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N O T A T I O N  

is the t empera tu re ,  OK; 
is the net  emiss iv i ty  (degree of blackness);  
is  the cyl inder  d iamete r ;  
is the mean angular  coefficient  of radiat ion (ARC) between i- th and k-th e lements  of finite a rea  
sur face ;  
Is the coeff icient  of ref lect ion;  
i s  the S t e fan -Bo l t zmann  constant; 
i s  the d imensionless  p a r a m e t e r  equal to the rat io  of the d iamete r  of coaxial cy l inders ;  
is the ra t io  of the total a r ea  of per fora t ions  to the geomet r ic  a r ea  of the cyl inder ;  
is the flvalue at which radiant  energy f rom the surface  is maximum;  
is the value below which r ad ian t  energy  of the per fora ted  cyl inder  is equal to o r  g r e a t e r  than the 
radiant  ene rgy  of the e o n t i n u o u s  cyl inder ;  
i s  the resu l tan t  radiat ion flux. 
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The effect  of re laxat ion phenomena on the hydrodynamic stabil i ty of the plane gradient  flow 
of a s t ruc tu ra l ly  viscous  medium is investigated using l inear  theory.  

There  has recent ly  been in te res t  in various problems  of the hydrodynamics of s t ruc tura l ly  viscous 
liquids [1, 2] due to the wide use of these media  in modern  technological  p roces se s .  These media have a com- 
plex physicochemical  s t ruc tu re  which leads to the appearance of relaxat ional  mechanical  p roper t i es  in addition 
to Newtonian p roper t i e s .  

The s i m p l e s t  rheological  law that s imultaneously takes into account the relaxat ional  and Newtonian prop-  
e r t i e s  of s t ruc tura l ly  viscous  media can be postulated,  e .g . ,  in the fo rm 

l 0 
Tij - -  - -  ri.J = 2rl (-Q) Fij, Q = ]/"TFI,,Fij �9 (1) 

T,, Ot 

Here  T M is the cha rac te r i s t i c  re laxat ion t ime (the "Maxwellian" t ime);  r l (~,  apparent  v iscos i ty ,  which is dif-  
fe ren t  in di f ferent  in te rva ls  of the var ia t ion  of the intensi ty of the veloci ty  deformat ion t ensor  ~ [3]. If ~2_> f~l (~21 Is a 
cha rac t e r i s t i c  of the medium),  then y{~) = r/* + V0/~ , r~* iS the plas t ic  dynamic v iscos i ty ,  and r 0 is the l imiting 
shear  s t r e s s .  When $2 ~ ~1, 11 (~2) depends monotonically on a within the l imits  7/(0) - 77 (~ ~ ~(12t), and 7/(QI) >> 

7*. 

The motion of an incompress ib le  s t ruc tura l ly  viscous medium can be descr ibed  by the following sys tem 
of equations of motion: 

-O-.U-L -.- U, ~ Ut - dp 0 OU, __ O, (2) 
Ot dx~ : Ox~ xii, Oxt 

where r i j  is given by Eq. (1). 

Trans la ted  f rom Inzhenerno-Fiz icheski i  Zhurnal ,  Vol. 35, No. 5, pp. 868-871, November ,  1978. Origi -  
nal a r t ic le  submitted December  9, 1977. 
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If  the c h a r a c t e r i s t i c  in tens i ty  of the r a t e  of d e f o r m a t i o n  ~cha r  >> ~2i, the ve loc i ty  f ie ld  fo r  s t e a d y - s t a t e  
mo t ion  of the l iquid (1) in a p lane  channel  ac t ed  upon by a longi tudinal  p r e s s u r e  g r ad i en t  is  iden t ica l ,  a p a r t  

f r o m  t e r m s  on the o r d e r  of fliA~char << 1, with the ve loc i t y  f ie ld  of a v i s c o u s - p l a s t i c  l iquid [4] 

(l _~)2 for l Y I n g ,  
U ( F ) =  ( 1 - -  ~)2 - -  (I q [ - -  ~) a for ~ i y l ~ l .  (3) 

H e r e  we have  taken  as  the c h a r a c t e r i s t i c  quan t i t i e s  the ha l f  width of  the channel  L ,  the ve loc i t y  V = - ( ~ p / O x ) x  
(L2/2q*), and the haffwidth  of the e x t r e m e l y  v i s cous  zone ~ is  found f r o m  i ts  e q u i l i b r i u m  condit ion 

~= - -  - o . (4)  
2 

Below we c o n s i d e r  the h y d r o d y n a m i c  s t ab i l i ty  of  the f low (3) of  the l iquid  (1) f o r  inf in i te ly  s m a l l  ve loc i ty  
p e r t u r b a t i o n s ,  the c u r r e n t  funct ion $ = @(x, y ,  t) of which  has  the f o r m  

, (x, y, t) = ~ (y) exp [ic~ (x - -  ct)]. (5) 

The  d y n a m i c s  of p e r t u r b a t i o n s  (5) a r e  d e s c r i b e d  by o r d i n a r y  d i f f e r en t i a l  equa t ions  f o r  ampl i tude  ~o(y) 

1 exp ( - -  i0) { 
( U - - c ) ( ~ " - - ~ z N ' ) - - U " ~ =  ictR~ V I  +(actM)2 ( ~ [ v - - 2 e 2 ~ ' + c t ' c P ) + 2 q ~ 1 7 6 1 7 6  

and the boundary  condi t ions  [5] 

+ [u' (-~-~)o(~" + ~ )  ]" ~- u'~2 ( o-~-)o (," +.~r) } (6) 

( 7 )  (p' ( - -  1) = (p ( - -  1) = q~'" (0) = (p' (0) = 0. 

H e r e  the s u b s c r i p t  0 i nd ica t e s  u n p e r t u r b e d  f low, 0 = ~(~2)/~*, t M = TML/V , 0 - a r e t a n  (actM). 

In the flow reg ion  [Yl -< ~ with the a c c u r a c y  a s s u m e d  above ,  we can take U(y) = cons t .  Hence ,  in th is  r e -  
gion a s s u m i n g  tha t  Re  7> ~(0)/~*, four  l i n e a r l y  independent  so lu t ions  of Eq. (6) can be def ined in the f o r m  

(P,.2 = e x p ( •  aY) + O ( ~ R e )  , 

Y 

Re* = Re exp (iO) V" 1 d- (ect~) a .  

In the r eg ion  1 - [y] ~- ~ 0 = 1 + ~/co (co = ~2/~char) ,  and Eq. (6) can be w r i t t e n  [6] 

( U - - c ) ( ( p " - - ( ~ p ) - - U " ~ -  1 { , ( ~' )} /aRe* ( ~ i v  _ 2c~2~o,, _~ c O ~ ) - -  4 •  7 " (9) 

The  solut ion  of Eq. (8) can be w r i t t e n  in the f o r m  

( ~  = ah (Y - -  Ye) ; q% = at~iln (y --Ye) + b:, (y - -  ye) k, 
h=O h=O 

w h e r e  

1.2) 
a, ,.3 [ 3 

~* = ) dz z I 2H~ (iz) 3'2 de, 

U (y~ == c, z -: (y - -  y~) [c~ Re g - I  + (c~ct~,)2U ' (y~) l' a exp(i0/3), 

w h e r e  - 7 x / 6  -< a r g z  -< Tr/6 [5]. 

( 1 0 )  

(11) 

I t  fo l lows f r o m  condi t ion (11) that  -7r/2 -~ 0 -< u/2. The  c o r r e s p o n d i n g  i n t e r v a l  of v a r i a t i o n  of tM is  [-~o, 
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Fig. 1. Curves of the neutral  stability of the flow of a s t ruc tura l ly  v i s -  
cous liquid. F o r 0 = - 3 ~ / 2 0 :  1)~=0;2)  0.3; 3) 0.6; for 0=0:  4) ~ = 0 ; 5 )  
0.3; 6) 0.6i for 0=3r /20:  7) ~ =0; 8) 0.3; 9) ~ =0.6. 

Fig. 2. The cr i t ical  Reynolds number (ReCr) 1/3 as a function of the p la s -  
t ici ty p a r a m e t e r  ~t for  different 0. The numbers  on the curves  are  the 
values of 0. 

The condition for  the general  solution of Eq. (6) to be nontrivial  in the region of var ia t ion of the inde- 
pendent var iable  y [ - 1 ,  0], defined by boundary conditions (7) and by the conditions for  the general  solutions 

and ~* to be matched at the point y = -~  

_ _  dkq D* 
d~~ (--})= (--~) (12) 
dy ~ dy ~ 

apar t  f rom t e rms  on the o rder  of O[(aRe)-i/3],  leads to the secular  equation 

{% (--l) [q~i (-- }) ~- a~, (-- ~) th El -- ~o, (-- I) [~ (-- ~) -!- 

+ aq~2 (-- ~) th ~]},{~ (-- I) [q~ (-- ~) -'- a~, (-- ~) th ~I -- q~ (-- I) • 

x [$~(--~)-!-acP2 (--~) th a~]} : % ( - -1 ) '~  (-- 1). (13) 

In calculations using Eq. (13), the integration path when finding the solution r is chosen along the real  
axis 0z f rom +~o to 0 and fur ther  along the ray  a r g z  = ~ + 0/3. 

Figure 1 shows curves of the neutral  stability Re = Re (~1), Re = pU1L1/TT*, L 1 = L(1 - ~), U! = V(1-}) 2, 
~l = ~(1-}) -1 for different values of } and 0 calculated f rom Eq. (13). The dependence of the cr i t ical  Reynolds 
number  R e c r  = (PU1L1/~*)cr on the defining dimensionless  pa r ame te r s  of the problem O, ~ is shown in Fig. 2. 

The above ca lcu la t ionsshow that the features  of the mechanical  behavior of s t ructura l ly  viscous media 
have a considerable effect on the hydrodynamic stability of their flow. The plast ic  proper t ies  always stabilize 
the motion. The par t  played by the relaxational proper t ies  of the medium is determined,  as was shown by the 
phase shift between the s t r e s s e s  and the rate of deformation. The time lag of the s t r e s se s  (T M > 0) leads to 
destabil ization of the motion - a reduction in the cr i t ical  Reynolds numbers .  Otherwise the motion is s tabi-  
lized. 

Tij 
Ui 
xi 
t 
P 

= ToL/~*V 
T o 

and ~c 

N O T A T I O N  

is the s t r e ss  tensor  deviator;  
are  the components of the velocity vector ;  
a re  the coordinates;  
is the t ime;  
is the p r e s s u r e ;  
is the plast ici ty pa rame te r ;  
is the l imiting shear  s t r e s s ;  
are  the dimensionless  wave number and the perturbat ion frequency; 

1338 



Re = pVL/?/* 

P 
Fij  

is the Reynolds number ;  
is the densi ty;  
is the deformat ion  ra te  t ensor .  
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V A R I A T I O N  O F  T H E  R H E O L O G I C A L  P R O P E R T I E S  O F  

M U L T I P H A S E  M I X T U R E S  D U R I N G  T H E I R  

P R E S S U R E  T R E A T M E N T  

B .  M. Y a k u b o v  UDC 532.135 

Nonequi l ibr ium effec ts  in the b a r . t r e a t m e n t  of non-Newtonian mul t iphase  s y s t e m s  a re  d i s -  
cussed.  

It  has  been es tab l i shed  by a la rge  number  of invest igat ions that  when non-Newtonian s y s t e m s  a re  p r e s -  
su re - loaded  under  s ta t ic  condit ions,  one obs e rve s  a slow p r e s s u r e  drop to some s tabi l ized value [1]. 

These  kinetic ef fec ts  a re  obse rved  under both s ta t ic  and dynamic conditions [2]. 

The " p r e s s u r e - d r o p "  effect  was  the bas is  for  an examinat ion of the poss ibi l i ty  of regulat ing the rheo-  
logical  p r o p e r t i e s  of non-Newtonian s y s t e m s  through the i r  p r e s s u r e  t r e a t m e n t  - b a r . t r e a t m e n t .  

The effect  of p r e s s u r e  on the p r o p e r t i e s  of some non-Newtonian s y s t e m s  is d i scussed  below. Proceed ing  
f r o m  f l u i d - t r a n s p o r t  p rob lems ,  as  the models  of non-Newtonian  s y s t e m s  we chose:  1) g l y c e r i n + q u a r t z  dust  
(10%); 2) g l y c e r i n + q u a r t z  dust (10%)+CO 2 gas  (with g a s - l i q u i d  r a t ios  F = 5, 10, and 25 cm3/cm3); 3) g l y c e r i n +  
quar tz  sand with f rac t ion  of O 0 .25-0.75 ram. 

The t es t s  we re  conducted on a specia l ly  cons t ruc ted  instal lat ion whose main component  is the p r e s s u r e  
chamber  - an RUT cyl inder  (Fig. 1). 

The f i r s t  s e r i e s  of expe r imen t s  was p e r f o r m e d  with a non-Newtoaian sys tem,  a m ~ e o f  g l y c e r i n +  
quar tz  dust (10~), which was carefu l ly  evacuated at  T = 40~ before the s t a r t  of a tes t .  

The p r e senc e  of a piston in the RUT cyl inder ,  as is known, is a ssoc ia ted  with some " shea r "  fo rces  on 
the o rde r  of 1-1.5 a tm (tech.) expended in the motion of the piston i tself .  In o rder  to e l iminate  this effect,  
the expe r imen t s  were  conducted inside a container .  

The tes ts  were  conducted in the following way: excess  p r e s s u r e  was produced in the container  2 (Fig. 1) 
by dep res s ing  the piston with the p r e s s ,  and when the ass igned p r e s s u r e  P0 was reached  the container  was 
disconnected f rom the RUT cyl inder  by the valve 9, with the loading of the sy s t em taking place in a re la t ive ly  
shor t  t ime.  The t ime var ia t ion  of the p r e s s u r e  was r eco rded  with a s tandard m a n o m e t e r  6 with a scale  division 
of 0.2 a tm (tech.). 
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