
N O T A T I O N  

U, l ight ene rgy  densi ty;  r  initial l ight ene rgy  distr ibution;  p,  dis t r ibut ion function of the r andom d i s -  
p lacements ;  l ,  length of a lens; D, d is tance  between lenses ;  ~,  speci f ic  convergence  of the s t ruc tu re  in a lens;  
~0~ unit  2 • 2 ma l r ix ;  e l ,  Paul i  ma t r ix ;  h, r andom d i sp lacements  of the lenses ;  ~, the va r i ance  of the r andom 
d isp lacements ;  N, number  of l enses  in the l ight gu ide .  
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CALCULATING ANGULAR RADIATION COEFFICIENTS 

BY THE METHOD OF FLOW ALGEBRA 

A .  5. S k o v o r o d k i n  UDC 535.231 : 536.3 

A method is dese r  ibed for  the calculat ion of mean  angular  radiat ion coefficients  in two-d imen-  
sional  s y s t e m s  consis t ing of any n u m b e r  of plane su r faces ,  including s y s t e m s  in which two adja-  
cent  su r f aces  fo rm a concave p a r t  of the contour.  It is shown that  for  the calculat ion it is suf-  
f icient  to know the coordinates  of all zone boundar ies  and the c h a r a c t e r i s t i c  point of the sys tem.  

In ca lcula t ions  of rad ia t ive  hea t  exchange between su r f aces  of a s y s t e m  infinitely s t r e t ched  out in one 
direct ion (a two-d imens iona l  sys tem) ,  the method of flow a lgebra  is widely used for  the de terminat ion  of mean 
angular  radiat ion coeff ic ients  [1, 2]. This  method is often cal led the method of s t r e t ched  s t r ings ,  the envel -  
oping curves  method,  and the a lgebra ic  method.  In conformi ty  with the notation in Fig. 1, the angular  coeffi-  
cient  between two t e rm i na l  s u r f ace s  F 1 and F 2 is given by the s imple  a lgebra ic  express ion  

(AC ~. BTD) - -  (AD ~ BTKC) (1) 
'h,2 ~- 2 AB ' 

where  AC, BTD etc . ,  axe the lengths of the e las t i c  s t r ings  s t r e t ched  between the corresponding boundar ies  of 
the su r f aces  F 1 and F 2. 

It s hou ldbe  noted that  the de te rmina t ion  of the lengths of e las t ic  s t r ings  in s y s t e m s  with a large number  
of zones,  p a r t i c u l a r l y  in the case  of calculat ions with many  va r i an t s ,  gives r i s e  to fundamental  difficult ies and, 
as a ru le ,  neces s i t a t e s  the use  of a computer .  Here  it is des i r ab le  to desc r ibe  the s y s t e m  by a min imum num- 
ber  of initial  va lues  and to calculate  the e lements  of the ma t r ix  of angular  radiat ion coefficients  according to 
a un iversa l  re la t ion .  

The object ive of the p re sen t  work  is application of the method of flow a lgebra  for  the calculation of an-  
gular  coeff icients  in two-dimens iona l  s y s t e m s  of plane su r faces .  
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F i g .  1. C a l c u l a t i n g  the  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  by  the  
m e t h o d  of  f low a l g e b r a .  

F ig .  2. S y s t e m  wi thou t  c o n c a v e  p a r t s .  

J 

F ig .  3. E x a m p l e s  of  s y s t e m s  wi th  one c onc a ve  p a r t .  

w 1. We c o n s i d e r  a c l o s e d  s y s t e m  c o n s i s t i n g  of  m p l ane  s u r f a c e s  and no t  hav ing  concave  p o r t i o n s .  The 
con tour  of  the  s y s t e m  is  d i v i d e d  into n z o n e s ,  w i th  n - - -m (F ig .  2). We n u m b e r  in s u c c e s s i o n  the po in t s  c o r r e -  
spond ing  to the  b o u n d a r i e s  of the zones  and  the zones  t h e m s e l v e s  so  tha t  the i - t h  zone  is  l o c a t e d  be tween  the 
p o i n t s  i and  i +  1. The  m e a n  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  be tween  the zones  i and  j a c c o r d i n g  to (1) is  g iven  by  
the e x p r e s s i o n  

dl, i -t- di+l, i+1 - -d i ,  I§ --d~+l,  S (2) 

A l l  d i s t a n c e s  be tween  the zone b o u n d a r i e s  cons t i t u t e  the  l eng ths  of  the  s t r a i g h t  l ine  s e g m e n t s  

d~, s = V (x~ - xi) 2 § (~ - YsP (3) 

The  c o o r d i n a t e s  of zone b o u n d a r i e s  in an a r b i t r a r y  c o o r d i n a t e  s y s t e m  a r e  c a l c u l a t e d  in t e r m s  of the g e o m e t -  
r i c a i  p a r a m e t e r s  of  the  s y s t e m  unde r  i n v e s t i g a t i o n  o r  a r e  d e t e r m i n e d  by a n o t h e r  m e t h o d ,  for  e x a m p l e ,  by a 
g r a p h i c a l  me thod .  

w 2. The  a p p r o a c h  j u s t  d e s c r i b e d  can  be e x t e n d e d  to a m o r e  c omple x  c a s e .  L e t  in a s y s t e m  of p lane  
s u r f a c e s  two c e r t a i n  a d j a c e n t  s u r f a c e s  f o r m  a concave  p a r t  of the  con tour .  Th i s  p a r t  i s  an o b s t a c l e  to  the 
r a y s  be tween  c e r t a i n  zones  of the  s y s t e m  (F ig .  3). The  po in t  of  i n t e r s e c t i o n  of  t h e s e  s u r f a c e s  is  c a l l e d  the 
c h a r a c t e r i s t i c  po in t  of the  s y s t e m .  The  s t r e t c h e d  s t r i n g s  be tween  the b o u n d a r i e s  of zones  in th i s  s y s t e m  have 
the  f o r m  of  e i t h e r  s t r a i g h t  l i ne s  (in the a b s e n c e  of an o b s t a c l e )  or  b r o k e n  l i n e s  of  two s e g m e n t s  wi th  the  b r e a k  
the c h a r a c t e r i s t i c  po in t  (in the  p r e s e n c e  of an o b s t a c l e ) .  

The  s y s t e m  be ing  i n v e s t i g a t e d  m u s t  be a r r a n g e d  r e l a t i v e  to a r e c t a n g u l a r  c o o r d i n a t e  s y s t e m  so  tha t  one 
of the a x e s  ( for  e x a m p l e ,  the x a x i s ) d i v i d e s  the s y s t e m  into two p a r t s ,  in each  of  which  t h e r e  a r e  no o b s t a c l e s  
be tween  the  zones .  F o r  th i s  i t  is  s u f f i c i e n t  for  the s u r f a c e s  f o r m i n g  the concave  p a r t  to be t oc a t e d  on d i f f e r -  
en t  s i d e s  of  the  x ax i s  and the c h a r a c t e r i s t i c  po in t ,  consequen t ly ,  to  l i e  on th i s  a x i s  (F ig .  3). 

F o r  zone b o u n d a r i e s  l o c a t e d  in d i f f e r e n t  p a r t s ,  i . e . ,  hav ing  d i f f e r e n t  s i g n s  of the  c o o r d i n a t e  y, the v a l -  
ues  of the  two a n g l e s  a r e  g iven  by 

~Pi, s = arctg, xi - -  xs , (4) 
iy~ - -  Yi! 
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aPi, i = arctg - x l  - -  x t  (5) 
:Yi - -  Y t l  

Compar ing  the va lues  of these  angles we can de te rmine  the p r e s e n c e  or  absence  of an obstacle  between 
the points being cons idered ,  with the compar i son  condition depending on the d i rec t ion of the x axis .  If the s e c -  
tion of the s y s t e m  with the x axis  is located toward increas ing  x f rom the c h a r a c t e r i s t i c  point (Fig. 3a and c), 
then tile p r e sence  of an obs tac le  between the points i and j is given by the condition 

~Pl, -J ~> ~i, ~" (6) 

In the case  where  the sect ion is located toward dec reas ing  x f r o m  the cha r ac t e r i s t i c  point, we use the condi- 
tion 

r J < ~i,t- (7) 

The length of the s t r e t ched  s t r ing  between the points,  when the condition (6) or  (7) is fulfilled, is calcula ted as  
the sum of the two segmen t s  

d~, ~ = d~, t + d t d .  (8) 

The d is tances  f rom zone boundar ies  to the c h a r a c t e r i s t i c  point and between zone boundar ies  in the absence  of 
an obs tac le  a r e  de t e rmined  accord ing  to the re la t ion  (3). 

The method p roposed  for the de te rmina t ion  of the lengths of s t r e t ched  s t r ings  is un iversa l  for  s y s t e m s  
of such type, i .e. ,  it does not depend on the g e o m e t r y  of the actual  s y s t e m  and the nttrnber of zones,  and this is 
an impor tan t  fac tor  when invest igat ing rad ia t ive  heat  exchange in the s y s t e m  while cer ta in  geome t r i ca l  p a r a m -  
e t e r s  v a r y .  

Af ter  the lengths of s t r e tched  s t r ings  between all zone boundar ies  have been de te rmined ,  the mean  an-  
gular  radiat ion coefficients  a r e  calculated accord ing  to (2), where  by the method just  indicated it is sufficient  
to de t e rmine  one half  of the angular  coefficient  ma t r ix .  F o r  the calculation of the second half  of the ma t r ix  
we use the r e c i p r o c i t y  p r o p e r t y  [1] 

d~, i~1 (9) 
q)J, i := q~i, I d1 ' J+l 

Thus,  for  the calculat ion of mean  angular  radia t ion coeff ic ients  in the s y s t e m s  considered,  by the method 
of flow a lgebra ,  it is poss ib le  to se t  up a fa i r ly  s imple  universa l  calculation p r o g r a m  for a computer  of any 
type. F o r  actual  s y s t e m s  we have m e r e l y  to de te rmine  the coordinates  of all zone bomadaries and the char -  

a c t e r i s t i c  point. 

N O T A T I O N  

go i _., mean  angular  radia t ion coeff icient  f rom zone i to zone j; d, length of the s t r e t ched  s t r ing between 
,J 

zone boufidarms; x, y, coordinates ;  t ,  c h a r a c t e r i s t i c  point of the sys tem;  r  angle between the di rect ion f rom 
point i to point j and a s t ra igh t  line para l l e l  to the y axis ;  ~bi, t, angle between the d i rec t ion f rom point i to the 
cha r ac t e r i s t i c  point of the s y s t e m  and a s t ra igh t  line para l le l  to the y axis .  
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