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I N T R O D U C T I O N  

It was  a s sum ed  in [1], when invest igat ing the equi l ibr ium stabi l i ty  of a v i scoe las t i c  fluid, that t e m p e r a -  
tu re  per tu rba t ion  vanishes  at the planes bounding the layer .  These  conditions c o r r e s p o n d  to the l imit ing ca se  
of boundaries  with an infinite t h e r m a l  conductivity.  In the ca se  where  the dividing boundar ies  have a finite 
t h e r m a l  conductivity,  the penet ra t ion  of t e m p e r a t u r e  per tu rba t ions  into the body of the fluid must  be taken into 
account.  The p resen t  paper  cons ide rs  the s tabi l i ty  p rob l em of a layer  of v i scoe las t i c  fluid confined between 
two semiinf ini te  m a s s e s  of finite t h e r m a l  conductivity.  

In the genera l  ease  of a v i scoe las t i c  fluid the s t r e s s  t ensor  at a point in the medium is given as a func-  
t ional of the h i s to ry  of the s t r a in  [2]. Pa r t i cu la r  rheologiea t  models  can be obtained by speci fying the f o r m  of 
the functional ke rne l s .  

Methods for  m e a s u r i n g  the m a t e r i a l  constants  appea r ing  in the rheologica l  equations a r e  compl ica ted  and 
r equ i r e  complex  rheologica l  devices .  

Informat ion obtained f r o m  v i s come t r i c  flow cannot be used for  nonv i scomet r i c  flow [3]. 

In the la t ter  ease  the number  of m a t e r i a l  functions appear ing  in the defining re la t ions  [4] i nc reases .  
Thus,  in each pa r t i cu la r  case  the contr ibution f r o m  additional functinnals desc r ib ing  all  the interact ions a l -  
lowed by the appropr i a t e  s y m m e t r y  must  be e s t ima ted  for  the case  of nonv i scomet r i c  flow. 

Assuming  that  the m e m o r y  of the fluid decays f a i r ly  rap id ly ,  and that the r a t e  of s t r a in  is negligible,  we 
can r e p r e s e n t  the s t r e s s  t enso r  for  the case  t r ea t ed  in this paper  in the f o r m  of the in tegral  model d i scussed  
p rev ious ly  in [1]. 

We shall  consider  a hor izonta l  l ayer  of v i scoe las t i c  fluid heated f r o m  below which is bounded by the 
planes z =0 and z =d. The layer  is bounded by semiinf in i te  solid m a s s e s  whose t h e r m a l  conduct ivi t ies  ~1 and 

a re  different  f r o m  each other  and f r o m  the t h e r m a l  conductivi ty u of the fluid (see Fig. 1). 

In the Boussinesq approximat ion  the ampli tude equations for per tu rba t ions  in the fluid a r e  wr i t t en  as 
fol lows: 

{(D 2 --  a~)[~p(o-)er(D ~ - -  a 2) - -  a ] } W  : PrRaa~O; (1) 

(D 2 - a  e - ( r ) 0  : - -  W. (2) 

The following equation is valid for  the t e m p e r a t u r e  per tu rba t ions  in the m a s s e s :  

(n  2 - -  a 2 - -  ~ 7 - t ) 0 ~  = 0 ( s  = t ,  2 ) ,  ( 3 )  

where  W and | a r e  the ampl i tudes  of veloci ty  and t e m p e r a t u r e  per tu rba t ions  in the fluid; ~s  = ' r t s / U ;  U s  is the 
t h e r m a l  conductivi ty of the boundar ies ;  Pr ,  Ra a r e  the Prandt l  and Rayleigh numbers ;  a is the wave number;  

co 

cr is the per turba t ion  dec rement ;  ~p (0) = ~1o t .IN (x) (1 -t- o~)-ldx, N(T) is the dis t r ibut ion function of re laxa t ion  
0 

t imes ;  70 is the l a rges t  Newtonian v iscos i ty ;  and D= 0 / 0 z .  Here  the va r iab les  have been made d imens ion less  
by division by the following quantit ies;  the dis tance is divided by the layer  th ickness  d, the t ime  by d~/)r , the  
veloci ty  by ) l /d,  and the t e m p e r a t u r e  by rid. Here  X is the t h e r m a l  diffusivity of the fluid, fl = (T2-T1)]d .  
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T A B L E  1 
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Fig .  1 

~ r  X o-- -X 

na~ I am 0)~ 

co (230,0) (7,3) (76,6) 
co 228,7 6,7 71,32 231,3 7,0 73,8 228,7 6,7 71,3 

0,1 2,00 228,9 7,0 73,91 232,5 7,0 73,7 23t,4 6,5 69,4 
0,20 229,6 7,3 76,55 234,1 i7,0 73,6 232,6 71 74,6 
0,02 231.1 7,4 77,42 235,0 7,0 73,65 233,4 7,0 73,8 

t( 
co (7,49) (4 ,72)  (20,77) 
co 7,08 4,9 2t,t5 7,23 5,4 22,1 I 7,08 4,9 21,15 

] 

2,00 7,01 4,6 20,65 7,t5 4,6 20,6 ] 7,01 4,8 20,95 
1,0 

0,20 7,t4 5,0 21,3 7,28 4,8 20,9 1 7,31 5,0 2t,25 
i 

0,02 7.10 5, t 21,3 7,24 4,8 20,91 7,97 4,8 20,9 
0,00 6,84 5,0 21,3 6,84 5,0 2i,31 6,84 5,0 21,3 

(130,1) (tl,96) (385,8) 
129,5 tt,94 38t,2 t35,0 8,4 276,t t29,5 11,9  38t,2 

0,t 2 ,00 133,4 8,3 272,5 t35,t 8,4 276,0 130,0 8,4 276,0 
0,20 134,5 8,3 272,1 t35,3 8,3 273,2 133, t 8,4 276,0 
0,02 135,5 8,3 27t,0 135,6 8,3 273,0i 135,0 8,4 276,1 

83,51 
76,6 
76,6 
76,6 

T h e  b o u n d a r y  c o n d i t i o n s  fo r  a m p l i t u d e  p e r t u r b a t i o n s ,  a p p r o p r i a t e  f o r  t he  p r e s e n t  p r o b l e m ,  a r e  

0 ~ e1• DOl = • for z ~ 0 ;  

0 = OK, • : • for z = t ;  
W =  D W = 0  for z = 0 , 1 ;  (4) 

01 = 0 2 - * 0  for z - +  • 1 6 2  

The s p e c t r u m  of d e c r e m e n t s  ~ and of the cor responding  cha rac t e r i s t i c  pe r tu rba t ions  can be de te rmined  
f r o m  the homogeneous boundary p r o b l e m  (1)- (4). Monotonic or  osc i l l a to ry  ins tabi l i ty  a r i s e s  depending on the 
p rope r t i e s  of the fluid. It has been es tab l i shed  that  for  a Newtonian fluid the "pr inc ip le  of monotonic p e r t u r b a -  
t ions"  is valid and that  the s tabi l i ty  th reshold  is defined by the value where  the dec remen t  becomes  ze ro  [5, 61. 
The p r e s e n c e  of e l a s t i c i ty  in non-Newtonian v i scoe las t i c  fluids is an additional destabi l iz ing fac to r ,  and the 
pr inc ip le  in question is v iola ted [1]. 

Galerkin,  s method is applied to solve the p rob lem.  Following [7] we adopt an approximat ion  of the f o r m  

W = q~(t - -  zp, (5) 

where  the coeff icient  q is chosen f r o m  the normal iz ing  condition and is set  equal to unity in view of the homo-  
geneity of the p rob lem.  We now use Eq. (5) to de te rmine  the t e m p e r a t u r e  per tu rba t ion  in the fluid layer  f r o m  
Eq.  (2): 

(~ = C 1  sh kz + C~ ch kz + z4/k ~ - (2/k~')P -4- [(t2 + k2)/k4]z " --(12/k4)z + 2(t2 + k~)/k *, 
w h e r e k  2 = a  2 + f t .  
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When Eq. (4) is taken into account,  the solution of Eq. (3) can be r e p r e s e n t e d  in the f o r m  

O1 ----- A exp (Tlz), O2 ---- B cxp [7~(i - -  z)], 

where  7~ = ~/a~ -~ o / ~ .  

The constants  C1, C2, A, and B a r e  de te rmined  f r o m  the boundary conditions for  t e m p e r a t u r e  (4). The 
express ions  for  C 1 and C2, n e c e s s a r y  for  de te rmin ing  the c r i t i ca l  Rayleigh number ,  turn  out to be f a i r ly  c u m -  
b e r s o m e  and difficult to r ev i ew and so a r e  not given here .  For  the par t i cu la r  ca se  of the absence  of o sc i l -  
l a to ry  instabil i ty,  when the subst i tut ion ~"-s = l / U s  is made ,  the values  of C 1 and C2, as wel l  as the magnitude 
of the c r i t i ca l  Rayleigh number ,  coincide comple te ly  with the data of [7]. 

The integral  condition of GalerkinWs method leads to the function for  the appea rance  of o sc i l l a to ry  in- 
s tabil i ty.  When the neu t ra l  s ta te  is c h a r a c t e r i z e d  by e =iw the express ion  is the complex  v iscos i ty .  The value 
of the Rayleigh number  is 

Ra DiDa -~- DzDi "~ " D2D3 - -  DiD4 (6) 

where  

DI = (Prq'/630~o)(504+24a" + a4); 

D2 = (i/630~1o)[r + a 2) - -  Prq"(a 4 + 2@ 2 + 504)1; 

D3 = Pra2M/630(a 4 -}- (o~)3; D4 = Pra~N/630(a 4 + o~)3; 
M = M(a, o,  C1, C,,, p, q); N :  N(a, (o, C:, C2, p, q). 

Setting the imag ina ry  pa r t  of Eq. (6) equal to ze ro  defines the wave number  as a function of the osc i l l a -  
tion f requency  w- 

p : Re[(a ~- §162 q = Im[(a" + io))'/,]. 

Equation (6) gives the value of the c r i t i ca l  Rayle igh number  as  a function of the following p a r a m e t e r s :  the 
wave number  a ,  the r a t io s  of the t h e r m a l  conduct ivi t ies  of the m a s s e s  US, the e las t i c i ty  p a r a m e t e r ,  the o sc i l -  
lation f requency,  and the Prandtl  number .  The c r i t i c a l  Rayleigh number  was  de te rmined  on a model  "M-222" 
compute r  for  the case  when the following re la t ions  a r e  valid for  the components  of the complex  v i scos i ty :  

n' = ~o/[ 1 + (u # '  = ,~o%~/li + (~F)~I, 

where  ~ is the Maxwell r e l axa t ion  t ime.  The p a r a m e t e r  X = ~ x / d  2, a m e a s u r e  of the e las t ic i ty ,  is the r a t io  of 
the re laxa t ion  t ime  of the s t r e s s e s  to the t h e r m a l  r e l axa t ion  t ime .  In the genera l  c a se  the complex  v i scos i ty  is 
de te rmined  f r o m  dynamic expe r imen t s  as a function of the f requency.  The d imens ion less  f requency  has the 
f o r m  r =~d2 /x ,  and so the quantity d2/• should be de te rmined  for  r e a l  fluids. 

Those valtms of w w e r e  chosen f r o m  the se t  of roo t s  of the equation a = a(w) which gave the leas t  r e a l  
value of Ra. 

Values of the ca lcula ted  c r i t i c a l  p a r a m e t e r s  R a . ,  a , ,  w . ,  co r respond ing  to loss  of s tabi l i ty ,  a r e  given in 
Table  1, f r o m  which it can be concluded that  the t h e r m a l  conductivi ty of the boundar ies  has a negligible effect  
on the appearance  of o sc i l l a to ry  instabi l i ty (values of the c r i t i ca l  p a r a m e t e r s  f r o m  [8] a r e  given in the brackets)  . 
For  a Newtonian fluid the s tabi l i ty  is monotonical ly  reduced  as the t h e r m a l  conductivity of the bounding 
m a s s e s  d e c r e a s e s ,  while the wavelength of c r i t i ca l  pe r tu rba t ions  i n c r e a s e s  [7]. 

Osc i l la tory  instabi l i ty  is encountered in fluids where  the ra t io  of the re laxa t ion  t ime  to the t h e r m a l  r e -  
laxation t ime  is l a rge  [1]. The penet ra t ion  of t e m p e r a t u r e  per tu rba t ions  into the m a s s e s  i nc reases  the e f fec-  
t ive d imensions  of the reg ions  where  per tu rba t ions  exist .  The r e l a t i ve ly  g r e a t e r  f r e e d o m  for  the development  
of t e m p e r a t u r e  per tu rba t ions  leads to a d e c r e a s e  in the re laxa t ion  t ime  of the fluid, and inhibits the appea rance  
of osc i l l a to ry  instabil i ty,  while the p r e s ence  of boundar ies  with finite t h e r m a l  conductivity leads to a reduct ion 
in s tabi l i ty  [5]. 

The joint o c c u r r e n c e  of these  two phenomena leads to the r e s u l t  that the t h e r m a l  conductivity of the 
boundar ies  exer t s  no apprec iab le  effect  on the appea rance  of o sc i l l a to ry  instabil i ty.  If the re laxa t ion  t ime  de-  
c r e a s e s  sufficiently for  the fluid to be r e g a r d e d  as having a ve ry  shor t  m e m o r y ,  then instabi l i ty  a r i s e s  through 
the s t a t iona ry  s ta te .  
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G E N E R A L  T H E O R Y  OF H E A T  A N D  M A S S  E X C H A N G E  

I N  C H E M I C A L L Y  R E A C T I V E  S Y S T E M S  I N  M E C H A N I C A L  

E Q U I L I B R I U M  W I T H  E L E C T R I C  F I E L D  W I T H I N  

T H E  F R A M E W O R K  O F  T H E R M O D Y N A M I C S  O F  I R R E V E R S I B L E  

P R O C E S S E S  

A.  S. P l e s h a n o v  UDC530.161/ .162 

Genera l  ana lys i s  of the effects  of chemica l  r eac t ions  on the p r o c e s s e s  of heat  and m a s s  t r a n s f e r  has 
been the subject  of many  invest igat ions (see l i t e r a tu re  ci ted in [1]). Such an ana lys i s  for  mechan ica l  equil ib- 
r i u m  s y s t e m s  in s y m m e t r i c a l  f o r m  was given in [2]. In the p resen t  a r t i c l e  it is shown that  a descr ip t ion  of 
chemica l  p r o c e s s e s  in the spec ia l  meaning of the t e r m  can be c a r r i e d  out independently of heat and mass  t r a n s -  
fe r .  

The p r o c e s s e s  which take place in a mechanica l  equi l ibr ium (at r e s t )  s y s t e m  consis t ing  of k chemica l  
components  K i(i, j = 1, . . . ,  k), among which r independent r eac t ions  Rs (s, t = 1, . . . .  r) occur ,  a re  descr ibed  
by k continuity equat ions,  

Oct ~ mivisO~, (i) p -~- "q- div Ii = 
$ 

where ,  in addition to other  notation, c i is m a s s  f rac t ion;  I i is diffusion flow; mi is moleeu la rweigh t ,  g / m o l e ;  
0s is the r a t e  of Rs ,  m o l e / e r a  3- sec;  Vis is s to ieh iomet r ic  coeff icient  of K i in R s. Moreover ,  we have the 
mechan ica l  equi l ibr ium condition 

V P = pzE, (2) 

where  z is the f r ee  cha rge  per  unit of m a s s ,  as wel l  as the energy  equation which in usual notation is given 
by 

Ope/at -b divq = (jE). (3) 

The s y s t e m  (1)-(3) is supplemented  by the Gibbs re la t ion ,  
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