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Abstract. It is forecasted to use new approaches to reduneegy costs for the process of
moistening the root-layer of soil and saving ndtuesources. It was proposed to use
electrokinetic phenomena for the cultivation ofiagitural products, taking into account the
multifactority of technology and the presence ofaxation phenomena. The proposed
technology will make it possible to get rid of anmher of irrationally used natural resources.
This is especially true for the Crimean region #mel Volga region. Using this technology in
Uzbekistan will allow the elimination of the Arahtastrophe and restoration of the natural
balance in this region.

1. Introduction
The advanced crop cultivation technology in agtime alternative to traditional is using cultivatio
of crops with the use of electrowatering. It wastfput forward by H. Opitz.

Traditional technology involves the constructionaofystem of irrigation canals and irrigation of
crops by a sprinkling machine.

At the same time, part of the effective area isup@d by irrigation canals and service lanes for
sprinkling equipment, i.e. is actually not used foe purpose of phytoproduction and besides, a
number of undesirable phenomena arise: in the upgersoil layer fungi, mosses develop; slugs
grow; intensive fertilization removes fertilizersofn the soil; pollutes subsoil waters, slackens
phytoproductivity.

A new method of moistening the root layer is to teephenomenon of electroosmosis. In the root
layer of soil (25-30 cm), a system of conductorpleced and connected to the negative pole of the
DC source. At the groundwater level, a second mldetis installed - a steel pipe connected to the
positive pole of the source.

Electrodes are supplied with electrical voltagerfrd to 12V depending on the structure of the soil
and the content of salts in it. Under the influeatan electric field, ground waters are pulled apts
and constantly moisten the roots of plants. Atghme time, water is purified from salts deposited a
the anodes, which is important for brackish soils.

The surface of the soil remains dry and friablejamted organisms are not found in it. Besides,
due to electrodialysis, the moisture supplied toglants acquires an alkaline reaction, which plesi
stimulation of plant growth.
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Electrokinetic phenomena reflect the relationskiat texists between the relative motion of two
phases and the electrical properties of their bagntine. Electrokinetic phenomena arise when one
phase is dispersed into another, that is, whesyhm can be characterized as microheterogeneous.
There are four groups of electrokinetic phenomeoeor@ing to Antropov [1]: electroosmosis,
electrophoresis, flow potential and deposition pté. Taking into account the tradition in physics
the flow potential, in our opinion, is called thetential difference or the ‘osmo’ electromotiveder
(osmo-emf), and the deposition potential is theofaelectromotive force (foro-emf). These terms
were offered by the authors firstly.

So, according to modern concepts, the processeatrekinetic energomass transfer is a mass
transfer in colloid systems when an external eleéigld is applied or accompanied by the produttio
of the own electric field in a colloidal system.

Colloidal systems consist of two phases: a dispepbase and a dispersion medium, that is, they
are heterogeneous. The work spemthe fragmentation of the substance to break tmeld between
the molecules accumulates in the form of the p@kmnergy of unsaturated bonds at the phase
interface . With a colossal surface area, this sxairface energy reaches large values. Thus, a
substance in a colloidal state has a higher engrgater activity than an undigested substancheof t
same composition.

In this case, the main cause of the phenomenoiteofrekinetic energy and mass transfer is the
existence of a double electric layer (DEL): in &ctically conductive dispersive medium around the
dispersed particle of a dielectric material, adsorpof ions of predominantly one sign uncharged
surfaces occurs due to the dispersive forces #watitrfrom the fluctuation of the electron shelfs o
atoms. These forces are called the forces of sped&orption.

The latter depends on the polarization, i.e. tiiecebf a given ion on atoms on the surface, ard th
ability to deform their electronic shells. The patang force of the ion depends on the strengtitsof
electric field.

2. Theory

According to the classical theory of Gui-Chapmaée, inodel of a double electric layer is based on the
idea of the mobility of ions in the outer shell.€Télectrostatic attraction of them to the surfawe the
repulsion of ions charged with the same name ki¢hsurface is balanced by thermal motion of ions,
which erodes surface excesses.

The given state equilibrium distribution forms dotad" of electric charges near the surface of the
solution with decreasing density, analogous to dribution of the density of gases in the
atmosphere. In the electric field, counterionshef diffuse layer of DEL, energetically weakly bound
to the surface of the solid phase (membrane), millve to the corresponding electrode and due to
molecular friction, entrain the dispersion meditagyeous solution of electrolytes).

The greater the electric field strength and thekitnéss of the diffuse layer, the greater the charge
carriers, the faster the fluid is transported i\ plorous body or the dispersed particle in thetribady
conductive dispersion medium.

In this case, the volumetric velocity of the liquitiring electroosmosis is described by the
equation:

_llelg, [€
ATy
wherel - the strength of currente - the dielectric constant of the liquid, - the dielectric

constant of the vacuuné - electrokinetic potentialy - coefficient of internal friction (viscosity)y

- specific conductivity of the liquid.
Equation 1, called the Helmholtz-Smoluchowski emumt is often written relative to the
electrokinetic potential:

(1)
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whereU, - the constant linear velocity of the liquid thgbuthe membranet: - the strength of the

electric field.

In the case of a homeoporous membrane, that isjstiomy of capillaries of the same cross-section,
with an increase in the radius of the capillanekile maintaining a constant gradient of the po&nt
of the external field on the membrane, it is neass$o achieve a ratio in which a steady flow of
liguid in the capillaries can not occur due to &igertia forces. At the same tim¥,, | and &
should turn to "0". A homeoporous membrane someticezurs with electroosmosis in clays, sandy
loam and so on, where the homogeneity of the digplefraction is relatively large, that is, it is sho
often found in construction and chemical industries

However, the real membrane characteristic of agaymtion is a heteroporous membrane, that is,
containing capillaries of different radii and chagized by a certain pore size distribution curve.

An increase in the pore radius of such a membraiogld lead to the fact that in the largest
capillaries at a given potential gradient, the idgvelectric force, equal to the produgtad ¢ of the
charge of the surface, is insufficient to obtaist@ady flow, and the electroosmotic transfer imthe
ceases.

At the same time, the motion of ions in an elecfi@d in such capillaries is preserved and,
consequently, the electric curreht is conserved, if the porosity of the membranehegithanges
significantly, nor the current decreases. Howetrer volume of the transferred fluM will decrease,

which should lead to a decrea\éﬁ/ . The decreash% and ¢ should also be proportional to the ratio

of the cross-sectional area of large capillarieispaoticipating in electroosmotic transport to tbeal
area of the capillary membrane section. Furtherramgment of the electroosmotic mass transfer
equation leads to the expression 3 for the stetadg-s2gime along the axis parallel to the vedior

_8le,((-¢&) ., 8l
Ap= T B~ % G 3)
| :L[Sm¢, (4)

I
where Ap - the electroosmotic pressurg, - dielectric constant of the disperse phaSe,current

potential, Ag - the potential difference of the electric field the membranes - viscosity of the
dispersion medium| - the length of the membran& - the living section of the membrang, -

radius of the cylindrical hole (pore) in the sept(mrembrane)G - fluid flow through the capillary,
O - electrical conductivity of the liquid.

Obviously, these dependencies describe real pree@sshe case of homogeneous dispersions and
in the steady-state operating mode. When workirtty weal heterogeneous systems and taking into
account the relaxation phenomena, there are denfathat can be taken into account by introducing
corrections for the® potential [2].

In the modern era, obviously, the most importaitedon of the efficiency of the technological
process is energy efficiency - the specific enéngyts for the production.

Applied to the technology of electrowatering, than be the specific energy consumption for the
displacement of a unit of water volume. Knowing thiater flow and energy consumption for the
process, one can calculate the specific energyuoapison for water allocation:

Wz%x’ [KW [h/kg], (5)

whereW - energy costs per proceddV [h; M, - weight of allocated watekg .
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Further, knowing the initial moisture content oftimaterial B, and specifying the required
final B,, let us calculate the mass of water that mustXteaed from the materi

known equations of the material balance of the redjom process [3].
For the technology of moisture transfer by eledmosis, provided that the water content in the
withdrawn liquid fractionB, =1 the following can be obtained:

using the

X!

M, =M, +M,
M, 0l-B)=M, {l-B,)+M,{1-B,)
MlEBlexEBx+M2|:BZ (6)
M, =M, 2 5
BZ_BX
M, =M, +M,
M, [@1-B) =M, [(]1_ Bz)
M, B =M, B +M,[B,¢, @)

M, =M, CE2
BZ_BX

where M;,M ,M, - the masses of the initial mixture, the liquiddtion withdrawn from the

mixture, and the resulting processed particulatéeria, kg; B, B,,B, - the water content or the

dispersed phase in the feed mixture, in the lidugidtion and the resulting particulate material.
Next, one can determine the total energy consumatidhe process:

W =wM,, [KW Oh], 8)

3. Experiment

Knowing the electrical resistivity of the materi@hd the voltage at the electrodes, it is possible t
determine the operating current of the installatma the processing time. The difficulty lies ire th
fact that in the electric humidification of the tdayer of the soil, it is necessary to take intocaunt
the electrical characteristics of each layer of aod the underlying layers of the soil, in contitasthe
water-fall technology [4], where the gradient of #lectric field is directed along the layers.

Besides, processes and phenomena accompanyingoesenbdsis should be taken into account:
loss of pressure, loss of moisture conductivitgslof osmosis, loss of electrolysis, loss of po&ion
of the dielectric of the dispersed phase, lossl@ftacal heating of the liquid, operation of therm
osmosis, diffusion, iontophoresis, dipolar phor§sjs

The distribution of energy fluxes, characterizihngrimodiffusion and electrodiffusion-phosphorous
processes, indicates that only part of the enefgglactricity will go into losses, while some will
participate in useful mass transfer in the formthafrmal conductivity, ionosmaosis and iontophoresis.
Similarly, the distribution of energy flows of othdiffusion processes [6, 7].

It is known that relaxation processes occur inpaticesses occurring along with electroosmosis,
which determine the values of the relaxation timestants in the corresponding force gradient fields
The calculation of relaxation phenomena allows asieduction in the specific energy consumption
per process [8, 9], and the implementation of teeteowatering technology is cost-effective.

The feasibility study of the proposed technologytlosm example of growing vegetables in the open
ground on irrigated lands gave the following pragjsowhen irrigation by means of electroosmotic
lifting carried out from groundwater, the econoraftect will be achieved by reducing labor costs for
irrigation and cultivation, fuel consumption byminating the work of sprinklers [10]. Reduction of
capital expenditures for the machine and traceetflreduction of capital investments by elimingtin
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the costs of constructing the irrigation systensreéasing the useful area by involving lands ocalipie
by irrigation canals and technological driveways iftigation equipment. Calculations were carried
out for the steppe zone of the Novosibirsk regipithe example of growing cabbage.

The basic version for an area of 1#6éctares contains irrigation canals and driveways for
sprinklers with an area of 5M&ctares, output of commercial products is 54&fs, diesel fuel for
inter-row processing and irrigation works - 5408s, technological equipment in the form of tractors,
cultivators and sprinklers, irrigation System ie florm of irrigation canals and pumping stationr &o
season it is required to submit 834Q00s of water on fields at norm of watering 60/ha.

In the proposed version, the economic effect wallemsured by increasing the yield of commercial
products from: increasing the production area,dasing phytoproductivity in rainy weather - it is
possible to reverse the power supply and creat®ptienum humidity of the root layer of the soil,
reduce the moisture loss by evaporation 4 timess Wil require the construction of an electrical
substation with a capacity of about 20K [ Aand the installation of pulsed power supply fornters
60 KV [ A/ ha, the electricity costs per season will be abo&ODOOOKW [h.

4. Conclusions

The proposed technology will make it possible to igg of a number of irrationally used natural
resources. This is especially true for the Crimesgion and the Volga region. Using this technology
in Uzbekistan would allow the elimination of the aArcatastrophe and restoration of the natural
balance in this region.
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