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Influence of Moisture Conductivity
during Electro-Osmosis

?

'A. V. Netushil and K. M. Polivanov

In the studies of electro-osmotic drainage and in the interpretation of
laboratory observations of electro-osmotic processes, the influence of mois-
ture conductivity and of thermal moisture conductivity is usually not taken
into consideration. * Often this cen lead to mistaken conclusions, for example,
an incorrect estimate of the dependence of the electro -osmtic coefficient
on the moisture content. In the general case, the velocity of motion of mois- . !
ture in a porous medium (soil) is determined from the equation®~*
V= kygrad h — ko grad ¢ — kggrad-w — k. grad 9, (1
where h is the piezometric head, @ is the electric potential, w is the abso-
lute moisture content, © is the temperature, and kp, ke, ka, and k¢ are the
coefficients of permeability, electro- p . A
Osmosis, moisture conductivity, and thermal § ——
moisture conductivity, respectively.
Moisture conductivity is connected with
the migration of the liquid phase of water

under the action of capillary pressure,
such as 20/r, where G is the surface ten-
sion of water on the air boundary in a
model of the system of narrow capillaries
of radius r, when there is no artificial
hindrance to total wetting. Thermal con-
ductivity of moisture is determined by
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Fig. 1. Experimenta) diagram
for determining electro-osmotic

;’ropeni:en of soils. A, anode;

cathode. The arrows indicate
the direction of the movement of
the moisture,

the displacement of moisture menisci due

‘to the dependence of 0 (and therefore of 20/r) on the temperature and by the

vapor migration resultirg from the dependence of the pressure of the satu-
rated vapors on the temperature.’ -
We shall examine the simplest laboratory apparatus for observing electro -
osmosis under conditions of varying moisture (Fig. 1). Moist soil is placed
between the anode snd the cathode, which are flat, perforated plates; the
soil is limited by the walls of the bath, which are at right mgles to the
surface of the electrodes. DBy the action of the electri~ field, the moisture
in the 30il moves from the anode to the cathode, where the excess moisture
flows into a measuring vessel; the mmount 6f water indicates the velocity of the
motion of the moisture near the cathode. Water can run off only if the apisture con-
tent of the s0il at the cathode is not less than. a certsin limiting value w);,.
‘ 'l'lul translation was prepared for the Nationel Science Foundation by the Russisn
Science Translation-Dictionary Project, Columbia University. It has been reproduced

direct from copy as submitted to the Technical Information Service, United States
Atomic: Ensrgy Eu-iui'ou )
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If there is no flow of mouture from the lnode thé moisture content of
the 80il is changed and the reduction in the velocxt.y of the displacement of
the moisture which is observed in such a case is, to a considerable extent:
(and even mainly), determined by the presence of forces counteracting mois-
ture condxcuvxt:y This fact is not usually taken into account; and the
-observed decrease in the .amount of outflowing lxquxd is attributed to a de-.
crease of the electro-osmtic effect accompanying the decrease in'the average
moisture of the soil.

We shall show how the velocity of the motxon of moisture must change vhen
‘the electro-osmotic coefficient is assumed to be constant but. when moisture
conducuvxty is taken into consideration.

It is easy to set up the differential equauon of the pmblem by adding
to Eq. (1) the equation relating the change in moisture content and the di-
vergence of the flow:

— o o% =divy, (2)
where Yo is the speclflc weight of completely dry soil,

In our one-dimensional prohlem (Fig. 1), moisture content and velocity
depend on one space coordinate x. In addition, assuming that

—g% = %2 =0, gradg=const, (3)

we shall write (2) as
aw k' (7'w 3
o T Ty, 08 (4)

Its solution w = -(z, t} mst satisfy the boundary eond.lnons thnt are for-
mulated below.

I. We assume that at the initial moment the moisture content is t.he sane.
everywhere and is equial to wo, i.e.,

w (x’ O) = Wy (S)

I1. According to our assumption, there is no flow of muisture to the snode; °
hence v = 0 for x = I, or, in view of (1) and (3),

(%z;) ="‘!E';E=‘Dr , (6)

where E is the intensity of the electric field,

III. Until the moisture content at the cathode (x = 0) reaches the lmtmg
value, i.e., until #(0, t) < w);,, the velocity at the cathode is also zero
and

(%%)x-o = _7__7 D. | : ‘ | (7)

IV. If at the instasit t = t; the moisture content of iae 20il near the
cathode reaches the value »;,, then, from this instant on, the bomndary
condition for x = 0 changes and instead of (7), we have

‘ w(O t) = Wjjs when t> tl‘., . ' (8)

The moisture content at the cat.hode &)es not exceed the luuung value be-
cause the moisture runs off. ‘
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If the initial moisture content w, is leu than w),,, first one must find ‘ ¥ ¥
the solution for the conditions in (5), (6), and (7). It is easy to show the : e
fo}lou_ng_ function satisfies (4) and the conditions stated above: L
w(x, 1) = @, +D»(i~ —-x) - - |
: © cos (Zv—i)
where ,
(9a) o ‘1 -
o
2, Graphs showing the de
of t.h volocny of water runoff oa time.
thaoretical dope-dom coqnud fr-
(Ox, pendance: coapatil® t HOR T
' l'_ ﬂ
Ly i ;,. emn'&‘:-a -
:ﬁ.pcl:qsud !‘a (l g“ 11-
for 9y = -],., ! :.l v/e-. Y?l’/h.- = 1100
} E=2 v/:',”Y:,l.”h. 1100 wia. © - Tim
3 Having determined the value © =6, (¢ = t,), for which
- 2v—1pe 10
® (0, ) = + D5 — = DI 2“—-—,.__"‘ o = w00 (10)
v ‘ " we look for a new solution ot ‘
e | B(xt) wen F=f—#3>0. an
5’, ;e This solution must satiasfy the seme bisic«e@a,t.ion ' * [ -
. o - N
FrAREDS s (12 . 8
.the boundary conditions (6) and (8), namely |
(E)a=—20. as) )
(0, ) =y, (14) L
. . : . coer N "*/-
and the initial condition N
w (x, 0) =w(x, ¢, . (15)
- - - T X
~“ "\ ﬁ, R - Y :ﬁ Q'-“Vf !




~ This new solution has the form'

where:

, R ‘ .
S =T —t). (16a)
PR ‘ - Y : .
- - The coefficients. R,, are determined by the -eqaation
i 1 . Ry 4 o= ¥1ia) + 2D/
— ~ B

el Dl(2p——1)2[ & a7

[ .

~ When we know w(x, t), it is easy to find from (1), under the conditions (3),
the velocity of flow of moisture from the cathode;

. - | 0, t)——'v,-keE+k.(-a:)N

—wk.Z‘.(zp— 1) Ruexp[—(2s —1)8). (18)

Fig. 2 shows the vf0, t) curves for various values of /%)

We have disregarded above the thermal moisture conductivity (k¢ grad6).
However, this term can have a noticeable effect at high current densities.
In some experiments, for instance, a maximm decrease of moisture is observed
in the central region between the c‘nth'pd‘e‘ and the anode; this effect is
easily expluned by the fact that in the smee region there is cbserved a
temperature maximm becsuse of the increase in hest tranmmission through the
surfaces of the electrodes.

In other cases (for instance, in reference 5) the heating of the soil near
the cathode results in a greater drying of the soil near the cathode than in
the so0il flrther from the electrodes, despite the action of electro-osmosis.

- e Caugnnde does not give the correct interpretation of the phenonmon he.
LS . cbserved.

:ﬁ - ) {chuﬂnmogc sakrepleniye gruntoy [Artificial Stabilization. of the Soxl]
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W(x,7) =w)ju— Dx + iR.. sin [f(zp.-- )5 x}]@éxp’[—\(’zg —1)*8, 6)
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