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ABSTRACT: The purpose of this article is to describe the method of calculation of the motion of particles in
the filter-coalescer wastewater treatment based on the mathematical description of the motion of the cleaning
fluid and the particles in the channel coagulator. It is found that fine particles in the coagulator move in a stream
S0 that the process of consolidation and coalescence occurs at specific sites in the gap between the cones, with
little flow velocity vector changes in direction and magnitude that the process provides an efficient aggregation
of particles. The length of this section should be sufficient to ensure that the bulk of the particles reach a critical
size. This allows the particles to migrate subsequent channel sections coagulator holding particles in the flow,
and eliminating such deposition of particles on the internal surfaces of the device even when moving within
the annular gap. The scheme of the electromagnetic filter of the coagulator, the two-dimensional scheme of the
magnetic coagulator, the scheme of epure of speed vectors in the canal of the coagulator and the scheme of
particle interaction in the canal of the coagulator are given too.

Keywords: Wastewater treatment; Coagulant; Mathematical model of the particle; Solid particles; The
computational experiment.

1. INTRODUCTION development [1-5].
The treatment of discharged water at machine-
The potential benefits of wastewater building enterprises, which contains a considerable
management are vast, yet the unfortunate truth is quantity of metal chips and used lubricating-cooling
that only a minuscule fraction of the total amount of fluid (LCF), is pertaining to great technical
wastewater generated is actually gathered and difficulties as the emulsions differ with resistance
treated (Figure 1) [1]. This lack of proper and weak biological oxidability of mineral oil. They
wastewater management systems has severe take the mechanical, physico-chemical and
implications for public health, environmental biological cleaning methods very hard [6-9]. In
sustainability, and economic growth. Developing most cases, the operation wastewater form low-
effective systems for wastewater treatment and concentration suspension containing fine particles
reuse is crucial for ensuring clean water resources, with dimensions of 0.1-15 micrometer. It may be
preventing the spread of waterborne diseases, said that the wastewater of many enterprises forms
reducing pollution, and promoting sustainable an aggregative stable system [10-15].
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Fig. 1 Untreated wastewater percentage in countries of various income levels and future goals for 2030
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Fig. 2 Schematic mechanism of work of magnetical coagulator

The particles with dimensions of 0.1-5
micrometers and less filtrate with little to no and
remaining in suspension state are taken by water
flow to extended distance, they are deposited on the
internal surface of the aggregates, and it has a
negative impact on their working capacity.
However, it is known that in the process of filtration
out of wastewater, the particles with dimensions of
5-10 micrometers and more are extracted quite
easily, which is why the aggregation (enlarging) of
the small particles to such dimensions let to manage
the process of particles filtration and to fully
exclude the settlement of hard deposits on the
internal surface of the aggregates in case of right
organization of cleaned liquid flow [16-18].

There are three methods of aggregation
development: electrolytic coagulation, flocculation
with hydrophobizated reagents, and flocculation
with polymers. For ferromagnetic particles, there
are methods of magnetical coagulation (Figure 2)
[19-22]. The deficiency of the majority of the
facilities used for coagulation based on prior art is
polishing of the internal surfaces because of the
settlement of fine particles in the dimensions of 0,3
5 micrometers. It is necessary to protect the
machinery, which provides the process of
coagulation with the help of modern instrumental
facilities, which use the mathematic models of the
motion of both small and large particles in the flow
of cleaned liquid [23-26]. Such an approach allows
for determining the optimal parameter of the facility
providing the effective conduct of the process of
small particle aggregation. For his reason, the issues
of mathematical modeling of particle motion,
investigation and elaboration of self-cleaning
methods of the internal surfaces come to the fore
and are important today [27-30].

The paper considers the coagulator, which
allows effective magnetizing of the particles and
their coagulation in the ramjet mode. For a decrease
in the particle’s settlement process on the internal
surface of coagulator, it is suggested to use the
vertical scheme of wastewater flow with the
changing speed and flow direction.

The suggested method of calculation of the
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particle motion process in the coagulator for
effluent treatment represents a scientific novelty as
it proposes a new approach to understanding the
coagulation process in the equipment. The method
is based on the mathematical description of the
cleaned liquid and particle motion in the canal of the
coagulator, which provides a more accurate
understanding of the process than previous methods.
Furthermore, the research proposes changes to the
construction of the cone circular coagulation and
lengthening the working surface of the magnetic
gap to improve the filter-coagulator set in the
complex for effluent treatment. These changes are
based on the analysis of the received data and

experimental research, which confirms the
theoretical results.
The purified liquid
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Fig. 3 Scheme of the electromagnetic filter of
coagulator.

The scheme of the coagulator is shown in Figure
3. The concerned equipment consists of main body
1; magnetic field generator 2, inner magnetic circuit
submerged in the main body 5, made in the form of
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a cone with tail 6, which has a possibility of central
axial movement in reference to the main body and
cylindro-wedge member 7, which is situated with
the split in relation to outside cone 3; inlet branch 4;
grooves 9 slotted in the cylindrical belt of the parts
7 for the liquid flow to the outlet fitting 8;
electromagnet system 10. The equipment is
working as follows: the cleaned liquid enters the
inlet branch 4, then it goes to the cone backlash of
the magnetic circuit of the coagulator, formed by
cones 3 and 5. Here the magnification of the
particles and their aggregation takes place. Then the
liquid containing the large particles flows to the
outlet fitting through the grooves 9. After that, the
separation of the large particles takes place on the
magnetic separator and the liquid enters the filter of
fine purification.

2. RESEARCH SIGNIFICANCE

The research described has significant relevance
in the field of wastewater treatment, which is a
critical issue in modern society due to the increasing
demand for clean water resources. The study
focuses on developing a method for efficiently
removing fine particles from wastewater using a
filter-coalescer system which is essential as fine
particles are challenging to remove from
wastewater and can cause severe environmental
problems if not treated properly. The research
contributes to the advancement of knowledge in the

field by providing a detailed mathematical
description of the motion of cleaning fluid and
particles in the coagulator channel. The study finds
that the process of consolidation and coalescence
occurs at specific sites in the gap between the cones,
which provides an efficient aggregation of particles
and prevents their deposition on internal surfaces.
This research has practical applications in the
development of more effective and efficient
wastewater treatment systems, which can help
reduce environmental pollution and ensure the
availability of clean water resources for future
generations.

3. MATERIALS AND METHODS

On the basis of this model, it is planned to create
the instrumental facilities of coagulator projectors
with the vertical flow of liquid and to receive the
recommendations on the optimal parameter choice
of coagulator. Figure 4 shows the scheme of the
coagulator canal in the two-dimensional
formulation. Also, all dimensions are shown,
determining the duct geometry of the coagulator.
These particular dimensions determine the
character of flow motion and the speed at the point

of particle location V; = (V,, V,, VZ)T, which is the

managing effect of the particle flow process in the
coagulator canal.
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Fig. 4 Two-dimensional scheme of the magnetic coagulator: 1 — internal cone, 2 — external cone, 3 — reference

axis, 4 — inlet fitting, 5 — outlet fitting.
4. RESULTS AND DISCUSSION
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For the determination of the flow speed, the
finite-element method was used, which was realized
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in the ANSYS package. Such a method of speed
determination allows finding the speed of water at
any point of the cutset of the coagulator. For this
task, there were formed the boundary conditions
which are determined by the duct geometry of the
coagulator [31; 32].

As the result of modeling, the epures of speed
vectors are received and the margins of velocity
conditions of liquid flow in the canal (Figure 5), on
which there is shown the scheme of distribution of
velocity vector of the flow points, received by the
calculation method.

The authors considered the flow of fluid on the
different parts of the coagulator. It is necessary to
divide the channel part of the coagulator into five
sections. In Section |, the flow speed to the length
of the inlet branch changes with little to no, and in
cross-sectional view in the area of the boundary
layer, it is equal to 0,5 m/s, and in the flow center —

1.5 m/s. In Section 11 the flow deflection takes place,

herewith the form of liquid distribution epure
becomes unsymmetrical, but the best speed value
on the module scarcely changes. The trajectory of
particles here is curvilinear; in these sections in
liquid, the fine particles with dimensions of di
prevail.

Further in Section 11, the stricture takes place,
and this causes the growth of flow speed in the flow
center from the value of 1,5 m/s up to 4,5 m/s. The
calculations show that in this section, the uniformly

accelerated motion of the liquid takes place [15; 33].
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In this section, the process of particle aggregation
takes place, and their size grows up to Dj, but the
fine particles with dimensions of d;also can remain.
In Section 1V, the flow deflection of the liquid
through 90° takes place, the motion takes place by
curvilinear trajectory, the area bordered upon the
internal surface of the outlet fitting, where the speed
decreases nearly to zero level, is seen well.

The speed in the flow center which is 4,4 m/s at
the start of the section decreases almost to the level
of 3 m/s, the uniformly retarded motion of the liquid
takes place. In section V the flow goes almost
regularly with the speed of 3 m/s in the center. The
received velocity fields allow researching the
particles’ motion in the flow on the different
sections of the motion. The epure of velocity
distribution over a cross-section is presented in the
form of a differential equation [28].

Equation of curve:
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Fig. 5 Epure of speed vectors in the canal of the coagulator.
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In Figure 6, the scheme of particle interaction in
the canal of the coagulator is presented. Let us
consider that each particle is influenced by the force
of hydrodynamic resistance determined by the
differential speed of the water flow in the place of
particle location and the particle’s own speed,
weight force, buoyancy force, and force of magnetic
action on a particle. Differential equations of
particle motion in the canal in the projection of the
reference axis are presented as follows.

mei,]' =

di;

m; - E = Rin + meiv (5)

dy; _ R 6
m; - =mg — Foi + Ry; + Frpyi, (6)
Rin = CSp(in - xi)lvxi - xl|/21 (7)
RR,, = cSp (Vy, = 3:) IVy, - 3il/2. (®)

The authors will determine the forces bringing
about the aggregation of particles by the eq. 9, 10 in
which 7, k - are the magnetic interaction figures.

If (Ri+R))2 = 8;;%, in which §; ;” is the squared

distance between the particles, then the contact

(10)

between particles attended by sticking and
aggregating takes place. Further on they move
together. The equation of such movement is written
as:
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Fig. 6 Scheme of particle interaction in the canal of
coagulator.
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Fig. 7 Particles trajectory: 1 - y4(x1), 2 -y2(x3), 3-vy3(x3), 4-y4(x4)
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Fig. 8 Particles trajectory: 1 - y;(Xq), 2 -y2(X32), 3-y3(X3), 4-y4(X4)

An aggregate composed of two particles can
join some more particles to itself, or can leave the
canal. For the determination of the initial rate of the
particles in the 3 section, the flat motion of the
liquid in the canal of the coagulator was researched
in the 2" section.

The appearance of a particle at any point at the
start of section Il of the canal takes place by
accident. The size of fine particles changes by the
normal law. Modeling the movement of n-particles
entering the 3" section, the authors can study the
process of large particle formation in the process of
coagulation. Further on, the calculations were
conducted for the following parameters u,;=225,
M2 =15 m r;;=3-10711 . Let us integrate the
differential equation for entry conditions:

x1=0 x=1 x,=2.5 x,=3.5 (12)
y1=0 y1=0 y;=0 y1=0
After integration, the functions indicated in
Figure 7 will be received.
The authors integrated the differential equation
for changed parameters py; =1 nr; =2 - 10712
and entry conditions:

X1=0 X1:1 X1=2.5 X1=3.5 (13)
y1=0 y1=0 y; =0 y1=0
After integration, it is possible to obtain the
functions indicated in Figure 8.
The analysis of these functions shows that the
type of particle motion essentially depends on the
parameters p,;,1;,k, which determine the forces of
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particle interaction, and also the size of the particles
m,;. You can clearly see the process of particles’
motion in the canal, their sticking and aggregates
motion. As the value u,;,1;; decreases, the distance
on which the sticking process takes place increases,
and this allows us to relate with the magnet field
parameters and geometrical dimensions of the canal
of the coagulator.

5. CONCLUSIONS

In recent times, effluent treatment has become a
crucial aspect of environmental management. The
discharge of untreated industrial effluent can have
significant negative impacts on the environment,
including the degradation of aquatic life and
ecosystems, soil contamination, and even health
hazards for humans.

To address these concerns, researchers have put
forth various methods of effluent treatment. Among
these methods, the use of a coagulator has emerged
as a popular approach. A coagulator is a device that
helps in the process of coagulation - the formation
of larger particles from smaller ones, which can
then be easily separated and removed from the
liquid. However, the effectiveness of a coagulator
depends on its ability to agglomerate particles
effectively and prevent them from settling on the
internal surfaces of the equipment.

In this context, the authors of the present paper
have proposed a novel method for calculating the
particle motion process in the coagulator during
effluent treatment. The method is based on the
mathematical description of the cleaned liquid and
the particle motion within the canal of the
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coagulator. Through their research, the authors have
identified specific areas within the backlash
clearance between the cones where fine particles
move in the flow and undergo sticking and
enlarging processes. During this process, the speed
vector of the flow changes direction and value only
slightly, leading to an effective aggregation of
particles.

It is determined that in the coagulator the fine
particles move in the flow, such as the sticking and
the enlarging process takes place on the special
areas in the backlash clearance between the cones,
herewith the speed vector of the flow varies its
direction and value only slightly, and this provides
the effective process of aggregation of the particles.
The length of this area must be enough to let the
basis weight of the particles reach the critical size
S = 1071° This allows transferring the particles to
the further areas of the canal of the coagulator
holding the particles in the flow and excluding the
settlement of such particles on the internal surfaces
of the equipment even during the motion inside the
circular clearance.

In such a way, the liquid with large aggregates
transfers to the zone of magnetic separation and
filter. The analysis of the received data allows us to
make changes to the construction of the cone
circular coagulation and to length the working
surface of the magnetic gap, and by this to improve
the filter-coagulator set in the complex on effluents
treatment. The experimental research confirmed the
received theoretical results.
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