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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.). 

Azerba idzhan  Civ i l -Engineer ing  Ins t i tu te ,  Balm. T rans l a t ed  f rom Inzhenerno-F iz ichesk i i  Zhurnal ,  Vol, 
35, No. 5, pp. 872-876, N o v e m b e r ,  1978. Original  a r t i c l e  submit ted December  6, 1977. 
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Fig. 1. D iagram of e x p e r i m e n -  
tal  instal lat ion for  b a r o t r e a t m e n t  
of non-Newtonian mul t iphase  s y s -  
t ems :  1) h i g h - p r e s s u r e  RUT cy-  
l inder ;  2) h i g h - p r e s s u r e  container ;  
3) hydraul ic  p r e s s ;  4) v e s s e l  con-  
taining glycol; 5) manifold;  6) s t an-  
dard  m a n o m e t e r s ;  7) t he rmos ta t ;  
8) vacuum line; 9, 10) h i g h - p r e s -  
sure  va lves .  

During a t e s t  a p r e s s u r e  d rop  f r o m  P0 = 93.6 a tm (tech.) (Fig. 2, line I) to p rac t i ca l  s tabi l izat ion at Pl = 
90.7 a tm (tech.) was obse rved  in 3.5 h. Upon the subsequent  loading of the s y s t e m  to the or iginal  value of 
P0=93.6 a tm (tech.) a p r e s s u r e  drop was also observed  but by less  than the preceding  value,  P2=92 a tm (tech.), 
and s tabi l izat ion of the p r e s s u r e  occur red  in a sma l l e r  t ime (Fig. 2, line II). After  the next compress ion  a 
change in p r e s s u r e  was not observed:  P3=P0=93.6  arm (tech.) (Fig. 2, line IID. 

Fo r  a compar i son  of the r e su l t s  obtained,  we made control  t es t s  with Newtonian liquids (water and gly-  
cerin) ,  which do not change the i r  rheological  c h a r a c t e r i s t i c s  during p r e s s u r e  loading and the amount  of excess  
p r e s s u r e  does not v a r y  with t ime.  

In the second s e r i e s  of expe r imen t s  we examined the poss ib i l i ty  of reducing the b a r o t r e a t m e n t  t ime.  The 
initial p r e s s u r e  was  se t  the same  as  in the p reced ing  expe r imen t s :  P0 = 93.6 arm. (tech.). A slow p r e s s u r e  
drop was also obse rved  he re ,  but the re loadings  took place  not a f ter  i ts  prolonged s tabi l izat ion but in per iods  
of a re la t ive ly  low ra te  of p r e s s u r e  drop.  At P = 92 a tm.  (tech.) the sy s t em was loaded to values  cor responding  
to line II (Fig. 2). In this case a second p r e s s u r e  drop  was obse rved ,  no longer  along the line II  but somewhat  
below it. Without wait ing for  s tabi l izat ion of the p r e s s u r e  the next compres s ion  (Fig. 2, III) was p e r f o r m e d  
and a slow p r e s s u r e  drop  was again observed .  S imi lar  act ions were  repea ted  until the p r e s s u r e  no longer  
changed a f te r  the next compres s ion  (Fig. 2, IV). With pulsed s tepwise loading the p r o c e s s  of loading and total 
s tabil izat ion of the p r e s s u r e  took about 3.5 h. 

A compar i son  of the r e su l t s  of the f i r s t  and second s e r i e s  of t es t s  showed that the effect ive fac tor  of the 
p r o c e s s  of b a r o t r e a t m e n t  of non-Newtonian s y s t e m s  is probably  not the durat ion of the t r e a t m e n t  but the cyc l i -  
city of the p r e s s u r e  loading of the non-Newtonian sys tem.  A cons iderable  reduction in the t r e a t m e n t  t ime was 
achieved in the pulsed cycl ic  b a r o t r e a t m e n t  of non-Newtonian s y s t e m s .  

The r e su l t s  of these  t e s t s  can be explained as follows. One of the impor tan t  f ac to r s  of two- and t h r e e -  
phase  s y s t e m s  under  the conditions of d i rec t ional  act ions is the nonconstancy of the i r  rheologica l  p r o p e r t i e s ,  
which is connected with a change in the l aye red  s t ruc tu re  [3]. Orientat ion of the pa r t i c l e s  of the d i spe r s e  phase 
in the d i rec t ion  of action of the m a x i m u m  s t r e s s e s  occu r s  in this case .  

The next s tage of the invest igat ions was devoted to an exper imen ta l  invest igat ion of the effect  of b a r o -  
t r e a t m e n t  on the theologica l  c h a r a c t e r i s t i c s  of t h r e e - p h a s e  sy s t ems .  

In this s e r i e s  the f i r s t  expe r imen t s  w e r e  conducted with CO2 gas inclus ions ,  i .e . ,  the s y s t e m  consis ted 
of a mix tu re  of g lycer in  + quar tz  dust  (10~) + CO2 gas (with g a s - l i q u i d  ra t ios  F = 5 and 10 cma/cm 3 at the c o r -  
responding sa tura t ion  p r e s s u r e s  Ps  = 15 and 35 a tm (tech.). 

The t e s t s  we re  conducted in the following sequence.  The mix tu re  of glycer in  + quar tz  dust (10~) was d i s -  
ti l led f r o m  the container  into the RUT cyl inder ,  in which the gassed  mix tu re  was then p repa red .  The ass igned 
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Fig. 2. P r e s s u r e  var ia t ion:  I) af ter  f i r s t  loading; ID after  second; III) af ter  third;  
IV) stepwise loading. P .  104, N/m2; t, rain. 

Fig. 3. Baro t rea tment  of a mixture of glycerin + quar tz  dust (10%) + CO 2 gas. 
Solid lines) at  F = 5 m 3 / m  3 and  P s  = 15 �9 104 N / m 2 ;  dashed lines) at F = 15 m 3 / m  3 and 
P s  = 7 0 . 1 0 4  N / m  2. P r e s s u r e  v a r i a t i o n  a f t e r :  I) f i r s t  l o a d i n g ; I f }  s e c o n d ; I I D  t h i r d  

loading. 
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Fig. 4. Baro t rea tment  of a mixture of gly-  
cerin + quartz sand of 0.25-0.75 �9 10 -3 ram(15%): 
1) P0 = 250.104 N/m 2 (initial p ressure ) ;  2) 
200. 104; 3) 98" 104; 4) 51.104 N/m2; 5) unload- 
ing of the sys tem.  P .  104, N/m2; t, rain. 

g a s - l i q u i d  ratio (F) was monitored by taking samples f rom the RUT cylinder with their  subsequent m e a s u r e -  
ment. The tes ts  were  run at p r e s s u r e s  above the saturat ion p res su re .  Then the sys tem was p res su re  loaded 
to the assigned value of P0 and the container was disconnected with the valve 9. The p re s su re  drop in the RUT 
cylinder was monitored f rom readings of a standard manometer .  It should be noted that the tests  were con- 
ducted at a constant tempera ture  T = 30~ 0.05~ 

Curves of the p r e s s u r e  drop upon loading of a sys tem of glycerin + quar tz  dust (10%) + CO2 gas [ r  = 5 cm3/ 
cm3, Ps = 15 atm (tech.)] are  presented in Fig. 3. 

Complete p r e s s u r e  stabilization [P0 = P3 = 77.4 arm (tech.)] was achieved with three compress ions  in a 
space of 3 h. 

To refine the influence of the g a s - l i q u i d  rat io on the baro t rea tment  p roces s ,  we conducted experimental  
investigations of the above-indicated mixtures  with different g a s - l i q u i d  rat ios.  

The resul ts  of a tes t  on the baro t rea tment  of a non-Newtonian sys tem of glycerin + quartz  dust (10~) + 
CO 2 gas (F = 25 m3/m 3, Ps = 70- 104 N/m 2) are  presented in Fig. 3 (dashed curves I, II, and III). 

As seen f rom Fig. 3, after  three compress ions  the initial p re s su re  level does not vary  with t ime,  with 
each cycle of compress ion  and p re s su re  stabilization taking place in 1 h. The entire baro t rea tment  p rocess  
occupies somewhat less than 2 h. 
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F r o m  the t e s t  r e su l t s  p resen ted  in Figs .  2 and 3 it is seen that with gas inclusions the re la t ive  p r e s s u r e  
d e c r e a s e  is l e s s  than for  a degassed  mix ture .  The " p r e s s u r e - d r o p "  effect  d e c r e a s e s  with an i nc rea se  in the 
g a s - l i q u i d  ra t io ,  which is  evidently explained by the negat ive influence of the d issolved gas on the r e d i s t r i b u -  
tion of the d i s p e r s e  phase.  

The r e su l t s  of t e s t s  on the b a r . t r e a t m e n t  of a mix tu re  of glycer in  + quar tz  sand (15%) with f rac t ions  of 
0.25-0.75 m m  a re  p resen ted  in Fig. 4. In this s e r i e s  of expe r imen t s  three  tasks  were  set :  f i r s t ,  to c lar i fy  the 
influence of the p r e s s u r e  level  on the rheological  c h a r a c t e r i s t i c s  of non-Newtonian s y s t e m s ,  and a lso  to in- 
ves t iga te  the " m e m o r y "  of a t r ea t ed  sys t em.  

F r o m  a compar i son  of the " p r e s s u r e - d r o p "  curves  of Figs.  2 and 4 it follows that the higher  the sand 
concentrat ion in the s y s t e m ,  the l a r g e r  the " p r e s s u r e - d r o p "  effect ,  and one a lso  obse rve s  a s t rengthening of 
the effect  with an i nc rea se  in the f rac t ion  s i zes  of the d i spe r se  phase.  

F r o m  curves  1-4 of Fig. 4 it  is seen that  the p r e s s u r e  level  of the b a r , t r e a t m e n t  has  an impor tan t  in-  
fluence on the " p r e s s u r e - d r o p "  effect ,  i . e . ,  with an inc rease  in the initial p r e s s u r e  level  P0 the " p r e s s u r e -  
drop" effect  is cons iderably  higher .  

Special t e s t s  conducted by the method of [1] showed the absence  of a " m e m o r y "  for  the s y s t e m s  inves t i -  
gated (Fig. 4, l ines  5). 

An ana lys i s  of the r e s u l t s  p re sen ted  above showed that " p r e s s u r e - d r o p "  effects  lead to a change in the 
rheological  p r o p e r t i e s  of non-Newtonian mul t iphase  s y s t e m s ,  in pa r t i cu l a r ,  to a ma rked  d e c r e a s e  in the l im i t -  
ing shear  s t r e s s  r 0. 
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