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Complex  heat  exchange in the case  of  the l a m i n a r  motion of a nonsea t te r ing  medium in a cyl indr ical  
channel has  been d i scussed  in [1, 2]. In [2] the channel is  taken to be infinite, and the t e m p e r a t u r e  of the l a te ra l  
su r face  a t  x = 0 v a r i e s  discont inuously.  In [1] heat  exchange is inves t iga ted  in a channel of finite length. Let 
us adopt the a s sumpt ions  of  [1], but we will a s s u m e  the med ium to be absorb ing  and sca t te r ing .  

Let  us a s s u m e  that  a t  x = 0  (Fig. 1) a m e d i u m  with t e m p e r a t u r e  T0and  a pa rabo l i c  ve loci ty  dis tr ibut ion 
flows into a cyl indr ica l  channel whose walls  a r e  at  the constant  t e m p e r a t u r e  T w. At x = L the channel is closed 
by a black p e r m e a b l e  m e m b r a n e  a t  t e m p e r a t u r e  T w. The ene rgy  equation is of the fo rm 
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where  Pe =pcp(v )  D/k  is  the P6cle t  number ;  <v) is  the a v e r a g e  veloci ty;  V =v/(v> ;$ =x /D;  ,1 = 2r/D; | 
D is the channel d i a m e t e r ;  p is  the densi ty  of the medium;  Cp is  i ts  spec i f i c  heat;  v is  the local  veloci ty;  T is  
the t e m p e r a t u r e ;  r and x a r e  the r ad ia l  and longitudinal coord ina tes ;  k is  the t h e r m a l  conductivity coefficient;  
and q r  is  the radia t ion flux densi ty  vec to r .  The boundary conditions for Eq. (1) have the fo rm 

0(~ - -  0) = l ,  0 ( , 1  = i ,  ~ > 0)  - -  Ow, 00,'0~1[~=0 - -  0.  

The d ive rgence  of the rad ia t ive  flux was calcula ted with the radia l  and longitudinal t e m p e r a t u r e  d i s t r ibu-  
t ion in the channel t aken  into account.  Sca t te r ing  is taken into account  in the quas i -one -d imens iona l  approx i -  
mat ion sugges ted  in [3]. I t  is  a s s u m e d  in th is  approximat ion  that  s ca t t e r ing  occurs  only fo rward  and backward  
along the ray  path,  but the geom e t ry  of the med ium is t aken  comple te ly  into account.  The solution for  the 
G r e e n ' s  function of the one-d imens iona l  r ad ia t ive  t r a n s f e r  p rob lem was obtained in advance and has  the fo rm 

i+ = 10+e_~(~_,, ) l -  R2e -2x(T'-T) (2) 
t -  R2e -2•176 
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for  the point T>T 1 (Fig. 2). 

The self-radiation of the point T 1 is unitary and isotropic. If T lies in (0, TI), then the solution for the 
Greens function is obtained from (2) by a 180 ~ rotation of the T axis 
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where  T0, % and T l a r e  the products  of the absorpt ion coefficient  by the app rop r i a t e  length, ~t= r  • ) (1-  W/); 
R~ = ( - - ~  --lvrlvrl y ) / ( 1 - ~ +  lvri--~y); ~ is the ra t io  of the sca t t e r ing  coefficient  to the absorpt ion  coefficient  k, 
and ~ is the a v e r a g e  cosine of the sca t t e r ing  angle aff i l ia ted with an e l e m e n t a r y  sca t t e r ing  event.  The co-  
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eff ic ients  k, T, P can be calculated f rom the Mie theory  [4]. 
r esu l t ing  radia t ion  at  the point r 1. The e x p r e s s i o n s  
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a r e  obtained for  them,  where  
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The quant i t ies  I :  and I~ a r e  the in tensi t ies  of the 
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The quas i -one -d imens iona l  approx imat ion  was used in [5, 6]. The p r o b l e m  of r a d i a t i v e - c o n d u c t i v e  heat  
exchange in a plane l aye r  is solved in [5], and good a g r e e m e n t  of the r e su l t s  with the exact  numer ica l  solution 
is shown. This  approx imat ion  is m o r e  accu ra t e  the m o r e  the sca t t e r ing  indicat r ix  is elongated along the ray.  
When sca t t e r ing  is not taken into account  it leads  to the exact  solution, and the r e su l t s  in the case of a purely  
sca t t e r ing  med ium  [5, 6] a r e  in good a g r e e m e n t  with the r e su l t s  of the exact  calculat ions of the  spher ica l  
a lbedo of a l a y e r  in the case  of a sphe r i ca l  s ca t t e r ing  indicatr ix  [7]. 

With the use  of  the Green  function (2) and (3) the d ivergence  of the radia t ive  flux vec to r  is de te rmined  in 
d imens ion le s s  f o r m  by the exp re s s ion  

D ~ Bu (1 - -  "y) t404 
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where  Bu=kD;  Bo- l=r  r is the S t e f a n - B o l t z m a n n  constant;  B is the effect ive radia t ion density of 
the wall  r e la t ive  to eTa ;  S is  the ra t io  of the dis tance between the emit t ing point and the point a t  which div qr  
is  de t e rmined  to the d i a m e t e r  of the cyl inder ;  and S O is  the analogous ra t io  for  the case of the bounding emi~ in  
points .  

The energy  Eq. (1) is  solved numer i ca l ly  by the f in i te -d i f ference  method with the use of the sweep metho, 
in combinat ion with an i t e r a t ive  p r o c e s s .  The quantity dry q r  was  de t e rmined  f r o m  the der ived  field It, and 
then Eq. (1) was solved and a new t e m p e r a t u r e  field was found. The p r o c e s s  converged a f t e r  approx ima te ly  
s i x  i t e r a t i o n s .  The  e a s e  of the cooling of a med ium upon its  flow along a channel is cons idered  (Tw< TO). The 
ca lcula t ion  was p e r f o r m e d  on a Bt~SM-6 computer  with the following p a r a m e t e r s :  |  = 0.18, Pe  = 1000, 
3' = 0.5,/~ = 0.7, Be  = 29.4, 1-./13 = 18, and for di f ferent  va lues  of the optical  th ickness  of the med ium Bu. The 
wails  were  a s s u m e d  to be black.  Compar i son  of the r e su l t s  of the cMeulation in s ca t t e r ing  and nonseat ter ing 
med ia  was c a r r i e d  out for  ident ical  va lues  of the absorp t ion  coefficient  of the med ium.  When sca t t e r ing  is 
taken into account,  the t e m p e r a t u r e  of the m e d ium d e c r e a s e s  m o r e  slowly along the channel than when s c a t t e r -  
ing is  not taken into account.  Th is  resu l t  pe r t a ins  to both the axia l  local  t e m p e r a t u r e  and the ave rage  t e m p e r -  
a tu re  ove r  the c r o s s  sect ion.  
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The t e m p e r a t u r e  dis t r ibut ion on the cyl inder  axis  without and with sca t t e r ing  taken  into account  is given 
in Fig. 3 (curves  i and 2, respec t ive ly)  for  kD(1 - ~) =4.  In the  init ial  sect ion of the channel the t e m p e r a t u r e  
gradient  a t  the wall  is  lower  in a s ca t t e r i ng  med ium than for  a nonsca t te r ing  one, and then the t e m p e r a t u r e  
gradient  becomes  l a r g e r  in the s ca t t e r i ng  med ium than in the nonsca t te r ing  one as  the med ium moves  along the 
channel. The  conductive component  of heat  exchange v a r i e s  in a cor responding  manner .  The local  resu l tan t  
flux of radia t ion onto the wall  is  a l so  l e s s  in the sca t t e r ing  med ium in the ini t ial  sect ion,  and it can be l a r g e r  
in the final sec t ion  than for  a m ed i um  without sca t te r ing .  

The var ia t ion  along the channel length of the densi ty  of the resu l t an t  radia t ion onto the wall  is shown in 
Fig. 4 both for  a s ca t t e r i ng  and a nonsca t t e r ing  med ium (curves  1 and 2, respect ively}.  The compar i son  is  
made with a value for  the product  of  the absorp t ion  coefficient  by the d i a m e t e r  of (1 - ~/)Bu =4. A s m a l l e r  amount 
of hea t  is  t r a n s m i t t e d  to the wall  of  the channel in a s ca t t e r ing  medium,  and the t e m p e r a t u r e  of the med ium a t  
the exi t  has  a h igher  va lue  than in the analogous case  without s ca t t e r ing  taken  into account.  

I t  is in te res t ing  to t r a c e  the  effect  of s ca t t e r ing  on the to ta l  heat  exchange in the channel. The dependence 
of the total  hea t  flux Q~. and the rad ia t ive  flux Qr  t r a n s m i t t e d  to the side wall  of the en t i re  channel on the p rod-  
uct (1 - 7}Buis  shown in Fig. 5 (curves  1 a r e  with sca t t e r ing  taken  into account,  and curves  2 a r e  without 
sca t t e r ing  taken into account;  F =~ DZ/4). The  r e su l t s  show that  the effect  of  sca t t e r ing  is insignif icant  a t  sma l l  
and mode ra t e  optical  t h i cknesses  of the med ium,  but it  i n c r e a s e s  as  the optical  th ickness  inc reases .  I t  follows 
f r o m  Fig. 5 that  t he re  ex i s t s  in a s ca t t e r i ng  med ium a m a x i m u m  heat  t r a n s m i s s i o n  at  s o m e  optical  th ickness  
of the medium,  and for  the r ad ia t ive  component  the posi t ion of the m a x i m u m  is shifted into the region of lower  
va lues  of the opt ical  th ickness .  I t  is  shown in [1] that  the quantity Q~ can have a m a x i m u m  without sca t t e r ing  
taken  into considerat ion.  The p r e s e n c e  of the m a x i m u m  is explained by the fact  that  as  the absorpt ion  co-  
eff icient  i n c r e a s e s  the opt ical  th ickness  of  the re la t ive ly  cold boundary l aye r ,  which s c r e e n s  the radia t ion 
a r r i v i n g  at  the wall  f r o m  the hot inner  l a y e r s ,  i n c r e a s e s .  The sc reen ing  ro le  of the boundary l aye r  i n c r e a s e s  
in a s ca t t e r ing  medium.  
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