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M E T H O D  O F  R E G I O N A L  A V E R A G I N C  I N  T H E
T T A D I A T I V E ,  T R A N S F E R

p i t p c f  [ ' l  r i  c  t i s t ' r l  i l t t '  i i i r l l r o r ]  ' r i  l - c g i ( ) l t z ) l  l t  v u r a g i n g  1 o  s o l \ . c  a n a -
i y i i c i r l l - v  t h e  t . q u a t i o n  o i  f , r ( i i z t i i t , r  t r a r r s i c r  i n  t l r e  c l r s e  o I  s p I c r i c r r l  a l c l
i c i l t t r ' r i . ' l g  s t c i i i t r  a lmos i ) l l e f  ( ' .  l t  n  a -  i r \ su rnL 'd  t ha t  t l r c  o l l ' i l c i t \  o I  t he
; i 1 r n { ) s l ) l r c r e  v ; j  r i e s  i r t v t r s e l Y  a s  l l r c  r r - t } r  p o u ' c r  o i  i l r t , u c ( ) l - n e t r j c i r l  r a t l i r s  r
o l  t h e  l a y c r .  L r r r l i k c  Y  S .  { - h , , L r  r r  n d  t -  L .  T i c n  [ 2 ] J l  u  i r ' o  t , o n s i c l e r e r i  h o n r o -
gc l l coL l s  rned iL l t t l  u ' e  c t l t t l t l  no t  i gno rc  t hc  r r ren ibc i r . . . r p . . . - i ' l !  cu rv i t l u r c
i n .  t l i c  h i ghe r -o r< l r - ' r '  ( t l r l r p  t i r c  i i r s t )  r no in ( ' i l t  eq r r ; r t i p i r .  I t , c l r r r s .  i l  t ] r c
l i l l r o n l o g c n e o i r \  c i r s c  \ \ ' i r c n  ( ) p a ( ' i t r  e q L r a l s  t o  \ l i l " a l l  i r n q r r l a r  n r o r n c n t s
i l i i  e  r r J r ' .

I r t  t l t e  e t t s c  o i  r c a l  s t e l l a r  a t n l ( ) s p h c f c  t l r c  t l e J r r r r t l e r r c t :  o i  t i r c  o p l r c i t i
o t t  t h e  g t ' o t t t e t r i c a l  r i r d i u s  o f  t h c  l a v e r  i s  v e r r  c o r n p ) i c a t c d ,  r r r r r i  i h e r c f o r i r
l l r c  s o l t t 1 i , , r 1 , , 1  t l r t ' I r ; e l 1 l r . ' 1 l l  ( . i r n  l r t . I o u r r r l , , i t l ]  r r r i r r r r . . r i t . ; r l l i .  ( . .  { .  l l : i n g
d i  [ [ t ' r c r re t '  r r r t ' t  l r ods .

l l o ' u l ' ev t : r .  t hese  t r t r t l t ods  re t l u i r e  l l o \ \ i c r I u ]  con rp r r t c r s  r t . i t l r  a  l a rg r :
s t t l r age .  l n  t hc  P rcsc l t i  l apc r  \ \ I c  s l t ou '  l r o i v  t l r i s  p ro l r l en t  (  an  b r '  so l r . ed
in  a  qu i t e  s imp le  l l , a r ' .

I t i  : t  sp i t t r i c l t l  i r t t i l osp l t e re  t l t e  n ronoch ro rna t i c  angu la r .  n ton re r r t s  o i  t l r , :
i n t e n s i t r  i .  I l  .  l t  i i l r l  , / -  : , i i 1 i . r r \  t  j r t '  i o i l o u  i r r e  c t l L t i r  t i o n s :

, l l /
r  -  - 1 "

i t 1

i15 : i t,';r'

( l  )
t lL
,k

3 K

'1.,- "'I '
: i (4r , -2H)+K -1 1ru

I  - | L  2 l l ,
r r  l rcrc

i : [ ( f t , , * o , ) Q r ] ' n:#*' ( ' |): l-P,
r t i d  B  i s  t h c  n r o n o c h r o r l r L l i c  P l a i r c k  f r r n c t i o n .

The  l a - . s t  e r l ua t i on  o i  svs t - c rn  ( l  )  i , s  ob in i r re  d  i t . r l l on . i ns  t hc  : r pp ro_ r i -
m r i t i o n s  o i  \ ' .  S .  C h o u  a r r d  C .  L .  f  i c n  J r 1 .

Thc  bo i rnc la r r  cond i t i o r j s  a re  g i vc .n  a . s  [ 3 ]

. /  ( r r  )  *  2H  ( r t )  -  81 .
t  ( " ( , t )  -  3 ( ( t r )  :  0 .  ( 2 )
t  ( 0 )  2H  (0 \ :  0 .
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where rr  is the mouochromatic opt ical  thickness of the
B r  -  B  ( t r ) .

Now rve change the funct ions as fol lows:

x :J+2H,
', - t, :g,o'
:  _  J  

_ _  
L t r  I

and a f te r  subs t i tu t ing  re la t ions  (3 )  in to  ( l )  we have

v , ' -  Q y v *  G n U  #  G n z - l -  F r  . t ( t r ) :
U' : Gux * GnU ); Gsz f F2, ll (rt) :
z '  -  Gstx * Gszl l  *  G:sz * F3, z(0) :

u.herc

G31 :

G11 :

G 4 :
G e :

; l l l d

$ tu '  + r) ,  Gs2 : j -  t r t+ nl ,

f ttf + 3P -- 2 -i'2r), G-,: +

G", - 2i,  Cil  :  2f + 2p * Gr,,
Gsz. Gtr - -2i + 213 * Grr,

I
G33 :  - i3  (8o - -  17) ,

(  12 f  +  1 ) ,

atmosphere ,  and

8 r ,
o'  ( { )
n

o '  (8 )
o '

( 3 )

( ; )

x
Fr  :  -+ -BB,

. J

I
l c ' : :  +Fr ,  (6 )

F", - - 1.r,.
2

Now u'e reduce the boundary value problem (a) to a cornnlon caLrchy
i r rob lem,  fo l low ing  the  ideas  o f  G.  B .  Ryb ick i  an t l 'P .  D.  U.hc ' r  Ia ] .

Let us def ine a funct ion rp by the relat ion

z : \ ,+Tx*RA,  (Z l
u 'here  I  and R are  cer ta in  lunc t ions  wh ich  w i l l  be  de i ined in  the  fo l low ing
w a y :

R '  -  GBzf (Gt r  -  Gn] rR-  GnT -  GBTR-G:sR2,  R(0) :
T ' -  G : n  * ( G r r  -  G " ) T -  G " t R - G z l T R - G t z T 2 ,  I ( 0 ) :

I runct ion 1. can now be found from the equat ion
, f '  : ( G r .  -  G t r , T -  G r r R ) r l . - F r ? " - F : R  * F ; ,  ! . ( 0 ) :

rnd the funct ions -v and A can be found from equat ion,r

x '  : ( G s *  G n T ) x * ( G , r *  G r e R ) g *  G r g * F r ,  . r ( . r 1 ) :  8 1 , , , n i

A '  :  (Gu] -  GzrT)x  * (Gn*  G ' . rR) t t - r  C : . :U*F: ,  ! / ( t r )  :  6 ,  
( lu l

res pect ivel  r ' .
As  i t  can  be  seen f rom equat ions  (8 )  th rough (10) ,  the  genera l i zed

Riccat i  t ransformation (7) has converted the l inear third-order two-point
boundary problem into an equivalent one-point system.

The problem can be solved in the fol lowing way. System (B) may be
integrated f  rom t :0,  stor ing at each step both R and ?".  Next,  equat ion

(e)0.



) ler l tot l  of  regionat  a leragi t tg 187

(9 )  may be  in tegra ted  i rom r  :0 ,  s to r ing  rp ,  s ince
known funct ions. Then equat ions (10) are integrated
rt, R and I are known.

At last.  we can f ind funct ion z from the formula
momet r ts  l ,  j l ,  K  and L  i r . tm fo rmulae  (3 ) .

R and I  are i rorv
f r o m  t :  T r ,  S i n c e

( 7 ) ,  a n d  a n g u l a r

0,7

4 3

0,2

r.
A

b

I
i

I

q4

q3

42

4 r

q6

o 'a l
8 .8 ,

F l t
p '41
6.81
".2q6

q5

q4

Kt

al

a.t

l : i g .  I

i i r c  equat ion  o i  rad ia t i ve  t rans fer  in
a  spher - ica la t rnosp i t t re  b l '  the  method
o f  r e g i o n a l  a v e r a q i n q  c a n  a i s o  b r  o o ' ,
used as  a  i i r s t  appr r rx i rna t ion  in  the
h igh-accurac t '  i te ra t io l i  schemes.  ;  I

T l r i s  appro . r ima lc  n re thod can i )e  " : - -
used ul ien \ \ '11 are not interested irr  , . , , t t  l : i i "  )A
an ansu la r  d is t r ib r r t ion  r t [  ou tward  I  t s ,  / l
o r  inward  i r r 'Lens i t r ' .  The so lu t ion  o t  '  h ' /  

/  \
r l ^ ^  ^ - . . - . 1 :  ,  - !  - ' l  ,  - . : - , -  a , - ,  ! - ,  :  Q 5  /  1

lo,

d,

a2 44 qb

F i c  I

The program iras been rvr i t ten in " .  , / / '  i , . .
a isor i thmic  language XALGOL [5 ]  0 ,2 )  . , "  - - t : '
ic.rr solving the probletn {.}n the .rt -,-'---' b,
compxter  . \ l i ns l i -22  a t  t l i e  Ins t i tu t r  - := -  

,r r f  Cybr rne t ics  o i  i l re  Es ton ia r r  e -=  .
Academy  o f  Sc iences .  Some examp les
oi  so l r i t ions rv i th  pre i ixed p i ru 

t )  tJ? r t+ u u i )

me te rs  a re  g i r . en  i n  F igs  1 -3 ,  F iq .  3 .
rep resen t i ng  t he  monoch roma t i c
angu la r  n ro t t t c . t t i s  I  ,  H ,  K  and  L  a , s  i unc t i o i r s  o i  op t i ca l  dep t l i .  I t  i s
assumed  tha t  t he  ra t i o  i t i  opac i t r  coe f f i c i en t s  f r  and  P lanc l i  i unc t i on  B r
a re  cons tan ts  t h roughou t  t he  a l .mosph t re .  The  opac i t y  a  (& "  *  c r v )  i s
assumed t r l  be r , 'arv ing inyerselv  as the n- t l r  pot ' t ' r  o i  the geometr ica l
i ad ius  o f  t h r .  l av r r .  I n - i l r e  f i qu res  { )  r r cans  t l r r i  r i i  t i o  o f  o t t t t ' r  and  i nne r
l - a d r l  O l  l l l e : r i m  \ s l ) i r \ ' r e
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