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The method and technique of exper imenta l  study is descr ibed  with r e spec t  to the kinet ics  of 
cap i l l a ry  absorpt ion  of dis t i l led wa te r  and a 10% aqueous solution of NaC1 by quar tz  sand in 
a nonuniform magnet ic  field.  The resu l t s  of this exper imenta l  study a re  given. 

The effect  of magnet ic  fields on var ious  s y s t e m s  has recent ly  been the subject  of intensive inves t iga -  
tion, both at home and abroad [5-8]. We found that the effect  of a magnetic  field leads to an extensive range 
of physical ,  technological ,  and s i m i l a r  c h a r a c t e r i s t i c s .  As demons t ra ted  in [1-2], e lec t r i c  diffusion due to 
a gradient  in e l ec t r i c - f i e ld  s t rength ,  and magnet ic  diffusion due to a gradient  in magnet ic - f ie ld  s t rength  
should resu l t  f r o m  the p r e s e n c e  of nonuniform e lec t r ic  and magnetic  fields.  

With only a constant  magnet ic  field in effect,  the t r a n s p o r t  equation is wr i t ten  in the f o r m  

] = - -  amYoVU - -  a~YoVT - -  a.~ ag ~o (vB)/Hmag, (1) 

where  amag is the coefficient  of magnet ic  mois tu re  diffusion in a porous body. 
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Fig. 1. D iag ram of the instal la t ion used to inves t i -  
gate  the kinet ics  ef cap i l l a ry  absorpt ion  in an e l ec -  
t romagne t  field: D automat ic  unit; 2) voltage s t a -  
b i l izer ;  3) switch; 4) a u t o t r a n s f o r m e r ;  5) M-104 
a m m e t e r ;  6) vo l tme te r ;  7) rec t i f i e r ;  8) e l e c t r o m a g -  
net with r emovab le  poles;  9) switch; 10) U-shaped 
vesse l ;  11) me te r ing  tube; 12) t es t  spec imen .  

Here  we cons ider  the specia l  p rob l e m r e -  
lating to the kinet ics  of cap i l l a ry  liquid absorpt ion 
under  the action of a constant  magnetic  field. 

In solving the p rob lem of developing an e l ec -  
t romagne t ,  we proceeded  on the bas i s  of cons ide ra -  
tions which made provis ion  for  the need to achieve 
the max imum possible  field s t rength  for the g r e a t -  
es t  gap between the poles .  The e lec t romagne t ic  
field was es tabl i shed by means of a de and an ac 
e l ec t romagne t  (Fig. 1). The e l ec t romagne t  con-  
s i s t s  of a r ec tangu la r  magnetic  c i rcui t  made up 
of 0.35 m m  e lec t r i ca l  s teel  sheet  and r emovab le  
poles covered  with segmented  windings. The mag-  
netic c i rcui t  is bolted tight with s teel  p la tes .  With 
this device it is poss ib le  substant ia l ly  to reduce  
the leakage flux and to ensure  excel lent  r igidi ty 
for  the sy s t em.  

The magnetic c i rcui t  is fashioned so that an 
or i f ice  124 • 124 m m  rema ins  at the ends for  the 
instal lat ion of the poles .  The shift ing of the poles 
and the set t ing of the requi red  gap is accompl ished  
by turning a knob. The dis tance between the pole 
pieces  may va ry  f rom 0 to 90 mm.  

The magnet iz ing coils a re  made up of eight 
segments  with PB wi re  (3.05 m m  in d iameter )  

Insti tute of Heat and Mass T r a n s f e r ,  Academy of Sciences of the Be lo russ i an  SSR, Minsk. T r a n s -  
lated f rom Inzhenerno-F iz ichesk i i  Zhurnal ,  Vol. 16, No. 2, pp. 270-275, Februa ry ,  1969. Original  a r t i c le  
submit ted July 3, 1968. 

�9 1972 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

177 



,9' 

6000 

 ooo I 
[ -  8 6 0 2 0 2 4' 0 O IOl  

Fig. 2. Distribution of magnetic-field 
strength H, in Oe in the 60 mm gap between 
the poles of the electromagnet, along the 
axis perpendicular to the magnetic lines of 
force,  as a function of the current  strength 
in the winding of the electromagnet:  a) I 
=10A;b)  15A;c) 18 A; d) 20 A; e) 25 A; f) 
28 A; l, in cm. 

used for the winding, and the fill factor  is 0.9. There is 
a total of 2800 turns.  The coils can be ser ies -connected ,  
or  they can be connected in paral lel .  The e lectromagnet  
is fitted out with a device which makes it possible to 
turn the electromagnet  about the axis through 180 ~ , thus 
permit t ing various types of r e sea rch  to be conducted in 
the field of the electromagnet .  

After  the constant magnetic field is set up, the e lec-  
t romagnet  is fed f rom a rec t i f ie r  which operates  on a 
three-phase  bridge circuit .  

The output voltage of the rec t i f ie r  var ies  smoothly 
f rom 0 to 220 V, thanks to the RNT-220-6 voltage regula -  
tor .  Armeo- i ron  pole pieces are used for work in a con-  
stant magnetic field. 

Figure 2 shows the distribution curves  for the 
strength of the magnetic field along the axis. The strength 
of  the magnetic field is measured by an E l l - 3  magnetic 
induction meter ,  accurate  to within 2-3%. 

To study the mechanism of liquid motion in capi l-  
l a ry -porous  bodies, we produced the installation shown in 
Fig. 1. 

The main part  of the installation is the U-shaped vessel  filled with the test  liquid, with the test  mate-  
rial  in a column on one of the a rms ,  and the other a rm  conta4ning a sealed glass meter ing tube. The glass 
metering tube is filled with the test  liquid and, at the open end, is brought into contact with the liquid in the 
U-shaped vessel .  

P r io r  to the beginning of the experiment P1 + hy = Pa, where P1 is the air  p r e s su re  above the level 
of the liquid in the metering tube; Pa is the ba romet r i c  p res su re ;  h is the height of the liquid column. 

As soon as the absorption process  begins, the liquid level in the U-shaped vessel  drops,  and air  bub- 
bles enter  the metering tube which ejects a specific amount of liquid until an equilibrium state is again 
established. Thus the liquid level in the U-shaped vessel  is kept constant. The quantity of absorbed liquid 
can be judged in the meter ing tube f rom the movement of the meniscus.  The U-shaped vesse l  is housed in 
a plastic container - thermally insulated with foam plastic - through which water  is kept circulat ing f rom 
a TL-150 ul t ra thermosta t .  The tempera ture  is maintained to within an accuracy  of 0.1~ All of the ex-  
per iments  were per formed at a tempera ture  of 22~ 

The experiments  were ca r r i ed  out in the following sequence.  A column with a ret iculate bottom is 
filled with the test  mater ia l  which is compressed  for 1 min on a vibrat ion stand. The column is then placed 
into one a rm  of the U-shaped vessel ,  and it is kept between the poles of the e lectromagnet  until contact with 
the liquid. At the instant that it comes into contact with the liquid, a stopwatch is s tar ted and the height of 
the liquid r ise  in the column is followed visually on a scale marked on the column, and note is also taken of 
the quantity of absorbed liquid f rom the movement of the liquid meniscus in the meter ing tube. 

Here we present  the experimental  resul ts  obtained f rom our study into the kinetics of capi l lary ab-  
sorption of distilled water  and a 10% aqueous solution of NaCI in quartz sand of the following granulometr ic  
composition: 17% with a diameter  of 0.1-0.2 ram; 49% with a d iameter  of 0.2-0.315 mm; and 34% with a d iam- 
eter  of 0.315-0.5 ram. 

We per formed experiments  in a uniform magnetic field with a strength of up to 11,000 Oe, as well as 
in a nonuniform magnetic field with various field gradients .  

In the experiments in a uniform magnetic field we found that the magnetic field exerts  no noticeable 
effect on the mechanism of capi l lary liquid absorption. 

The experimental  data for the nonuniform magnetic field are  shown in Fig. 3. Here we also show the 
ra tes  of absorption as functions of the quantities rec iproca l  to the height of liquid r i se  dh/d7 = f(1/h), de-  
r ived by graphical  differentiation of the above-cited curves .  
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Fig. 3. Curves for the kinetics of cap i l la ry  a b s o r p -  
tion of disti l led wa te r  (a) and a 10% aqueous solution 
of NaC1 (b) in quar tz  sand for  var ious  gradients  of 
the magnet ic - f ie ld  s trength:  1) the height h (mm) of 
the cap i l l a ry  r i s e  as a function of the t ime  ~= (rain) 
without a magnet ic  field; 2) in a magnetic  field, with 
an ave rage  s t rength  gradient  of dH/dx = 372 O e / c m  
(a) and 537 O e / e m  (b); 3) for  537 O e / c m  (a) and 575 
O e / c m  (b); 4) for  610 O e / e m  (a and b); 5) ra te  of 
cap i l l a ry  absorpt ion dh/d~- ( ram/see)  as a function of 
1/ll (ram -1) without a magnetic  field; 6) in a magnetic  
field for  dH/dx -- 372 O e / e m  (a) and 537 O e / e m  (b); 
7) for  537 O e / c m  (a) and 575 O e / c m  (b); 8) for  610 
O e / c m  (a and b); a '  and b '  show the re la t ionships  b e -  
tween ~?* and grad  H (Oe/cm),  r espec t ive ly ,  for  d i s -  
t i l led wa te r  and a 10% aqueous solution of NaCI. 

We see  f r o m  Fig. 3 that the ra te  of cap i l l a ry  absorpt ion of dist i l led wa te r  and 10% aqueous solution 
in quartz  sand in a magnet ic  field differs  f rom the ra te  of cap i l l a ry  absorpt ion without a magnet ic  field to 
an extent that  is g r e a t e r ,  the g r e a t e r  the gradient  of the magnet ic - f ie ld  s t rength .  The re la t ionships  between 
the ra tes  of e ap i l I a ryabso rp t i on  and the magnitudes r ec ip roca l  to the height of liquid r i s e  a re  plotted as 
s t ra igh t  l ines which in te r sec t  the posi t ive axis of a b s c i s s a s .  

As shown in [3-4], the ra te  of cap i l l a ry  liquid absorpt ion in cap i l l a ry -porous  bodies can be p resen ted  
in an equation of the f o r m  

d~- = % - -  {~ ' (2) 

where  fl r e p r e s e n t s  the segment  cut by the s t ra igh t  line of the dh /dz  as a function of 1/}1 on the posi t ive  p o r -  
tion of the axis of absc i s sa s :  

1 
(3 - -  h ~ . x  ' % = t g ~ ,  (3)  

where  (0 is the angle at which the s t ra ight  line s lopes  to the horizontal .  

It should be pointed out that these  s t ra igh t  lines in te r sec t  the axis of a v s c i s s a s  at only a single point, 
both for  the case  of dist i l led wa te r  and for  the case  of a 10% aqueous solution of NaCI, for  var ious  gradients  
of the magnet ic - f ie ld  s t rength.  

Consequently,  the m a x i m u m  height of liquid r i s e  (or the max imum quantity of absorbed liquid) in the 
above-c i ted  eases  for  var ious  magnet ic - f ie ld  gradients  is identical.  
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According to [3-4], the liquid v iscos i ty  is given by the express ion  

2 
7oReffghrnax 

'] = 8tg cp ' 
(4) 

where 70 is the liquid density; Reff is the effect ive mean cap i l l a ry  radius;  tan (p is the tangent to the angle 
of s t r a igh t - l ine  inclination to the horizontal .  The tangent to the angle of inclination fo r the  s t ra ight  line 
given by dh/d7 as a function of 1/h thus de te rmines  the liquid veloci ty  as a function of the mean magne t ic -  
field s t rength  gradient  

~1" ~ _ tg~o , (5) 
~{o tg ~0 

where  T0 is the liquid v i scos i ty  without a magnetic field; ~? is the liquid v i scos i ty  in a magnetic  field. 

Figure  3 shows 7"  as a function of the magnet ic - f ie ld  s t rength  gradients  fo r  dist i l led wa te r  and a 10% 
aqueous solution of NaC1. As we can see  f r o m  the figure,~?* diminishes  with an inc rease  in the magne t i c -  
field s t rength  gradient .  

Analyzing the resul t ing exper imenta l  data, we can draw the conclusion that a nonuniform magnetic  
field acce l e r a t e s  the motion of a liquid in cap i l l a ry -po rous  bodies and this ,  apparent ly ,  is assoc ia ted  with 
the reduction in liquid veloci ty  in a nonuniform magnet ic  field. 
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