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1. Introduction

The accumulation of household waste in the plac-

es of its storage leads to emitting a liquid filtrate. Its
treatment before mixing with sewage is a topical tech-
nical problem. The filtrate that is formed during the
household waste storage is subject to treatment to meet
the DSTU EN 1420-1:2004 standards. The purified lig-
uid quality is regulated by international and European
standards, such as ISO 17381:2003; National Archives,
London, UK; “The Water Supply (Water Quality) Reg-
ulations 2000”; U.S. Clean Water Act, Section 303, and
others. Therefore, it is necessary to develop a method of pu-
rifying aqueous media that would be based on the control
of the trajectory of impurities for their subsequent removal
from the flow. In this case, the purified liquid quality can
meet the requirements of the international standards.

2. Literature review and problem statement

Study [1] is devoted to the treatment of filtrates when
garbage is stored or buried. The author analyzes the existing
methods of wastewater treatment and concludes that the
most effective one is the Reverse Osmosis. A disadvantage
of this method is that it does not allow demineralizing and
removing volatile organics and chlorine. The authors of
study [2] propose using the Phyllanthus emblicawood. This
method results in the following:

—reduced contents of pH, sulfates, magnesium, colon
bacillus, total coliforms, and faecal coliforms (which is an
advantage of the proposed method);

—increased turbidity, conductivity, higher contents of
calcium, iron and chloride ions, as well as nitrate level (which
is a drawback of the method).

Study [3] focuses on water purification by means of mag-
netic separation. An advantage of this method is ensuring
both water purification and removal of the impurities that
adhere to inner walls of the pipes. A disadvantage is the lack
of control of the contaminants’ trajectory for their subse-
quent removal from the main flow.

In [4], there is considered the use of an electromagnetic field
in the removal of salt from liquid media. It is found that when
an electromagnetic field affects a liquid flow, calcium carbonate
sediment becomes less dense than without the use of an elec-
tromagnetic field. The electromagnetic field was created by an
alternating current of 25 A, 50 Hz, which allowed increasing
the load on power cables. However, a long-term operation in
this mode leads to risky situations and an increase of penalties.

Study [5] suggests using a pulsating field to saturate the
liquid with positively charged oxygen ions, which contrib-
utes to disinfection of liquids. The authors propose using
a generator with the frequency variation system, which is
possible due to varying the number of turns in the induction
coil. A disadvantage is the lack of variation in the operation-
al mode when the content of impurities in the flow changes.

The authors of [6] propose an electromagnetic hydrocy-
clone separator for separating water and contaminated sedi-




ments. The researchers use electromagnetic forces to affect the
structure of water. The downside is independence of the system
parameters from the chemical composition of the contaminants.

Study [7] focuses on the effect of heavy metal ions on
plants (Lemna minor) under the influence of electromag-
netic radiation of quasi-high frequencies. It was found that
electromagnetic radiation increases the survival of plants in
a medium with heavy metals, stimulating the plants’ growth
and the cells’ capacity to absorb toxicants. The most effective
was radiation at frequencies of 60 GHz and 145 GHz when
the energy flux density was 120 pW/cm?. The found effect is
proposed to improve water treatment. Disadvantages include
the need of a direct contact of flora with the liquid, which
negatively affects the bacterial background of water.

The findings of [8] indicate that water purified with an
electromagnetic field can have a variety of biological effects
on the plant cells. They are associated with the “water mem-
ory effect”. Therefore, it is necessary to study further the
mechanisms of physical fields’ effect on aqueous media. A dis-
advantage of the above water purification methods is the lack
of a direct impact on the contaminants. The electromagnetic
purification systems interact with the liquid rather than its
contaminants.

A common shortcoming of the above considered studies
is a direct effect of the purification systems on the liquid.
The suggested study focuses on the direct effect of electro-
magnetic fields on the contaminants and their removal from
the main flow.

3. The purpose and objectives of the study

The aim of the study is to substantiate the principle of
removing impurities’ ions from water by focusing them by
means of an electromagnetic field in the auxiliary drain tube.

To achieve this goal, we set the following tasks:

—to prove the dependence of the Larmor radius of con-
taminants’ mechanical trajectory on the focusing coil current
for a rational placing of the impurities’ drain tubes;

— to choose the tubes’ diameter by the minimum Larmor
radius of focusing the impurities to remove them from the
main flow;

—to control the impurities’ mechanical trajectory by
means of an electromagnetic device that ensures the Larmor
precession and, thereby, helps to remove the focused impuri-
ties from the main flow.

4. Materials and methods of research on
the effect of an electromagnetic field on
the charged particles of impurities

The research consists in the simulation of the process of
focusing impurities (e. g. nitrates) in the flow by means of an
electromagnetic field. The process is simulated in LabView
that is a source programming system and has a built-in sup-
port of all the currently used programming interfaces.

The computer simulation process involves modifications
of the current in the focusing coil and subsequent study of
consistent patterns of the changes:

—in the angular velocity of the precession of the mag-
netic induction;

—in the Larmor radius of the magnetic induction;

— in the magnetic induction of the coil current.

5. The research findings on the effect of an electromagnetic
field on the ions of the water flow impurities

Impurity ions that form a filtrate are chemically ac-
tive. They are neutralized with external energy flows that
perform the function of physical filters. An axially sym-
metric magnetic field changes the energy of the impurity
ions’ state, which leads to the ionization of impurities and
increases the effectiveness of the magnetic system [9].
The difference in concentrations of cations and anions
in the filtrate generates local electromagnetic fields [10].
Interaction of a permanent axially symmetric electromag-
netic field with impurities causes the Larmor precession,
which affects the mechanical trajectory of the charged
particles around the vector of an external magnetic field.
The aggregate of the Lorentz force and the Larmor force
provides a helical path of the impurities, Fig. 1, whereas
the total mass of impurities is focused into a paraboloid
of revolution [11].

Fig. 1. A mechanical trajectory of impurities under
the influence of the Lorentz force and
the Larmor force combined

When the field intensity increases, the radius of the con-
taminants’ circular motion (the Larmor radius) decreases
and concentrates the impurities in the area of their removal
from the general flow.

In case of axially symmetric longitudinal magnetic field
[12] (Fig. 2), impurities’ particles move along a helical path
with a velocity of v.
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Fig. 2. The effects of the force vectors on a charged particle
in an axially symmetric longitudinal magnetic field

This is predetermined by the sum of the two motion
vectors — the circular one and the one along the line of
force. The magnetic field intensity along the trajectory of



a charged particle affects the radius of coils in a helix. The
helix slope changes, i.e. there changes an angle formed
by the trajectory and the directions of the lines of force.
In the point where the lines of force of the magnetic field
induction (B) converge, the Lorentz force (F) is perpen-
dicular to the plane of the Larmor circle. This force tries
to push the particles from the area of a more intense field.
Advantages of an axially symmetric longitudinal magnet-
ic field include spinning of the impurities in the direction
of the liquid flow motion and an increase in the time of the
magnetic field effect on the impurity particles.

The device for magnetic treatment of a water flow con-
sists of a tube of non-magnetic material and a magnetizing
coil arranged around this tube.

The axially symmetric transverse magnetic field makes
a charged particle oscillate [12]. Its mechanical trajectory
bends in the flow under the action of the following forces:

— the axially symmetric transverse magnetic field (the
Lorentz force);

— the electric field (the force of ion interaction).

The action of the electric field leads to damping of the
oscillations. Advantages of the device include:

— twisting of the impurities transversely to the move-
ment of the liquid flow;

— damping oscillations in the electric field, as well as;

— controlling ions of the impurities and subsequent
removal of the latter.

A disadvantage is the dependence of the magnetic field
intensity on the distance, which results in the restriction
of the tube diameter.

In devices with an axially symmetric transverse mag-
netic field, magnets are placed in an aqueous medium flow
(inside the device tube). The tube is used as part of the
magnetic circuit and made of a magnetic material. An ad-
vantage is that the coefficient of the magnetic field use in
the annular gap is about 0.8-1.0 RU [13]. A disadvantage
is the need to protect the magnets from corrosion because
of their location directly in the flow.

The experimental study is provided with a specially
designed stand, Fig. 3. EMCD is an electromagnetic con-
trol device with a winding for focusing impurities in the
flow, Fig. 3. The flow rate is determined with the help of
an ultrasonic flow meter ULTRAHEAT 2WR783, Ger-
many. Advantages of the flow meter are as follows:

— aspecial design of the measuring chamber that is not
sensitive to axial asymmetric flows of liquid;

— the absence of damping linear parts and moving
parts in the flow meter;

— a wide range of the flow rate measurement (from 1 to
200 % of the rated consumption);

— anon-volatile power supply (a lithium battery with a
service life of 5 years). The maximum pressure of the stand
hydraulic system is 0.6 MPa.

Given the pressure, the tube diameter is between 0.07 m
and 0.41 m.

Water samples are taken from faucets F1-F3 according
to GOST 24481-80. There emerges an orbital moment
that increments the motion direction vector. It coincides
with the vector of the torque acting on the impurity ions.
As a result, the plane, in which there lie vectors of the or-
bital magnetic moment and induction of the external mag-
netic field, pivots through a certain angle. If this angle
is determined from the mass and charge of the impurity

ion, the angular frequency of precession is calculated as
follows [11]:
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where e is the charge of the particle, C; B is the magnetic
induction, T; m is the mass of the charged particle, kg.

In the relativistic case, the Larmor radius is found as
follows [11]:
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where v=1.5 is the velocity of the liquid motion in the pipe-
line, m/s [14].

Equation (2) shows that the Larmor radius is directly
proportional to the mass and velocity of the particle and in-
versely proportional to the charge and magnetic induction in
the electromagnetic control device. The magnetic induction
is calculated as follows [11]:
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where py=1.257-105 is the magnetic constant, H/m [15];
I is the current in the winding, A; N is the number of the
winding turns, pcs; Ly is the coil length, m.

If we substitute equation (3) into equation (2), the de-
pendence of the Larmor radius of a charged impurity particle
on the coil current appears as

R= w )
q-Ho-py-1

Analysis of the dependence of the Larmor radius of con-
taminants’ motion is made by means of computer simulation.
Simulation in LabView became possible due to the transfer
of the above calculated purification system parameters in
the machine view, Table 1. The values of the focusing coil
current are shown in Table 2.

EMCD

Fig. 3. A scheme of the experimental research stand on
the electromagnetic purification, where EMCD is
the electromagnetic control device, V1-V5 are valves,
T1is a bimetallic thermometer, M1-M2 are manometers,
FM1 is an ultrasonic flow meter, WT is a water drain tank,
F1-F3 are faucets

The values of Table 1 and Table 2 allow building the
control panel of the virtual instrument of this study, Fig. 4.

The functional panel of the virtual instrument for
studying the dependence of the Larmor radius of the
charged impurity particles on the coil current is shown in
Fig. 5. The function of “formulaic node” is used in analyti-
cal calculations.



Table 1
Transfer of the symbolic parameters of the purification system in the machine constants
Parameter Symbolic view Machine view Dimension Value Source
Mass of the contaminant charged particle m M kg 5.89x10%6 [15]
Velocity of the charged particle in the flow ) \Y% m/s 1.5 [15]
Length of the particle focusing coil Ly Ly m 0.5 Specified
Elementary particle charge q Q C 1.610719 [15]
Magnetic constant Mo MO H/m 1.257x10 [15]
Magnetic permeability Wi Mi RU 0.999995 [15]
The Larmor radius R Rg m To be calculated
Table 2
Values of the current in the impurity focusing coil
Ne 1 2 3 4 5 6 7 8 9 10
LA 0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24 0.27 0.30
Length of
the coil. Lk,
Current of the focusing coll LA m
flo_oa 9 0,05
1-‘IF Tables 1+2
i The number of the focusing . e
ilu’ug cofl turms, N, pes i LA Reg.m a-dr.m Vp, m*3
,.'IT 1, 0,030000 0,073179 0,070000 0,000275
= A 2, 0,060000 0,036580 0,118000 0,000063
v'lu,ls gl 3, 0,090000 0,024393 0,147000 0,000577
g 1 0,120000 0,018295 0,152000 0,000507
|0_18 LT . : / : :
:. v El‘}clﬂ‘ of a charged 5, 0,150000 0,014636 0,109000 0,000781
5 |0-11 p_"‘”;: eﬂ - 5, 0,180000 0,01219 0,237000 0,000931
¢‘|_0_24 in the flow, V. m/s 7, 0,210000 0,010454 0,241000 0,000246
. 9 150 8, 0,240000 0,009147 0,253000 0,000094
*‘Ioﬂ 9, 0,270000 0,008131 0,305000 0,001108
10,30
Diameter of the Mass of the contaminant Dependence of the volume of
fube, a=dr, m charged particle, m kg the
% . araboloid of contaminants'
90 40,07 JS LD Dependence of the Larmor parane. d e 0e] k] T V=f(dr) |
% radius = ' 0,001594
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Fig. 4. The control panel of the virtual device of studying the dependence of the Larmor radius of
contaminants’ motion on the focusing coil current
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Fig. 5. The functional panel of the virtual device

Fig. 4, 5 show the tools of simulating the filtrate treatment
process in G programming language. We used the original data
of Table 1, 2 and set the following restrictions:

— the diameter of the paraboloid of impurity revolution
is equal to or smaller than the diameter of the pipe for the
main flow;

— the radius of the auxiliary branch pipes is equal to or
larger than the Larmor radius of the contaminants’ revolution.

6. Discussion of the research findings on the effect of
the electromagnetic field on the mechanical trajectory of
impurities in the flow

Fig. 6 illustrates the found dependence of the Larmor
radius of the trajectories of charged particles on the current
of the focusing coil for impurities in the flow.
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Fig. 6. The dependence of the Larmor radius of charged
impurity particles on the focusing coil current

The dependence of the Larmor radius R of charged
impurity particles on the current I in the focusing coil is

a hyperbola with a parameter of a>0 that has two typical
parts. When the focusing coil current is between 0.03 A and
0.10 A, the tangent of the curve angle is equal to 0.33 RU.
An increase in the current from 0.10 A to 0.30 A reduces the
tangent of the curve angle to 0.2 RU. This is because at low
current in the focusing coil, between 30 mA and 100 mA,
contaminants pass a longer spiral path to removal from the
main flow. When the coil currents exceed 100 mA, the Lar-
mor radius of the particles’ becomes smaller, so the particles
pass a shorter path to removal from the main flow. If the fo-
cusing coil current is between 0.03 A and 0.10 A, the Larmor
radius of the contaminants’ motion decreases from 730 mm
to 241 mm. The selected auxiliary branch pipes have a radius
larger than the Larmor radius. If the radius of contaminants’
motion is 241 mm, it is recommended to use tubes of 529x6
with an inner diameter of 517 mm or more. If the focusing
coil current increases from 0.10 A to 0.30 A, the Larmor
radius of contaminants’ motion decreases from 240 mm to
70 mm. If the Larmor radius of impurities’ motion is 70 mm,
it is recommended to use tubes of 159x4.5 with an internal
diameter of 150 mm or more.

7. Conclusions

1. When the focusing coil currents are between 30 mA
and 100 mA, the contaminant passes a longer spiral path
before its removal from the main flow. When the coil current
exceeds 100 mA, the Larmor radius of the particle shortens
and the particle passes a shorter path to the removal from
the main flow.

2. We have selected auxiliary branch pipes to remove
contaminants from the main flow:

— if the focusing coil current increases from 0.03 A to
0.10 A, the Larmor radius of the contaminants’ motion
decreases from 730 mm to 241 mm; if the radius of contam-
inants’ motion is 241 mm, it is recommended to use tubes of
529x6 with an inner diameter of 517 mm or more;



— if the focusing coil current increases from 0.10 A to 3. Control of the mechanical trajectory of impurities by
0.30 A, the Larmor radius of the contaminants’ motion  means of an electromagnetic device due to the aggregate of
decreases from 240 mm to 70 mm; if the Larmor radius of  the Lorentz force and the Larmor force provides precession
impurities’ motion is 70 mm, it is recommended to use tubes  when the filtrate flows, focuses contaminants and removes

of 159x4.5 with an internal diameter of 150 mm or more. them from the main flow.
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