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Abstract

In recent years, particulate emissions have advanced to the top of the global priority list. Numerous research, both numerical
and experimental, have been conducted to explore different corona wires and collecting plate configurations. This study aims to
investigate the best location of corona wires arrangements using 3 types of collecting plates; wavy plates (wavyPs), and inverted wavy
plates (InvwavyPs), flat plates (FPs) as a reference case. Where, three positions of corona arrangements were modelled with three

types of collecting plates via Finite Element Method (FEM).
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1 Introduction

Particulate emissions are one of the most significant prob-
lems with air pollution, and they have become a major
concern for everyone. Electrostatic precipitators (ESPs)
are often used to filter out airborne pollutants in vari-
ous industrial applications. ESPs are often used in sev-
eral industrial applications to capture particles that should
not be discharged into the atmosphere. Although the parti-
cle removal efficiency for tiny particles (about 0.2 pm) has
been very low, ESPs may attain over 99% efficiency and
need relatively little energy to operate [1-6].

ESPs are often classified into two categories based on
the number of stages and the geometric configuration of
their collecting plates. ESPs can be categorized as either
single-stage or two-stage, depending on the number of
steps in the charging and collecting sections. ESPs can be
categorized as plate-type, tubular, and wire-type, depend-
ing on the physical arrangement of their collection plates.
Plate-type ESPs utilize flat or corrugated plates to collect
particles, whereas tubular ESPs use cylindrical tubes, and
wire-type ESPs use wires to generate an ionizing corona
that charges the particles [7].

Numerous research, both numerical and experimen-
tal, have been conducted to explore different ESP collect-
ing plate configurations; for instance, flat plates (FPs) and

related arrangements are investigated [5, 8—13]. Different
shapes of collecting plates were numerically studied such
as C-type, wavy, triangular, and W-type, and crenelated
plates [1-6, 14—17]. Electric field parameters, airflow dis-
tribution uniformity, and collection efficiency were exam-
ined for seven dust-collecting plates [18].

The aim of this study is investigating the effect of
the corona wire position on the performance of the sin-
gle-stage ESP based on this study [4], where they dis-
cussed the wavy configurations of collecting electrodes in
a single-stage ESP. According to the research conducted
by Choi et al. [16], it was found that there is a positive
correlation between the increase in applied voltage and
the improvement in collection efficiency. Nevertheless,
the augmentation of the volumetric volume has a detri-
mental impact on the collecting efficiency [16]. The uti-
lization of wavy plates in particle charging and transport
is enhanced by directing attention to the wavy design.
The study identified the wavy-E case design as hav-
ing the performance most close to optimal, with a value
of (A/the ratio of the wavelength / the distance between
two corona wires (Lww)) equal to 1 and (A/the ratio of
the Amplitude / the distance between the corona wire and
the collecting plate (Lwp)) equal to 0.3 [16]. In addition,
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Gao et al. [19] investigated the phenomenon of parti-
cle migration by employing various electrode configu-
rations [19]. Their findings indicate that modifying the
forms of the corona electrodes and collecting plates sub-
stantially impacts the electrical properties related to this
process [19].

2 Physical model

ESPs employ electric fields to eliminate dust and particles
from the air. The technique involves ionizing molecules,
which results in the charge of dust particles in the air
and their subsequent attraction towards collection plates.
The system integrates gas flow, electric fields, dust parti-
cle charge, movement, and collection [2].

2.1 Gas flow

The performance of particle collection is determined by
the kind of gas flow, with laminar flow following an alge-
braic rule and turbulent flow following a probability expo-
nential law [20]. In this work, the proposed model was
implemented as a laminar flow. The laminar flow is con-
sidered to be an ideal flow, which is governed by frictional
or viscous forces. The flow as a laminar flow depends
on the Reynolds number (Re), where the laminar flow
is determined to be less than 2000. The Re is calculated
using the formula:
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where Re is the Reynolds number, p is the density of the
fluid, u, is the velocity of the fluid relative to the object, L is
a characteristic length (e.g., the diameter of a pipe or length
of an object), and x, is the dynamic viscosity of the fluid.
This flow type is determined by the Navier-Stokes equa-
tions, which are used to conserve momentum and mass.
This research is confined to an incompressible flow, which
is described by the equation pVu =0, representing the
motion continuity. The momentum equation for laminar
flow is determined by the fluid's velocity and pressure [1-6]:
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where p (kg/m?) is the fluid density, p (Pa) is the pressure,
u (kg/(m s)) is the dynamic viscosity, and F,,, is the elec-
trohydrodynamic force vector [1-6].

2.2 Electrostatic field
The electrostatic model for the ESP is characterized by
charge conservation and poisson equations:
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where A, (C m™) is the space charge number density,
J (A m™) is the current density vector, z, is the charge
number, x4 (m? V' s71) is the ion mobility, E (V m™) is the
electric field intensity vector, # (m s™') is the fluid velocity
vector, ¢, (F m™) is the free-space permittivity, and V' (V)
is the electric potential [21].

2.3 Particle charging and particle and Kkinetics

The charging of particles in ESPs is a multifaceted phe-
nomenon that takes place at the interface of the nega-
tive electrode surface and the active plasma region [22].
This phenomenon is regulated by two fundamental
charging mechanisms, namely diffusion charging and field
charging [21]. Diffusion charging is based on Brownian
motion [23]. Diffusion charging is predominant for parti-
cles smaller than 0.5 um, while field charging is predomi-
nant for particles larger than 1 um [20, 24].

2.4 Particle collection

Particle collection consists of the charged particles pro-
pelled towards the plates by the electric field. The trajec-
tory of larger particles in the direction of the plate can be
detected using the average gas velocity and average parti-
cle velocity. The efficiency of the ESP can be assessed by
evaluating parameters such as current-voltage characteris-
tics (I-V), corona power ratio [25], optimization of geomet-
rical characteristics (electrode geometry, wire radius, wire-
wire distance, collecting electrode geometry, shape, and
distance [26]. Other factors to consider are pre-charge length
to collecting stage length ratio, EHD flow, airflow velocity,
power consumption, and number of corona wires [26].

The majority of empirical relationships have been
implemented in the development of industrial-scale ESPs
capable of effectively achieving superior performance in
particle collection. Deutsch described the equation of the
particle collection efficiency for the single-stage duct type



based on the probability theory as Eq. (7); where v (m/s) is
the particle velocity vector. Equation (7) is used to calcu-
late the particle collection efficiency with ideal conditions
and several assumptions [22].
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2.5 The proposed design

In this study, three models of wavy plates, inverted wavy
plates (InvwavyPs) and FPs, as a reference model based on
the wavy-E case, were investigated with three positions of
corona wires which have the same Lww [4], which provided
better performance. The inverted wavy shape is used to check
what happens when the wavy shape is reversed. The work's
findings demonstrate how the electric potential, electric field
strength, current density, space charge density distribution,
and particle collection efficiency are affected by varying the
corona position when wavy and inverted wavy collecting
electrodes are utilized. Based on the results (Fig. 1), it has
been demonstrated that the wavy plates (wavyPs) exhibit
superior overall performance in the specific range of par-
ticles (0.01-5 pum), higher than both the InvwavyPs and
FPs in position 1 (P1). Meanwhile, the higher particle col-
lection efficiency in position 3 (P3) is InvWavyPs, which
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Fig. 1 Geometrical arrangements with 3 positions of corona wires
using FP, wavyP, and InvWavyP
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provided an additional possibility of applied voltage above
20 kV. In position 2 (P2), the particle collection efficiency of
wavyPs is higher than that of InvwavyPs.

3 Results and discussion

3.1 The electrical potential and electrical field

The simulation supplies the corona electrodes with an elec-
tric potential of 20 kV as specified in the Table 1. In con-
trast, the collecting electrodes are provided with a potential
of 0 V. To understand the behavior of the electrical poten-
tial distribution in FPs, wavyPs, and InvwavyPs, Fig. 2
shows the electrical potential distributions for three types
of ESP. Several observations can be made, such as the elec-
tric potential levels near corona wires exhibiting a different
pattern when observed in the wavy plates as opposed to flat
plates. The circular shape of the potential distribution in
the adjacent corona electrodes is greater when employing
flat plates compared to wavy plates. In this design, the high
electric potential values in the direction of the collecting
plates are reduced. While in the InvwavyPs, the potential
distribution of the corona wires exhibits a reduced magni-
tude and a more circular shape in comparison to flat plates
potential values are observed to be nearly symmetrical and
located near the center of the corona wires.

In this investigation, three different positions of corona
wires with the same Lww were selected; P1, P2, and P3.
The study aims to comprehend the impact of changing the
position on the distributions of electric potential and other
electrical properties. Cut lines were created at x = 350 mm
for P1, x = 387.5 mm for P2, and x = 425 mm for P3 to see

Table 1 ESP's parameters for 3 types of collecting plates

Description Value
Width (mm) 700
Distance between the collecting plates (mm) 100
Distance between two corona wires (mm) 150
Number of corona electrodes 3
Corona electrode radius (mm) 0.5
Applied voltage (kV) 20
Air laminar fluid flow, avg velocity (m/s) 1
Temperature (K) 293.15
Gas density (kg m™) 1.2
Gas viscosity (Pa s) 2.57 x 1077
Pressure (atm) 1
Particle radii (um) 0.01-5
Particle density (kg m™) 2200
Particle relative permittivity 5
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Fig. 2 Electric potential using different collecting plates with three positions
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Fig. 3 Electric potential curves according to vertical cutline for (a) FPs,
(b) wavyPs, and (c) InvwavyPs using three positions of corona wires
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Fig. 4 Electric field curves according to horizontal cutline for (a) FPs,

(b) wavyPs, and (c) InvwavyPs using three positions of corona wires

3.2 The space charge density and current density
The one of the primary objectives of this research consid-
ers comprehending the spatial arrangement of space charge
density (p), which represents the quantity of charge con-
tained inside a specified region. The visual representation
of the ESP is depicted in Fig. 5. When looking at this elec-
tric property, it's clear that the highest levels of space charge
density are grouped together in a small circle near the
corona wires on all three types of collecting plates, with dif-
ferent distributions for all positions of the corona wires. It is
important to remember that the corona discharge happens
in a small area around the corona wires based on Peek's law.
Fig. 6 displays the space charge density according to
the length of ESP. The data was gathered using a cutline
of y =30 mm, and the distribution form is the same for all
three types of collecting plates. The highest levels of space
charge density are found on wavyPs at P1 and InvwavyPs
at P3. Regarding the p values at P2, both wavyPs and
InvwavyPs designs have approximately the same values.
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Fig. 7 shows the distribution of current density using three
types at y = 30 mm.

3.3 The particle collection efficiency

The principal objective of our study was to investigate the
impact of modifications in geometric configurations of col-
lecting plates and corona wires on particle collection effi-
ciency. Three types of collecting plates were used with
three positions (P1, P2, and P3). The evaluation of wavy
collecting plates showed a superior capability for particle
collection at P1, whereas InvwavyPs demonstrated a reduc-
tion in their ability to collect particles at P1. On the other
hand, the best performance of particle collection efficiency
at P3 is when using InvwavyPs. Regarding position P2,
all the types have approximately the same performance.
These results can be illustrated as the particle collection
efficiency for three positions of corona wires within the
range of particle radii 0.01-5 um in Fig. 8.

Upon further examination of the results, the size of the
corona wire also plays a significant role in the ESP per-
formance. After investigating the position of corona wires
in wavyPs, the influence of changing the corona wire radii
in the wavyPs and InvwavyPs was investigated in [4, 5].
Using the position P1, three types of collecting plates (FP,
wavyP, and InvwavyP) were compared to understand the
relationship between the corona radius and the ESP particle
collection efficiency. The relationship between the corona
wires' radius and the electric field's distribution is inversely
proportional. The findings of this study indicate that the
most significant electric field magnitudes are produced by
the corona electrodes with the smallest radii [4, 5].

4 Conclusion

This study examined three models of wavy plates,
InvwavyPs, and FPs as a reference model based on the
wavy-E case with three positions of corona wires with the
same Lww, which performed superior. With the inverted
wavy form, you can observe what occurs when you reverse
it. The results of the study illustrate the impact of variation
in the corona position on the electric potential, electric field
strength, current density, space charge density distribution,
and particle collection efficiency when wavy and inverted
wavy collecting electrodes are employed. The results show
that the wavyPs outperform the InvwavyPs and FPs in posi-
tion 1 (P1) in terms of overall performance within the speci-
fied range of particles (0.01—5 pm). InvWavyPs has a greater
particle collecting efficiency in position 3 (P3), allowing
applied voltage exceeding 20 kV. In position 2 (P2), wavyPs
capture particles better than InvwavyPs.
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Fig. 5 Space charge density in FPs, wavyPs, and InvwavyPs
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However, this study will lead to explore additional

research of different types, to obtain the optimal design of

ESP collecting electrodes and corona wires.
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