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C O N C E R N I N G  T H E  M E C H A N I S M  O F  " C H O K I N G "  I N  

T U B E  F L O W S  O F  D I S P E R S E  S Y S T E M S  

G. M. Panakhov  U DC 532.584 

Electrokinetic phenomena m cohesive-discrete systems are considered. Based on the results o f  experimental  

invesltgattons, a "choktng" mechanism in the systems investigated is proposed. 

Certain complex systems possess rheopectic properties that are responsible for the appearance of peculiar 

effects. The practical use of such systems in pipelines has confronted researchers with the problem of plugging. 

The point is that, when disperse systems are transported through pipelines, plugs are formed that clog the pipes 

I1-3 1. Analysis of numerous works shows that this effect is obse~,ed irrespective of the spatial orientation of the 

pipes. "Suspended" or "cartridge" plugs are frequently encountered in practice I1 1. 

The authors of [1 1 show lhat such :systems are characterized by an angle of internal friction p and a 

coefficient of cohesion k that are character is t ic  of a cohesive-discrete  medium exhibi t ing  the "choking" effect. 

The  present  art icle suggests  a different  mechanism for these phenomena.  

A clay bentoni te  solution with densi ty  ;J = 1210 kg /m  3 and a viscosity of 0.022 Pa . s ec  with a d d e d  quartz 

sand part icles with d iamete r  d < 0.001 m in the amount  of 30% of the solution volume was subjec ted  to tests on 

the setup depicted in Fig. 1. The  prepared  cohesive-discrete  system was placed in a vessel 3, which was connected 

to a compressed -a i r  cy l inder  1. The extrusion pressure  in the sys tem P was control led  by a microregula tor  2. 

Trans fo rmer  oil was placed over the sys tem,  so it could be ex t ruded  uniformly from the ves se l . .  

As the sys tem was g radua l ly  loaded,  the solution was forced out into glass tubes 8 and  9. As is seen from 

the figure, the solution moved from the top down in tube 9 and from the bottom upwards  in tube 8. With fur ther  

loading of the sys tem,  the descending  motion of flow stopped,  despi te  a fur ther  increase  in pressure ;  but the 

ascending  flow cont inued,  though the reverse was to be expected.  Throughout  the ent i re  t ime per iod and on 

cessal ion of the ascending  flow, the system did not sink under  gravity. 

To reveal the mechanism of this effect, the electrokinetic propert ies  of the above sys tems were invest igated 

with al lowance for the fact that a d isperse  system carries a surface charge [4, 5 ]. 

The  tests were conducted on a setup (see Fig. 2) consist ing of the following basic e lements:  U5-7 electric 

potent iometer  1, e lectrodes 2, a glass tube 3 with a d iameter  of 0.012 m and a length of 0.8 m with the invest igated 

system 5, an air  supply 4, and  a cock 6. 

The  e lect rodes  were placed at the inlet and outlet of the tube containing the d isperse  sys tem.  As part of 

the s tudy,  the potentials  were recorded by connecl ing the upper inlet electrode to the background  of the device; 

the lower e lectrode indicated the accumulat ion potential .  

In the first series of exper iments  the motion of the d ispersed phase from the top down was cons idered .  In 

the vertical tube filled with the system the particles set t led out onto the electrode located in the lower portion of 

the tube. In the second series of exper iments  the electric potential  of the system in the ascending  d i spe rsed  phase 

flow was recorded.  

As seen from Fig. 3, the electric potential  in the descending system is higher  than that  for the ascending  

flow. The  results  ob ta ined  allow an assumption about  the mechanism involved in the choking effect. Since the 

particles interact  with one ano ther  and have a certain surface charge of the same sign [5 l, this could lead to the 

repulsion of solid part icles from one another ,  causing an "outward thrust" effect. 
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Fig. 1. Diagram of experimental setup: 1) compressed-air cylinder; 21 

microregulator; 3) vessel; 4) system investigated; 5) transformer oil; 6) air 

space; 7) pressure gauge; 8, 9) glass tubes; 10, I 1) measuring rules. 

Fig. 2. Diagram of experimental setup: 1) device for measuring potential; 2) 

electrodes; 3) tube; 4) air supply; 5) medium investigated; 6) cock. 

Fig. 3. Variation in time of the electric potential: 1) ascending flow; 2) 

descending flow. ~o, mV; t/000 sec. 

Fig. 4. Variation in time of the electric potential after air injection. 

In the third series of experiments the possibility of controlling the electric polential was considered. For 

this purpose, a cyclic injection of 10 .6 m 3 air from the source was performed (Fig. 2). The results showed that the 

magnitude of the charge accumulated decreases sharply after air injection and then gradually recovers (see Fig. 

4). 
Based on lhe investigations carried out, the following conclusions can be made: 

1. Particles of quartz sand entering into a clay solution carry the charges of the natural field. 

2. The choking effect in the motion of such cohesive-discrete systems as a clay solution with the addition 

of quartz sand is caused by the surface electric charge. 

3. It is established experimentally that the plugging of pipelines can be prevented by using gas inclusions. 

The author is very grateful to Academician A. Kh. Mirzadzhanzade for formulation of the problem and 

discussion of the results. 
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N O T A T I O N  

p, angle of internal friction; k, coefficient of cohesion; y, density of fluid; ~p, electric potential; t, time; P, 

extrusion pressure. 
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