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Abstract. The purpose of this article is to study the trajectory of air polluting particles in an electrostatic multiwire-

plate precipitator at certain geometrical, electrical, and granular parameters which considerably affect the particle 

behavior when subjected to electrical, drag and gravitational forces. In the main part of the paper, the particles' 

trajectory and deposition along the ESP channel is modelled. Multiple 3D simulations are made using a Comsol 

Multiphysics Software to visualize the particles trajectory by including the necessary physical phenomena that 

occur inside the system obtained by using their adequate equations to set-up a consistent model to investigate the 

particles’ tracking. The results of a non- uniform electric field are displayed as curves, and the particles’ trajectory 

and deposition addressed in the literature are reported and discussed. 
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Numerična simulacija krivulje poti onesnaževalnih delcev 

znotraj elektrostatičnega filtra 

Namen članka je proučiti krivuljo poti delcev, ki onesnažujejo 

zrak v elektrostatičnem večžičnem situ ob določenih 

geometrijskih, električnih in zrnatih parametrih, ki pomembno 

vplivajo na obnašanje delcev, ko so izpostavljeni električnim, 

uporovnim in gravitacijskim silam. V glavnem delu prispevka 

sta modelirana krivulja in odlaganje delcev vzdolž kanala ESP. 

Več simulacij v prostoru 3D je izvedenih s programsko opremo 

Comsol Multiphysics za vizualizacijo poti delcev z vključitvijo 

fizikalnih pojavov, ki se pojavljajo v sistemu. Predstavljeni so 

rezultati vpliva neenakomernega električnega polja na krivuljo 

poti delcev. 

1 INTRODUCTION 

During this decade, several well-known international 

organizations, associations [1] and prestigious 

universities have all mobilized their research laboratories 

for long-term studies dedicated solely to air pollution, in 

order to evaluate its impact on the human life and how to 

deal with this kind of the phenomenon. 

 Given the extent of the danger of the air pollution, it is 

classified as the fourth triggering factor of premature 

death according to WHO statistics [2]. Despite being 

invisible to the naked eye, it is always ubiquitous in the 

atmosphere at different concentrations and in several 

forms depending on the region's sector of activity. Often, 

it comes from two types of activities, either resulting 

from natural phenomena or from human activities [3,4] 

which are generally the main contributors to this pollution 

[4] since they are still in full expansion. 

 It is no longer necessary to demonstrate the 

innumerable direct and indirect effects of the airborne 

pollution on public health [5,6]; it has been observed that 

children and the elderly are the most vulnerable people 

[7] in society affected by such pollution, taking into 

consideration the duration of exposure, whether it is short 

or long term [5,6]. 

 Among the major sources of the air pollutants, the 

suspended particles matters (SPM) are the main sources 

of concern due to their impact on health, particularly at 

the cardiovascular and respiratory levels [8]. The United 

States Environmental Protection Agency (US EPA) 

classifies them as solid particles and divides them into 

three types: coarse, fine, and ultrafine particles [9]. They 

can travel for miles and stay in the air for hours or a 

couple of days [9] depending on their diameter. 

 In order to reduce their level in the air, several novel 

filtration methods [10] are still being proposed. Among 

them, a prominent position is held by the electrostatic 

precipitators [11], which have been widely used since the 

turn of the century. They can be found in heavy industry, 

waste incineration units, energy production, as well as at 

home or workplaces, because they can only limit the 

spread of polluting particles which come from a closed 

enclosure or a well-defined point source, as opposed to 

an open space. 

 The most basic setup consists of a stack of very fine 

wires in front of a metal plate that is spaced a few 

centimeters apart and has two operational zones: one for 

ionization and the other for collection. 
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 Electrostatic precipitation is based on the electrostatic 

attraction principle. When dust-laden air enters the 

device, and close to the wires, the particles are then 

exposed to an ionizing field, which electrically charges 

the particles by giving them a polarity. When these 

ionized particles reach the collection plate, they are 

captured and powerfully retained by an electrostatic field 

of reverse polarity. They are periodically removed by 

simple routine maintenance operations, and the air comes 

out of the device purified and is almost rid of about 90% 

to 98% of these solid particles it contained because it has 

the particularity of imprisoning particles of all micronic 

and submicronic sizes at each passage. Throughout the 

filtration process, particles charging and collection are 

done simultaneously. 

 As a result, knowing the trajectory of polluting 

particles as they enter the air filter attests to be a 

significant perspective in recognizing the primordial 

factors that have a direct impact on the deviation or not 

of these particles. This way, we’ll know which element 

to focus on next in order to improve the filter’s efficiency. 

Modeling all of the necessary phenomena governing 

within the pollution-control device appears to be the best 

tool for clarifying assumptions through equations solved 

using the finite-element method, which we’ll go over in 

more detail later. 

 Visualizing the pollutant particles streaming inside the 

ESP channel over one of its cross-sections seems to be a 

better way to determine the most affecting factors in 

deflecting and trapping these polluting particles. 

  

2 NUMERICAL MODELING 

In this section, we provide an overview of the essential 

considerations in modeling motion of pollutant particles 

on the entire electrostatic precipitator channel. This part 

describes the following steps for the simulation set-up. 

First of all, we define the geometry and then include the 

appropriate physics necessary for our investigation. 

2.1 Computational Model Description 

The modeling geometry is a simplified 3D configuration, 

(Fig. 1). It is a vertical channel with a multiple of 

identical conductors, all aligned on the same plane, 

ranging from 1 to 13, so as the HV electrodes with a 

radius of value Rw that are held at fixed voltage Vapp, 

and the whole is placed in parallel to a rounded planar 

plate at distance He, with curvature e at the ends to avoid 

the appearance of the maximum of the electric field in 

these corners during our simulations. The wires are 

separated from each other at value k, and the first wire is 

placed at distance i away from the inlet where the 

particles are injected, and are fixed on both sides by two 

plexiglass plates of thickness ep, and the two other sides 

are considered as openings used as an inlet where the 

particles are fed through it, and one outlet where a clean 

air comes out from it separated by a long channel 

containing a carrier airflow considered as a neutral 

background gas. 

 As the particles pass through the long channel, they 

are mixed together with air and are subjected to a non-

uniform electric field at an ambient pressure and the 

temperature of 20°C. 

 The model uses a multitude of wires next to a plate, 

but other geometries are possible. The proposed structure 

allow the particles to be seen from different angles, which 

can be accomplished by rotating it. 

 In Table 1, the values used to dimension the 

simulation domain are listed as follows: 

Table 1. Constant geometric values and physical parameters 

for the simulating model. 

Symbol Value Description 

L [cm] 27,0 Length of the collecting plate 

W [cm] 10,0 Width of the collecting plate 

e [cm] 1,5 Thickness of the collecting plate 

RW [mm] 0,3 Radius of the wire 

he [cm] 7,0 
Distance between wires and the collecting 

plate 

k [cm] 2,0 Inter-electrode distance 

i [cm] 2,5 
Distance from the entrance till the first 

electrode 

d [cm] 2-6 Entrance level of injecting polluting particles 

LP [cm] 30,0 Length of the Plexiglas plates 

eP [cm] 0,5 Thickness of the Plexiglas plates 

H [cm] 10,0 Height of the Plexiglas plates 

Ld [cm] 150,0 Length of the computational domain 

Vapp [kV] 20-30 DC applied voltage 

V0 [m/s] 0,0 Air velocity 

dP [µm] 10-90 Particles’ size distribution 

 

Figure 1. Presentation of a 3D geometrical model, including all 

dimensions of the related subdomains. 
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Inside this transparent shell, there are non-transparent 

particles whose physical properties in a free space are 

crucial to be known for the ESP to operate perfectly by 

preventing the particles from escaping and getting stuck 

on the flat plate. 

 The model considers all the injected particles as elastic 

and small with diameter dP of the micrometers order. 

They are assumed to be sperical, compact and 

concentrated, and are modeled as point particles. 

 All injected particulate matters are initially released 

uniformly from the ESP's entrance surface at t=0 s in the 

standing air flow, with all initial velocity components 

zero. 

 Table 2 lists the properties of the particles used in the 

model [12,13]. 

Table 2. Basic characterisation of the sample particles used 

during the numerical simulation. 

Particles sample Density Dielectric constant 

Lime [kg/m3] 640,0 2,5 

Portland cement [kg/m3] 1506,0 2,5 

Brick fire clay [kg/m3] 2403,0 2,8 

Concrete gravel [kg/m3] 2403,0 4,5 

Porcelain [kg/m3] 2403,0 7,0 

 

2.2 Included Physics Interfaces 

For the needs of the study, the below three types of 

physical interfaces and features given by these three 

modules are used. They are tested and their suitability is 

discussed, and which are the following: 

 

• Electrostatics module. 

• Computational fluid dynamics module. 

• Charged particle tracing module. 

 

 In this model, we first solve the two primary studies. 

Both Electrostatics and Fluid Flow are simultaneously 

computed using a stationary study and, in the second 

step, we set up the charged particles’ movement study in 

a time-dependent solver. This is done by coupling a 

temporal study step for computing the particles trajectory 

to a steady- state study for calculating electric potential, 

electric field and the fluid velocity field. 

 Finally, the elaborated simulations are achieved to 

solve the model several times using a different set of 

factors each time. 

  

2.2.1 Electrostatics module 

To solve the electrostatics problem, we solve Gauss’s law 

and the governing equations for the electric field in space 

between electrodes in the 3D channel given in [14,15]: 

 

 
VD =  (1) 

 

 VE −=  (2) 

 

 Where: D is the electric displacement (C/m2), ρv is the 

volume charge density (C/m3), E is the electric field 

strength (V/m) and V is the electrostatic potential (V). 

 

2.2.2 Fluid flow module 

The fluid flow motion is governed by a set of the 

Reynolds-averaged Navier-Stokes (RANS) equations 

together with the continuity equation for standard 

laminar incompressible flow, one of the most frequently 

used laminar models in computational fluid dynamics. 

The laminar model introduces dependent variables as 

follows [15,16]: 

 

 ( ) Fupu ++−= 2  (3) 

 

 

 0= u  (4) 

 

 Where: ρ is the air density (kg/m3), u is the air velocity 

(m/s), p is gas pressure (Pa), µ is the dynamic viscosity of 

the air (Pa.s) and F is the force acting on the gas (N). 

 

2.2.3 Charged particles’ trajectory module  

The particles’ motion equation is solved in one way. First 

the forces are induced in the model and are computed 

using the Particle Tracing Interface, which uses a 

continuum model in which the position is discretized 

using a finite element mesh in the modeling domain. The 

equation governing the evolution of the trajectory of 

particles in stagnant fluid is described by the Newton’s 

second law, and it can be expressed as [17]: 

 

 
( )

GDe

p
FFF

dt

vm
++=  (5) 

 

 The total force acting on the particles in a stagnant 

fluid under non-uniform electric field comprises a large 

number of physical phenomena but after some 

simplifications, it can be said that the following forces 

are the principal affecting the path of these rigid dust 

particles in ESP and which are: electrostatic force, 

viscous drag of the medium and gravity. 

 In this model, the electric force is assumed to be the 

dominant factor in determining the perturbed particles 

trajectory. 

• Electrostatic force: if charged particles are placed in 

a non-uniform electric field E, they are subjected to a 

continuous electric force given by the following 

expression [14]: 

 

 
Se ZeEF =  (6) 



258

  OUALID, FLAZI, OUSSALAH, NAOUI, BENAMAR, BOUDGHENE STAMBOULI 

 

 Where: e is the elementary charge (C), Z 

(dimensionless) is the particles charge number and ES is 

the electric field strength (V/m). 

 

• Mechanisms of particles’ charging 

Diffusion charging occurs when ions subjected to a 

random Brownian motion collide with and adhere to 

particles’ surface. The diffusion charging mechanism is 

given in the following form [18,19]: 
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 Field charging occurs when ions are carried by an 

external electric field to collide with and adhere to the 

surface of particles. The field charging mechanism is 

obtained from the following equation [18,19]: 
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 Where: Es is the electric field strength (V/m), εo is the 

vacuum permittivity (C2/N.m2), εp is the permittivity of 

the particle, dp is the particle diameter (µm), kB is the 

Boltzmann constant, T is the temperature (°K), e is the 

elementary charge (C), ci is the mean thermal velocity of 

the ions (m/s), Ni is the concentration of ions (1/m3) and 

Zi is the electrical ion mobility (m2/V.s). 
 

 The total charge of dust particles is experimentally 

demonstrated that it can be calculated with a practically 

sufficient accuracy as a sum of diffusion charge (7) and 

field charge (8) [20]: 

 

 
fdt nnn +=  (9) 

 

• Drag force: the viscous drag force is appropriate to 

include in the model since the fluid in the straight 

channel is stagnant and the particles’ speed is low. 

Furthermore, by treating the chaotic aspect of laminar 

flow in a statistical sense, the RANS equations permit 

stationary solutions to fluid flow problems. The 

particles experience a drag force given by the Stokes’ 

law and is defined as follows [20]: 
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 (10) 

 

 The particle relaxation time is the time required for a 

particle. 
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d
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 Where: mp is the particle mass (kg), dp is the particle 

diameter (µm), v is the air velocity (m/s), µ is the air 

kinematic viscosity (m/s2), ρp is the particle density 

(kg/m3). 

 

• Gravity force: since the device is placed vertically 

then the inclusion of the gravitation term is justified 

and the gravity force is calculated via the formula 

[17]: 
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 Where: g is the acceleration gravity (m/s2). 

 

 The condition to mention the right particles’ diameter 

is also necessary for all the forces to be physically 

correct. 

 In this part, we neglect particles interaction since they 

are moving in a standing fluid, so less collision 

happening. 

 

2.3 Boundary conditions settings 

Particles are set to freeze on the solid walls but they 

disappear or pass through as long as the system is an open 

boundary. 

In Table 3, we summarize the appropriate initial and 

boundary conditions for each physical interface. 

 

 

Figure 2. Divided subdomains with their specified boundary 

conditions. 
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Table 3. Summary of the initial & boundary conditions 

applied to the subdomains of the numerical model in each 

physical interface.  

  Modules 

 

 

 

Domains  

or 

Boundaries 

Electrostatics Fluid flow 

Charged 

particles’ 

trajectory 

Domain 1 
Zero charge 

0=Dn  

 

Inlet: Inflow 

yuu =0
 

& Outlet: 

Outflow 

Pap 00 =  

Outlet 

Particles 
will freeze 

Domain 2 

 
Charge conservation

( ) vr E  = 0
 

 
Particles 

will freeze 

Domain 3   

 

PNN =
uv =  

 

Domain 4   
Walls: 

pass through 

Domain 5   
Particles 

will freeze 

Domain 6 appVV =0
  

Particles 

will bounce 

Domain 7 
Ground 

0=V  
 

Particles 
will stick up 

Particle 

Counter 

 

3 SIMULATION RESULTS & DISCUSSION 

The factors to study their impact on the trajectory of 

polluting particles are developed below. Simulation 

results show the several forms of representation of the 

trajectory taken by the particles within ESP and the way 

of the particles’ deposition in each simulation is 

performed. 

 After several iterations, the model provides a solution 

for the particles’ trajectory. 

 

3.1 Geometrical aspects 

In this section, we deal with parameters that are related 

to the geometric view of the device. 

 

3.1.1 Entrance level of the polluting particles 

In this part, we want to know the impact of the entry level 

of pollution on the shape of its trajectory inside the 

device. The entrance of pollution is distant at three 

lengths from the collection plate d=2, 4 and 6 cm. 

 The simulations below are carried out under the 

following conditions: Vapp=30 kV, dp=90 µm, ρp=1506 

kg/m3, εr=2.5 and Np=30 injected particles at t=0s with 

only one HV electrode placed in the entry of ESP and we 

vary the level gate admission of the injected particles 

distanced from the collection plate. 

 

 
 

 
 

 

 

 
Figure 3. Calculated value of the electric field strength as a 

function  of  the  distance along the  collecting plate at three 

different locations for d=2 cm. 

 

Figure 4. Normalized electric field through the entrance of the 

polluting particles at different levels of injection relatively 

measured from the collection plate. 

 

Figure 5. Calculated value of the electric field strength along 

the distance of the collection plate for three input levels of 

pollution. 
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Through Fig. 3, we clearly see for the curve from the 

center in comparison with the one close to the wall, 

moving away from the center towards the ends, the value 

of the electric field decreases considerably of the order of 

40 kV/m this decline is only seen around the active zone 

(in the vicinity of the high voltage electrode) and this 

explains why the deposit is done well before in the center 

than near the walls (see Fig. 6.a). 

In the three obtained presentations of the particles’ 

trajectory (see Fig. 6), almost all of the charged particles 

are deflected to the collecting plate, however the 

difference between these three demonstrations is that the 

more we move the entrance away from the plate the more 

the step becomes important which makes a long traveled 

distance by the particles to reach the plate even the curves 

showing the values of the electric field strength 

throughout the input as well as along the plate (see Fig. 4 

& 5) explain that the more we back off further the input 

from the collecting plate the more the impact of the 

electric field on these particles becomes more significant 

and therefore there is a dilemma between the positioning 

of the particles and the electric field’s value to get finally 

a reduced distance to cross. 

 

3.1.2 Discharge electrode positioning 

In this part, a brief investigation is made concerning the 

impact of the high voltage electrode’s position on the 

particles’ movement within the system. 

 The simulations below are carried out under the 

following conditions: Vapp=30 kV, dp=90 µm, ρp=1506 

kg/m3, εr=2.5, d=4 cm and Np=30 injected particles at 

t=0s with only one HV ionizing electrode placed inside 

ESP and we change its position. 

 

 
 

 

 

Figure 7. Normalized electric field through the entrance of the 

polluting particles for different position of the HV electrode. 

 

 

Figure 8. Calculated value of the electric field strength along 

the distance of the collection plate for different positions of the 

HV electrode. 

 

 

 
 

 
 

 

Figure 6. Tracing the trajectory of charged particles inside the 

system for (a) d=2 cm, (b) d=4 cm and (c) d=6 cm. 

(b) 

(c) 

(a) 
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Fig. 9, shows that each calculated trajectory represents a 

continuous stream of particles. In Fig. 9.a, if the HV 

electrode is placed at the entrance of the supplying 

pollution, the particles are directly going to be deflected 

towards the plane plate and for those which are closer to 

the walls tend to fall down further than those situated in 

the middle of the channel. This is the reason why we 

obtain an oval shape deposit from the interior and for the 

particles injected near the walls are directly pushed 

towards them. By moving the HV electrode to the center 

in Fig. 9.b, all particles take a straight and rectilinear path, 

but as they approach near the wire, they bend quickly and 

for the ones near the walls move more further away as in 

Fig. 9.c, the curvature is even smaller so that some 

particles close to the walls escape out of the system. 

 In Fig. 8, although the shape of the curve and also the 

maximum value of the electric field reach through the 

collecting plate for the three positions of the HV 

electrode is the same everywhere, the glaring difference 

is observed in Fig. 7, for the curves of the electric field 

along the entry of the pollution. In the case of an electrode 

located in the beginning of the system, it is 7 times 

greater than those placed either in the middle or at the end 

and this is the reason why we obtain the particles’ path as 

represented in Fig. 9. 

 

3.1.3 Total number of corona electrodes 

In this part, we study the impact of adding HV electrodes 

on the path taken by these particles. 

 The simulations below are carried out under the 

following conditions: Vapp=30 kV, dp=90 µm, ρp=1506 

kg/m3, εr=2.5 and Np=30 injected particles at t=0s with 

d=4 and we vary the number of HV electrodes. 

 
 

 

 

Figure 10. Normalized electric field throughout the entrance of 

the polluting particles for a different number of the electrodes 

added. 

 

Figure 11. Calculated value of the electric field strength along 

the distance of the collection plate for a different number of the 

HV electrodes added. 

 

 
 

 
 

 

Figure 9. Tracing the trajectory of charged particles inside the 

system where the HV electrode is positioned (a) at the start, (b) 

in the middle and (c) at the end. 

 

(a) 

(b) 

(c) 
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During the simulations depicted in Fig. 12, we observe 

that the more HV electrodes are placed in the system, the 

faster the particles are deflected, and therefore the 

deposition will take place well in advance and this result 

can be justified through Fig. 10 which shows that the 

more we add electrodes plus the value of the electric field 

increases considerably and that makes a huge difference 

between its value for 13 electrodes relative to 3 or 1 

electrode and also because of the shape of the electric 

field’s curve for 13 electrodes, takes on a homogeneous 

and straight appearance which also means that the 

electric field’s lines are accentuated inward between the 

wires and the plate along the Y-axis instead of being 

inhomogeneous and dispersed throughout the domain in 

the case of 3 and 1 electrode in Fig. 11. 

 

3.2 Electrical aspects 

In this part, we deal with parameters that are related to 

the electrical view of the system.  

 

3.2.1 Supplied DC high voltage 

In this section, we study the effect of the applied voltage 

variation on the particles’ track. 

 The simulations below are carried out under the 

following conditions: dp=90 µm, ρp=1506 kg/m3, εr=2.5 

and Np=30 injected particles at t=0s for d=4 cm, with 13 

HV electrodes placed within the system, and we switch 

the applied voltage to a value for each simulation. 

 

 

 

 

Figure 13. Normalized electric field through the entrance of the 

polluting particles for different applied voltages. 

 

Figure 14. Calculated value of the electric field strength along 

the distance of the collecting plate for different applied 

voltages. 

 
 

 
 

 

Figure 12. Projection of the polluting particles’ trajectory on the 

z-y plane with (a) a single HV electrode, (b) three HV 

electrodes and (c) 13 HV electrodes placed in the implemention. 

 

(a) 

(b) 

(c) 
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In Fig. 15, for each run, different random depositions are 

generated and we perceive that the higher the applied 

voltage is, the earlier the precipitation comes about 

compared to two others. Moreover, by elevating the 

voltage there would be no greater variance between the 

particles settled at the center and those which are closer 

to the walls. Thus, all of this is reflected through the 

curves of the electric field in Figs. 13 & 14. The more the 

exerted voltage is multiplied, the more the value of the 

electric field rises and the charging is done better in a 

large quantity for particles and the accumulation is made 

closer towards the input of the device.  

 

3.2.2 Dielectric constant of the polluting particles 

In this section, we study the impact of the dielectric 

constant variation on the particles’ orientation. 

 The simulations below are carried out under the 

following conditions: dp=45 µm, ρp=2400 kg/m3 and 

Np=30 are the injected particles at t=0s for d=4 cm and 

with a single HV electrode placed close to the outlet. The 

particles’ permittivity is changed. 

 

 
The above graph shows that after the injection of the 

three types of pollution at the inlet of the system, they 

follow the same path and this is explained by the 

superposition of the three curves but arriving closer to the 

end of the plate, all the three categories of contaminating 

particles are deflected. The porcelain particles settle a 

little more in advance than the concrete, then comes the 

turn of the fire clay which is much closer to the exit. 

 The more we deal with the particles owning to a high 

permittivity, the shorter their path will be and the faster 

they move towards the plate. 

 Since the three samples of the pollutanting dust 

particles have different dielectric properties, so the value 

of this electric strength is different too. 

 

Figure 16. Maximum distance reached by the particles have 

reached along the y coordinate over time for three types of 

permittivity. 

 
 

 
 

 

Figure 15. Predicted particles’ deposition along the 

configuration for an equivalent applied voltage of (a) Vapp=20 

kV, (b) Vapp=25 kV and (c) Vapp=30 kV. 

(a) 

(b) 

(c) 

(b) 
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In Fig. 17 above, we have three curves which represent 

the number of particles collected on the plate over time. 

 We note that the greater is the permittivity of the 

polluting particles, the more the deposition takes place a 

little bit earlier but still all the three graphics arrive at the 

same total number of accumulated particles on the metal 

plate. 

 

3.3 Granular aspects 

In this section, results related to the granular properties of 

the particles are given. 

 

3.3.1 Polluting particles’ density 

The simulation is solved each time with a different 

particles’ density.  

 The simulations below are carried out under the 

following conditions: Vapp=30 kV, dp=90 µm, εr=2.5 and 

Np=30 injected particles at t=0s with only one HV 

electrode positioned in the middle of ESP, and we choose 

three varieties of particles with a different density.  

 

 The graph in Fig. 18, shows the number of particles 

deposited on the collecting plate as a function of time for 

various densities. We realize that the smaller is the 

density, the more quickly the solid particles migrate 

towards the collection plate, earlier than the others but on 

the other hand, if the density is high, the particles tend to 

come out of the system and we cannot collect the total 

number of particles initially emitted at the inlet, which is 

the case for the fire clay particles. 

 

 
The graph shows that the more the density of particles 

increases, the more the traveled distance by particles is 

extended. The difference in positioning the lime and the 

portland cement particles is greater than that between the 

portland cement and the fire clay even though the density 

difference between the first and the second is the same as 

between the second and the third in the order of 800 

kg/m3. 

 The greater the density of particles is, the better the 

gravity force acts on them, and thus it will be more 

difficult to deflect them consistently to the collecting 

plate of the channel. 

 

 

 

Figure 17. Total number of collected particles on the plane 

plate over time for three kinds of permittivity. 

 

Figure 18. Total number of collected particles on the plane plate 

over time for three kinds of the particles’ density. 

 

Figure 19. Maximum distance the particles reach along the y 

coordinate over time for three varieties of particles’ density. 
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3.3.2 Polluting particles’ diameter 

In this section, we investigate the effect of modifying the 

molecules’ diameter on their localization on the plate. 

 The simulations below are carried out under the 

following conditions: Vapp=30 kV, Ne=3, ρp=1506 kg/m3, 

εr=2.5 and Np=30 injected particles at t=0s with only one 

HV electrode placed at the entry of ESP and we vary the 

diameter of the inserted particles. 

 

 
In the above figures, the computed traces of the deposits' 

locating is shown in a map on the y-z plane. In each case, 

the particles’ position is somewhat unlike but all cases 

agree with the results from solving the equation (5). We 

notice that by enlarging the size of the particles, they tend 

to move away in the direction of the exit and also the 

distance gap increases between the particles that are at 

the beginning and those that are in advance along the y 

axis. However, no change occurs according the z axis 

because all the particles are limited between 1.5 and 8.5 

cm. 

 It is explained by the difference in the diameter, if we 

go for a bigger size, they will feel a larger electric strength 

than the other ones and so are deflected but this applies 

just for 10 to 45 µm and 90 µm. These particles have a 

sufficient inertia to cross a long distance in the fluid and 

this is mainly due to the gravitational force that just acts 

along the y axis by dragging them downwards. 

  

4 CONCLUSION 

Results of our simulations show the impact of changing 

each parameter, i.e. geometric, electrical and granular, on 

the trajectory of the polluting particles within the 

modeling domain. Our conclusions are the following:  

 a) Geometrically, the level of pollution injection, the 

location and the number of the electrodes used in our 

model importantly affect both the shape of the trajectory 

and the estimation of the traversed distance. 

 b) Electrically, the application of a high voltage 

significantly affects the propagation of the charged 

particles, and the disruption of the particles' trajectory 

manifests itself in the deposit's advancement or retreat 

relative to the system's input. On the other hand, the 

dielectric constant less affects their deviation than the 

other parameters. It does not prevent a new trajectory to 

be processed and studied to know its impact on the 

crossing distance.  

 c) Simulation of the granularity show to what extent 

the variation of granularity size and density affects the 

deposition and the positioning of dust particles on the 

plate. 

 As the diameter and density of the polluting particles 

are outside the range of human vision, the study makes it 

possible to determine the value at which forces are strong 

enough to drag the particles using the presented model. 

To further improve its stability and robustness, some 

other affecting parameters should be studied in the future. 
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