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Abstract

The separation of solid particles from the liquid or gas
phase is commonly done using mechanical devices, the
most important of which are cyclones. The simple
structure and low production and maintenance costs have
increased the use of cyclone separators in the electricity,
petrochemical, cement, wood, etc. industries. The results
demonstrate that the applied voltage, in addition to
increasing the tangential and axial velocities, which causes
an increase in the centrifugal force in the cyclone,
stabilizes the flow and brings purer air into the vortex. The
increase in efficiency and decrease in pressure drop due to
the application of the electric field indicates an
improvement in the performance of the studied cyclone.
Keywords: Particle separation, Square cyclone, Electric
field, Separation efficiency, Pressure drop.

1. Introduction

Cyclones are used in various industries such as cement,
plaster, steel, sugar, food, and pharmaceutical industries,
and in the industries that somehow deal with dust particles
known as one of the main and the lowest consumption of
industrial ventilation system equipment [1-3]. Hoffman et
al. [4] stated that the length of the natural vortex is strongly
related to the process of particle separation and erosion that
is observed at the base of conventional cyclone separators.
In addition to cyclones with a cylindrical body, there is
another type of cyclone called a square cyclone. In the
present work, an electromagnetic force is applied to the
cyclone body. The electric field is applied to the square
cyclone by using a lithium-ion battery and the effect of the
electric field on tangential velocity, axial velocity, and
pressure distribution is investigated.

2- Governing equations

Since the fluid is Newtonian and the gas flow in the
cyclone is assumed to be incompressible, the continuity
and three-dimensional Reynolds averaged Navier-Stokes

equations, ignoring the gravity force, are expressed as
follows [5]:
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Here, u; is the average velocity vector, x; is the
position vector, P is the average pressure, p is the gas
density, v is the gas kinematic viscosity, and R;; is the
Reynolds stress tensor. Previous studies have shown that
the Reynolds stress model can be used to calculate the
strain-stress rate for complex flow in cyclones [1]. Hence,
this model is chosen for the present work.

Also, since the volume fraction of particles is less than
10%, one-way coupling is used to track solid particles [1].
According to the Eulerian-Lagrangian approach, Newton's
second law for particle motion is as follows:
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Here, uy is air velocity, up is particle velocity, u, is air
viscosity, p, is air density, pp is solid particle density, dp
is particle diameter and Re, is particle Reynolds number.
Cp is the drag coefficient and C;, C,, and C5 coefficients
depend on Rep. Fig. 1 shows cyclone geometry and Table
1 presents the dimensional characteristics.

3- Results

Tangential velocity

Tangential velocity is the most important velocity
component in cyclone separators, which affects both
pressure drop and separation efficiency. Separation of
solid particles takes place due to centrifugal force and this
force is directly related to the size of the tangential
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velocity. The tangential velocity profile consists of two
internal and external regions. In the inner region, which is
almost rotating, it acts like the rotation of a solid body,
which is called a forced vortex. Fig. 2 shows the effect of
electric field on tangential velocity. In this figure, the input
velocity is 25 m/s and the voltage value is variable from
zero to 25 kV.

o
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Fig. 1. Schematic of a square cyclone (D is the size of the
side of the square body).

Table 1. Square cyclone dimensions (in millimeters).

D De a b S h H B

Dimension
100 | 460 | 750 | 380 | 1000 | 2000 | 4000 | 250

Axial velocity

Another important component of wvelocity that is
responsible for transporting solid particles is axial
velocity. The axial velocity increases near the center line
in the region of the forced vortex. This velocity component
reaches the lowest possible value in the free vortex region.
Also, taking into account the reflective effects of the wall,
the axial velocity of the inner core area decreases. Near the
wall of the cyclone, the axial velocity moves the particles
downwards (conical part and then the collection place). In
the area near the wall, the flow is downward, which carries
the particles with it. In the inner vortex area, the fluid flow
without particles or with small particles is directed
upwards towards the vortex detector. The increase in
voltage causes a significant increase in the axial velocity

(Fig. 3).

4. Conclusion

The purpose of this study is was numerically investigate
the effect of an electric field on improving the efficiency
of a square cyclone. The simulations were carried out
using the Eulerian-Lagrangian method and one-way
coupling, and the effect of voltage on two components of
velocity, i.e., tangential velocity and axial velocity, as well
as pressure drop, was investigated. The results showed that
increasing the applied voltage increases the tangential
velocity. The increase in centrifugal force resulting from
the increase in tangential velocity moves the particle

toward the cone wall and increases the concentration of

particles in these areas.
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Fig. 2. The effect of the electric field on the size of the
tangential velocity
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Fig. 3. The effect of the electric field on the size of the axial
velocity
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