IOP Conference Series: Earth and Environmental Science

PAPER » OPEN ACCESS You may also like

A new type of helium purifier which uses a

Study on the determination of the parameters of Gl ryoconer s he ol source
the electric purifier |

- Development and performance evaluation
of an MR squeeze-mode damper
Bogdan Sapiski and Janusz Godasz

To cite this article: A S Berdyshev et al 2021 IOP Conf. Ser.: Earth Environ. Sci. 939 012023
- Effect of the plate surface characteristics
and gap height on vield stresses of a

magnetorheoloaical fluid
| Jonkkari, E Kostamo, J Kostamo et al.

View the article online for updates and enhancements.

ECS Toyota Young Investigator Fellowship ECS TOYOTA

For young professionals and scholars pursuing research in batteries,
fuel cells and hydrogen, and future sustainable technologies.

At least one $50,000 fellowship is available annually.
More than $1.4 milion awarded since 2015!

Application deadline: January 31, 2023 Learn more. Apply today!

This content was downloaded from IP address 213.230.109.7 on 21/12/2022 at 06:42

-



https://doi.org/10.1088/1755-1315/939/1/012023
https://iopscience.iop.org/article/10.1088/1757-899X/502/1/012047
https://iopscience.iop.org/article/10.1088/1757-899X/502/1/012047
https://iopscience.iop.org/article/10.1088/0964-1726/24/11/115007
https://iopscience.iop.org/article/10.1088/0964-1726/24/11/115007
https://iopscience.iop.org/article/10.1088/0964-1726/21/7/075030
https://iopscience.iop.org/article/10.1088/0964-1726/21/7/075030
https://iopscience.iop.org/article/10.1088/0964-1726/21/7/075030
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsvkjrWLuVMgBzJyLNStFEpQ9TqVQ_rW1SvnlBPKUcJ72TWjXAJGQGbX2sB1jPdvmDl8eqHu4uzHoBPKl4lP8iM59IZs4gftLXFm_zhG6DGa7GWWtmEBcZY-7tN8fiYqxCoH6EvKmlkYgpywguzkHDXvPS7Jnm0ZLpZ3SRVohX5kCEFh576ezzsEGTwFm06M7xMGlSUaYr41GvaYKi8xitFerHmmDIOUIoIxL16R6DMSMr3Mc9NtR4X10puGPaH-dfTA0wOx0-e42a_0Ucv0pCgyO268ZYjfPnAla0uatmyk5Q&sai=AMfl-YRCfZdSWwDBUAfuBU7GpGn_nCNqnIB_tnl34jpvrU_FrNOQrD1UbpXubyK4vbW61usLJ2VBLUykPJNpgZ6wrQ&sig=Cg0ArKJSzMNhUzNmCb8q&fbs_aeid=[gw_fbsaeid]&adurl=https://www.electrochem.org/toyota-fellowship%3Futm_source%3DIOP%26utm_medium%3Dbanner%26utm_campaign%3D2023ECSTYIF

ICECAE 2021 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 939 (2021) 012023  doi:10.1088/1755-1315/939/1/012023

Study on the determination of the parameters of
the electric purifier

A S Berdyshev'", Z Z Djumabayeva', A A Abdullaev', and A
Mussabekov’

'Department of Electrotechnologies and Operation of Electrical
Equipment, Tashkent Institute of Irrigation and Agricultural
Mechanization Engineers, 100000 Tashkent, Uzbekistan
*Faculty of Natural Sciences, NJSC South Kazakhstan state
pedagogical university, 160012 Shymkent, Kazakhstan

Email: berdyshev66@mail.bk

Abstract. The article is devoted to the determination of the parameters
on which the filter performance depends on the hydrodynamic,
electromagnetic and geometrical parameters of the fluid and pollution.
These include fluid viscosity and flow rate, magnetizing force, particle
size of contamination, gap height, and the distance between the turns.

1. Introduction

When designing the electromagnetic part of the filter [1], it is important to
determine the optimal values of the magnetizing force, at which high speed can
be obtained with minimal energy loss. It should be noted that the heating of the
winding in this case has positive phenomenon. As the temperature increase, the
viscosity of the liquid decreases, which leads to the decrease in the Stokes drag
force that slows down the cleaning process [2]. The efficiency of the filter
depends on the hydrodynamic, electromagnetic, and geometric parameters of the
liquid and the contaminants [3-9], like the viscosity of the liquid and its flow rate,
the magnetizing force, the particle size of the contamination, the gap height, and
the distance between the coils.

2. Methods and Results

If the particle is in the close vicinity of the wall, where the tension increases by
103 times, not only the transverse component of the ponderomotive force
increases sharply, but also the longitudinal one. Therefore, due to a significant
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increase in this force, the particle begins to move faster, which is confirmed by
the calculated dependence shown in Figure 1.

The analysis of the calculated graph showed that the coil-to-coil distance of 1 mm
with the accepted parameters, the particle inside the purifier passes in 0.0026 s.
Therefore, there cannot be the switching speed limitation of the cleaner windings
in electrical circuits, since the main parameter in the calculations will be the flow
rate of the liquid.

Figure 2 shows the time variation of the longitudinal component of the
ponderomotive force. As expected, it first increases as the particle approaches the
side wall, reaches its maximum on the surface, and then begins to decrease.

This happens because with a constant transverse coordinate p, the longitudinal
coordinate z continues to increase, which leads to a decrease in the longitudinal
component of the ponderomotive force.

The longitudinal component of the ponderomotive force is inversely proportional
to z and (R’ - p°)’. Theoretically, we determined that at the beginning of the
cleaning process, the coordinate p first increases as it approaches the side wall,
and then, when the particle is attracted to it, remains unchanged. The longitudinal
coordinate z continues to increase all the time. First, before the particle reaches
the side wall, the longitudinal component of the ponderomotive force is
influenced by an increase in p, and this force increases. The further cleaning
process takes place at a constant coordinate p and increasing z. Therefore, there is
the decrease in the value of the ponderomotive force. This can be seen in Figure
3.
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Figure 1. Dependence of the change in the longitudinal zcoordinate of a particle
on the transverse component p
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Figure 2. Time dependence of the longitudinal component of the ponderomotive
force
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Fig. 3. Dependence of the longitudinal component of the ponderomotive force on
the z coordinate

The presence of the extremum of the longitudinal component of the
ponderomotive force determines its expression, which was obtained earlier.

The nature of the change in the longitudinal component of the Stokes force [4]
can be explained as follows.

At first, before the particle reaches the side wall, the magnitude of the
ponderomotive force increases insignificantly; therefore, the speed of movement
of the pollution particle under the action of this force also does not increase very
quickly. When the particle reaches the lateral surface and begins to move along it,
the ponderomotive force acting on it, and, accordingly, the particle velocity
increase sharply. Further movement is accompanied by a decrease in the strength
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of the magnetic field, and hence the speed of the particle, therefore, the force of
resistance to the movement of this particle also decreases.

Tables 1-6 show the dependence of the time of attraction of the particle to the
outer wall ¢, and its movement from one coil to another # on the above

parameters (the results are obtained for the following parameters: the radius of
the particle is 10x10° m, the viscosity of the liquid (water) is 0.001 kg/m-s, the

flow rate is 5 I/min, the height of the gap is 4x10”m, the distance between the
coils is 1x10™m, the radius of the inner pipe is 5 x10™m.

The analysis of the data from Tables 1-2 showed that the increase in the current
strength and particle diameter leads to the increase in the speed of the purifier
(Figures 4 and 5), which is explained by the increase in the ponderomotive force,
which depends on the square of the current and on the cube of the radius. The
Stokes resistance force also increases with increasing particle size, but only to the
first degree, so this factor has not decisive importance when analyzing the
operation of the purifier.

Table 1. Dependence of the speed of the cleaner on the magnetizing force

I,A 2.5 5 7.5 10 15 20
t,s 0.025 0.006 0.0024 0.0015  0.00067  0.00035

s 0.0029  0.00075  0.00035  0.0002  0.00009 0.000054

t,

Table 2. Dependence of the speed of the purifier on the particle diameter
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£ x10%,s 02 008 005 0033 0023 0013 001 0009

t.coos

[os -3 SR e T B ERTSRI T SRS E
0015 feeeeev T S It SRS E
(YY) E— S T SO SHSOR N 4

0.005 A S i

0

20
1.4

Figure 4. Dependence of the time of reaching the side wall and the transition
from one coil to another of the particle on the magnitude of the current
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Figure 5. Dependence of the time to reach the side wall and the transition from
one coil to another on the radius of the pollution particle

The dependence (Figure 6) showed that the speed of the purifier depends almost
linearly on the temperature of the liquid [5]. This can be explained by the linear
dependence of the Stokes force on the viscosity of the liquid. The calculations
showed that at the amperage of 10 A, the particle covers the distance of 1 cm in 3
seconds during water treatment, which clearly cannot meet the technological
requirements for purifiers that are used for water treatment.
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Figure 6. Dependence of the time of reaching the side wall and the transition
from one coil to another by the particle on the water temperature

Tables 3 to 8 show the calculated dependences of the response speed on the
hydrodynamic parameters of the liquid - its temperature, i.e. viscosity (in the case
of water and oil) and flow rate (Figure 6). As expected, the increase in viscosity
with decreasing temperature, which increases the Stokes drag force, lowers the
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particle velocity, and the significant increase in viscosity on going from water to
oil (by about two orders of magnitude) necessitates the significant increase in the
magnetizing force.

Table 3. Dependence of the speed of the purifier on the water temperature
1.°C 10 20 40 60

£x10%,c 4 35 24 15
(,x10%,c 05 039 026 019

Table 4. Dependence of the speed of the purifier on the water temperature

1,°C 10 20 40 60
1.x107,¢ 4 35 2.4 15
1, x107,c 05 039 026 019

The dependence (Figure 6) showed that the speed of the purifier depends almost
linearly on the temperature of the liquid. This can be explained by the linear
dependence of the Stokes force on the viscosity of the liquid.

According to the calculated data from Tables 4 and 5, it can be concluded that it
is advisable to use the purifier with the traveling magnetic field for water
treatment and other low-viscosity liquids (emulsions, etc.). This limitation is due
to the fact that viscous liquids require large values of the magnetizing force, for
the creation of which it is necessary to use a copper bus with a cross section of
about 300 mm® for the practical implementation of the electromagnetic filter
system.

When using for the purification of viscous liquids, purifiers with the complex
configuration of the magnetic field, as shown by the calculations, this problem
does not exist.

Table 5. Dependence of the speed of the cleaner on the oil temperature at a

magnetizing
force of 700 A
1.°C 20 40 60
<107, s 75 6.2 1.7
1,107, s 2.8 0.69 0.2

Table 6. Dependence of the speed of the purifier on the liquid consumption

q,1/ min 0 5 10 15 20
t.x107, ¢ 33 34 4 5 9
t,x 107, ¢ 0.39
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The analysis of the data obtained in Table 6 showed that the time for the particle
to reach the wall does not depend on the flow rate of the liquid, as follows from
our mathematical model - with a laminar flow of liquid, the transverse component
of the liquid velocity is zero. Tables 7 and 8 show the dependence of the speed on
the geometric parameters of the filter - the distance between the coils and the
height of the gap.

£s 10 ‘ T ! ! ‘ T ‘ T

<] E——
P N S SRR

[ ——

i i i i i i i
0 0.005 0.01 0.015 0.02 0.025 003 0.035 0.04 0.045 0.05
L.m

Figure 7. Dependence of the time of reaching the side wall and the transition
from one coil to another by the particle on the distance between the coils

Table 7. Dependence of the speed of the purifier on the distance between the

coils
2 0.001 0.01 0.02 0.03 0.04 0.05
£ x107, s 3 34 5 7 8 10
(X107, 5 0.36 0.39 0.5 0.74 1.2 2

Table 8. Dependence of the speed of the purifier on the height of the gap

h,m 0.002 0.003 0.004
1, x 107, s 2.5 6 9
1,x107, s 3.52 3.62 8.4

3. Conclusion

According to the study, the dependences showed that the longitudinal component
of the particle movement during cleaning depends more on the geometric
parameters of the filter than the transverse one (Figure 7). This once again
confirmed the correctness of the theoretical studies.
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