
wave mode for  a m i x t u r e  of  any num ber  of components ,  without ca r ry ing  out numer i ca l  calculat ions on a 
computer .  The calculat ion sequence for  the i t e r a t ive  method in the case  of a t h r ee -componen t  mix tu re  with 
the p a r a m e t e r s  of the above example  i s  shown in Fig. 2. The  i te ra t ion  is t e r m i n a t e d  when the di f ference be -  
tween succes s ive  i t e ra t ions  is  l e s s  than the given accuracy  of the calculation. 

NOTATION 

Cm, concentration of m-th mixture component in gas-liquid flow; qm, concentration of m-th compon- 
ent absorbed by the medium; ~Om, function describing the filling of the porous grain; gin, function taking into 
account dependence of diffusion coefficient inside porous grain; TOm, relative critical coefficient taking into 
account mass transfer on external boundary Of porous grain; 7m, relative critical coefficient taking into ac- 
count mass transfer inside porous grain; t~0m , relative coefficient taking into account mass transfer due to 
longitudinal effective mixing; mi, ms, relative coefficients of heat transfer between gas flow and porous 
grains; m2, relative coefficient of heat transfer with external surface of channel composed of porous grains; 

Qm, relative thermal effect of sorption (desorption}. 
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S T E A D Y _ S T A T E  T E M P E R A T U R E  F I E L D  O F  A 

W A L L  W I T H  C Y L I N D R I C A L  C O O L I N G  C H A N N E L S  

V. F.  K r a v c h e n k o ,  A. V. T o k a r e n k o ,  
a n d  E .  L .  P r o k o f ' e v a  

UDC 536.24 

The  B u b n o v - G a l e r k i n  method is  combined with the s t ruc tu ra l  method worked  out by Rvachev to 
solve the p r o b l e m  of the s t e ady - s t a t e  t e m p e r a t u r e  field of a wall  with cyl indr ica l  cooling chan- 
nels  in a two- row a r r angemen t .  

We cons ide r  a flat wall  ( - b  _< y _< b, - ~  < x, z < ~) ,  in which t he r e  a r e  cyl indr ical  cooling channels of 
radius  r ,  a r r ange d  as in Fig. l a .  The wall  m a t e r i a l  has a constant t he rma l  conductivity k. At the su r faces  
y = • the wall  i s  hea ted  by the surrounding gas  which is  at t e m p e r a t u r e  T1; the h e a t - t r a n s f e r  coefficient is  
a l .  This  heat i s  t r a n s f e r r e d  to the m a s s i v e  wall  of  the  cooling liquid with t e m p e r a t u r e  T2; the h e a t - t r a n s f e r  
coefficient  of the su r face  of a channel containing liquid i s  a2. We a re  to de t e rmine  the  s t eady - s t a t e  t e m p e r a -  
t u r e  f ield of  the wall.  To do this ,  we combine the B u b n o v - G a l e r k i n  method with the s t ruc tu ra l  method worked 
out by Rvachev [1-3]. 

Making use  of  the s y m m e t r y  of this  unknown t e m p e r a t u r e  field, we can reduce  the p r o b l e m  to that of  
solving the Laplace  equation in region [2 (Fig. l a ) :  

[ a ~0 a2o '~ 
A O : - - A O : - - ~  ax~ +-~x~ ] :~  x=(x,, x=)E~ (1) 

with the boundary  conditions 

T r a n s l a t e d  f rom Inzhenerno-F iz i chesk i i  Zhurnal ,  Vol. 30, No. 2, pp. 355-359, February ,  1976. Original  
a r t i c l e  submi t ted  J anua ry  8, 1974. 

This material is protected by copyright registered in the name o f  Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part 
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where  

r, 

Fig. 1. a) Wall c ress  section; b) symmet r i c  element 
of the wall. 

[ 00 -+OBi~] =ha ,  
0vx Jr, 

[ O0 --Bi201 : - - h " o v ,  r, 

0(9 t = 0 ,  
Ova ]P3 

(2) 

(3) 

(4) 

T ; TI. T~. x .  y .  

_ % 6  ~26  
Bit -- - - ~  ; Bi 2 : ~ ; h ----- BilO1; h~ : Bi~O 2. 

Here To is  some fixed tempera ture ,  6 is  a scale dimension, and V k (k = i ,  2, 3) are  the directions of the in- 
ward  normals  to the regions F k of p iecewise-smooth  contour r .  

To solve boundary-value problem (1)-(4) we construct  the functions COk(X) , which sat isfy conditions (2) : 

ek (x) E C~ (~); xEt2, (5) 

,ok (x) > o, x ~ ~, (6i 
o~ k (x) = 0, x E rh, (7) 

Oo(x) _ 1, xErh.  (8) 
ovu 

Under the conditions of the present  problem, the functions Wk(X) are  
9 % ----- x~ T x~ - -  I / 4 ,  (0 8 = I -k x2, 

1 --  x2 2 

We also introduce the differential  opera to r  Dk, defined by [2] 

Dk - &% 0 0(% 0 (9) 
Ox 1 Ox x ~- Ox~ Ox-f " 

According to (9), we have 

so that we can write 

where 

0o~ I =cos(,% x,), _0Y~ =cos%,,  x0, (lO) 
Ox a ir k ' Ox~ Ir h 

OV I , V E C* (t2). o.v I~ = ~ ~ 

We wri te  the  solution of boundary-value problem (1)-(4) as the expansion 

(11) 

(12) 

Gl = (01 ((020)8)Z ; a~ = (02 ((t~1(05)2 ; 03 (J03 (h)lh)2) 2 , ( 1 ~ )  

2 3 4  



and ~s(X)(s  =0, 1, 2, 3) a re  cer ta in  a r b i t r a r y  functions of the class  C~(~). Since we have 

{0(%), l = k ;  { 1 +0 (%) ,  t = k ;  (14) 

we can wr i te ,  using conditions (7) and (8) for  x ~ x 0 ~ r ,  

{1 l=k, (15~ 
~-~ 0 ,  Dz%-~ 0, l = k .  

It follows f rom conditions (7), (8), (11), and (15) that the fanction |  defined by expansion (12) sat is-  
f ies  boundary conditions (2)-(4) exactly for  any choice of the functions Os(X) ~ C 2 (~). 

With boundary condition (2) we now associa te  the funct ional-different ial  re la t ion 

DI O + BilO -- hl + (oi~I, ~i EC~(~). (16) 

By v i r tue  of  conditions (7) and (11), we can t r e a t  (16) as a continuation of boundary condition (2) into 
region ~2. Substituting expansion (12) into (16), we find 

D~q)o -F ~D~(h -F (I)~D~% --F @sD~% + (~D~@ 1 H- %D~q)~ 

+ %O~q)~ + Bi~ (q)o + (h(1)~ + ~q)~ + ~.O~) = h~ + ~ r  (17) 

Using (14), we can rewr i t e  (17) as 

D~ff) 0 4- Bi~d) 0 + q)~ = h~ + O1X1, (18) 
X, = X [% %, ~ ;  @. ~ ,  (P~] 6 C ~ (e). 

Solving (18) for the function @i(x), we find 

~,  = h, --D,@ o - -  Bi~q) o -J- o,X,. (19) 

Analogously, using the funct ional-different ia l  re la t ions  corresponding to boundary conditions (3) and (4), 

we find 

q),~ = h~ - -  D~O o + Bi~O o + c%X~, (20) 

After  substituting (19)-(21) into (12), we find that | becomes  
3 

% = h~( 5 - -  h:%, % = 1 - -  Bi~% + Bi~%. 

It is  easy  to show that the function |  defined by Eq. (22) sa t isf ies  boundary conditions (2)-(4) ex- 
antly t f  ~a(x) ~Ce(~) and • = 0 [2, 3]. 

We can finally wr i te  the des i red  solution | by means  of  a s t ruc tura l  equation of the type 

where  

0 = ,% (a~, ~;  tq, h~) 4- u (~o), (237 

3 

u (0o) = oo@o --  ~., D~Oo. 

The function u(x) sa t i s f ies  homogeneous boundary conditions exactly [ r ega rd le s s  of the choice of the element  
�9 0 (x)l ,  and the function ~o0(x) sa t isf ies  the corresponding inhomogeneous boundary conditions. 

We wr i t e  the e lement  r as the expansion 

(I) o - -  ' ~  C~)~ (x) (24) 

in t e r m s  of  the functions Xi(x) of some sys tem {Xi}i=l, which is  complete  with respec t  to the region a ;  we 
find an approximate solution for  boundary-value  p rob lem (1)-(4) : 

n C 3 
O n = % (x) - t -~  i(P~, (P, = %~i - -  ~ %D~Z~. (25) 

l ~ l  k : l  
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Fig. 2. Surface i l lus t ra t ing the t empe ra tu r e  
f ie ld of s y m m e t r i c  element of the wail. 

The function On(X) sat isf ies  boundary conditions (2i-(4) exactly for any choice of the constants C i. 
/ 

The unknown constants C i a re  determined f rom the Bubnov-Ga le rk in  sys tem 

~ , ~  -- ~j (i = I, 2 . . . . .  n), ~ij = (A~ - -  ~%%), ~j = (A%, %). 

Calculations have been c a r r i e d  out on an M-222 computer  with TI = 3500~ T2 = 393~ T o = 400~ b = 
24 .10  -3 m, ~l  = 5200 W/(m z. deg),  ~2 = 116,300 W/(m ~. deg),  X = 3.49 W/(m 2 �9 deg),  5 = 12" 10 -3 m, Xi = 
Pi(x) | h = 0.05, n = 14 [Pi(x), |  (I x l  [, Ix21 ~ 1 )  are  the Chebyshev polynomials].  The calcula-  
t ions yield the following values  for  the coefficients:  

c 1 = 0.18482.10; c~ = 0.42392.10-~; c~ ~-- 0.25334.10~ 

Q = --0.14172.10-9; c s = --0.50125.10-t; c 6 = 0.22011- l0 -1~ 

c~ = 0.17009.10-~; c a = --0,12952.10-xt; c9 = --0.78927.10-g; 

c10 ---- 0.54548.10-n; c ,  = 0.89502-10-3; c1~ " ----- - -  0.16802.10-11; 

c13 = 0.11798.10-s; c1~ = 0.15103.10 -ll. 

The calculation t ime requi red  on the M-222 was 25 min. 

The coefficients t2 were  calculated for  region Ci (Fig. l a). The vanishing of the coefficients with even in- 
dices (the "computer  ze ros"  ) is  at tr ibuted to the s y m m e t r y  of the des i red  t empera tu re  field with respect  to 
the axis 0xl. 

The approximate  solution of  boundary-value problem (1)-(4) can thus be wri t ten 

n 

0 .  ~ ~0 ~- ~ Ci~i" (26) 

The approximate  analytic solution of boundary-prob lem (1)-(4) was compared  with the solution obtained 
by the e lec t r i ca l -ana log  method. The resul t s  agree  sat isfactor i ly ,  except near  angular points which are  ins ta -  
bil i ty zones of  the calculation p rocess .  

Figure  2 shows a surface  i l lus t ra t ing the s teady-s ta te  t empera tu re  distribution in region ~2. 
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