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I n t e r e s t  in the h y d r o d y n a m i c s  of a l iquid with pa r t i c l e  ro t a t ions  and m i c r o d e f o r m a t i o n s  has 
r e c e n t l y  in tens i f ied  [1-9] in connec t ion  with the t e c h n i c a l  appl ica t ions  of  d i f fe ren t  a r t i f i c i a l l y  
s y n t h e s i z e d  s t r u c t u r e d  med ia .  A mode l  of  a l iquid with de fo rmab le  m i c r o s t r u c t u r e  was  f i r s t  
p r o p o s e d  in [4] and was  t h e r m o d y n a m i c a l l y  ana lyzed  in [6], in which a mode l  of  a l iquid was 
c o n s t r u c t e d  by m e a n s  of  me thods  f r o m  the t h e r m o d y n a m i c s  of i r r e v e r s i b l e  p r o c e s s e s .  A 
mode l  of  a m a c r o -  and m i c r o i n c o m p r e s s i b i e  l iquid with pa r t i c l e  ro ta t ions  and de fo rma t ions  
has  been  p r o p o s e d  [7, 8] ba sed  on cons t i tu t ive  equa t ions  f r o m  [6]. Below we will  solve the 
sphe re  ro t a t ion  p r o b l e m  in an infinite liquid given d i f fe ren t  bounda ry  condi t ions  on the r a t e s  
of  pa r t i c l e  ro t a t ion  and m i c r o d e f o r m a t i o n  within the context  of  the s y s t e m  of  equa t ions  p r e -  
sen ted  in [7L The solut ion of  an analogous p r o b l e m  fo r  a m i c r o p o l a r  l iquid s imula t ing  a s u s -  
pens ion  with sol id  p a r t i c l e s  has  been  obta ined  [9] and the solut ion for  a v i scous  l iquid was found 
by Stokes in [10]. 

w The mo t ion  equa t ions  fo r  a m a c r o -  and m i c r o i n c o m p r e s s i b l e  i s o t h e r m i c  liquid can  be s y m b o l i c a l l y  
r e p r e s e n t e d  in the f o r m  [7] 

p (f - -  v')  --  (cz7 + a4) V • V • v + 2c,4V • (o --  2 (c~7 - -  ~s) V �9 v - -  VP = 0; (1.1) 

( ' ) (+ ) p ( 2 1 - - b ) + 2 c ~ , ( V •  y ~ + T 7 ~ o  VV'tO - -  ~ s + - y Y l 0  V • 2 1 5  7 n - - a ~  V •  V ' V = 0 ;  

p (B s - -  b') - -  P* + 2 (a, - -  as) (VV) ' - -  dv - -  (i/37~3 + 1/4~1n) 

2(all 

( 2 2 
-Ki ~lu) (VV " v) - -  i/8~11) iV (V x o) l '  - -  C Y  al0 + -K V13 - -  

U 

+ ( p ' - - V . ( b ) U = O ,  U . v = 0 ,  v . v = O ,  

I" - -  2 (I �9 v) ' + I • to - -  (o • I = 0, P~ = R1U + r~I + ~aI  " I ,  W,I - -  Vsl + EzirO r, 

(0,k = I,* (c0;~ + (o,~%~), b a = E~,,r ,,, b (i~) ---- (0 (~), d =  6 a + 2~7 - -  4c%, 

w h e r e  v, c0, arid v a r e  the t r a n s l a t i o n a l  and ro t a t iona l  ve loc i t i e s  and the m i e r o d e f o r m a t i o n  r a t e ;  I is  the m o m e n t  
of  ine r t i a  of  the p a r t i c l e s ;  U is a unit dyad;  V is a space  g rad ien t ;  E ks /  is a unit a n t i s y m m e t r i c  t e n s o r ;  
p is the m e d i u m  dens i ty ;  a 4 i s  the ve loc i ty  o f  ro t a t i ona l  f r i c t ion ;  a~ is  the v i s c o s i t y  of  m a c r o -  and m i c r o d e -  
f o r m a t i o n  f r i c t ion ;  Tl,  73, 710 and al0, ~ n ,  3/13 a r e  the v i s c o s i t i e s  of couple  and uncoupled  double s t r e s s e s ;  
6 a is  m i e r o v i s e o s i t y ;  as,  al l ,  and 7i~ a r e  the v i s c o s i t i e s  of the d e v i a t o r i c - s t r e s s ,  vec to r ,  and p seudo -  
v e c t o r  c r o s s - e f f e c t s ;  f and B s a r e  the usual  and gene ra l i z ed  body f o r c e s ;  ~r 1, 7r 2, and ~r a a r e  the cons tan t s  
of  the m i c r o p r e s s u r e  t e n s o r  p s  21 is the body  m o m e n t :  p a r e n t h e s e s  a n d b r a c k e t s  a round  the t e n s o r  
indices  denote  t e n s o r  s y m m e t r y  and a n t i s y m m e t r y  re l a t ive  to it; the symbo l s  " . ' '  and "• " denote s c a l a r  
and v e c t o r  mul t ip l ica t ion ;  a s u p e r s c r i p t  dot deno tes  the to ta l  de r iva t i ve  with r e s p e c t  to t ime;  s y m m e t r i c  
pa r t s  of the dyad a r e  denoted by the s u p e r s c r i p t  " s" ;  p, p ' ,  and r a r e  unknown funct ions  a r i s i n g  as a con -  
sequence  of  the m a c r o -  and m i c r o i n c o m p r e s s i b i l i t y  of  the liquid; s u m m a t i o n  is c a r r i e d  out with r e s p e c t  
to any index. 

The t e n s o r s  of  the fo rce  s t r e s s e s  t ik, m i c r o s t r e s s e s  s ik, couple  s t r e s s e s  j / i k ,  and uncoupled double! 
s t r e s s e s  ~r(ik)  are  d e t e r m i n e d  in a C a r t e s i a n  coord ina te  s y s t e m  by the equat ions  [7] 
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ti~ = . p S i h  + 2arva,k) _ 2(~r - -  as)V~h; (1.2) 
I i s ~k = - -  (p + p')6 ik ~ 2asV(i,~) -~ (6~-- 2as)vik ~ P(~), 

2Jr "pz = ('/1 - -  1/3]71o) co~,n6 ~l + (t/271o + ~'8) (o ~,v ~- (I/2y10 --  ?~) ~ + ?llN(pD -~ 8anEPl~N~; 

tt r(~a) = --  @r6~ + ?~av(~,r), -[- 8a~0 (Ar(~6 k)~ - -  i / 3 N ' 5  ~k) -[- 2au (X(~6 k)r - -  i/3Xr6 ~ ) + i/4~ln(E~1N(/h) 

+ E~ktN(lo) + i/4Vu (E~I0)(/,~) + E~z(O(/,~)); 

t [~] = Eik~t~; t I = ~4 (E~k~vs,k - -  2~z); 2Nat = Eaq~v/~,q; 

3/5v(r5 g~ 4N'  3/2V = %Lr; ~(~k,r) "~ ~'(~a,~)-- 

The v i s c o s i t y  coef f i c ien t s  in Eqs.  (1.1) and (1.2) s a t i s fy  the inequal i t ies  

r ~t~, 6a, y~, Y~o, %, a~0, ~lu, 6 ~  ~ 2~ 2, ~lnY~0 - -  7~i, a~0~ - -  2a2i f> 0. (1.3) 

We note that  a solut ion o f  the s y s t e m  of 20 equa t ions  (1.1) fo r  the twenty  unknowns v, ~o, v, p, p r -  
V.@, and ! r e q u i r e s  that  we have bounda ry  condi t ions ,  in addit ion to the ini t ia l  condi t ions .  As the t r a n s -  
la t iona l  ve loc i ty  we take  the n o - s l i p  condi t ions  v =v 0, w h e r e  v 0 is the  ve loc i ty  of  the boundary .  The 
b o u n d a r y  condi t ions  fo r  pa r t i c l e  ro t a t iona l  ve loc i t y  and m i c r o d e f o r m a t i o n  ra te  a r e  wr i t t en  in the f o r m  

2s~o~ - -  s ~ E ~ v ~ j  - -  2SsC0~ + 2s~n%Ct'r~ --'-- 0, ' (1.4) 

where  n r is a n o r m a l  to the bounda ry  s u r f a c e .  

We note  tha t  the condi t ions  (1.4) t r a n s l a t e  into condi t ions  under  which  the  ro ta t iona l  ve loc i ty  and m i -  
c r o d e f o r m a t i o n  r a t e  do not cance l  out [6] (condi t ion A') when s~ =s  2 = s s = s  ~ =0 and s3 =s4 =s~= s s =1.  T h e y  
cons t i tu te  n o - s l i p  condi t ions  (condif lonA) u n d e r  the addi t ional  cons t r a in t ,  s? = 0 and unde r  the a s s u m p -  
t ion  that  coo[ co inc ides  with the ro t a t iona l  ve loc i ty  of  the boundary .  

These  condi t ions  b e c o m e  the C o n d i f f - D a e h l e r  condit ion,  and a condi t ion under  which the m a c r o -  and 
m i c r o d e f o r m a t i o n  r a t e s  a r e  iden t i ca l  [3] (condit ion B) when s 1 = s~ = s s = s~ = 1 ,  s~ = s~ = s z = s s = 0. When 
s ~ = s  s =s~ = s  a = s r = O  and s 1 =s~ =s~ =1, Eqs .  (1.4) s ta te  that  couple s t r e s s e s  on the bounda ry  a r e  absent  
and that  the m a c r o - a n d  m i e r o d e f o r m a t i o n  r a t e s  a r e  ident ica l  (condit ion C), and, f inal ly,  the  couple 
and uncoupled double s t r e s s e s  a r e  absent  f o r  s ~ = s s = l  and s i = s ~ = s 3 = s 4 = s T = O .  This  condi t ion will  
not be hence fo r th  c o n s i d e r e d .  

We will  use  the l imi t ing  case  of  the s y s t e m  of  equat ions  (1.1), in which the t ime  v a r i a t i o n o f t h e  m o -  
m e n t - o f - i n e r t i a  t e n s o r  due to p a r t i c l e  ro t a t ion  and m i c r o d e f o r m a t i o n s  wil l  be d i s r e g a r d e d  in c o n s i d e r -  
ing the sphe re  ro ta t ion  p r o b l e m .  An i so t ropy  ine r t i a  and the p r e s e n c e  of  a m i c r o p r e s s u r e  t e n s o r  will  not 
be t aken  into account .  P a r t i c u l a r  a t tent ion will  be paid in so lv ing  the p r o b l e m  to account ing  fo r  the influ-  
ence  of  the in t e rac t ion  between m i c r o s t r u e t u r e  p a r t i c l e s  of  the liquid; the influence of  the va r i a t ion  of 
p a r t i c l e  f o r m  and o r i en ta t ion  in the flow on the solut ion of  the p r o b l e m  will  be d i s r e g a r d e d .  

w W i t h i n t h e f r a m e w o r k o f E q s .  (1.1) we will  c o n s i d e r  the solut ion o f  the p r o b l e m  fo r  a sphere  of  
r ad ius  R 0 s lowly ro t a t ing  in an infinite l iquid at cons tan t  angu la r  r a t e  f~ about the Z axis .  The solut ion of  
the  p r o b l e m  will  be found in a s p h e r i c a l  coord ina te  s y s t e m  R, 0 ,  q~. The p r e s s u r e  grad ien t  in the flow 
field will  be set  equal  to  z e r o .  We a lso  a s s u m e  that  the unknowns a re  independent  of  t ime  t and coord ina te  
~o. All the phys i ca l  c h a r a c t e r i s t i c s  will  be a s s u m e d  cons tan t .  The v, ca, v f ield ve loc i t y  will be spec i f ied  
in the f o r m  

v r  O) = v r  sin O, (or (R, 0) ~ (o r (R) cos 0, (2.1) 

(co (R, 0)=o)o (R) sin 0, 

Vr~ (R, 0) = v~  (R) sin 0, (o~ = Vr= vo ~ v ~  = v00 = vo~ = O. 

Equat ions  (1.1), u n d e r  the a s s u m p t i o n s  f o r m u l a t e d  above and unde r  condit ion (2.1) in d imens ion l e s s  
f o r m ,  a re  wr i t t en  as 

4 , t ( V  f 2 r ) + d s  d, ~ (  " 2 f ~ ,  4 ) 4 F ~ +  0, (2.2) 
H k r  ~ + D ~  r~ ~ ~9~o --  = 

~ - ( B V + 2 g ~ o ) +  ~ r - - ~  Dno 2 t d ( r 4 a N ~ l = 0 ,  

i 
D V  -t- 2~h - -  2HZ~n = O, CV ~ 9 ~ N ~  + FzCh + ~ Cn = 0, h = BOo + 1_ 

r r~  

n = t_~ ~ (raNts), [ = t a (r~g2)_1_ 2 d s 2 d 2 B := d ~ C d 
r dr r -'T'~ d"-r- - - ~ 0 ,  D ~ - d - ~ ' - ~  r dr r z '  ~r  -~- r ' = ~ r - - ' - r ' - "  
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In  o b t a i n i n g  E q s .  (2.2), we i n t r o d u c e d  the  n o t a t i o n  

V U  ~- vr, Qr U = O)rRo, Qo U = moRo, U = gof2, N , ~ U  = %r 

r R o = R ,  

L u = 2Lo. (s~o + 8/159~ 4- Hi6pr L~  := 2L~ (0,5 4- sago), 

L~ (Sno q 1/6 - -  salo), d~ 

F iL  u = 2Sll , 4F~.Lii = s~., F a : F i - -  F~, Sxo'Ti o = alo , Yt = $1io'~io, P4 = ~lo - -  2~t~, 

~t9"~10:~l 3, $22~t0:~!~_, ~t66~lO:2qll, 

snTlo=al l ,  Sao~'lo=7~, ~ = 2 + ~ 0 - - 4 ~ 1 ,  

~la; -= as, 2R02a: = Luylo,  ,ttoa- = 8~, M ( a ~  4- av) = a~, H = t - -  M, Z~ = t - -  ~l- 

The  f i r s t  two e q u a t i o n s  in  (2.2) t r a n s f o r m  to  

D J - -  k 2 ] = O, 2!x [L (}'V) + 2rh] - -  - ~  L (rh) - -  2r~L (rn) = O, 

dr"~ - -  r-'~-.,. , 3 H (daL 1 ~- •) " 

T h e  s o l u t i o n  o f  E q s .  (2.2) and  (2.3) ,  w h i c h  d a m p  at i n f i n i t y ,  ha s  the  f o r m  

2 2 

h=l  k=i  l~ r 

2 

aG = - ~  .,v~ N K,/,(R,,) + N --~ " ~'~' ( ~ ' )  - -  3-Z-~, 

h=l  Ilk 3 t. 

k s = - -  _ _  

] 
kL \ L~ ' 

a ,  = z~ (r.z~ - 2 ,z~) .  r .  = t - 2r.L~L~. 

4 
k , ,  F tk  x = 4IMx,:L1L2, F,k o = 4~L~ 4- (2~.'Z 2 4- ~t,) L~ - -  8[tZ;FaE,L~, 

~/9\1/2 ~/:~\ I/2 

FI~ = L~r, R z == Lar. 

H e r e  K n + l /  i s  a m o d i f i e d  h a l f - i n t e g r a l  B e s s e l  f u n c t i o n  The  c o n s t a n t s  of  i n t e g r a t i o n  N1, N2, N3, and  N 4 12 
a r e  d e t e r m i n e d  f r o m  the  b o u n d a r y  c o n d i t i o n s .  F o r  the  v e l o c i t y  V we  h a v e  

2 2 
h=l 

C o n d i t i o n s  (1.4) t a k e  the  f o r m  

P ,  ( t ,  s~,. st) - -  2ssQ~ + s6P~ (t) = 0, P6 (I,  s2, st) --  -9Ss--~ + ssp. ~ (t) = O, 

P~ ( l ,  sl, s~) - -  2 s , v ~  = O, a ,UP~ (r) sin 8 = og~o, a-,UP1 (r) cos 0 = ~ .  

He r e  

2 
PI (F) Z z nr �9 KS/2(Rh) _}_ 2N3 [ (R3) 2 K5/2 (B'~) J _~ 4N4t~ . . . .  k~k+z ~ ~ (sno + 2/3) Ka2 

i [ O ,  I(5/2 (}:~k) . K3/2 (*F/h) ] 2 2~,/8 Ig5/2 (R3) " 2Nat7 

k=i - 
2 

2I(3/2 (B3) KI/2 (B,~) _ 4 S " 3,4 P4(r ,  so, s4) = - -  ~ Nhb~ Ka''~-(Ra) t- 2stN3 -i- {-  - 7  ( s t -  ~ - ) 7 '  

(2.3) 

(2.4) 

(2.5) 

i2.6) 
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2 ( k=~ ~ § 2 s 1 --  2s 3 tt2/ r-~-' 

"3 

2Nssl K3/2 (Ra) 

m h b h m k 
b~ = 2s2n k - -  4s4-~k ,  bh+2 = -- -~-, tk+2 = ~ + 2F~, 

tl+~ ---- 2Fa)~h -- mh t . 4z~r, L-~ ' t7 = ~ -t- --~2 ' tk = s ,nh~  - -  2s~. 

We find the following equations for the components of the force s t resses :  

t r tR o -----r162 sin 0 Pa (r, s I ---- t, s a = Z~), (2.7) 

The nonzero components of the o ther  s t r e s s e s  will be omitted here as they are cumbersome.  

The relative res is tance  force moments  m e and m m to the rotation of the sphere,  due, correspondingly,  
to the presence  of force s t r e s s e s  and couple s t r e s ses ,  will be calculated usingEq. (2.7) by means of the 
equations 

Me ~ 
mc=~-~o---- R~2n Itr~ s in 'OdO= l / 3 [ P s ( t ) - 5  P~(t)], Mo=S~o:TRo3P-; (2.8) 

o 6' r = l  

7~ 

Mm a~U tZ~2~ [ (M'rrCOsO--MrosinO)[r=isinOdO = t / 6 [P~( I ) - -2P2( i ) ] ;  

2 
Pl (t) - -  2P~ (1) = 2:v__~ (sn0 + 2/3) K3/2 (~3) -5 ~ 2Nktk+aKz/2 ()~). 

Here M 0 is torque for o rd inary  liquid viscosi ty .  

w An analysis  of the solution (2.4)-(2.9) demonst ra tes  that its nature (flow regime) depends on the 
type of boundary condition A, A' ,  C, and 13 and the numer ica l  values of the dimensionless viscosi ty  p a r a m -  
e te rs  #, Lll, ]-tO, #1, ~66, Sil, S22, S310, and ~9- Velocity (V) profi les for possible flow regimes  are con-  
s t ructed  in Fig. 1 and the veloci ty profile of a Newtonian liquid is shown by the broken line [10]. Curves 
for  the dependence of the relat ive moments  m c and m m and total moment m = m  c +m m on the pa rame te r  
LII cha rac te r i z ing  s low-sca le  flow are const ructed  in Figs.  2a, b, and c. 

Curves 1 and 4 in Figs.  I and 2 were constructed for  g =0.98 and 0.5, and Lii =I5, /20=8 , #1--0.6, 
Sll=0, S22=0, g 9 = l ,  #6~=2, Sl0=I, S310=l, and sl10=2, respect ively.  It was assumed for curve 2 that /~l = 
1.95. The values p l = - O  .45, 0.2, 0 . 0 5 , - 0 . 1 5 , - 1 . 2 5 , - 1 . 9 5 , - 0 . 2 5 ,  a n d - 0 . 0 5  correspond to curves 3, 5- 
10, and 12. Curve 11 cor responds  to #0=1. The values of the remaining pa rame te r s  of curves 2-12 coin- 
cide with the pa rame te r s  of curve 4. We note that curve 3 in Fig. 2 was constructed at one-tenth the scale.  

Values corresponding to the solution under the boundary condition A when ~r~ _~2 0 _  0 =0; are depicted 
by the solid line in Figs.  1 and 2; the solution for  condition B is depicted by the curves with points while 
the solution for  conditions C, with c i rc les .  

Curves 1 and 4 demonstra te  that the veloci ty V near  the rotat ing sphere in a suspension with d e f o r m -  
able par t ic les  is g rea te r ,  under condition A, as in a suspension with solid par t ic les  [9], than the speed of 
an o rd inary  viscous liquid as a sphere ro ta tes  in it. The total  res i s tance  force moment to the motion of 
the sphere in this case is also g rea t e r  than the c lass ica l  force moment;  it decreases  in absolute value with 
increas ing  flow scale .  

The flow rate of the liquid is less than the c lass ica l  rate near  the sphere (curve 5) in the case of weak 
interaction between the mic ros t ruc tu re  of the medium and the surface of the sphere (condition B). Here 
the suspension par t ic les  migra te  f rom the sphere surface o r  a thin laminar  sublayer,  observed,  for ex-  
ample, in the turbulent motion of a viscous liquid, forms.  

The res is tance  force moment in this case falls with increas ing flow scale,  unlike the force moment 
under  conditionA. These effects a re  ampl f f iedwi~hdecreas ingvisc0s i tyof the  dev ia to r i c - s t r e s s  c ro s s - e f f ec t  
and increas ing mieroviscos i ty .  When ~0~1, the veloci ty is somewhat g r ea t e r  than the c lass ica l  value and 

66 



(; 2 5 V 

: ,*~ rn a 

;,~ 7--i! " I~i "~- 

l 

-o, P __z ..... / s,t/~ 
o /2 

mc b 

ill ! 
0 ~  - -  - - -  

24. LI1 ~ .;8~) 12 2.~L~I 

Fig. 1 Fig. 2 

]1 / :  ~'Z ] 

? - - ~ - j ~ , ,  . . . . .  i 

\ /-s i ~ 

/ \ ' ,  i 
"--2 

0 t ' : ' i 

i ! 

0 12 2..4, L ,,. 

the res is tance  force moment less,  while it increases  with increas ing flow scale (curve 11 in Fig. 2b}. A 
s imi la r  situation occurs  at maximally high values of #*l, at which we have the condition p4>-0 implied by 
the constra ints  (1.2) (curve 2 in Figs.  1 and 2b, c). Such a solution indicates that the interpretat ion of the 
boundary conditions is provisional  to some degree and depends on the values of the v iscos i ty  pa rame te r s  
of the liquid. 

The same features are basical ly  observed for the solution in the case of condition B as in condition 
C, in which par t ic les  may f ree ly  rotate near  the sphere e i ther  in the case of microviscos i ty  on the o rde r  
of unity o r  when ~l = ~{'. 

A decrease  in ~i under  condition B leads to the layer  of liquid at a distance f rom the sphere moving 
in a direct ion opposite to its rotation (curves 6 in Fig. 1). This effect is amplified as the negative viscosi ty  
Pl increases  in absolute value to some #~ (curve 7 in Fig. 1). When pi ~ is reached,  the nature of the flow 
sharply var ies  and pronounced induced flow with velocity profile s imi la r  to curve 8, in which the layer  of 
liquid next to the sphere is in advance of its motion, appears.  Maximal velocity decreases  with a fur ther  
decrease  in Pl (curves 8 and 9). Such proper t ies  of the solution recal l  the proper t ies  of a flow with a so-  
called negative viscosi ty  effect [11], in which a difference between the veloci t ies  is e i ther  maintained or  
increases  if all the other factors  permit  this [11]. 

The presence  of a point of discontinuity L* li for the dependence of the frictional force moment on 
flow scale for  a given continuum of negative values of Pl can be direct ly  seen f rom curve 3 (Fig. 2). Conse-  
quently, the existence of e i ther  a counterflow effect or  an induced-flew effect depends on flow scale.  A 
counterflow effect is possible for Lll <L* ll if the other  flow pa ramete r s  remain invariant, and induced flow 
can occur  for  Lli > L* ii o Similar  effects have also been observed under condition C, the greates t  value here 
corresponding to cr i t ica l  v iscos i ty  ~0 

An analysis of the solution under condition A' ca r r i ed  out for values of the viscosi ty  pa ramete r s  of 
curve 4 demonstra tes  that as the boundary pa rame te r s  increase in absolute value f rom - 1 5  to 15 (for ex-  
ample, e i ther  ~2~ ~0when~2~ =V~ or  ~2~ when 2~ v~162 or  V~ when 0 0 = ~2r=~ 0 =0) a decrease  in 
flow rate near  the sphere that becomes a counterflow effect is observed.  Flow rate increases  as the p a r a m -  

�9 e ters  ~ ,  ~~ r,  and v ~ 0 increase ,  ~ven  a change in sign of these pa ramete r s ,  and an induced flow appears 
as these pa rame te r s  fur ther  increase in the flow. Unlike condition B, no point of discontinuity for the de- 
pendence of the res is tance  force moment on flow scale is observed.  

The use of the boundary condition A' leads to the need of introducing additional constants into the theory 
that require both exper imental  determination and suitable physical  interpretat ion.  This results  in definite 
difficulties. The assumption that v iscos i ty  Pl is negative, which agrees  with the thermodynamic  constra ints  
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of Eq. (1.3), is opt imal  in part  because turbulent  v iscos i ty  measured  in given flows olden turns  out to be 
negative [11]. 

The effect  of negative v iscos i ty  for  a given flow is descr ibed  phenomenologically within the f r a m e -  
work of a given model (ei ther by assuming a negative v iscos i ty  #l o r  using conditions under  which the pa r -  
t ic le  rotat ional  veloci ty  and deformation rate do not cancel  out) without making the physical  conditions lead- 
ing to such flows concre te  as well as without theore t ica l ly  determining the values of negative viscosi ty,  
which i$ a cha rac te r i s t i c  feature  of such a descr ipt ion.  

We note that a descr ipt ion of the actual mechanism and physical  conditions leading to a negative v i s -  
cosi ty effects  in a number  of types of flow can be found in [11], in which the exis tence of negative turbulence 
in a sys tem is re la ted  to the presence  of sources  of turbulent  kinetic energy,  for  example,  eddies in a sys -  
t e m  exci ted f rom without. F r o m  this point of view, the analysis of a solution under  the condition that the 
rotat ional  veloci ty  does not cancel  out is of pa r t i cu la r  in teres t .  

Let  us bea r  in mind that ,  in cont ras t  to a c l a s s i ca l  liquid, we have assumed that the viscosi t ies  of 
deformational  fr ict ion between the m a c r o -  and microdeformat ion  motions coincide with the shear  v iscos i ty  
of a c lass ica l  liquid. It is not n e c e s s a r y  to justify such coinciding f rom a quantitative point of view, since 
in fact [3] different  cha rac t e r i s t i c s  of liquids are being equated. 

An analysis  of the influence of o ther  v iscos i ty  p a r a m e t e r s  on the solution of the problem is omitted 
here  as it is impossible  to reduce the grea t  volume of graphical  mater ia l .  
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