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An algori thm is proposed for the numerical  solution of the integral equation for the t ransfer  
of a radiant o r  molecular  flux in a two-dimensional channel of a rb i t r a ry  configuration. Results 
of calculations of molecular  t ransfer  by the proposed method and the Monte Carlo method are  
presented.  

The s teady-s ta te  p rob lem of t ransfer  of a radiant or  molecular  flux (these problems a re  equivalent here) 
in a two-dimensional (plane) channel of a rb i t r a ry  configuration is considered,  and an algori thm is proposed 
for the solution of the integral  t ransfer  equation for the effective flux density. The distinguishing feature of 
this a lgori thm is that it enables the region of visibili ty (the portion of the channel surface which is visible f rom 
an a rb i t r a ry  point M lying on it) to be determined for  a channel of complex geometry .  Existing algori thms 
(see, for example, [1, 2]) require  for  their use the prel iminary assignment by some means of the region of 
visibility, which is inconvenient and t ime-consuming.  The proposed algori thm can be used to solve opt imiza-  
lion problems,  for example, the p rob lem formulated in [3]o The physical  proper t ies  of the surface may be 
a rb i t r a ry  functions of position. 

The t ransfer  of a radiant (molecular) flux subject to diffuse reflection and t ransmiss ion  in a closed sys -  
tem formed by a contour L (Fig~ 1) is descr ibed by a linear integral equation of the second kind for an effective 
radiant (molecular) flux density z (M), 

z (M) - -  ? (M) .! z (N) K (M, N) d lN= f (M), (1) 
L 

where the points M and N lie on the contour L; X (M) and f(M) are ,  respect ively,  the reflection coefficient and 
the flux density of the charac te r i s t i c  radiation (gas evolution) at  the surface (and a re  given, a rb i t ra ry  functions 
of the point M); K(M, N) is a Fredholm kernel depending on the law of interaction of the par t ic les  with the sur-  
face and satisfies the condition ~ ~ K2(M, N)d/Mdl N < ~; dl M and d/N are  e lementary areas  at the points M and 

N, respect ively.  The kernel K(M, N) differs f rom zero only for pa i r s  of points M and N lying on a single 
straight  line that does not in te rsec t  the contour between these points, ioeo, only when elements of the contour L 
do not cast  a shadow upon one another. The main difficulty in solving Eq. (1) is to determine the region of 
visibility, inside which K(M, N) ~ 0. 

One of the s implest  and most  convenient methods of solving Eq. (1) is the zone method, in which the arbi -  
t ra ry  functions z(M), f(M), and MM) are approximated by step functions z*(m), f*(m), and ~*(m), where m is the 
zone number.  By the usual means (see, for  example, [4, 5]), we write a sys tem of l inear algebraic equations 
of o rde r  # 

z* (Hi) - 7 "  (m) ~ z* (n) q~ (m, /"/) = f* (hi), 

m-- 1, 2, . . , , ,u, (2) 

where # is the number of zones; 
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Fig.  1. C r y . p u m p  cel l  No. 1: 1) inlet;  2, 4) 
wal ls ;  3) c r y . s u r f a c e .  

1 
q9 (m., n ) =  ~-m, I i K(M, N)dlNdlM (3) 

LmL n 

i s  the mean  angu la r  coeff ic ient ;  l m is the contour  length in the m - t h  zone; Lm,  Ln a re  the p o r t i o n s  of  the 
contour  L belonging to the m - t h  and n- th  zones ,  r e s p e c t i v e l y .  In o r d e r  to solve the s y s t e m  in  Eq. (2), i t  is 
n e c e s s a r y  to ca lcu la te  the m a t r i x  of  coef f ic ien ts  ~ m ,  n), which involves  f inding the r eg ion  of  v i s ib i l i ty .  Solv-  
ing the s y s t e m  of l inea r  a lgeb ra i c  equat ions  in Eq. (2) g ives  an app rox ima te  so lu t ion  o f  Eq.  (1). The a c c u r a c y  
of the solution r i s e s  with d e c r e a s e  in  the d imens ions  of the l a r g e s t  zone.  

The a l g o r i t h m  of the p r o p o s e d  method  is as  fo l lows.  

lo Divide the contour  L into # zones  with coord ina tes  Xm, Ym (m = 1, 2 , . . . ,  #) at  the v e r t i c e s .  Within 
the l imi ts  of each zone,  app rox ima te  the contour  L by the s t r a igh t  l ine y =a m x + b m ,  where  am = (Ym - Ym- l ) /  
(x m - Xm_l) and b m = Ym § amXm, i .e . ,  c o n s t r u c t  the  L . m a n  contour  L * .  F o r  the sake  o f  being def ini te ,  n u m b e r  
the zones  coun te r c lockwise .  

20 Find the n u m b e r s  of the zone boundar ies  (the fu r the s t  is s imp ly  the b o u n d a r y ) g m l  and gm2 with which  
the m - t h  s t r a igh t  line y =.amX + b m  i n t e r s e c t s .  If there  a r e  s eve ra l  such points  of  i n t e r s ec t i on  [for example ,  
points  A1, A2, and A 3 fo r  the (m - 1) - th  zone in Fig .  1], choose  the one  c l o s e s t  to the m - t h  zone  [A t f o r  the 
( m -  1 ) - t h z o n e  in F ig .  1]. The boundar ie s  a re  d e t e r m i n e d  in such a way that gml  <- i but  gin2 -> i ,  whe re  i is  the 
n u m b e r  of  a zone v is ib le  f r o m  the m - t h  zone.  Store  these  bounda ry -po in t  coord ina tes  Uml, urn2 (for example,  
the points  G and H fo r  the m - t h  zone in Fig .  1). 

30 Find the v e r t e x  of  the zone o f  con tour  L* that c a s t s  a shadow on the m - t h  zone (ver tex  D in Fig .  1) 
by c o m p a r i n g  the s ine o f  the angle  o f  s lope  r o f  the s t r a i g h t  line pa s s ing  th rough  the c e n t e r  of  the m - t h  zone 
and the v e r t i c e s  with n u m b e r s  s -  1, s, s + l  (s = 1, 2 . . . . .  #). If  

(sin %_1 - sin:o~) (sin %+1 - -  sin %) > O, (4) 

then the s - t h  v e r t e x  c a s t s  a shadow on the m - t h  zone.  

4. De t e rmine  the point  at which the s t r a igh t  line p a s s i n g  through the c e n t e r  of  the m - t h  zone and the s - t h  
v e r t e x  (point B in Fig .  1) and s t o r e  it. The zone conta in ing  th is  point  and the s - t h  zone a r e  the bounda r i e s  
gm3k and gmak of the reg ion  cas t ing  a shadow on the s - t h  ve r t ex .  The  b o u n d a r i e s  a r e  d e t e r m i n e d  in such a 
way that  gm3k >- i but  gm4k -< i, whe re  i is  the n u m b e r  of  a v is ib le  zone; k is  the n u m b e r  of  the shadowed r e -  

gion (k=l, 2 . . . . .  ~). 

5. Compar ing  the n u m b e r s  of  the zones  with boundar i e s  gml ,  gin2, gm3k, gm4k, inves t iga te  whe the r  they  
lie in the v i s ib le  reg ion .  The a l g o r i t h m  al lows ~ shadowed r eg ions  to be taken into account .  

6. Calcula te  the m a t r i x  of coef f ic ien ts  fo r  Eq. (2). If  the law govern ing  the in t e rac t ion  of  the p a r t i c l e s  
with the s u r f a c e  is cos inuso ida l ,  the mean  angu la r  coef f ic ien t  i s  

1 1 ' l F c )  - -  (Izc -~ IFD)] ,  (5) q~(m, n) = ~ t ( e o  ~ 

e 

where  l~n is the length o f  the m - t h  zone;  l ED, l FC,  l EC,  l FD a re  the lengths of the s e g m e n t s  joining the po in t s  
E and D, F and C, E and C, and F and D, r e s p e c t i v e l y  (Fig. 1). If  m o r  n co inc ides  with one of  the boundar i e s ,  
then to ca lcu la te  r n) use  the points  urn1, Umz, Umsk obta ined  e a r l i e r  and a l so  Eq. (5). 
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F i g .  2. C r y o p u m p  c e l l  No. 2: 1) in le t ;  2, 4) w a l l s ;  3) c r y o s u r f a c e .  

F i g .  3. C r y o p u m p  c e l l  No. 3: 1) in le t ;  2, 4) wa l l s ;  3) c r y o s u r f a c e .  

7. Solve the s y s t e m  of l i n e a r  a l g e b r a i c  equa t i ons  in  Eq.  (2). 

Us ing  th i s  a l g o r i t h m ,  a p r o g r a m  was  w r i t t e n  fo r  the  s o l u t i o n  of  the i n t e g r a l  equa t ion  f o r  the t r a n s f e r  of 
r a d i a n t  o r  m o l e c u l a r  f luxes  in the c o n s i d e r e d  c l a s s  of s y s t e m s  with  a c o s i n u s o i d a l  law g o v e r n i n g  the r e f l e c t i o n  
and t r a n s m i s s i o n  of p a r t i c l e s .  The  p r o g r a m  was  w r i t t e n  in the l anguage  A l g o l - 6 0  f o r  a T A - I M  t r a n s l a t o r .  I t  
p r o v i d e s  fo r  the d i v i s i o n  of l a r g e  zones  into s m a l l e r  s u b z o n e s ,  which a l l o w s  Eq.  (1) to be s o l v e d  with  su f f i c i en t  
a c c u r a c y  for  c o n t o u r s  wi th  l a r g e  s t r a i g h t - l i n e  s e c t i o n s .  I f a n M - 2 2 2  MOZU c o m p u t e r  i s  u s e d ,  the  m a x i m u m  
n u m b e r  of  zones  m a y  r e a c h  30. F o r  ~ = 20 z o n e s ,  the t ime  of so lu t ion  i s  ~ 10 s e c  ( d i s r e g a r d i n g  the t ime  s p e n t  
in t r a n s l a t i n g  the p r o g r a m ) ~  

As a n e x a m p l e  of  the use  of  th i s  p r o g r a m ,  the m o l e c u l a r - c a p t u r e  coe f f i c i en t  ~ = Q3/Q~ of  one  ce l l  of  a 
c r y o c o n d e n s a t i o n  pump was  c a l c u l a t e d  (F ig s .  1 -3) .  H e r e ,  Q3 i s  the r e s u l t a n t  f lux at  the c r y o s u r f a c e  3 wi th  
condensa t i on  c o e f f i c i e n t  1 - "Y3 = 1; Q1 i s  the d i f fuse  f lux  e n t e r i n g  the ce l l  th rough  the p l a n e  i n l e t  1 wi th  conden -  
s a t i on  c o e f f i c i e n t  I - 7 2  = 1. On s u r f a c e s  2 and 4 ,  l e t  ~/2 = T4 = 1. The  c a p t u r e  coe f f i c i en t  w a s  c a l c u l a t e d  u s i n g  
the Monte C a r l o  me thod  (c~) [6] and  by the m e t h o d  p r o p o s e d  above  (%) f o r  the c e l l s  shown in F i g s .  1 -3 .  The  
r e s u l t s  a r e  shown in T a b l e  1. H e r e  5 i s  the r e l a t i v e  e r r o r  of  the Monte C a r l o  m e t h o d  for  a con f idence  l e v e l  of  
0.95; # i s  the  n u m b e r  of  zones  in to  which  the c on tou r  L i s  d iv ide d  (the d i v i s i o n  i s  i n d i c a t e d  in  F i g s .  1-3 by dots ;  
the i n i t i a l  con tou r  L i s  shown as  a cont inuous  l i ne ,  and  the a p p r o x i m a t i n g  c on tou r  L* a s  a d a s h e d  l ine) .  T h e s e  
r e s u l t s  i n d i c a t e  tha t ,  fo r  the con tou r  f o r m e d  by L o m a n  l i nes  (Fig .  2),  the g i v e n  m e t h o d  g i v e s  p r a c t i c a l l y  the 
s a m e  r e s u l t s  a s  the Monte  Ca r lo  me thod .  F o r  e u r v i l i n e a r  c o n t o u r s  the r e s u l t  depends  on the a c c u r a c y  of  a p -  
p r o x i m a t i o n  of the con tou r  L. The  l e s s  con tou r  L* d e v i a t e s  f r o m  c on tou r  L, the m o r e  a c c u r a t e  the r e s u l t .  
In c o m p a r i s o n  with  the Monte  C a r l o  m e t h o d ,  the p r o p o s e d  me thod  h a s  the advan t age  that  i t  r e q u i r e s  c o n s i d e r -  
ab ly  l e s s  m a c h i n e  t i m e  (by a f a c t o r  of  a p p r o x i m a t e l y  60 for  ~ = 25, 5 = 0.05, and ce ~ 0.25), which  a l l ows  i t  to 
b e  u s e d  f o r  the so lu t i on  of o p t i m i z a t i o n  p r o b l e m s .  In add i t ion ,  the i n i t i a l  i n f o r m a t i o n  i s  i n t r o d u c e d  in s i m p l e r  
f o r m  and r e q u i r e s  l e s s  t ime  fo r  i t s  p r e p a r a t i o n .  

Thus  f o r  the so lu t ion  of the p r o b l e m  of  the t r a n s f e r  of a m o l e c u l a r  o r  r a d i a n t  f lux  in  a ~wo-d imens iona l  

T A B L E  1. M o l e c u l a r - C a p t u r e  Coef f i c i en t s  of C r y o p u m p  C e l l s  

1 ] 0,197 
2 0,216 
3 0i165 

0,067 
0,060 
0,050 

0,218 
0,212 
0,180 

20 
21 
27 

O, 107 
0,0185 
0,091 
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cavity or  channel, the given method is p r e f e r ab l e  to the Monte Carlo method. 

N O T A T I O N  

L, initial contour; L*, contour approximat ing contour L; z(M), f(M), -y(M), a r b i t r a r y  functions of the point 
M; z*(m),  f*(m), T* (m}, step functions approximat ing the functions z(M}, f(M), T(M); ~, number  of zones; ~(m, n), 
mean angular  coefficient;  l ,  contour length; ~ ,  m o l e c u l a r - c a p t u r e  coefficient;  5, re la t ive  e r r o r .  
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HEAT TRANSFER OF THERMISTORS IN 

ELECTRIC FIELD 

S. B. Minkin, V. E. Ulashehik, 
B~ I. Fedorov, and A. G. Shashkov 

A NONUNIFORM 

UDC 536.244 

The r e su l t s  of  an invest igat ion of the action of dc~and ac  e lec t r ic  f ie lds  on the hea t  t r an s f e r  
of t h e r m i s t o r s  a r e  desc r ibed .  

In r ecen t  y e a r s  both in the Soviet Union and abroad  inc reased  at tention has been given to finding new 
methods of improving heat  t r ans f e r  based on the use  o f  e l ec t r i c  f ields.  The bas ic  pr inc ip le  of this method is 
the fact  that under the action of intense e lec t r i c  fo rces  in liquids and gases  additional d is turbances  a r i s e  which 
under cer ta in  conditions can be local ized in a na r row region of the boundary l a y e r  which has the highest  the r -  
mal  r e s i s t ance  and is the re fo re  essen t i a l ly  a control lable  heat  t r ans f e r .  The e lec t roconvect ion  d i s tu rbances  
that a r i s e  lead to a cons iderable  inc rease  in heat  t r a n s f e r .  

However ,  despite  the p romis ing  poss ib i l i t i e s  of the new method it  has  not been inves t iga ted  to any g rea t  
extent e i ther  theore t ica l ly  or  i,n p r a c t i c e .  The theore t ica l  assumpt ions  and exper imenta l  r e su l t s  of d i f ferent  
inves t iga tors  a r e  often quest ionable and even contradic tory .  This  r e l a t e s ,  f i r s t  of al l ,  to the na ture  of  the 
action on the heat  t r ans f e r  of dc, ac,  and mixed e lec t r ic  fields,  and also to the quanti tat ive e s t i m a t e s  of the 
inc rease  in heat  t r a n s f e r  as  a function of the field s t rength,  the t e m p e r a t u r e  d i f fe rence ,  the configuration,  the 
d i ame te r  of the h e a t - t r a n s f e r  and high-vol tage  e l ec t rodes ,  thei r  mutual  posi t ion,  the t e m p e r a t u r e  of the s u r -  
rounding medium,  etc.  [6]. The methods for  the exper imenta l  invest igat ion of the effect  a r e  also f a r  f r o m  ideal .  
Thus, in all the publ icat ions known to us  [1-7] the hea t  t r ans f e r  of the hea ted  conductor has  been  invest igated.  
The high-vol tage was applied e i ther  to a coaxially si tuated conducting cyl inder  o r  to a plate p laced para l l e l  to 
the conductor.  Hence,  in all  these ca se s  the heat  t r a n s f e r  of a conductor  in a nonuniform e lec t r i c  field was  
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