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DRYING OF A POROUS LAYER IN AN EXTERNAL CONSTANT 
ELECTRIC FIELD (ELECTROOSMOTIC DRYING)

Abstract

In this Chapter, mathematical modeling of the drying process of a porous layer under the 
influence of an external constant electric field is presented, taking into account the electroosmotic 
effects on mass and heat transfer. A mathematical model of electroosmotic drying is formulated 
based on the coupled equations of moisture transport, electrokinetic flow, and thermal effects. 
The analysis considers both natural and convective drying conditions, incorporating the impact of 
electroosmotic forces on moisture migration within the porous medium.

In the study, the fundamental mechanisms governing electroosmotic moisture removal are 
explored, including the formation of a double electric layer at the interface between the pore 
liquid and the solid skeleton, the competition between electroosmotic and capillary forces, and the 
transition between different drying regimes. A system of governing equations, including modified 
Stefan-Maxwell relations and generalized Darcy’s law, is derived to describe the transport pro-
cesses in the porous domain.

Numerical simulations are carried out. The experiments have demonstrated the effect of key 
parameters, such as electric field intensity, moisture content, temperature, and mass transfer co-
efficients, on drying kinetics. Results indicate that increasing the electric field intensity significant-
ly accelerates moisture removal, particularly during the initial drying stage when electroosmotic 
forces dominate.
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In drying processes, external mass transfer can be intensified through an active hydrody-
namic regime in the near-wall layer, induced by the action of external physical fields of various 
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natures [1–10]. Thus, the application of physical fields can stimulate efficient moisture removal 
from wet materials.

The works [11–14] explore the feasibility of using electroosmosis for moisture removal 
from various dispersed systems. These studies emphasize the role of electrokinetic properties 
in the process of liquid transport and separation under an applied electric field. The study by 
O. Berezniak [15] presents an experimental investigation of electroosmotic dewatering of kaolin, 
highlighting the potential practical application of this drying method. 

The possibility of using electroosmosis for mass transfer intensification is associated with the 
existence of a double electric layer at the interface between the pore liquid and the solid skeleton. 
This concept has been explored in theoretical and experimental studies [16–18], demonstrating how 
electrokinetic effects influence moisture movement in porous media and complex dispersed systems. 
To the issues of intensification of heat and mass transfer processes under the influence of an external 
electric field are devoted the works [19–21]. They have demonstrated the role of electromagnetic 
fields in controlling thermal stresses and optimizing heating modes in electrically conductive materials.

In [16], L. Lysenko has analyzed electrokinetic soil purification, which shares fundamental prin-
ciples with electroosmotic drying.

Mathematical modeling has played an important role in understanding electroosmotic drying 
processes. The works [22, 23] have focused on the mathematical representation of moisture 
transport in porous bodies, considering phase transition kinetics and deformations. 

Additionally, research on applied electroosmosis has extended to diverse fields, including in-
dustrial drying and food processing. Studies such as those by O. Severyn and A. Fariseev [24, 25] 
investigated drying systems enhanced by electroosmotic effects, demonstrating their potential in 
improving energy efficiency and process control.

Moreover, electroosmosis has been studied for its influence on multiphase systems and re-
active environments [26, 27]. The interplay between electrokinetic forces and fluid dynamics in 
these systems suggests promising applications for controlling moisture distribution and enhancing 
separation processes. 

The possibility of using electroosmosis for moisture removal from a body is associated with the 
existence of a double electric layer at the interface between the pore liquid and the solid skeleton. 
The presence of electric forces alters the nature of the drying process.

At the initial stage, a dried zone forms within the body only near a portion (S1) of the surface (S)  
on the side of the acting forces (dried Zone 1). The other part (S2) of the body’s surface remains 
moist, and if the electric force exceeds the capillary force caused by the curvature of the liquid-gas 
contact surface, electroosmotic liquid outflow will occur through this region. The liquid-gas phase 
transition surface is denoted by S*.

As the dried zone expands, its electrical resistance and voltage drop increase. Consequently, 
the voltage and the electric field intensity in the liquid-filled region will decrease. The reduction in 
liquid content during drying will also lead to a decrease in its total electric charge. The pondero-
motive force ρqE



 (ρq is the average charge density of the diffuse layer, 


E  is the electric field 
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intensity in the pores) acting on the liquid due to the electric field will diminish throughout the 
drying process. Meanwhile, the capillary force remains nearly unchanged at this stage.

Once these forces reach equilibrium, the electroosmotic liquid outflow through the surface (S2) 
ceases, and a dried zone also begins to form there. From this moment, the dried zones propagate 
inward from the surfaces (S1) and (S2), moving toward each other. Thus, the drying process occurs 
in two stages:

The 1st stage of drying. 
The mass transfer equations in the dried zone and the boundary conditions will be assumed 

under the following formulation:

  
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where ρv is water vapor density; ρa is air density; Kg is permeability coefficient of the porous 
medium, depending on the radius and shape of the pores; mg is dynamic viscosity coefficient of the 
gas; Ma is molar mass of air; Mv is molar mass of water vapor; R is universal gas constant; T is 
temperature; D` is effective binary diffusion coefficient in the pores.

On the moving surface (S*), the vapor density can be assumed to be equal to the saturated 
vapor density [28, 29]:

ρv = ρvn. (4.2)

The form of the boundary conditions on the surface (S) depends on the method of modeling the 
interaction between the body and the surrounding environment.

In the case under consideration, where the body is in contact with an environment consisting of 
an air-vapor mixture on the surface (S) under natural drying conditions, it can be assumed that at 
a sufficient distance from the surface (S), the vapor density ρve and air density ρae reach constant 
values ρv1 and ρa1, respectively, which are characteristic of atmospheric air, i.e. [3, 12, 35, 36]:

lim , lim ,� � � �ve
r

v ae
r

a
�� ��

� �1 1  (4.3)

where r is the distance from the surface (S).
In the region external to the body, mass transfer processes will be described by the Ste-

fan-Maxwell equations under the assumption of constant atmospheric pressure:





� �
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e
eD

v 0,
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On the surface (S), the normal component of the vapor flux from the drying body must be 
continuous, i.e.:




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�
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,  (4.6)

as well as the component densities of the mixture, which follow from the equality of partial pres-
sures at the surface (S):

� � � �ae a ve v� �, .  (4.7)

Equations (4.1)–(4.7) form a complete system of relations and can be used to describe mass 
transfer under natural drying of a porous body [30, 31].

At the first stage, the liquid moves under the influence of electric forces toward the sur- 
face (S2) with velocity (Generalized Darcy’s law):







�
�

�L
L

L
q k

K
E P� ��� �,

where KL is the permeability coefficient of the body relative to the liquid; mL is its dynamic viscos-
ity; Pk is the pressure induced by the curvature of the liquid-gas contact surface. It is possible to 
assume that the liquid freely exits the pores. At this stage, the phase transition of liquid to vapor 
near the surface (S2) will not be considered.

Thus, the amount of liquid in the body will decrease both due to drying from the surface (S1) 
and due to electroosmotic removal of moisture through the surface (S2). The mass balance equa-
tion in this case takes the form:

dm
dt

j n dS j n dSv
S

v
S

� � �� � � �� �
� � � �
� �1 1 1 2 2 2

1 2

 

,  (4.8)

where 
 

n n1 2,  are the outward normals to the surfaces (S1) and (S2), respectively; 


jv1  is the vapor 
flux through the surface (S1); 



jL  is the liquid flux through the surface (S2):
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j vL L L� ��


.  (4.9)

The 2d stage of drying.
At the moment when the electrical and capillary forces balance each other, i.e.:

�q L
V

kEdV P S
f



� �
� � �1 0* ,  (4.10)

the liquid outflow ceases, and a second dried zone (Zone 2) emerges, which will expand from sur-
face (S2) into the depth of the material. In (4.10) (VL) represents the region of the body occupied 
by the liquid; VL is its volume, and S1

*  is the area of the gas-liquid contact surface.
The problem of drying Zone 2 is formulated similarly to the drying problem for Zone 1. The mass 

balance equation for the moisture in the material now takes the form:

dm
dt

j n dS j n dSL
v

S
v

S

� � �� � � �� �
� � � �
� �1 1 1 2 2 2

1 2

 

.  (4.11)

Determination of electrical quantities.
The electric field intensity is determined from the corresponding electrostatics problems. For 

the first stage, the governing equation is given as:

�� �j j jE j� � �� �� �0 12, , , ,  




 (4.12)

which applies to the region (V1) (j = 1), bounded by surfaces (S1) and S1
*� � , and the region (VL) 

(j = 2), occupied by liquid, with the boundary conditions:

� � � �1 01 2 021 2� �  on the surface  on the surface ( ), ( ),S S  (4.13)

and the conjugation conditions at the interface:

� �1 2 1 1 2 1 10� � �� � �, , ( ),*  on the surface 


 

n j j S  (4.14)

where




j E jj j j� �� �� , , . 12  (4.15)

Here, 
 

j j1 2,  are the current density vectors, while σ1, σ2 denote the electrical conductivity 
coefficients in regions (V1) and (VL), respectively. The vector 



n1  represents the normal to the 
interface S1

*� �.
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For the second stage of drying, the electrostatics problem is formulated as:

�� �m m mE m� � �� �� �0 12 3, , , , ,  




 (4.16)

for the regions (V1) (m = 1), (Vf) (m = 2), and (V2) (m = 3), bounded by surfaces S2
*� �  and (S2), 

under the boundary conditions:

� � � �1 01 3 021 2� �  on the surface  on the surface ( ), ( ),S S  (4.17)

and the conjugation conditions:

� �1 2 1 1 2 10� � �� � �,  on the surface 


 

n j j S, ( ),*

� �2 3 2 2 3 20� � �� � �,  on the surface 


 

n j j S, ( ),*  (4.18)

where 


n2  is the normal to the surface S2
*� � .

The average charge density of the diffuse layer for a binary electrolyte solution, based on the 
theory of the double electric layer and works [1, 32, 33], is determined by the formula:

�
� �

q
f

p

fC
fRTk

zF
T

�
2 1�

�

,  (4.19)

where εf is the average absolute dielectric permittivity of the liquid phase; TΓ is the tortuosity 
factor; kp is the permeability coefficient of the porous medium; φ1 is the surface potential at the 
closest approach of ions [7]; z = z+ = –z–, where z+ and z– are the valencies of cations and anions; 
Ff is the Faraday constant; C is the electrolyte concentration; Π is the porosity of the material.

Thus, the problem of electroosmotic drying of a porous body includes the relationships given 
by (4.1)–(4.9).

It should also be noted that the use of an isothermal model for describing electroosmotic drying 
requires imposing appropriate restrictions on the magnitude of the external electric field.

4.1 Electroosmosis drying a porous layer

Let’s consider the problem of the influence of electroosmosis influence on drying a porous 
layer, where free evaporation occurs on one of its surfaces into the external environment, while 
the other surface is supplied with moisture from a well-permeable wet medium. This problem can 
model the drying of basements after floods.
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A porous layer initially saturated with moisture is examined, with one of its surfaces (Surface 1)  
in contact with an environment that is a mixture of air and vapor, while Surface 2 borders a 
well-permeable wet medium. 

The air and layer temperatures are assumed to be equal.
Since the vapor in the pores is saturated at the liquid surface, while the surrounding environ-

ment is unsaturated, vapor outflow occurs from Surface 1. As a result, a region of dried pores filled 
with a mixture of air and vapor is formed within the body, where these components are considered 
separate constituents of the filling gas. During the drying process, this zone expands deeper into 
the material. The coordinate of the moving boundary is denoted as z = Lm. 

To intensify the drying process via electroosmotic moisture removal from the porous layer, a 
constant potential difference is applied between Surfaces 1 and 2. Due to the influence of the elec-
tric field on the charge of the diffuse part of the electrical double layer at the solid skeleton-pore 
liquid interface, an additional (ponderomotive) force arises, inducing an electroosmotic moisture 
flux j3 toward Surface 2. Under the action of the electric field, a directed movement of electric 
charges in the diffuse part of the electrical double layer occurs, accompanied by the movement of 
the liquid layer along the pore surfaces (electroosmosis) [34, 35].

If a well-permeable wet medium is present on the side of Surface 2, a significant portion of 
moisture is absorbed into the porous layer through capillary imbibition. Capillary imbibition, driven 
by the gradient of capillary pressure, results in the formation of a filtration flux j2.

As a result of the combined action of these fluxes, changes in the relative moisture content 
of the porous layer occur. Notably, if the dispersion of pore sizes in the porous body model is 
neglected, the relative moisture content αm, defined as before, coincides with the phase inter- 
face boundary:

z
L
Lm
m=
0

.

The mass of liquid lost during the drying process is given by:

� �m m m S L zLn L L m� � � �� �� 0 1 ,

where S is the pore area; ρL is the density of water; Π is the porosity of the material. Given that 
the rate of change of liquid mass in the layer is determined by the vapor and liquid flux j from the 
layer, let’s arrive at the differential equation governing the relative moisture content αm in the 
layer, which can also be interpreted as the equation of motion for the phase interface:

d
dt

dz
dt

j z

L
m m m

L

�
�

� � �
� �
� 0

,
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where j zm� � is the total flux acting in the porous medium, which is the sum of the vapor flux, the 
electroosmotic flux, and the flux induced by capillary pressure, counteracting the electroosmotic flow.

The phase transition from liquid to vapor at the gas-liquid interface is accounted for by spec-
ifying the density of the saturating vapor on this surface, which depends on the temperature and 
is given by the formula:

�n

T vT e
M
RT

( )
.

� � �
�

�� �
�

�
�
�

�

�
�
�

133
18 681

4105
35  kg/m .3  (4.20)

As a result of solving the nonlinear boundary problem, the dependence of the convective-diffusive 
vapor flux on the parameters of the porous and boundary layers is determined in the form [30, 39]:

j z
B zm

m
1

0

� � �
�
�
�

,  (4.21)

where Ω is a parameter characterizing the intensity of moisture transfer, which depends on the 
physical properties of the medium and the drying conditions; B is a coefficient that depends on 
the effective diffusion and permeability characteristics of the porous medium; Γ0 is a parameter 
characterizing the influence of the electric field on the mass transfer process [2].

4.1.1  Capillary moisture flow

The transfer caused by capillary imbibition is considered. The capillary pressure is determined 
by the Laplace equation:

P P P
Rk L g
Lg� � �

�2� �cos
,

where q is the angle formed by the meniscus surface with the solid surface; PL, Pg are the pres-
sures in the liquid and gas phases, respectively; σLg is the surface tension coefficient at the  
liquid-gas interface.

In the Laplace equation, R  represents the equivalent Kelvin radius. The flux j2 caused by capil-
lary imbibition is determined using Poiseuille’s equation:

j
K P

L zL
L

L

K

m
2

0

� ��
�

,  (4.22)

where KL is the permeability of the liquid; mL is the dynamic viscosity of the liquid.
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4.1.2 Electroosmotic liquid flow

The liquid flow caused by the action of an external constant electric field is considered under 
the condition of the presence of a dried pore zone. The effect of the electric field on the pore liquid 
is associated with the presence of a double electric layer near the pore surface. The skeleton 
material is assumed to be hydrophilic, and the minimum transverse pore size is significantly larger 
than the thickness of the diffuse part of the double electric layer δe = 1/Ke, where for a symmetric 
binary electrolyte solution [1, 32]:

K F Z C RTe f� 2 2 2
0

1� �/ ,( )

where Ff is Faraday’s constant; Z is valence of ions considering their charge sign; C0 is electrolyte 
solution concentration; ε(1) is absolute dielectric permeability of the liquid.

Then, on average, the charge density ρe in the diffuse part of the double electric layer is 
determined as [1]:

� �e e

K R r
e e�
� �� �

0 ,  (4.23)

where ρe0 is charge density value on the surface of capillaries; r is running radial coordinate.
For the assumed condition of the smallness of the double electric layer thickness compared to 

the capillary radius, K Re >> 1.
The force density across the capillary section:

f Ee e L� � ,

where EL = UL/Lm is electric field intensity; UL is voltage applied to the liquid-filled part of  
the capillary.

The average force density:

f
E

K R
E

K R
ee

e L

e

e L

e

K Re� � � �2 2
10 0

2

� �
( )

( ).

For the earlier assumption RKe >> 1, let’s obtain:

f
E

K R
E

Re
e L

e

L� �
2 20� �

,

where � �� e eK0 / .
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The force acting on the charge in the capillary:

F f SLe e m= .

The average pressure caused by electrical forces:

P F S f Le e e m= =/ .

The gradient of this pressure:





� � � � � � � � � �P dP dz e dP dz P L F SL fe e z e e m e m e/ , / / / . 

Considering that the current forces Ig and IL in the dried and liquid-saturated pore regions are 
equal, i.e., Ig = IL, according to Ohm’s law:

I U R I U Rg g g L L L= =/ , / , 

let’s obtain U U R Rg L g L/ / .=
Here

R L L S R L Sg g m L L m� � �� �* *( ) / , / ,0  

where ρ ρg L
* *,   are the specific resistances of these regions.

As the voltage U between the layer surfaces is U U Ug L� � ,  then:

U
U

z

z

z

zL

g m

L m

m

m

� �
�� �

� �
�� �

1
1

1
1�

� ��

*

* .  (4.24)

Here � � �� � L g
* */  is the ratio of specific resistances in the liquid and dried zones, and z L Lm m= / .0

From (4.24), it follows that:

U Uz z zL m m m� � ��� ��� �� �/ ( ) .1

Then the electric field intensity in the liquid zone is:

E U L U L z zL L m m m� � � ��� ��/ / ( ) .� �� �0 1

The formulas for determining the pressure gradient and the magnitude of the electroosmotic 
flow j3 are given as follows:



127

4 DRYING OF A POROUS LAYER IN AN EXTERNAL CONSTANT ELECTRIC FIELD 
(ELECTROOSMOTIC DRYING)

CH
AP

TE
R 

 4

dP
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U
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e
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K
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e L

L m m
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4.1.3 Solution of the problem and results of quantitative analysis

The determination of the change in relative moisture content during the drying process is 
reduced to the Cauchy problem, where the convective-diffusion flow is determined from (4.21), 
and the capillary and electroosmotic flows are determined from (4.22) and (4.23), respectively:

dz
dt B z

K
z

K
z K z

zm

m m m m
m� �

�
� �

�� � � � � ��
�0

1

21
0 1

 

, ;  (4.26)
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Equation (4.26) can be written as follows:

a z a z a z
a z a z a

dz
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a K K K K21 2 0 2 1 01 1� � � � �� � �( ) ( ) ;   

a KB K K K B11 2 0 11� � � � � �� �  ( ) ; 

a KB01 =  ; a K32 0 21� �� ( );  
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32 11
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32 01

21

� � .

The solution of (4.26) using the initial condition zm 0 1� � �  has the form:
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The formulas obtained above are the basis for a quantitative analysis of the influence of geo-
metric and physical parameters on the drying a porous layer of cement stone.

Table 4.1 shows the dependence of relative moisture content at a fixed point in time on tem-
perature and boundary layer thickness during capillary infiltration under natural drying (without an 
electric field). The influence of an external constant electric field is illustrated by the data given in 
Tables 4.2 and 4.3 for different boundary layer thicknesses.
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 Table 4.1 Consideration of capillary imbibition (t = 104 s, L0 = 0.1 m)

�m mz�

δ, m T1 = 300 K T2 = 310 K T3 = 320 K T4 = 330 K

0.0001 0.573 0.428 0.254 0.082

0.001 0.591 0.445 0.27 0.091

0.01 0.727 0.59 0.416 0.209

0.1 0.967 0.933 0.875 0.784

 Table 4.2 Influence of electric field intensity on relative moisture content at E = 200 V/m

�m mz�

δ, m T1 = 300 K T2 = 310 K T3 = 320 K T4 = 330 K

0.0001 0.561 0.415 0.242 0.075

0.001 0.577 0.432 0.257 0.083

0.01 0.705 0.569 0.396 0.193

0.1 0.914 0.873 0.81 0.718

 Table 4.3 Influence of electric field intensity on relative moisture content at E = 400 V/m

�m mz�

δ, m T1 = 300 K T2 = 310 K T3 = 320 K T4 = 330 K

10-4 0.524 0.377 0.206 0.059

10-2 0.647 0.511 0.343 0.149

In Fig. 4.1 and 4.2, the dynamics of relative moisture content dependence on time are shown 
for δ = 0.001 m and δ = 0.1 m, respectively (curves 1, 2, 3, 4) for T = 300 K, 310 K, 320 K, 
and 330 K.

From the provided quantitative data, it follows that the intensity of drying significantly depends 
on the thickness of the boundary layer. When the thickness of the boundary layer increases by a 
factor of 100, the relative moisture content may increase by a factor of 10 or more. At a boundary 
layer thickness of δ = 0.1 m and temperatures of 300 K, 310 K, and 320 K, the relative moisture 
content decreases by no more than 10 % over approximately 3 hours.

An electric field intensity of E = 200 V/m and E = 400 V/m (these are not high fields) counter-
acts liquid infiltration through wall 2, leading to a resultant reduction in relative moisture content 
of up to 40 %.

Let’s investigate the influence of electroosmosis on the drying process of a porous layer under 
convective mass transfer on one of its surfaces. Let’s consider a porous layer initially saturated 
with moisture, where one surface (Surface 1) is in contact with a gaseous environment (air), 
while the other surface (Surface 2) is in contact with a moisture-saturated, highly permeable 
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wet medium. It is assumed that gas flow can be applied to Surface 1 and a constant difference in 
electric potential can be created between Surfaces 1 and 2. This allows to explore the possibility 
of stimulating and controlling the drying process through air blowing on Surface 1 and electroos-
motic moisture removal. The transport of air and vapor in the dried region is described by the 
Stefan-Maxwell equations [31] with boundary conditions on Surface 1.

 Fig. 4.1 Dependence of relative moisture content on time at different 
temperatures for δ = 0.001 m
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 Fig. 4.2 Dependence of relative moisture content on time at different 
temperatures for δ = 0.1 m
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4.2 Enhancement of convective drying of a porous layer surface by 
electroosmosis

Solving the nonlinear boundary value problem, let’s determine the vapor density at the wall η1 
and the vapor flux magnitude j1:

�1
2 2� � �� � � � �A Bz U Sz B zm m m

* * * ,  (4.28)

j H a Bz U Sz B zm m m1 1
2 2� � �� � � � ��

��
�
��

* * * .  (4.29)

Due to the pressure effect under the meniscus of the water surface in the pores at the 
gas-liquid contact boundary, capillary moisture inflow occurs from the medium in contact with the 
layer at Surface 2. The competition between drying and moisture inflow may lead to a steady-state 
moisture content level in the layer. To further reduce moisture, a constant electric field generated 
by an external source can be used. The action of the field on the electric charge in the diffuse part 
of the double electric layer at the solid-liquid interface creates an additional (ponderomotive) force 
that reduces moisture inflow or drives electroosmotic moisture flux toward Surface 2. The vapor 
outflow conditions through Surface 1 of the drying body are modeled using third-kind mass trans-
fer conditions (4.29). The mass transfer coefficient is related to the nature of the air blowing on 
Surface 1, which intensifies the drying process.

The total flux j consists of the diffusion-convective flux j1, the flux due to capillary imbibition j2, 
and the electroosmotic liquid flux j3, caused by the force with which the electric field acts on the 
charged liquid. 

For partial filling of the capillary with liquid, surface forces act at the three-phase liquid-gas-sol-
id interface, forming a meniscus – a curved gas-liquid boundary surface.

The flux j2 due to capillary imbibition, according to Poiseuille’s equation, is defined as:

j v
K P

L z
L L L

L

L

K

m

2

0 1
� �

�� �
� �� �

� *
.  (4.30)

The electroosmotic flux is given in the form:

j v
K E

R z z
L osm

L L

m mL

3

2

1
� �

�� � ��� ��
�

�
�

��

�
�

�

�
�

.  (4.31)

Thus, the problem reduces to the following Cauchy problem:
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f z a Bz U Sz B zm m m m
* * * * ,� � � � �� � � � �1

2 2  (4.33)

under the initial condition zm
*( ) ,0 0=
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By substituting the variables U Sz B z z Bm m m� � � �* * * ,2 2 � (4.33) transforms into:

�
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where
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Equation (4.34) can be rewritten as:

�
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where c ii i� �� , , 14  are the roots of the fourth-order polynomial appearing in the numerator of 
equation (4.35).

The solution to this equation, considering the initial condition zm
*( ) ,0 0=  is given by:
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The transcendental equation (4.38) establishes the relationship between the relative mois-
ture content in the porous layer and time, depending on the system parameters, as presented in  
Tables 4.4, 4.5, and Fig. 4.3–4.5.

 Fig. 4.3 Time variation of relative moisture content for different temperature 
values in the absence of an external electric field
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 Fig. 4.4 Time variation of relative saturation as a function of temperature at a 
given electric field strength E = 200 V/m
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 Fig. 4.5 Time dependence of relative moisture content for different values of 
the mass transfer coefficient at E = 200 V/m
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4.2.1 Numerical analysis of parameter influence on convective  
electroosmotic drying

Fig. 4.3–4.5 show the time dependence of relative moisture content considering capillary 
imbibition in the absence and presence of an external electric field. In Fig. 4.3 and 4.4, curves 1  
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correspond to a temperature of 300 K; curves 2 correspond to 310 K; curves 3 correspond to 320 K;  
curves 4 correspond to 330 K. The calculations were performed using b = 0.01 and L0 = 0.1 m.  
The analysis of the results indicates that at T = 300 K, an electric field intensity of E = 200 V/m  
reduces the relative moisture content of the layer from 0.960 to 0.574 for t = 106 s, whereas at 
T = 330 K, it decreases from 0.620 to 0.313, nearly by a factor of two.

 Table 4.4 Dependence of relative moisture content z zm m� �1 *  on temperature at a mass transfer 
coefficient b = 0.01 for E = 200 V/m, and E = 400 V/m

E, V/m
T, K

300 310 320 330

200 0.574 0.488 0.397 0.312

400 0.395 0.319 0.261 0.222

 Table 4.5 Dependence of relative moisture content zm  on the mass transfer coefficient b at T = 300 K, 
E = 200 V/m, and E = 400 V/m

E, V/m
β

0.01 0.005 0.0025 0.001 0.0005 0.0001

200 0.574 0.594 0.617 0.646 0.656 0.664

400 0.349 0.395 0.429 0.455 0.462 0.47

In Fig. 4.4 and 4.5, curves 1–6 correspond to the values of the mass transfer coefficient 
b = 0.0001, 0.0005, 0.001, 0.0025, 0.005, and 0.01. In Fig. 4.4, curves 1–4 almost coincide 
with the abscissa axis, indicating that the relative moisture content corresponding to these curves 
is approximately equal to one, meaning that the moisture content of the layer remains nearly un-
changed over the studied time interval. In the presence of an external constant electric field (Fig. 4.5),  
the drying process of the layer becomes significantly more effective. The drying rate also increases 
with higher mass transfer coefficients and temperature.

4.3 Influence of an external constant electric field on bilateral natural drying 
of a porous layer

A porous layer, initially saturated with moisture, is considered within a Cartesian coordinate 
system (x, y, z) and occupies the region 0 < z < L0. The layer undergoes mass exchange with 
the surrounding environment from both sides, while the temperature of the medium and the layer 
remains the same. A constant difference in electric potential is maintained between the surfaces 
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of the layer. Due to the action of the field on the electric charge within the diffuse part of the 
electrical double layer near the solid matrix–pore liquid interface, an additional (ponderomotive) 
force arises, inducing an electroosmotic moisture flow within the body. The surface from which the 
electroosmotic flow is directed will be referred to as the first surface (Surface 1), while the other 
surface (toward which the flow is directed) will be referred to as Surface 2. The coordinate system 
is chosen such that Surface 1 coincides with z = L0 and Surface 2 with z = 0.

As a result of liquid evaporation from the pores and vapor outflow to the external environment, 
a zone of dried pores forms on the side of Surface 1, filled with a mixture of air, vapor, and residual 
liquid bound to the pore surfaces, which remains stable against drying at a given temperature. During 
the drying process, this zone expands deeper into the material. Let’s consider a class of materials 
with low permeability to liquids, where the influence of a two-phase zone can be neglected [1]. There-
fore, the formation of two distinct zones is assumed: dried pores and liquid-filled pores. The boundary 
between these zones within each pore is marked by a liquid meniscus, the convexity or concavity 
of which is determined by the properties of the pore surface (its hydrophilicity or hydrophobicity).

4.3.1 Mass transfer in the surrounding gas

When formulating the mass transfer problem in the surrounding gas, it is assumed that chang-
es in the density of its components – air and vapor – occur only within a certain layer of thick- 
ness �i i, ( , ) � 12 , which occupies the regions L z L0 0 1� � � � , 0 2� � �z � . At the surfaces 
z L� �0 1� , z � ��2 , the air and vapor densities are equal to their values in atmospheric air. Thus, 
the mass transfer problem in the surrounding gas includes:

– the Stefan-Maxwell equations [31]:
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in the regions L z L0 1 0� � �� , 0 2� � �z � ;
– the boundary conditions:
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� �ve v2 2� ,  � �ae a2 2� ,  � �a
a g a

v
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M P

RT
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M2

1
2� �  on the surface z � ��2,  (4.43)

where ρvei , ρaei  are the vapor and air densities, respectively; ρvi, ρai  are the vapor and air den-
sities at the surfaces z L� �0 1� , z � ��2; υi  is the mass-averaged velocity; j1, j2 are the vapor 
fluxes at the surfaces.

4.3.2 Mass transfer in the zone of dried pores

Mass transfer in the gas zone within the porous layer will also be described using the Ste-
fan-Maxwell equations [31]. However, the gas pressure P in the pores depends on the coordinate, 
and the mass-averaged velocity υ  satisfies Darcy’s law. Then, the transport equations in the 
region L z L0 > > max  take the form:
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where Lmax  is the coordinate of the gas-liquid contact boundary within the porous layer.
The boundary conditions at the surfaces z L= 0 and z L= max in the gas zone are given as follows:
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 on the surface z L= 0;  (4.45)

� �v n�  on the surface z L= max.  (4.46)

When a zone of dried pores forms near Surface 2, the mass transfer in this region is described 
by equation (4.44) with the following boundary conditions:

�
�

�
v

g

vK P
z

D
z

j
�
�

�
�
�

� 2
 on the surface z = 0, 

� �v n�  on the surface z L= min . (4.47)

Equations (4.39)–(4.48) form a complete system of relationships for determining the convec-
tive-diffusive vapor flux in the given porous layer. The expression for this flux is obtained in the form:
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,  (4.48)
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where zm  is relative moisture content of the porous layer; B is a coefficient characterizing 
the convective-diffusive transfer equation, which includes material and transport properties; 
Γ0  is a coefficient accounting for the influence of relative moisture content zm  on mass transfer; 

C0  is initial concentration of moisture; �
�
�0

1� v

n

 is a dimensionless parameter expressing the ratio 

of vapor density ρv1 to a reference density ρn; a, b are coefficients of porosity and diffusion prop-
erties, respectively.

The electroosmotic flow is described by equation (4.25):
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4.3.3 Liquid flow under the influence of capillary forces

Let the electric forces be sufficiently strong so that the liquid flows out through Surface 2.  
In this case, the capillary pressure P P P Lg Rk L� � � 2� �cos /  induces a flow of liquid j4 in the 
direction opposite to the electroosmotic flow:
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The total liquid flux jL is determined as the sum of fluxes j3 and j4:
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. (4.51)

During electroosmotic displacement of liquid through Surface 2 (i.e., reduction of para- 
meter zm ), the magnitude of the first term in equation (4.52) will increase, while the second term 
changes weakly due to the smallness of parameter ερ, or even decreases (Stage 1). The total liquid 
flux through Surface 2 will decrease until it reaches zero. At this moment, the electric field can 
be switched off. The capillary pressures at surfaces z L= max  and z = 0  will equalize, and the pore 
liquid will reach equilibrium. Drying of the layer through Surface 2 will then commence, governed by 
equations (4.39), (4.42), (4.45), (4.47), and (4.48).

Thus, the acceleration of the drying process due to electroosmosis will be observed only during 
the first stage.
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Setting the total liquid flux jL to zero in equation (4.51), let’s obtain the following expression 
for the parameter zm

* , which defines the thickness of the saturated layer at the transition from 
the first to the second drying stage:

z
Um

* .�
�� � �

�
� � ��� �1

 (4.51)

Expression (4.51) is written for a zero wetting angle.

4.3.4 Mass balance equation for liquid

The rate of liquid reduction in the layer is determined by the fluxes of liquid and vapor from the 
body. For the first drying stage, the mass balance equation for the liquid can be written as:

dm
dt

j j SL� � �� �� 1 .  (4.52)

Considering that for the first drying stage m S L S L zL m L m� �� �� � 0 , equation (4.54) can be 
rewritten in terms of the parameter zm  as:

dz
dt L

j jm

L
L� � �� �1

0
1�

,  (4.53)

with the initial condition:

zm = 1 at t = 0.  (4.54)

The final value of the parameter k km m= * corresponds to the first drying stage.
It is noteworthy that the relative moisture content �m zm m� / 0 of the porous layer (mz  being 

the residual moisture mass in the layer after drying, and m0 the initial moisture mass) during the 
first stage is determined by the parameter zm , i.e.:

�m mz� .  (4.55)

Indeed, using the definitions m S L S L zz L L m� �� �� �max 0  and m S LL0 0� � � , let’s obtain the 
expression �m zm m� / 0  for relative moisture content.

For the second drying stage, the mass balance equation takes the form:
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dm
dt

j j S� � �� �� 1 2 , (4.56)

with the initial condition:

m S L zL m� � � 0


*  at t t= *.  (4.57)

Here, t *  represents the time at which the parameter zm  reaches its final value zm
*  in the 

first drying stage.
The relative moisture content in this stage is given by:

�m m m

L L

L
z z�

�� �
� �� �max min

0
1 , (4.58)

where L L zmmin = 0 1  is the coordinate of the boundary between the dried and saturated zones on 
Surface 2 of the porous layer. Since the change in the moisture mass of the layer is now deter-
mined by:

� � �m m m� �1 2,  � �m S z zL m m1 � �� �� 

* ,  � �m S zL m2 1� � ,  (4.59)

where the change Δm1  (change in zm ) is governed by the vapor flux j1, and Δm2 (change in zm1) 
is governed by the flux j2, the problem (4.56), (4.57) can be formulated as two Cauchy problems:

dz
dt

j
L

m

L

� � 1

0�
,  (4.60)

under the initial condition:

z z t tm m= =* *; at  (4.61)

and

dz
dt

j
L

m

L

1 2

0

�
�

,  (4.62)

under the initial condition:

z t tm1 0= = at *.  (4.63)

The relative moisture content is now determined by the formula �m m mz z� � 1,  and the drying 
process is completed when the condition z zm m= 1  is met (i.e., �m � 0).
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3.5 Solution of the problem and analysis of the obtained results

The convective-diffusive fluxes j1 and j2 are determined from the solutions of problems (4.39)–
(4.41), (4.44)–(4.46) and (4.39), (4.42)–(4.44), (4.47), (4.48) and are given by [40]:

j z
B zm
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1

1

1 01

� � �
�
�
�

,  j z
B zm

m
2 1

2

2 02 1

� � �
�
�
�

,  (4.64)

where for i = 1 2, :
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Using expression (4.52) for the liquid flux in the layer and formula (4.64) for the flux j1, the 
Cauchy problem (4.55), (4.56) for the first drying stage is formulated as:

dz
dt B z

K
z

K
z K z

zm

m m m m
m� �

�
� �

�� � � � � ��
�

1

1 01

1

21
0 1

 

 at ,  (4.65)

where

K
K

R L
L

L

Lg�
�

�2

0

,  K
K E

R
L

L
1

2
�
�

��� ,  K2 � ��.

Equation (4.65) can be rewritten as:

a z a z a z
a z a z a

dz
dt

m m m

m m

m32
3

22
2

12

21
2

11 01

1
� �
� �

� ,  (4.66)

where

a K K K K21 1 2 01 2 1 011 1� �� � � �� � �� � �  ,  a KB K K K B11 1 1 2 01 1 11� � � �� � � �� �   ,
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a K32 01 21� �� �� ,  a B K22 1 2 011� � �� � � � ,  a B12 1= .

The solution of equation (4.65) with the initial condition (3.18) is given by:
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The transcendental Eq. (4.67) provides the dependence of relative moisture content in the 
porous layer on time during the first drying stage. The final moment t * of the first stage is given by:

t
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�� � � � � �ln * *� z f zm m , (4.68)

where zm
*  is given by Eq. (4.53).

The solution of the problem (4.67), (4.68) of the drying at Stage 2 has the form:
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and of the problem (4.68), (4.69):
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The relative moisture content at Stage 2 of drying ( )*t t>  is determined by the expression:
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Let’s proceed to the quantitative analysis of the obtained correlations.
Based on the obtained formulas, a quantitative analysis is conducted. The study examines 

the variation of relative moisture content αm  over time for different temperatures and external 
electric field intensities. Results are presented in Fig. 4.6–4.7. 

 Fig. 4.6 Temporal dependence of the relative moisture content of the layer 
during the second stage of drying at E = 200 V/m for temperatures of 300 K, 
310 K, 320 K, and 330 K
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 Fig. 4.7 Temporal dependence of the relative moisture content of the layer 
during the second stage of drying for a temperature of 300 K at E = 200 V/m, 
400 V/m, and 1000 V/m
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Fig. 4.6 and 4.7 illustrate the nature of the temporal dependence of relative moisture content 
for different temperatures (Fig. 4.6) and different intensities of the external electric field applied 
during the first stage of drying (Fig. 4.7). It follows that this dependence is linear. The drying rate 
(slope of the curve) during the second stage is determined by the temperature. The initial humidity 
level in the second stage of drying is lower for higher field intensities applied during the first stage.

4.3.6 Estimation of temperature change in the layer due to the influence of the 
electric field

In this work, the change in temperature due to Joule heating, caused by the action of the 
electric field in the first stage of drying, is neglected. Let’s substantiate this by estimating such a 
change for the maximum electric field intensity (E = 1000 V/m). 

The heat generation density in the liquid according to Joule-Lenz’s law is given by:

Q E t� � 2 ,

where σ  is the electrical conductivity coefficient. This heat is used to heat the liquid and the skel-
eton. It is possible to assume that the heating time is significantly greater than the heat transfer 
time from the liquid to the skeleton, meaning that the heating of the layer is considered uniform. 
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The thermal balance equation is:

� � � �� � �E t C C Ts s L L
2 1� �� � ��� �� ,

where Cs  and CL  are the specific heat capacities of the dry material and liquid, respectively. From 
this equation, let’s obtain:

�
�
� �

T
E t

C Cs s L L

�
�� � �
�

� �

2

1
.

Let E = 1000 V/m, the density of dry pine wood �s � 500 3kg/m , water �L � 1000 3kg/m ,  
porosity � � 0 291. , specific heat capacities Cs = 1.604 kJ/(kg⋅K), CL = 4.19 kJ/(kg⋅K), and  
σ = 10-3 S/m [37]. 

A quantitative estimate for the rate of temperature change gives:

�T
t
� �10 4K/s.

For the above-mentioned durations of the first stage of drying, this results in a temperature 
change of fractions of a degree, which can be neglected.

4.4 The influence of electroosmosis on bilateral convective drying of  
a porous layer

Let’s consider the formulation and solution of the problem of drying a porous layer that is in 
contact with an environment consisting of a mixture of air and vapor, under the influence of con-
vective airflow and the enhancement of this process by an external electric field.

The objective here is to formulate and solve the problem of drying an initially moisture-sat-
urated porous layer, stimulated by convection and electroosmosis. As in previous sections, the 
quasi-homogeneous approximation is used, based on the application of macroscopic equations anal-
ogous to those in an individual pore, but with effective transport coefficients, while neglecting  
film transport.

4.4.1 Object of study and problem formulation

Let’s consider an initially moisture-saturated porous layer, referenced to a Cartesian coordinate 
system ( , , )x y z , occupying the region 0 0< <z L . Let’s investigate the effect of electroosmosis  
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on the drying process of the porous layer under convective mass exchange at one of the sur- 
faces (Surface 1). The temperature of the air and the layer is assumed to be equal. Since the 
vapor at the pore surface is saturated, while the surrounding medium is unsaturated, vapor flows 
outward. As a result, a zone of dried pores filled with a mixture of air and vapor forms in the ma-
terial, with air and vapor considered as separate components of the gas phase. During the drying 
process, this zone expands deeper into the material. The coordinate of the moving boundary is 
denoted as z Lm= .

To intensify the drying process by electroosmotic moisture removal from the porous layer, 
a constant potential difference is applied between Surfaces 1 and 2. Due to the action of the 
field on the electric charge of the diffuse part of the double electric layer near the solid-liq-
uid interface, an additional (ponderomotive) force arises, inducing an electroosmotic moisture  
flow j3 toward Surface 2. In opposition to the osmotic pressure, capillary forces arise, leading 
to a filtration flow j2.

On Surface 2, moisture removal occurs via convective evaporation of the saturated vapor. 
Due to the displacement of the moving boundary and neglecting film transport, the vapor at the 
opposite side (Surface 2) of the porous layer remains saturated. The vapor flux from Surface 2 is 
given by [1, 38, 39]:

j zn4 2 0 0� �� � �� � �  at .  (4.69)

As a result of the combined effects of the forces that arise during drying, the relative moisture 
content in the porous layer changes. Using the notations adopted in Section 2, the transport of 
dry air and vapor in the dried region L z Lm0 < <  under a quasi-stationary process, while neglect-
ing the flow of dry air into the pores, is described by the nonlinear Stefan-Maxwell differential  
equation (4.43) [31].

The convective mass transfer conditions at the surface z L= 0  are:

�
�

�
� �v

g

v
a a

K P
z

D
z

j
�
�

�
�
�

� � �, ,0  (4.70)

where j v� �� �� � �1 0 .
The phase transition from liquid to vapor at the gas-liquid interface z Lm=  is accounted for by 

prescribing the density of the saturated vapor at this surface, which depends on temperature and 
is determined by equation (4.20). At the phase transition surface z Lm= :

< � �v n� ,  (4.71)

where ρn  is the density of the saturated vapor.
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4.4.2 Solution and quantitative analysis of the problem

From the solution of the problem about convective-diffusive vapor transport [2], the vapor 
density η1  at the wall k = 1 is determined as follows:

�1
2 2� � �� � � � �A Bz U Sz B zm m m

* * * ,  (4.72)

where 
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� � �a a� 1 ,  � � �v n� ,  z L z= 0 ,  
� �1 1
�

�z
.

The convective-diffusive flux j1:

j H a Bz U Sz B z a Am m m� � �� � � � ��
��

�
��

� �1
2 2

1 0
* * * , . �  (4.74)

Since the moisture reserve in the porous layer is limited, drying occurs in two stages. In the 
first stage, a filtration-osmotic regime is established, which lasts until the electroosmotic and 
filtration fluxes equalize. The capillary pressure forces induce the flow j2  equation (4.22):

j
K P

L z
L L L

L

L

K

m

2

0 1
� �

�� �
� �� � �

� *
.  (4.75)

To determine the electroosmotic flow, let’s use the quasi-homogeneous approximation for the 
porous body. The electroosmotic liquid flow in the porous layer is given by equation (4.25):

j v
K E
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L L
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3
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1
� �
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�

�
�

��
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�

�

�
�

.  (4.76)

The critical relative moisture content at which the liquid flows balance and the second drying 
regime begins is determined from equation (4.27). Since the rate of liquid mass change in the 
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drying process is defined by the vapor and liquid fluxes from the layer, let’s arrive at the following  
Cauchy problem:

dz
dt

H a Bz U Sz B z
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K z K z
m

m m m
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�

�
�
,  (4.77)

under the initial condition:

zm
* ,0 0� � �  (4.78)
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By substituting variables U Sz B z z Bm m m� � � �* * *2 2

� , Eq. (4.77) transforms into:

�
� �� �
�� �

�
�� � � � � �� �
�

2

2

2

2

1
4 3 2

2

B S BU

S B

d
dt

H
a a b c d e� �

�

� � � � � �

�



 



22 1 2
2

1 0� � � �B �� � � �� �� � �
,  (4.79)
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Equation (4.79) is written in the form:
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where c ii i� �� , ,14  are roots of Eq.   

a b c d e� � � �4 3 2 0� � � �� � � . The solution of Eq. (4.81) 
has the form:

D
S B

S B U
D

S B S B U
D

S B S B U
1 2 3 2 2

2

2

1
2

1

2

1

2

1

2
ln

�

�
�

�
�

�

�

�
�

�

�
� �

�� �
�

�� �
�

� �

��

�

�
�
�

�

�

�
�
�
�

+ R
c

U c
R

c

U c
R

c

U c
R

c

U c
H t3

1

1

4
2

2

5
3

3

6
4

4

2ln ln ln ln ,
� � � ��

�
�

�

�
�

�

�
�

�

�
� �  (4.82)

where D
R
B1

2
38

� � ,  D
B

R S
B

R2 2
2

1

1
4

� � �
�

�
�

�

�
�,  D

B
R S

B
R S

B
R3

2
2

2
1

0

1
4 4 2

� � �
�

�
��

�

�
��,  R R R0 1 6, ...  are solu-

tions of the following system of algebraic equations:

d R b R B ji j
i

i i j
i

i j, , , , ,6
0

2

2 6
3

6

164 0 6�
�

� �
�

�� �� � �� ��  (4.83)

d d d0 6 16 05 0, ,= = =  d d d2 6 15 0 4 1, , , ,= = =  d d d b2 5 1 4 0 3, , , ,= = =   

d d d c2 4 13 0 2, , , ,= = =   d d d d2 3 12 0 1, , , ,= = =   d d d e2 2 11 0 0, , , ,= = = 

b B ai i, , ,6
3

2 38� �  
b Ba B Sai i i, , , ,5 2 2

2
2 38 12� �� �  

b B a B Sa BS ai i i i, , , , ,4
3

2 1
2

2 2
2

2 38 12 6� � �� � �  
b B a B Sa BS a S ai i i i, , , , , ,3

3
2 0

2
2 1

2
2 2

3
4 38 12 6� � � �� � �  

b B Sa BS a S ai i i, , , , ,2
2

2 0
2

2 1
3

4 212 6� � �� �  
b BS a S ai i, , , ,1

2
2 0

3
4 16� � ��  b S ai, , ,1

3
4 0=

ai� �2 1 1, ,  a c c c3 2 4 2 3, ,� � � �� �  a c c c c c3 1 2 3 4 2 3, ,� �� � �  a c c c3 0 2 3 4, ,� �  
a c c c4 2 4 1 3, ,� � � �� �  a c c c c c4 1 1 3 4 1 3, ,� �� � �  a c c c4 0 1 3 4, ,� �  
a c c c5 2 2 1 4, ,� � � �� �  a c c c c c5 1 1 2 4 1 2, ,� �� � �  a c c c5 0 1 4 2, ,� �  
a c c c6 2 2 1 3, ,� � � �� �  a c c c c c6 1 1 2 3 1 2, ,� �� � �  a c c c6 0 1 3 2, ,� �  
a B0 4, ,=  a B S0 3

22, ,� �  a B BS BU0 2 1 2, ,� � ��  a S B U0 1 1
22, ,� ��  a BU0 0 1, ,� � �

� �16 0 4 2� a , ,  � � �15 0 4 1 0 3 2� �a a, , ,  � � � �14 0 4 0 0 3 1 0 2 2� � �a a a, , , ,

� � � �13 0 3 0 0 2 1 0 1 2� � �a a a, , , ,  � � � �12 0 2 0 0 1 1 0 0 2� � �a a a, , , ,  
� � �11 0 1 0 0 0 1� �a a, , ,  � �10 0 0 0� a , .



151

4 DRYING OF A POROUS LAYER IN AN EXTERNAL CONSTANT ELECTRIC FIELD 
(ELECTROOSMOTIC DRYING)

CH
AP

TE
R 

 4

The transcendental equation (4.83) establishes the relationship between the relative moisture 
content in the porous layer and time in the first drying regime. When the relative moisture content 
reaches the value z zm kr= , the evaporation regime begins, where the change in relative moisture 
content is determined by the following Cauchy problem:

dz
dt

H a Bz U Sz B zm
m m m

*
* * * ,� � �� � � � � � �� ��

�
�

�

�
�1

2 2 2
021

�
�

�  (4.84)

under the condition that at t tkr= , z zm kr
* � �1 .

By introducing a a2 1 02 21� � �� �� � � / , let’s obtain the equation:

dz
dt
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��
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which, upon introducing the variable χ, transforms into:
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under the initial condition:

t tkr kr� � � � ,  (4.86)

where 

�kr kr kr krU Sz B z z B� � � �* * * ,2 2  z zkr kr
* * ,� �1

and tkr  is determined from the solution of the Cauchy problem (4.75), (4.76).
Integration of equation (4.85) under condition (4.86) leads to the following transcendental 

equation for χ:
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Equation (4.87) establishes the relationship between relative moisture content and time over 
the range zkr − 0. Graphs of the dependence of the layer’s relative moisture content on the mass 
transfer coefficient, electric field intensity, and temperature are presented in Fig. 4.8–4.11. 
Calculations were performed for a coarse-porous material, where D’ represents the molecular 
diffusion of the vapor-air mixture, which is a function of temperature.

 Fig. 4.8 Dependence of relative saturation on the mass 
transfer coefficient β2
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In Fig. 4.8, the mass transfer coefficients b2 = 0.01; 0.05; 0.1; 0.5; 1 (curves 1–5, respec-
tively), with E = 200 V/m (b = 0.1; T = 300 K, L0 0 1= .  m, zkr = 0 543. , tkr = 23 h), correspond 
to complete dehydration times of 139; 39.751; 31.305; 23.733; and 23.244 hours, respectively.

In Fig. 4.9, curves 1 and 2 correspond to the electric field intensities of E = 200 V/m and 
E = 400 V/m. Here, L0 0 5= .  m, T = 300 K, and b = 0.1. The points where curve branching 
occurs correspond to the critical values of z zm kr=  for humidity. The curve branches after the 
branching point, from right to left, correspond to mass transfer coefficient values of b2 = 0.01; 
0.05; 0.1; 0.5; and 1.
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 Fig. 4.9 The effect of electric field intensity on humidity variation over time
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 Fig. 4.10 Time dependence of relative moisture content for different temperatures
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Thus, at E = 200 V/m, zkr = 0 178. , tkr = 377 hours, the total dehydration time for b2 = 0.01 
is 395.552 hours, and for b2 = 1 it is 377.65 hours.

For E = 400 V/m, �kr � 0 097. , tkr = 260  hours, the total dehydration time for b2 = 0.01; 
0.05; 0.1; 0.5; 1 is 269.62; 261.11; 260.555; 260.185; 260.185 hours, respectively.
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Quantitative calculations, the graphical results of which are shown in Fig. 4.10, were con-
ducted for E = 400 V/m, b = 0.1; L0 0 5= . m. At zkr = 0 097. , tkr = 260  hours, and temperature 
T = 300 K, the corresponding total dehydration times for mass transfer coefficient values of 
b2 = 0.01; 0.05; 0.1; 0.5; 1 are 269.62; 261.11; 260.555; 260.185; 260.185 hours.

For zkr = 0 096. , tkr = 180 hours, and temperature T = 310 K, the total dehydration times 
for the same b2 values are 185.74; 180.82; 180.205; 180; 180 hours, respectively.

Conclusions

Based on the electroosmotic drying model, a series of problems have been solved regarding 
the influence of external constant electric field parameters on moisture mass transfer in pores.  
The effects of the following parameters have been investigated: 

a) boundary layer properties;
b) electric field intensity in unilateral natural drying;
c) moisture exchange coefficients in convective drying when the second side is saturated with 

moisture (a process relevant to basement flooding);
d) bilateral drying. 
It has been demonstrated that in bilateral drying the electric field affects the process primarily 

during the first stage of drying, when the ponderomotive force dominates over the capillary force. 
As a result, the relative moisture content curve exhibits a breakpoint, both in natural and convec-
tive drying. It has been shown that the temperature change induced by a constant electric field 
in a moist body can be neglected. Increasing the intensity of the electric field enhances the drying 
process. Numerical results are provided for cement stone material.
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