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Abstract— This paper deals with the numerical simulation of the particle’s trajectory in an 

airflow under the room temperature and atmospheric pressure in the plane-plate configuration 

[1]. The research of the present paper is focused on time dependent studies of the precipitation 

process by visualizing the particle’s trajectory towards the collecting electrode in ESPs. A set 

of coupled differential equations based on Maxwell’s equations and the finite element method, 

are numerically computed using FEM solver software for their implementation and 3D distri-

butions of electric potential, electric field, induced airflow velocity and particle motion are ob-

tained in the planar plate system [2]. This model is proposed as a description of the electrostatic 

precipitation and can be used to study the influences of many factors on the particle’s trajec-

tory, including the applied voltage, dust loading and the fluid-flow velocity. The results of nu-

merical predictions are reported and discussed. 
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I. INTRODUCTION 

Electrostatic precipitation is a technique to remove suspended small-scale dust particles 

in the gas stream using an electrostatic force that charges the dust particles and then attracts 

them toward the collecting plates.  

Due to their high efficiency and low costs, electrostatic precipitators (ESP) are widely 

used in various industries and also have been applied for cleaning of indoor air in houses, 

offices and hospitals. 

They play a major role in environmental protection, since the awareness of air pollution 

and environmental impact of the rejections by industry and transport has prompted legis-

lators to set standards on air quality. 

The researchers are using both experiments and numerical simulations to study and op-

timize the design of this system. 

Knowing the behavior of charged particles in airflow is a crucial information to optimize 

precipitator efficiency which is influenced by a wide range of factors such as electrode 

geometry, particulate space charge, electrostatic field and diameter of particles. 

The present study attempts to provide a more realistic prediction of gas and particle 

dynamics inside an ESP. The subject of this work is to simulate the electric field, the flow 
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field and the particle motion under electrostatic and drag forces. These simulations are the 

first step towards the complete description of the conditions and processes in the ESP. 

II. NUMERICAL METHODOLOGY & MODEL DEFINITION 

The simulation described in this work is the first step towards a complete description of 

the physical and electrical processes in the ESP. The conditions in the ESP before operating 

are detailed. 

A. Model Description 

A 3D model can be assumed. The geometry modeling (see fig.1) consists of two large 

horizontal parallel conducting plates separated by inter-electrode space. 

A positive DC voltage is supplied to the upper plate and the bottom one is to the ground. 

The gas between both electrodes is air at room temperature an atmospheric pressure. The 

airflow has an initial velocity at the inlet. 

   The dimension parameters are given below. 

TABLE 1: PARAMETERS USED FOR SIMULATIONS 

Name Expression Description 

L 0.30 [m] Length of the electrode 

e 0.005 [m] Thickness of the electrode 

W 0.14 [m] width of the electrode 

H 0.08 [m] Inter-electrode Space 

Vdc 25 [kV] DC applied voltage 

Vxo 1 [m/s] Initial Airflow velocity at the Inlet 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. The proposed Geometry for the ESP in 3D channel 
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B. Numerical Approach 

es, spf and fpt modules were used for the simulations and have been tested and their 

suitability is discussed. 

1. Governing Equations 

The governing equations for the flow problem are the continuity and Navier-Stokes 

equation with an additional term take into account the effect of the electric field on the flow 

field. In addition, the effect of the particles on the electric and velocity fields is small, and 

a useful simplification is made by assuming one-way coupling, i.e., the electric field affects 

the particle motion, but not vice-versa. The unsteady governing equations for incompress-

ible electro-hydrodynamic flows in three dimensional, including the electrostatic force as 

a source term, are given as [18] 

1.1. Electrostatics module 

Where the dependent variable is the electric potential: V. 

    Gauss’s law [3,4] 

 vD 
 (1) 

E the electric field connected with the electric potential via the formula  

 VE   (2) 


where: 𝐷 −electric displacement (C/m2), 𝜌𝑣 −volume charge density (C/m3), 𝐸 −elec-
tric field intensity (V/m),  𝑉 −electrostatic potential (V). 

 

1.2. Fluid flow module 

Where the dependent variables are:  

            -Velocity field : u and its components : {
𝑢
𝑣
𝑤

 

            -Pressure: p 

The gas flow motion is governed by the set of the Navier-Stokes equations together with 
the continuity equation for laminar incompressible flow [5]: 
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where:𝜌 −air density (kg/m3), 𝑢 −air velocity (m/s), 𝑡 −time (s), 𝑝 −gas pressure (Pa), 
𝜇 −air dynamic viscosity (Pa.s) and 𝐹 −the body force acting on the gas (N). 
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1.3. Charged Particles’ Motion module 

Where the dependent variables are: 

            -Particle position: q and its components : {

𝑞𝑥

𝑞𝑦

𝑞𝑧

 

            -Particle temperature: 𝑇𝑝 

            -Particle mass: 𝑚𝑝 

In order to characterize the movement of charged particle in an ESP it is necessary to 

assume the equilibrium of forces acting on the particle. After some simplifications, it can 

be said that the following forces are acting on a dust particle in an ESP: the inertia force, 

electric force and drag force of the medium. 

The motion of any dust particle may be described as by the Newton second law [6]: 

 

 
t

p
F

dt

vmd


 (5) 
 

TABLE 2: CHARACTERIZATION OF PARTICLES 

Name Portland Cement Powder 

Physical Properties 
 

*Particle size (Equivalent 

Diameter) (µm) 

*Density (kg/m3) 

 

128 

 

1600 

Electrical Properties 
 

*Dielectric constant 

*Resistivity (Ω.m) 

 

2.6 

 

 Electrostatic Force 
When the charged particle passing a charge, Qs is in a region where an electric field 

strength of Ec is present, a force Fe will act on particle [6]. 

 Cse EQF 
 (6) 

 Drag Force 
The migration of particle towards the collector is resisted by a drag force and the net 

force on the particle is zero when it moves with a constant drift velocity [6]. 

 

 vumF p

p

D 


1

 (7) 
Particle relaxation time or time constant 

Characterizes the time required for a particle to adjust or "relax" its velocity to a new 

condition of forces and is not affected by the external forces acting on the particle. 
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Here, we denote: µ −viscosity of the gas (Pa.s), 
 

 The saturation charge on a spherical particle is determined by the for-

mula [6]: 
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Here, we denote: 𝜀0 −dielectric constant of free space (C2/N.m2), 𝜀𝑝 −dielectric 

constant of the particle, 𝐸 −local electric field intensity (V/m),  𝑑𝑝 −particle di-

ameter (µm). 

 Gravity Force 
 

Equations should be centered in a separate paragraph. In MS Word, this can be done by  

 p

p

pg gmF


 
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 (10) 

Here, we denote: 𝑚𝑝 −particle mass (kg), 𝑔 −acceleration due to gravity (m/s2),   

𝜌𝑝 −density of the particle (kg/m3),  𝜌 −density of the gas (kg/m3). 
 

2. Boundary Settings 
 

The boundary conditions for velocity components: Uniform velocity is specified at the 

inlet of magnitude 1 m/s for x-direction, pressure, electric potential and particle properties 

between two parallel plates separated with air gap are given as 
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TABLE 3: BOUNDARY CONDITIONS BY PHYSICAL PHENOMENON 

Physics 

(Modules) 

Domain 

1 

Domain 

2 

Domain 

3 

Domain 

4 

Domain  

5 

Domain 

6 

Electrostatics 

Charge 

Conser-

vation 

V0=Vdc Ground 
  Zero 

Charge 

Laminar 

Flow 

Wall: 

No Slip 

Wall : 

Slip 

Wall: No 

Slip 
U0=Vx0 p=5.105Pa  

Particle Trac-

ing 
Freeze 

Bounce 

 

Stick 

Up-

stream 

Particle 
Counter 

u0=Vx0 

Down-

stream 

Particle 
Counter 

Freeze 

Particle 

Counter 

 

 

III. SIMULATION RESULTS AND DISCUSSION 

 

A selection of numerical results from Comsol computations are described in the sections 

below: 

A. Simulation of Potential and Electric Field 

Electric field is the most important physical phenomenon in ESP because it provides the 

space charge needed for charging the particles. 

 

 

 

 
 

 

 

 

 

 

 

 

Simulated Domain 
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Fig. 2. Electric potential distribution in 3D channel 

 
Fig. 3. Electric potential surface distribution in 3D channel 

 
Fig. 4. Electric potential surface distribution in 3D channel 

 

B. Simulation of Airflow velocity and pressure 

The geometry formed by two parallel plates as shown in Fig. 5 are assumed to be infi-

nitely long the x-direction. Then the velocity depends on the x and y coordinates only. The 

velocity at the inlet is in the x-direction with a value 𝑢𝑥 = 1 𝑚 𝑠⁄ . 

If the inlet velocity is high enough, the flow in ESP is turbulent but if the inlet velocity 

is very low, the flow in ESP without the corona discharge can be laminar. 

You will see the flow fields distributions, like velocity and pressure in the chosen geom-

etry; integration procedure to calculate drag force is also rather simple, as you will see 

below. 
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Fig. 5. Velocity profile between two parallel plates in 3D channel 

C. Simulation of particle motion 

In this case, we have to couple between different physical processes in ESP. 

The most important is the coupling between electric field and air flow because the elec-

tric field and charges that generate electrostatic force which affects and modify the air 

flow field. 

 
Fig. 6. Conceptual representation of computed trajectories of Portland cement particles in the presence of the 

Electric and Drag forces (plate to plate configuration). 

The collection efficiency can be defined as the ratio of the number of particles collected 

by the collector plates to the total number of particles entering at the inlet. Because of the 

one way coupling assumption made and also the assumption that the particles do not inter-

act, the collection efficiency is independent of the particle density, in these calculations[7] 

To determine the collection efficiency for each case, number of particles are tracked in 

the flow field from the inlet of the ESP. These particles are assumed to be uniformly dis-

tributed and released with the same velocity as the air-stream from the inlet boundary. Any 

particle striking the collecting plate is assumed to be collected by the plate. The collection 

efficiency (η) is determined as follows [7] 
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where:𝑁𝑜𝑢𝑡 −Number of particles leaving the exit, 𝑁𝑖𝑛 −Number of particles entering 
at the inlet. 

On the collecting efficiency of ESP is analyzed, for the parameters given in each table. 

Finally, we are presenting the results of our numerical simulation by summarizing them 

in tables below. These tables show the different values of electric field intensity, migration 

velocity and ESP precipitation efficiency in our configuration at by varying the applied 

voltage, charging rate, Initial Inflow velocity and number of dust particles at the entrance, 

all these cases are being studied and reported in all the tables that will follow. 

TABLE 3: EFFECT OF THE APPLIED VOLTAGE ON THE ESP’S EFFICIENCY 

Applied 

Voltage 

(kV) 

Maximum 

Electric 

Field norm 

(V/m) 

Maximum of 

the Migration 

Velocity 

(m/s) 

Injected 

Particles 

Collected 

Particles 

Outgoing 

Particles 
Efficiency 

5 1.77105 1.48 1010 934 76 92.48% 

10 3.55105 1.73 1010 948 62 93.86% 

15 5.32105 1.98 1010 957 53 94.75% 

20 7.09105 2.13 1010 962 48 95.25% 

25 8.87105 2.47 1010 962 48 95.25% 

TABLE 4: EFFECT OF THE CHARGING RATE ON THE ESP’S EFFICIENCY 

Charging 

Rate (C) 

Maximum of 

the Migration 

Velocity 
(m/s) 

Injected 

Particles 

Collected 

Particles 

Outgoing 

Particles 
Efficiency 

20% QS 1.48 1010 934 76 92.48% 

40% QS 1.73 1010 948 62 93.86% 

60% QS 1.98 1010 957 53 94.75% 

80% QS 2.13 1010 962 48 95.25% 

QS 2.47 1010 962 48 95.25% 

TABLE 5: EFFECT OF INITIAL AIR FLOW ON THE ESP’S EFFICIENCY 

Initial In-
flow Ve-

locity (m/s) 

Maximum 

of the Mi-
gration Ve-

locity (m/s) 

Injected 
Particles 

Collected 
Particles 

Outgoing 
Particles 

Efficiency 

1 2.47 1010 962 48 95.25% 

2 3.02 1010 964 46 95.45% 

3 3.76 1010 964 46 95.45% 

4 4.60 1010 964 46 95.45% 

5 5.50 1010 964 46 95.45% 
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 TABLE 6: EFFECT OF THE NUMBER OF PARTICLES PER RELEASE ON THE ESP’S EFFICIENCY 

 

IV. CONCLUDING REMARKS 

A significant number of smaller precipitators use flat plates instead or wires both high-

voltage and collecting electrodes are flat plates. This increases the electric field that can 

be used for particle collection and for high resistance particles. 

The simulations previously described in the paper show the transition from stationary 

study to time dependent analysis. 

The surface distribution of electric potential seen in Fig. 2 shows the results as expected, 

it decreases when going from the top plate to the bottom plate and the electric field in Fig. 

4 is still constant and uniform inside the inter-electrode space and it reaches a very high 

value 𝐸 =8.87105 𝑉/𝑚 around the plates in the extremities. 

At the beginning, when the dust particle has acquired 20% from the total saturation 

charge the Migration velocity was at 1.48m/s, it became really important comparing with 

the inlet velocity that we had chosen for the particle at the entry of ESP cell but by ap-

proaching at the maximum value of the charge required for saturation, the velocity does 

not increase much more and also by adding more and more particles at the entrance, the 

migration velocity will increase. 

So, the charge acts much more on the drift velocity than what we thought. 

Assuming that the gas flow force gives no net contribution to the transport of the particle 

towards the collecting plate. It’s the electrostatic force that contribute for that which is 

on function of the particle’s charge that have reached. 

In the numerical simulation, coupling between different physical processes will con-

sume much more time and effort. Therefore, it is necessary to investigate the influence of 

different couplings on simulation results and determine the conditions when some cou-

pling should be included. These numerical computations provide insight in some basic 

phenomena governing the precipitator behavior and for this purpose it is very often enough 

with three-dimensional treatment. 

V. FUTURE WORK 

Electrostatic precipitator prototype showed encouraging particle removal efficiencies.  

Model precipitator system in COMSOL to optimize parameters 

Quantify collection efficiency as a function of: 

◦Voltage and corona current 

◦Electrode length and diameter 

◦Simulated atmospheric flow rate 

Number of 
Particles 

Maximum 

of the Mi-
gration Ve-

locity (m/s) 

Injected 
Particles 

Collected 
Particles 

Outgoing 
Particles 

Efficiency 

20 1.48 1010 934 76 92.48% 

40 1.73 1010 948 62 93.86% 

60 1.98 1010 957 53 94.75% 

80 2.13 1010 962 48 95.25% 

100 2.47 1010 962 48 95.25% 
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   The present study supported by a numerical simulation was carried out to test the possi-

bility of filtration of fine particles previously charged in an ionized air. The particle charge 

chamber allows suction injection of powder and ionized air. In this case, the particles ac-

quire an electrical charge due to the turbulence created inside the chamber. Once the parti-

cles charged, they pass through an intense electric field of plane configuration for capita-

tion that we did in this article. The advantage of this new filtration technique is to be able 

to avoid the sparks and arcs caused by the particles inside the ESP in interaction with the 

electric discharge. Till now we have done the 4 part about conveying the particles after 

being charged in the previous stage. 
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