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Equations and boundary conditions of the theory of highly intensive convective heat-  and 
mass -exchange  p rocesses  in nonlinear a symmet r i c  fluids a re  formulated. The specifics 
of the t ranspor t  p rocess  in macrocap i l l a r i e s  and a slightly raref ied gas a re  taken into ac -  
count. Problems of f ree convection in a ver t ical  channel, diffusion of Brownian part icles,  
and heat exchange in a tube, a re  solved. 

Theoretical investigation of convective heat- and mass-exchange processes is constructed on the 
basis of specific models of continuous media and the transport processes therein. As science develops, and 

in connection with the demands of practice, the models of continuous media and the transport processes 
therein become complicated [1-11]. From our viewpoint, the following generalizations of classical models 
of a continuous medium are of great interest: I) the construction of a nonlinear mechanics of continuous 
media; and 2) the creation of an asymmetric mechanics of solids and fluids [6-30]. 

Transport processes in fluid and solid media whose rheological behavior is described by linear and 
nonlinear asymmetric mechanics have practically not been examined up to now. 

An attempt is made herein to formulate the fundamental equations and boundary conditions of a theory 
of highly intensive transport processes in asymmetric fluids. The specifics of these processes is illu- 
strated in a number of specific linear heat- and mass-exchange processes. It is shown that the need to 
take account of the asymmetric properties of the medium arises naturally in a study of heat and mass 
exchange in disperse media and theological systems. 

Nonlinear Asymmetric Mechanics of Continuous Media 

In constructing the ordinary continual mechanics of continuous media it is assumed that the stress 
state is determined entirely by a symmetric stress tensor. This corresponds to the ideal model of a con- 
tinuous media when physically an infinitesimal volume can be considered spherically symmetric and the 
interaction between such volumes can be computed by using central forces. If such a representation is im- 
possible under some considerations (and such considerations appear more and more often), the effect of 
one volume element of a medium on another must be described by using noncentral forces and moments 
which can be connected in the usual way with the stress tensor (Tik and the micromoment tensor Pik' It 
hence turns out that the stress may be asymmetric, and its symmetry in the customary theory is associated 
with neglecting not only the rotational interactions between volume elements of the medium, but also the 
external spatially distributed effect on the medium. 

In principle, taking account of the rotational interaction between volume elements is apparently im-  
portant in studying the convective heat and mass  exchange in d isperse  sys tems  of non-Newtonian fluids. 
A theoret ical  study of t ranspor t  p rocesses  in such sys tems  is often car r ied  out within the scope of a single- 
fluid approximation, i.e., within the scope of the representa t ion  of a continuous medium by using the r e -  
duced MacAdam paramete r s  [4], say. However, par t ic les  of the dispersed phase, or individual m a c r o -  
molecule elements possess  intrinsic rotat ion which affects their t ranslat ional  motion; and this eanbe taken  
into account within the scope of the a s y m m e t r i c  mechanics  of a continuous medium. 
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With in  the  s c o p e  of a s y m m e t r i c  m e c h a n i c s ,  the  s t r a i n  s t a t e  i s  d e s c r i b e d  by the  s t r a i n  t e n s o r  e lk  , 
the  s t r a i n  r a t e s  e lk ,  the  s t r a i n  m o m e n t  t e n s o r  r i k  , and the  s t r a i n  m o m e n t  r a t e s  r i k  , wh i l e  the  d y n a m i c s  
of a m o v i n g  f lu id  i s  d e s c r i b e d  by the v e l o c i t y  v e c t o r  v i and the  i n t r i n s i c  a n g u l a r  v e l o c i t y  v e c t o r  cq. 

As  usua l ,  the  t h e r m o d y n a m i c  s t a t e  i s  d e s c r i b e d  by the  t e m p e r a t u r e  T, the  d e n s i t y  O and the  p r e s -  
s u r e  p, which  a r e  i n t e r r e l a t e d  by the  equa t ion  of s t a t e  

F(p,  p, T ) =  O. 

Le t  us  d e r i v e  the  f u n d a m e n t a l  equa t ions  of mot ion .  Le t  us  l i m i t  o u r s e l v e s  to the  a n a l y s i s  of f luid 
m e d i a ,  w h e r e  the  s t r a i n  s t a t e  i s  d e s c r i b e d  only by the s t r a i n  r a t e  t e n s o r  e ik  and the  s t r a i n  m o m e n t  r a t e  
t e n s o r  r ik .  F o r  f in i t e  s t r a i n s  the  s t r a i n  r a t e s  e ik  and r i k  a r e  r e l a t e d  to the  f i e ld  of the  v e l o c i t i e s  v i and 
the i n t r i n s i c  a n g u l a r  v e l o c i t i e s  co i a s  fo l lows :  

(1) 

= 2 \ ax~ ax~ ) §  5.i 
Ov~ Ov k 1 (1--6~j) Ovh Ov~ 
Oxj Oxf + ~ -  Ox, Oxi s,~,m~. 

00) i 
r z l  ~ : =  - - - - - ,  

Ox k 

where sij k is the Levi- Civitas tensor. 

Let us write the rheological equations of state as 

cril~ : :  --PSil, + ~lv.ejiail~ --OI --Y)e~h + ('q + ~)e1,* ! qLeiieJl~ ', ~hehleJi , 

(2) 

(3) 

However ,  
a s  a coe f f i c i en t  c h a r a c t e r i z i n g  the  m e a s u r e  of "coup l ing"  b e t w e e n  the  t r a n s l a t i o n a l  and i n t r i n s i c  r o t a t i o n a l  
m o t i o n s  of the  f luid p a r t i c l e  7 to be func t ions  i n and I n of the  f u n d a m e n t a l  t e n s o r  i n v a r i a n t s  e lk  , r i k ,  o r  

(O-ik, t~ik) ; 

i I = e ..... 11 = / ..... 

ia Det ]e~,,I, la = Det[<k I. 

�9 . . , , 

Pi1~ := '~larjjt3i1~ 47 q~ rib + 115rh~ 47 ~lsrijrj1~ - I  rl;ri~fj~ ~I, q t ,  ~k, Y ~ O. (4) 

let us consider the coefficients of volume ~?V, shear ~, and rotational ~i viscosity, as well 

In the general case, the arbitrary, but sufficiently smooth, dependence of the physical parameters of 

the medium Yi (we understand Yi to be the coefficient of viscosity, T, etc.) on the tensor invariants can be 
represented by power series 

Y, -- ~ %~ i7, i~: i~ t? r a, ~ ,  (6) 
n i 

T h e i r  e f f ec t i ve  v a l u e s  [4] should  be u n d e r s t o o d  fo r  the  c o e f f i c i e n t s  of v i s c o s i t y  fo r  a s i n g l e - f l u i d  d e s c r i p -  
t ion  of d i s p e r s e  s y s t e m s  of the  l iquid  ( g a s ) - s o l i d  p a r t i c l e  s u s p e n s i o n  type.  

The l aws  of c o n s e r v a t i o n  of m o m e n t u m  and the  m o m e n t  of m o m e n t u m  a r e  in  the  g e n e r a l  c a s e  

0aik + ,o[~ -- ,o d v ~  
0x~ dt 

dMi 
Ox h dt 

w h e r e  p i s  the  d e n s i t y  of an  a s y m m e t r i c  f lu id ;  m i i s  the  d e n s i t y  of the  s p a t i a l l y  d i s t r i b u t e d  f o r c e s  and 
m o m e n t s ;  d / d r  i s  the  s u b s t a n t i a l  d e r i v a t i v e .  

It is necessary to add the continuity equation 

(7) 

(s) 

0p ~- div (pv) = 0. 
0t 

(9) 

to (7) and (8). 
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I n t e n s i v e  H e a t  a n d  M a s s  E x c h a n g e  i n  N o n l i n e a r  

A s y m m e t r i c  F l u i d s  

The energy and mass  conservat ion laws in moving a symmet r i c  fluids in which heat conduction, dif- 
fusion, and cross  effects occur and dissipative p rocesses  for a binary mixture (C, p - C) a re  taken into 
account, a re  

OE 

Ot 
-- div ()wT + D2vC) ~- (rihe~k + btilfih, 

OC 

c?/ 
-- div (DvC+ D~vT ), 

(10) 

(11) 

where ~ and D are  the heat conduction and diffusion coefficients;  D 2 is the effective DuFour coefficient; and 
D 1 is the effective coefficient of the rma l  diffusion. 

The last  member  in (10), associated with the work of the volume and surface moments,  has been in- 
troduced in [14]. 

For  intensive heat-  and mass -exchange  processes  the coefficients ~, D, D1, D 2 must  be considered 
functions of the tempera ture  T, the concentrat ion C, the tensor  invariants  elk, rik, and also the square 
of the tempera ture  and concentrat ion gradients,  (VT) 2 and (VC) 2. The coefficient y and the viscosi ty  coef-  
f icients hence become functions of the tempera ture ,  concentration, (VT) 2 and (VC) 2 

Yi = Yi [i~, I,~, C, T, (vT) 2, (vC)2]. (12) 

The formulated sys tem (1)-(12) permits  solution of the problem of highly intensive convective heat-  
and mass -exchange  processes  in a symmet r i c  fluids. The nature of the forces  and moments  in (7) and (8) can 
be distinct. In part icular ,  these forces  can be gravitational,  Coriolis,  e lectromagnetic ,  etc. 

B o u n d a r y  C o n d i t i o n s  

The dynamics of an a s y m m e t r i c  fluid is described by two kinds of velocities,  the translat ional  v i and 
the intr insic  rotation co i. Hence, m o r e  complex boundary conditions must  be assigned than for the ordinary  
fluid�9 

Firs t ly ,  the translat ional  vel6city on the solid boundary is determined by the conditions of partial 
adhesion and slip, which we shall consider to be proportional  to the derivative of the velocity with respec t  
to the normal  to the surface  in a f i rs t  approximation,  as well as by the derivative of the tempera ture  and 
concentrat ion along the tangent to the boundary surface  

Ov OT OC 
U s - -  Ug = (11 ~ "~- Ct 2 0~-- ~- (Z3 0 ~ '  (13) 

where Vg is the velocity of the boundary; and v s is the slip velocity. 

The boundary conditions, derived in [14], for the velocity components ~i a re  

( + ) --" &% &~ (14) a, h % - -  rot v h = ~ql div ~6r -k ~ ~ -k ~ls Oxi ' 

where C~ik a r e  the coefficients of rotational surface friction. The mechanism of a symmet r i c  fluid in te rac -  
tion with solid surfaces  has still not been clarified at present,  hence, tes ts  should show how well the 
boundary conditions have been formulated. 

The boundary conditions for the t empera tu re  and concentrat ion a re  writ ten also taking account of the 
jumps in tempera ture  and concentration: 

OT Ov OC 

C • OC • OT Ov 

(15) 

(16) 
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w h e r e  T s - Tg is the t e m p e r a t u r e  jump; C s - Cg is the concen t r a t i on  jump; and ~'C >~C, ~<T, and K w a r e  phe-  
nomeno log iea l  coeff ic ients .  

TaMng accoun t  of the inf luence of the jumps in t e m p e r a t u r e ,  concen t ra t ion  and ve loc i ty  in the f o r -  
mula ted  boundary  condi t ions  (13)-(16) is p a r t i c u l a r l y  i m p o r t a n t  in s tudying convec t ive  hea t -  and m a s s -  
exchange  p r o c e s s e s  of a s y m m e t r i c  f luids in m a c r o -  and m i c r o c a p i l l a r i e s ,  as  well  a s  in r a r e f i e d  a s y m m e t r i c  
gases .  

Let  us i l l u s t r a t e  the s ingu la r i t i e s  of convec t ive  hea t -  and m a s s - e x c h a n g e  p r o c e s s e s  in a s y m m e t r i c  
f luids by a number  of p rob lems .  

F r e e  C o n v e c t i o n  i n  a V e r t i c a l  C h a n n e l  

Let  us examine  the o n e - d i m e n s i o n a l  p rob l em of f r e e  convec t ion  in a ve r t i c a l  channel.  Let  us con-  
s i d e r  that  t he re  exis t  only the ve loc i ty  componen t  in the g rav i t a t iona l  field d i r ec t ion  Vy, dependent  on the x 
coo rd ina t e  (Vy - v(x)) and the z component  of the in t r in s i c  angular  ve loc i ty  vec to r  co z c0(x). 

It is  seen  f r o m  the s y s t e m  (7)-(8) that the sole  r e a s o n  fo r  the o r ig in  of a s t a t i ona ry  ro ta t iona l  mo t ion  
in the a b s e n c e  of vo lume  d is t r ibu ted  m o m e n t s  (Pik - 0) is the inhomogeneous  ve loc i ty  field (v = v(x) in a 
plane v e r t i c a l  channel).  This  field can  exci te  the z ve loc i ty  component  of the in t r ins i c  ro ta t iona l  motion.  

Let  us find the ve loc i ty  f ie lds  v(x) and co(x) within a s lot  if the t e m p e r a t u r e  of the solid slot  wal l s  is 
kept cons tant ,  but dif ferent ,  and the ve loc i t i e s  v and ~ t he r eon  a r e  zero .  The fo rmula t ed  p rob lem is de -  
s c r i bed  by the  fo l lowing s y s t e m  of d i m e n s i o n l e s s  equat ions  

dg-P% ( dv l o , 
dx 2 + A 1 o dx 

d2v A d__~m __ Gr T = 0, 
dx ~ ~ dx 

d~T 
= 0  

dx 2 
(17) 

and the boundary conditions 

w h e r e  

v(+_ 1) = e ~ ( ~  1 ) = 0 ,  

T ( 1 ) = - - I ,  T ( - - 1 ) =  1, 

x' T - -  T o 
X ~  - - ,  T 

a 0 

~ _  1 0p g ,  G r ~  ~0aa 
P OT ~ 

A l = ~ a ,  Az-- 
2 ~  

(18) 

Let  us wr i t e  down the solut ion of the p rob l em 

T = - -x ,  

t o=C2{  chsx} A 1Gr x ~ A1Gr 
cossx --  s ~ 2- + - s  ~ -  + -  

AICI 
s2 

A 1 (Gr + C1) 
S 2 

x] 

(19) 

(20) 

(21) 

w h e r e  the cons tan t s  C i and s a re :  

C 1 = - 

s 2 = A I - - A 1 A 2 ,  

GrI6@_A1A~ ( 1 1 ths 
2S a $5 ){  tgs } + AIA2 l ~ g - ( 6  S2)]l 

S a tgsJ  + S ~ ] 

- , C 2 - -  
A1Gr ( 1  1 C I )  " 

s 2 cos s 2 s 2 Gr 
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An i n d e t e r m i n a c y  a p p e a r s  in  the  s o l u t i o n  (20), (21) in the  c a s e  s = 0, A 2 = 1. 
A 2 ~ 1, we ob ta in  the  so lu t i on  of the  p r o b l e m  a s  

v = G r { [ I _ A  5 - - A x  A 1 (x _ xS)} 
60 (3 - -  &)  ] (x - -  x ~) + ~ -  

o ) = A  1Gr'{ 5 - - A  1 x ~ x 4 A 1 - 1 5  I 
30 - -  10A 1 2 24 + 120 (30 - -  A~) / " 

P a s s i n g  t o  the  l i m i t  a s  

(22) 

(23) 

It i s  s e e n  f r o m  the s o l u t i o n  (20)-(23) tha t  the  f low s y m m e t r y  r e m a i n s  the  s a m e  a s  in the  c a s e  of an  
o r d i n a r y  f luid.  In  a l l  c a s e s  the  l o c a t i o n  of the  v e l o c i t y  e x t r e m a  sh i f t s  t o w a r d  the  s l o t  w a l l s ,  depends  on 
the  s l o t  s i z e ,  and fo r  s = 0 i s  d e t e r m i n e d  by  the  f o r m u l a  

x = {  - - 3 D 1 F  ]/9D~+2OD2(DI+D~) } , 

1 A1 5 - -  A 1 D2 = A 1 
D 1 - -  6 60 ( 3 - - A  0 ' 120 

A p p r o x i m a t e  e x p r e s s i o n s  can  be  p r e s e n t e d  fo r  the  m a g n i t u d e s  and e x t r e m a  of the  v e l o c i t y  in  the  c a s e  A 1 

<< 1: 

[ 7)] 
Gr ( x - - P )  + A1A2 x , 
6 20 6 60 

( x a x  z 1 ) Gr A1 + 
~ o -  6 4 2 ~ -  ' 

1 23 
x .... = -L-_ - • AIA2 

}3 90(2}, 3--I) 

ff the  coe f f i c i en t  of " c o h e s i o n "  of the  t r a n s l a t i o n a l  and r o t a t i o n a l  m o t i o n  7 v a n i s h e s ,  the  p r o f i l e  of 
the  t r a n s l a t i o n a l  v e l o c i t y  b e c o m e s  cubic  (21), a s  in an  o r d i n a r y  f lu id ,  and i n t r i n s i c  r o t a t i o n  i s  not exc i t ed .  

As  i s  c l e a r  f r o m  the  p h y s i c a l  s e n s e ,  the  m a g n i t u d e  of the  t r a n s l a t i o n a l  v e l o c i t y  in  an  a s y m m e t r i c  
f lu id  i s  l e s s ,  o t h e r  cond i t ions  be ing  equal ,  than  in  an  o r d i n a r y  f luid.  Indeed ,  the  e n e r g y  d e l i v e r e d  to the  
s lo t  w a l l s  i s  now expended  in d i s s i p a t i v e  p r o c e s s e s  a s s o c i a t e d  wi th  t he  r o t a t i o n a l  a s  we l l  a s  the  t r a n s l a -  

t i ona l  mot ion .  

D i f f u s i o n  o f  S u s p e n d e d  P a r t i c l e s  i n  a n  A s y m m e t r i c  F l u i d  

Le t  us  d e t e r m i n e  the  c o e f f i c i e n t  of d i f fu s ion  of B r o w n i a n  p a r t i c l e s  in an  a s y m m e t r i c  f luid.  It i s  known 

tha t  the  d i f fus ion  coe f f i c i en t  i s  found f r o m  the E i n s t e i n  f o r m u l a  [11, 12] 

D = KTb. (24) 

The  m o b i l i t y  b i s  d e t e r m i n e d  f r o m  the  equa t ion  

v = br, (25) 

w h e r e  v i s  the  v e l o c i t y  of the  B r o w n i a n  p a r t i c l e ,  and F i s  the  m o t i v e  f o r c e  which  i s  in  the  c a s e  of s p h e r i c a l l y  

s y m m e t r i c  p a r t i c l e s  [14] 

F = 6arlR*v, 

I k2A-2 1" -- R R * = R  1 +  1 - - k 2 A - 2 + k ( l + 8 2  k) k k2 ; 

k2 1 2 = - -  ~ -  q5 (~1 + Y) ~1-1y-I; 6~ = [2 + ~hq~ -1 + dR~l;-q -~. 

(26) 

Subs t i t u t i ng  (26) into (25), we f ind b. The  e x p r e s s i o n  ob ta ined  fo r  the  m o b i l i t y  i s  then  s u b s t i t u t e d  into (24), 

y i e l d i n g  

te2A-2 1-1 D = KT 1 " __ te~A -~ . (27) 
6a~lR 1 q- k(1 -+- 6~k) 
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Let  us p r e s e n t  two l imi t  e a s e s  of (27) when ~//~ >> 1, c~ = ~, and c~ = 0: 

K T  
a = O  D =  

6~lR [i @ 2A -~ (A @ 2) -1] 

K T  
@-.-~ 0 0  D ~ 

6~rlR (1 + A -~) 

S o l u t i o n  o f  C e r t a i n  H e a t - E x c h a n g e  P r o b l e m s  

i n  a n  A s y m m e t r i c  F l u i d  

The  exac t  so lu t ion  of the c l a s s i c a l  p r o b l e m  of heat  exchange  in the  s t e a d y - s t a t e  m o d e  of s i n g l e - p h a s e  
fluid f low in a c i r c u l a r  cy l ind r i ca l  tube with  cons tan t  heat  f lux to the  wal l  i s  s u c c e s s f u l l y  obtained.  

The  s t e a d y - s t a t e  ve loc i t y  p ro f i l e  in a c i r c u l a r  cy l i nd r i ca l  tube with cons tan t  p r e s s u r e  g r ad i en t  has  
been  obta ined in [14]. Cons ide r ing  the  h e a t - e x c h a n g e  p r o c e s s  s t eady  and taking into account  ax ia l  s y m -  
m e r r y ,  let  us w r i t e  down the  e n e r g y  equat ion in d i m e n s i o n l e s s  f o r m  

p -- 

2 J0 (ko) - J0 (k) ] --O~T~ap ~ + ,ol arao - v,.Bz 1 -- 0 .2 + A"- k-']~ (k) + 5d. ~ (k~-- ] ' 

r 2~ 1 rl~ mR 1 Op R2" 
- - - - ;  A = - - = = - R ;  5 l = l  ; v . ~ -  

R ] / %  lls % 4~ 1 az 

(28) 

The phys i ca l  fluid p a r a m e t e r s  a r e  a s s u m e d  cons tant .  

Le t  us s e e k  the t e m p e r a t u r e  d i s t r i bu t ion  a s s u r i n g  cons tan t  heat  flux to the wal l  in the  f o r m  

T = Bz + f (p ) .  (29) 

We obta in  the  fol lowing equat ion fo r  the funct ion fip) 

1 d ( dd@) v,~BR2 [ l _ _ p 2 +  2 d~176176 l 
p dp ,o Z A ~ k-ldl(k) + 5J~(k) ' 

whose  solut ion,  bounded a t  ze ro ,  i s  

1 [ 2Jo(k ) ] 0 . 2  1 2 . 4 + k  u do(k)_ 3 
f = ~ -  1 M ~-6 - p 4 - : ~  k2--M ' 2 k U ~  - T '  

M = A s [k-'J~ (k) + (3J, a (k)l. (30) 

The solution obtained is easily integrated. The first three members yield the solution of the problem in 
the ordinary viscous, heat-conducting fluid, while the rest are associated just with the asymmetric prop- 
erties. 

Let us calculate the Nusselt criterion referred to the diameter 2R 

Nu - -  - -  2 R  (df/dr)R 
fay (31) 

H e r e  fay,  the m e a n  va lue  of the t e m p e r a t u r e ,  ove r  the c r o s s  sec t ion ,  is  def ined by the f o r m u l a  

F o r  s m a l l  va lues  of kp(O ,~ O, 
f and the N u s s e l t  c r i t e r i o n .  
t ion Jo, J~, J2, we obtain: 

R 

4~ S fvrdr 
f a v  = 0 

T) s i m p l e  a p p r o x i m a t e  e x p r e s s i o n s  can be g iven  fo r  the ve loc i ty ,  the funct ion 
L imi t ing  o u r s e l v e s  to t e r m s  of the o r d e r  of (kp) 2 inc lus ive ,  in the B e s s e l  func -  

v = v~(1 - - ~ ) ( 1  + N), 

o~BR ~ 1 o~ 3 f = ~ -  (1 q- N) ~9 ~ 

(32) 

(33) 
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N = 4  

Nu =- 4.36 (1 --- N), (34) 

Y {1 ~IYR~ [ 2  ~14 § c~R 1 ] } .  (35) 

It is i n t e r e s t i ng  t o  note that  the Nusse l t  number  in an  a s y m m e t r i c  fluid b e c o m e s  a funct ion of the tube 
rad ius .  

It  is  seen  f r o m  (35) that  if 

2 (~1~ + aR) < ~h, (36) 

then the Nusse l t  number  is l e s s  than in the case  of an o r d i n a r y  fluid. But fo r  a given a s y m m e t r i c  fluid, 
the inequal i ty  (36) is spoi led a s  the tube r ad ius  R g rows ,  and the Nusse l t  number  can b e c o m e  l a r g e r  than 
in an o r d i n a r y  fluid. Upon compl i ance  with the  condi t ion 

2 (~l~ + aR) = ~h 

the Nusse l t  n u m b e r  in an o r d i n a r y  and an  a s y m m e t r i c  fluid a g r e e s .  Le t  us ana lyze  the e x p r e s s i o n  (30) fo r  
the t e m p e r a t u r e .  

The t e m p e r a t u r e  at  a fixed point within the tube will  a l so  dif fer  f r o m  the t e m p e r a t u r e  in a s y m m e t r i c  
fluid. Thus,  upon compl i ance  with condi t ion (36), the t e m p e r a t u r e  will  be g r e a t e r  than in an  o r d i n a r y  fluid, 
and conve r se ly .  

Let  us turn  now to the c l a s s i c a l  G r e t z - N u s s e l t  p rob lem.  In a comple te  fo rmula t ion  such  a p ro b l e m 
in an  a s y m m e t r i c  fluid is qui te  awkward.  Hence,  i ts  so lu t ion  is  p resen ted  in app rox ima te  sma l l  kp. The 
d i m e n s i o n l e s s  ene rgy  equat ion for  the pa rabo l i c  f low m o d e  (32) is 

O~T + 1 a T _  vmR ( I _ p ~ ) ( I + N )  O T_T 
aO ~ P ap % az 

Let  us use  the notat ion 

I ts  so lut ion under  the boundary  condi t ions  

a 1 vmR (1 + N) 

p =  1 (z>O),  T = O ,  

z----O ( p < l ) ,  T = I  

iS known: 

T = C ~  (p) e , 
k = l  

0~ (o, ~k) = 1 - p~ + ~ ~ T ~ -  + . . . .  

[~1 = 2.705, P2 : 6.66, ~a = 10.6, 

whe re  Nusse l t  has  found the f i r s t  t h r e e  coef f ic ien ts  

C 1=1.477,  C 2 = - 0 . 8 1 0 ,  C 3=0.385.  

The d i s t inc t ion  be tween the c o n s i d e r e d  p rob l em and the c a s e  of heat  exchange  in an  o r d i n a r y  fluid 
is that  the dependence  of the d i m e n s i o n l e s s  t e m p e r a t u r e  on the longi tudinal  z coord ina te  va r i e s .  Thus,  fo r  
a fixed value  of z the t e m p e r a t u r e  of an  a s y m m e t r i c  fluid can be g r e a t e r  o r  l e s s  than in an  o r d i n a r y  fluid, 

depending on condi t ion (36). 

Let  us s t r e s s  aga in  that  the p red ic ted  ef fec ts  of the dependence  of the Nusse l t  n u m b e r  on the tube 
radius,  the posi t ion of the ve loc i ty  e x t r e m a  in f r e e  convec t ion  on the slot  s ize ,  the devia t ion  of the v a l -  
ues  of the diffusion coeff ic ient  f r o m  the c l a s s i c a l  value,  the anoma ly  in the t e m p e r a t u r e  d i s t r ibu t ion  dur ing  
heat  exchange  in tubes  wil l  appa ren t l y  be m o s t  no t i ceab le  in convec t ive  hea t -  and m a s s - e x c h a n g e  p r o -  
c e s s e s  in d i s p e r s i o n s  of sol id pa r t i c l e s  and m a c r o m o l e c u l a r  compounds  in l o w - m o l e c u l a r  f luids,  po ly-  
e l ec t ro ly t e s ,  phys io log ica l  f luids,  etc. 
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