
O B L I T E R A T I O N  O F  C A P I L L A R Y  

F L O W  O F  M I N E R A L  O I L S  

N. N. K r a s i k o v  

C H A N N E L S  IN T H E  

UDC 532.54 

The flow of commerc ia l  and purified vaseline oil (MVP) through capi l lary channels is studied 
experimentally;  data relat ing to the concentrat ion of solid d ispersed par t ic les  in the oils are  
presented.  The blocking of the capi l lar ies  is determined by coagulation p rocesses  which 
intensify in a hydrodynamic flow. 

It was shown ear l ie r  [1] that, under cer tain c i rcumstances ,  in the absence of marked s t ruc tu re -  
formation,  the flow of commerc ia l  oils through capil lary channels failed to obey the Poiseuille law; the 
volumetr ic  rate of flow gradually diminished and tended to zero.  This phenomenon has been given the name 
of "obliteration" [2] and has been studied in detail by a number of authors [3, 4]. The obliteration p rocess  
is determined by a number of pa rame te r s :  the theological  proper t ies  of the oils,  the existence of polar 
molecules  inclined toward micelle formation and adsorption on the interface with the solid mater ia l ,  the 
concentrat ion and dimensions of impuri ty par t ic les  dispersed in the oil, and so forth [5]. Despite the wide 
var ie ty  of fac tors  determining flow through narrow channels, the sharp reduction in the flow of liquid must 
be associa ted with the development of an ordered  s t ructure  of high mechanica l  strength in the capil lar ies  
as a resul t  of p roces se s  involving par t ic les  of the d ispersed phase in the mineral oils. This paper is 
concerned with the study of this problem. 

Microscope and u l t ramicroscope  examinations have shown that, in those cases  in which obliteration 
occurs ,  the oil contains a comparat ively  large quantity of suspended par t ic les  (Fig. 1). The number and 
size of the d ispersed par t ic les  per  unit volume of oil are determined by a microscope method in l inear ly-  
polar ized light, using the method of [6]; quantitative es t imates  of the impuri t ies  in various oils are  p re -  
sented in Table 1. 

We measured  the flow of liquid through capi l lar ies  of regular  geometr ical  form using a standard 
hydros ta t ic  p res s  [7]. The aper tu res  of the capi l lar ies  were prepared  by the e l ec t r i c - spa rk  machining of 
a b r a s s  block, and also by drawing f rom a glass  tube. The cleanliness of the capil lary before and after  the 
experiment  was checked under the microscope .  We principally studied oils of the MVP type, both in the 
ordinary  commerc ia l  state and also when purified by silicagel and repeated fil tration through finely porous 
paper f i l ters .  In addition to this, we studied suspensions of graphite,  quar tz ,  and aluminum in purified 
oil. The concentrat ion of the d ispersed phase was no g rea te r  than 0.1 wt. % in any of the experiments.  The 
suspensions were prepared  by crushing the mater ia l s  in a porcelain mor ta r  in the presence of the 

TABLE 1. Concentration of Dispersed Par t ic les  of Various Sizes 
in Commercia l  and Purified Oils 

Oil 

Vaseline (MVP), commercial 
Spindle (AU), commercial 
Diesel (MT-16p), commercial, with 
additive 

Vaseline (MVP), purified 

_ Particle concentration, 1/cm 3 _ 

less than I 2 5 more than 
2 g ~ - /l 5-10 ~ " 10 # 

420000 
160000 

1500900 
65000 

180000 
120000 

120000 
individual 
panicles 

12000 
39000 

9OOOO 

9500 
30000 

19000 
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Fig. 2 

Fig. 1. Microscope  photograph of pa r t i c l e s  in c o m m e r c i a l  oil taken 
with c ro s sed  polaroids .  

Fig. 2. Dependence of the vo lumet r ic  (Q, cm3/min) flow of l iquidon 
the t ime of flow (t, rain) for var ious  p r e s s u r e  drops  in a b r a s s  cap-  
i l lary:  1,2) purif ied;  3)-5) commerc i a l  oil; 6 ) w a t e r / o i l  emuls ion,  
1.0 vol. %; 1), 3), 5), 6) 1.55 kg/cm2; 2), 4) 0.55 kg /  cm 2. 

d i spers ion  medium,  with subsequent  dilution to the specif ied concentrat ion.  The quality of the d i spers ion  
was  checked under the mic roscope  and u l t r amic roscope ;  pa r t i c l e s  and aggrega tes  with a d i ame te r  of ove r  
10~ w e r e  not allowed. An emuls ion of dist i l led wa te r  in purif ied oil with a concentrat ion of 1.0 vol. % was  
p r e p a r e d  by u l t rasonic  d ispers ion .  

The e lec t rokine t ic  potential  was  m e a s u r e d  by the moving-boundary  method in a Cohn appara tus  with 
plat inum e lec t rodes  and f i l t r a tes  of the suspensions  as  auxi l iary  l iquids.  The value of the ~-potential  was  
close to zero .  

F igure  2 c h a r a c t e r i z e s  the outflow of liquids through a meta l  cap i l la ry  of d i ame te r  105 ~ and length 
1 m m .  We see f r o m  the curve that for  purif ied oil (curves 1, 2) the vo lumet r ic  flow is  re la t ive ly  constant ,  
only changing within the l imi t s  of exper imenta l  e r r o r  ove r  a per iod of 20 min. The Q = f(t) cha rac t e r i s t i c  
of c o m m e r c i a l  oil (curves  3, 4) has  three  pa r t s :  f i r s t  one with a s lowly-vary ing  Q, then one with a sharp  
fall in flow veloci ty,  and then a third sloping pa r t  immedia te ly  preceding  the stoppage of the flow of liquid. 
The shape of the curve and the t ime requi red  for the complete  stoppage of the capillai:y l a rge ly  depend on 
the external  p r e s s u r e .  

Analogous laws are  obse rved  in the flow of g raph i t e  suspens ions  of var ious  concentra t ions ,  quar tz ,  
and a luminum in purif ied oil (Fig. 3, cu rves  1-5) and also w a t e r - o i l  emuls ion  (Fig. 2, curve 6). In a g lass  
capi l la ry  95~ in d i ame te r  and 50.0 m m  long, however ,  c o m m e r c i a l  oil f lows at a constant  ra te  for  25 days  
for  a p r e s s u r e  drop of 0.05 k g / c m  2. 

As the d i spers ions  flow through the capi l la ry ,  pa r t i c l e s  a re  deposi ted on the wal l s ,  chiefly at the ends 
of the channel,  and mainly on the side of the mouth (aperture)  as indicated in Fig. 4; these reduce the 
hydraul ic  conductivity of the sys t em.  The thickness  of the s t ruc tured  l aye r  on the inner surface  of the 
capi l la ry  i n c r e a s e s  gradual ly ,  since the radius  of the l a t t e r  is  more  than an o rde r  of magnitude g r e a t e r  
than the d imens ions  of the d i spe r sed  pa r t i c l e s .  

Analysis  of the var ious  poss ib le  causes  of obl i tera t ion leads  to the conclusion that the change in the 
ra te  of flow of d i spe r sed  s y s t e m s  through narrow channels is  due to a l a rge  number  of phys icochemica l  
and hydrodynamic  phenomena,  u l t imate ly  amounting to the t rapping of pa r t i c l e s  on the wal ls  and the i r  
subsequent  coagulation. The specif ic  c h a r a c t e r  of the d i spers ions  with a t ime-dependent  flow ra te  is  
p r i m a r i l y  de te rmined  by the low r e s i s t ance  of the pa r t i c l e s  to adhesive fo rces ,  and secondly by the ex -  
t r e m e l y  low numer ica l  concentrat ion of the d i spe r sed  phase.  The combination of these f ac to r s  is  one of 
the main conditions governing the blocking of capi l la ry  channels.  

When p re sen t  in a compara t ive ly  la rge  volume,  mic roscop i c  objects  may exis t  in the suspended state 
for  a long t ime.  The posit ion changes sharply  if  the suspens ions  a re  flowing in a volume,  one of the d imen-  
sions of which is  comparab le  with the mean  d i sp lacement  of the pa r t i c l e s  in the t ime t. 
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Fig. 3. Dependence of the volumetr ic  (Q, cm3/min) flow of the 
suspensions on the time of flow (t, rain) for  a p re s su re  drop in 
the b r a s s  capi l lary  of 1.55 kg/cm2: 1)-3) graphite with a con- 
centrat ion of 0.01, 0.005, 0.0005 wt.% respect ively;  4) quartz  
(0.0005 wt. %); 5) aluminum (0.0005 wt.% ) in purif ied oil. 

Fig. 4. Microscope photograph of the mouth of a glass cap-  
i l lary  af ter  obl i terat ion with commerc ia l  oil MVP at 0p/0x 
= 8.5.10 ~ N/m 3. 

In the hydrodynamic flow of a Newtonian liquid, par t ic les  moving at different  dis tances f rom the axis 
of the channel have different  forward veloci t ies ,  and may rotate  around their  own cen te rs  of iner t ia .  It 
has been shown [8] that nei ther  of these fac tors  can produce any substantial interact ion between spherical  
objects in a l aminar  flow; near  the axis par t ic les  may collide simply as a resu l t  of their  Brownian motion. 

It was la te r  concluded [9] when studying the behavior  of d ispers ions  in a flow that col l is ions between 
the par t i c les  were  considerably intensified by turbulent  diffusion appearing in the presence  of a velocity 
gradient  in the boundary l ayer .  Still e a r l i e r  [10] allowance was made for  the effects  of molecular  diffusion 
and the velocity gradient  of the dispers ion medium on the coagulation process :  

dn _ 1 4 k T  r30-~r } (1) 

For  a cyl indrical  channel we have [9] 

Substitution of (2) into (1) gives 

(5 -n + (3) 

Taking kT = 4.2 -10 -21 J ,  ~/ = 0.02 N . s e c / m  2, n = 1012 1 /m 3, r = 1.10-6 m, R = 5 -10 -5 m, and ap /0x  
= 15.3.107N/m 3 we obtain 

dn 

ndt 
- - -  = (2.8.10 -7 +0.3.10 -1) 1/sec. 

Thus coagulation associated with the velocity gradient  in a boundary l aye r  is much g r ea t e r  than that 
associa ted with the Brownian motion of the par t ic les .  With increas ing  dp/dx the velocity gradient becomes  
g rea t e r ,  in agreement  with the ea r l i e r -men t ioned  increase  in the intensi ty of obli terat ion with p r e s s u r e .  
In addition to the coll ision and adhesion of the par t ic les ,  these may also become detached. Calculations 
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show that, in the flow of commercial oils and suspensions only a small part of the volume of the dispersed 
phase is detained in the capillary channel (0.1-1.0 vol. %), forming a high-strength structure. The greater  
blocking of the channels in the end regions is evidently associated with the rise in velocity gradient at these 
points. The outflow is greatly stabilized (Fig. 2, curve 5) when the mouth of the capillary is enlarged to 
125~ and given the form of a funnel. 

The factor of ion-e lec t ros ta t ic  interaction does not apparently play any major part in the obliteration 
of a channel when there is no electric field in the gap. 

Obliteration during the flow of emulsions deserves special attention. This problem requires a de- 
tailed examination, but there is a certain opinion [11] to the effect that dispersed liquid part icles behave in 
the same way as solids. 

Summarizing all the foregoing, we may say that, for a number of technological systems (hydraulic 
drives and automatic equipment), existing methods of eliminating the obliteration of gaps [3, 4] should be 
supplemented by a more reasonable choice of channel shape and also the careful removal of dispersed solid 
and liquid impurities. 
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NOTATION 

volumetric rate of flow; 
time of flow; 
number of particles in unit volume; 
Boltzmann's constant; 
absolute temperature 
dynamic viscosity of the medium; 
radius of the particle; 
radius of the capillary; 
velocity gradient in the direction of the radius; 
pressure gradient in the capillary. 
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