,879 
0,530 
0,284 
0,083 

1,5 
0,2 
7,5 

25,2 

Through t ransformat ions  analogous to those pe r fo rmed  on (3), we a r r ive  at 

I + (0) = 4z~E~, I~" (0) = 0, 

I~ (0) = 4nE~, I7 (0) = 0. 

The boundary conditions for sys tem (25) with E 1 = 2 and E 2 = 0 are  then 

[e~ (~) + e, (~)] ]~:0 = 0, [e~ (~) + e 3 (~)] I,=0 = 16u, 

[e s (z) -- e, (T)] I~=*o = 0, [e 3 (z) -- e z (z)] [,=,o = 0. 

They signify that there is no radiation when ~- = v 0 (e 2 (T)--e 4 (v) =. 21 i" (~), e 3 0")--el (v) = 2 Io (v)) and that 

the radiation is diffusive when v = 0(e2(v) + e4(T) = 2I~(~)), while its intensity is determined by the magni- 

tude of I~(0)(ei(T) + e3(T) = 2I~(T)). 

The express ion  for  the thermal  radiation flux is, according to (17), 

q = cleX, T + c2e x,z + cse z,T + c4e ~,T, (32) 

where  coefficients c i have been obtained f rom the boundary conditions and its values a re  listed for var ious  
values of T 0 in Table 1. The charac te r i s t i c  values are  the roots  of the charac te r i s t i c  equation of sys tem 
(25).. 

, / / - a + V a  2 - 4 b  s 4 = -4- 1 / - a - V a  = - 4 b  
- V 2 ' ' V 2 ' 

where  

c = A1A~ + A~A 7 + A3A 6 + A4A s, (32a) 

b = (AsA s -  AeA7)(A1A4 - -  A~A3). 

Calculations of the thermal  radiat ion flux for  r = ~0 and the s implest  forward elongated dispers ion 
indicatr ix a re  compared  in Table 2 with the calculat ions in [6] and with the resul ts  of the zeroth  approxi-  
mation. Evidently, the resul ts  according to formula  (32) agree  c losely  with those in [6], where the p r o b -  
lem has been solved by numer ica l  methods basical ly  to the same approximation,  while a compar i son  with 
the exact  solution indicates that the method proposed in [6] is very  accura te .  The zeroth  approximation,  
according  to Table 2, does not yield the neces sa ry  accuracy  in the calculation of radiat ion fluxes. 

With the aid of Eq. (32), one can de termine  the radiation cha rac t e r i s t i c s  of a layer.  On the basis  of 
(31), a hemispher ica l  radiation flux incident on a layer  with 7 = 0 is equal to 7rE 1. A radiat ion flux q(0) 
r ep re sen t s  the difference between the flux incident on the l aye r  and the flux ref lected f rom the layer ,  if 
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t he re  i s n o  radia t ion  when T = T 0. T h e r e f o r e ,  the t r ansmi t t i v i t y  and the re f lec t iv i ty  of a l a y e r  can be c a l -  
culated accord ing  to these  r e spec t i ve  fo rmulas :  

D = q (%) 
axE 1 

R : hE1--  q (0)te,=o = I q (0)]e~=0 (33) 

nEt :~EI 

Calculations according to formula (33) and the corresponding formulas in [5], where a solution has 
been obtained on the basis of the differential-difference approximation for an isotropie intensity distribution 
in the fhux, are compared in Table 3 with the solution by the moments method in the first approximation 
[6] and with the solution in the approximation analogous to the Eddington approximation and also shown in 
[6]. The latter solution had been obtained on the basis of the one-dimensional problem of radiation through 
a layer [7, 8], by changing 70 --~ 3~0. 

According to Table 3, the results of the N = 1 approximation agree closely with the solution by the 
moments method in the first approximation, which in turn ensures a satisfactory accuracy in the calculation 
of radiation fluxes. 

Ai 
a,b 

ai 

D 
E +, E; 
I(T, /~) 

Ib(~) 
el(r)  
R is the 
q 

~ik ,  /3ik, 7ik 

ei 
Pi 
T 

0, (p 
7/ = COS O; 

NOTATION 

are  the coeff ic ients  in s y s t e m  (25) defined for  f o rmu la s  (27); 
a re  the e x p r e s s i o n s  defined in (32a); 
a r e  the coeff ic ients  in the Legendre  polynomial  expansion of the d i spe r s ion  indica-  
t r ix ;  
is the t r ansmi t t i v i t y  of a layer ;  
a r e  the radia t ion fluxes in opposi te  d i rec t ions ;  
is the radia t ion intensity; 
is the radia t ion intensi ty of a pe r f ec t ly  black body; 
a r e  the quant i t ies  defined by f o r m u l a s  (26) (i = 1, 2, 3, 4); 
is the re f lec t iv i ty  of a l ayer ;  
is the radia t ion flux; 
a r e  the coeff ic ients  defined by fo rmu la s  (7), (8), and (10); 
a r e  the roo ts  of the c h a r a c t e r i s t i c  equation of s y s t e m  (25); 
is the e m i s s i v i t y  of a boundary su r face  (i = 1, 2); 
is the ref lect iviW of a boundary su r face  (i = 1, 2); 
is the opt ical  th ickness  (density); 
a r e  the angles;  

is the albedo of a single d i spers ion .  

1. 
2. 

3. 

4. 

5. 

6. 
7. 

8. 
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