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IMPROVEMENT OF ELECTRIC CHARGING EFFICIENCY 
OF THE FILTRATION MEDIA 

Marius - Cristian PLOPEANU1, Laurenţiu – Marius DUMITRAN2,  
Petru V. NOŢINGHER3, Mirela VIHACENCU4, Lucian DĂSCĂLESCU5 

One of the electrode configuration mostly-used for the electrostatic charging 
of filtration media is the dual wire-cylinder electrode. If the charged zones are not 
well controlled, electric discharges may occur and endanger the equipments 
(electric or electronic) near the electrode. 

This paper presents the numerical calculation of the electric field and space 
charge density generated by a dual wire-cylinder electrode to which a limiting 
metallic cylinder was attached. The role of this additional electrode is to reduce the 
area on which the charge generated by the ionizing wire is collected at the surface 
of the grounded electrode and hence to increase the charge density in the active 
zone of the device. The numerical results confirm the fact that the charge is confined 
to a smaller volume and its density is higher when attaching this cylinder to the 
standard dual electrode. A simple experiment validated the theoretical predictions 
and the numerical simulations. 

Keywords: filtration media, corona discharge, corona electrodes, electric field, 
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1. Introduction 

 
A filter medium is a porous and spongy material which allows a fluid (gas 

or liquid) to pass through and it retains impurities (solid particles) found in 
suspension in that fluid [1, 2]. Such media can be encountered in water 
purification, biotechnologies, chemical and pharmaceutical industries, minerals 
beneficiation [1]. The filters are made of different types of fibers: synthetic 
(polypropylene, polyethylene, polyester, polystyrene, etc.) or natural (cotton, 
wool, etc.) [1]. 

                                                            
1 PhD Student, Faculty of Electrical Engineering, University POLITEHNICA of Bucharest, 

Romania, e-mail: marius.plopeanu@hotmail.com 
2 Assoc. Prof., Faculty of Electrical Engineering, University POLITEHNICA of Bucharest, 

Romania. 
3 Prof., Faculty of Electrical Engineering, University POLITEHNICA of Bucharest, Romania 
4 PhD Student, Faculty of Electrical Engineering, University POLITEHNICA of Bucharest, 

Romania 
5 Prof., PPRIME Institute, CNRS – University of Poitiers – ENSMA, IUT d’Angoulême.  

Electrostatics and Dual – Phase Flow Research Unit 



196               M. Plopeanu, L. Dumitran, Petru Noţingher, Mirela Vihacencu, L. Dascalescu 
 

The fibers composing such media can be either woven or non-woven. Two 
technologies are commonly considered for the fabrication of non-woven media: 
needle punching (pressing the fibers using two plates, one of which is provided 
with metal needles), and melt-blowing (blowing the fibers with very hot air and 
pressing them using a drum system) [1]. 

The media made of pressed polymeric fibers have recently gained a 
substantial place on the market. The filtering proprieties of these media are 
improved when they are electrically charged (Fig. 1). An optimal balance is 
achieved between filtration efficiency and pressure loss during service [2-7]. 

The filtration efficiency ηf is defined by the relation [1]: 
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where Nav represents the number of downstream particles and Nam the number of 
upstream particles. 
 

 
Fig. 1. Variation of the filtration efficiency with usage time for an  

(1) uncharged and electric charged (2) filter media [4]. 
 
 

 
Fig. 2. Different electrode configurations used for electrical charging of insulating (dielectric) 

materials: a – needles-type electrode; b – blade-type electrode; c – dual wire-cylinder electrode [7]. 
 



Improvement of electric charging efficiency of the filtration media                      197 

Currently, the electric charging of filtration media is performed using 
corona discharges obtained with different types of electrode arrangements (Fig. 
2), such as dual wire-cylinder electrode, blade-cylinder electrode, needles-cylinder 
electrode, needle [8-9]. Although it is more exposed to mechanical damage than 
the blade – type or needle type electrodes [10], the dual wire-cylinder electrode is 
the device most commonly used for the electrostatic charging of the dielectric 
materials [10-11].  

Corona discharge is a self-sustaining discharge that occurs when there is a 
potential difference between two asymmetric electrodes (such as a very thin 
metallic wire or a metal tip and a cylinder or a metal plate connected to the 
ground) [12-16]. Due to the high intensity of the electric field near the electrode 
characterized by a small diameter (wire or metal needle), a small zone of air 
around the wire gets ionized [12], [14], [16]. The resulting ions are directed 
towards the grounded electrode (metallic grounded plate electrode), so that the 
material disposed on its surface is subjected to electric charging. 

One of the problems that can occur during the charging of filtration media 
in the manufacturing process is a uniform flux of ions in order to obtain a constant 
charge density at the surface and within the media. Also, there may be some 
situations of practical interest requiring the discharge zone to be designed so that 
to limit the spatial dispersion of the electric charges produced by the corona effect 
to other elements that are located in the close vicinity of the emitting electrode.  

Such a design was presented by Rafiroiu et al. [10] where the dual wire-
cylinder electrode was employed together with a bigger, tubular, non-ionizing 
electrode attached next to it. For the dual wire-cylinder electrode and a plate-type 
grounded electrode, Caron and Dascalescu [17] proposed a solution for the 
numerical analysis of the electric field E in the presence of space charge 
characterized by the volume density ρ. The results provide a very precise picture 
of the variation of electric field and space charge density at the surface of the 
grounded electrode. The numerical model was validated by comparing the 
computed and experimental current-voltage characteristics. 

Also, for the dual wire-cylinder electrode facing a plate - type grounded 
electrode, Dumitran et al. [18-19] proposed a numerical method to calculate the 
electric field and space charge density based on the conformal transformation. The 
accuracy of this method has been validated by comparing the computed and 
experimental current-voltage characteristics and current density distributions at 
the surface of the grounded electrode. 

The aim of this paper is to compute the variation of electric field and 
volume space charge density in the case of a dual wire – cylinder electrode system 
with an additional metallic cylinder attached next to it (Fig. 3). 
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2. Calculation model 

2.1. Hypotheses 

The dual wire-cylinder electrode consists of a metallic cylindrical 
electrode (1) (diameter: Dcyl = 25 mm) and a very thin wolfram wire (2) (diameter: 
gw = 0.07 mm) (Fig. 3). A metallic cylindrical electrode of smaller diameter      
dcyl = 13 mm, called “limiting cylinder”, is placed in the close vicinity of the wire 
and parallel to it (Fig. 3). 

For the calculation of the electric field the following simplifying 
hypotheses were adopted [18], [20]: 

- the ionization zone around the wire is a monopolar charge generator; 
- the region between the wire and the plate-type electrode (4) is 

characterized by a flow of the monopolar ions, from wire to plate;  
- the medium is air with the permittivity ε0. 

 
 

Fig. 3. Schematic representation of the experimental set-up. 
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Fig. 4. The schematic representation of the calculation domain. 

2.2. Equations 

Numerical calculations demand solving the Poisson's equation, the 
electric potential theorem and the electric charge conservation law [19], [21-22]: 
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where V is the electric potential, E – the electric field, ρ is the space charge 
volume density and µ = 2·10-4 m2/V·s - the mobility of the electric charge carriers 
[18]. 

2.3. Calculation domain 

 It is considered that the electric field is plan-parallel (the lines of the 
electric field are situated in x0y plan, perpendicular to the axis of the emitting 
wire, Oz axis) therefore reducing the problem to a bidimensional one. The 
computations were done in the two quadrants of the Cartesian coordinates system, 
respectively - ∞ < x < + ∞ and 0 ≤ y < + ∞.  

The limits of the finite calculation domain D (Fig. 4) are the curves S1 and 
S2, similar to field lines (which are far enough from the zone of interest for not 
significantly altering the conclusions of the study), and S3, S4, S5 and S6 
corresponding to the surfaces of the wolfram wire, metallic cylinder, limiting 
cylinder and grounded electrode, respectively [18], [19], [21].  



200               M. Plopeanu, L. Dumitran, Petru Noţingher, Mirela Vihacencu, L. Dascalescu 
 

2.4. Boundary conditions 

The conditions imposed to the boundaries of D are [16], [18], [20]: 
a) For the Poisson equation: 

- Dirichlet: V(M) = V0, 543 SSSM ∪∪∈ ; 
 V(M) = 0; 6SM ∈ ; 

- Neumann: ( ) 0=
∂

∂ M
n
V , 21 SSM ∪∈ . 

 
where V0 is the imposed potential at the designated boundary surface. 

b) For the electric charge conservation law: 

Atten [22] proved that the necessary condition for solving this equation is 
to impose a constant value of the charge density ρ0 at the surface of ionizing wire:  

ρ(M) = ρ0, 4SM ∈ . 

where ρ0 the space charge density at the surface of the wire. 
The value of ρ0 is chosen so that the numerically-calculated value of ionic 

current intensity is equal to the one obtained by experiment. 

2.5. Non-dimensionalisation 

For simplifying the numerical calculations, the quantities V, E and ρ were 

replaced with reported associated quantities, respectively with 
refV
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=ρ , where Vref is the reference potential which 

corresponds to the applied potential V0 mentioned in Dirichlet boundary 
conditions (Vref = V0), hwp is the distance between the wire and the grounded plate 
and ε0 = 8.854⋅10-12 F/m is the vacuum permittivity. 

Therefore the equation system (1) becomes [18, 19]: 
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The boundary conditions become [18]: 

a) For the Poisson equation: 

- Dirichlet: V*(M) = 1, 543 SSSM ∪∪∈ ; 
V*(M) = 0, 6SM ∈ ; 

- Neumann: 0)(
*

=
∂

∂ M
n

V , 21 SSM ∪∈ . 

b) For the electric charge conservation law: 
*
0

* )( ρ=ρ M , 4SM ∈ . 

The value of *
0ρ  was chosen in such a way that the computed current at the 

surface of the grounded plate to be equal to the measured one, respectively          
Im = 27.5 µA [23].  

If *
0ρ < 1, the space charge injected by the wire electrode is too weak for 

the corona discharge between the wire and the grounded electrode to occur [21]. 
However, for *

0ρ  > 1, a corona discharge is established between the two 
electrodes [21]. 

The numerical calculations were performed in Comsol Multiphysics, by 
the finite elements method (FEM). In order to solve the equation system (2), two 
PDE (Partial Difference Equation) modules were employed: a module to solve 
Poisson’s equation (“Poisson’s Equation”) and another for the equation describing 
charge conservation law (“Coefficient form”).  

3. Results 

The numerical calculations and experimental measurements were carried 
out for a distance between the wire and the grounded electrode hwp = 45 mm, 
between the metallic cylinder and the wire hcw = 30 mm, between the limiting 
cylinder and the grounded electrode b = 45 mm, and two values of the distance 
between the limiting cylinder and the grounded metallic plate – type electrode, 
respectively a = 25 and a = 30 mm (Fig. 3). The area Aprobe of the copper probe 
(Fig. 3), where the current intensity was measured is 2.5 mm2. The value of the 
potential V0 was 24 kV. 

3.1. Numerical results 

Figure 5 presents the variation of the non - dimensional electric potential 
V* with y-coordinate, in the absence (1) and in the presence (2) of electric space 
charge, for V0 = 24 kV.  
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Fig. 5. Variations of the non - dimensional electric potential with y-coordinate in the  

absence (1) and in the presence of electric space charge density (2)  
(a = 25 mm, V0 = 24 kV, *

0ρ = 8). 

 

 
Fig. 6. Variation of the volume space charge density with x-coordinate for:  
1 – simple wire-plate geometry; 2 – dual wire – cylinder electrode; 3 – dual  

wire – cylinder electrode with limiting cylinder (y = 0,V0 = 24 kV).  
 

In both cases, the potential increases with y-coordinate and that the 
presence of the electric charge between the tungsten wire and the grounded 
electrode leads to an increase of the electric potential between the two asymmetric 
electrodes (the space charge having the same sign (positive) as the potential V0). 

Figure 6 presents the variation of the volume space charge density with    
x-coordinate. For all the electrode configurations, the volume space charge density 
decreases along the x-coordinate.  
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Fig. 7. Variations of the non - dimensional electric field with y-coordinate in the absence (1) and in 

the presence of electric space charge density (2) (a = 25 mm, *
0ρ = 8, w – ionizing wire) 

 
In the case of the wire-plate arrangement (curve 3), the value of the space 

charge density in the point O is the lowest, but the electric charge is distributed 
along a larger area at the surface of the plate electrode. The presence of the 
cylinder placed above the wire (curve 2) and of the “limiting cylinder” in the close 
vicinity of the wire (curve 1) determines an increase of volume space charge 
density at the surface of the grounded plate for x < 12.5 mm. Thus, for the same 
injection conditions ( *

0ρ  = 8), the value of space charge density in the O point 
(Fig. 4) is 013.4* =ρ lc  in the case of the dual wire-cylinder electrode with 
"limiting cylinder" and 73.3* =ρle  in the case simple dual wire - cylinder 
arrangement. By consequence, when using the limiting cylinder, the space charge 
density increases by about 7 %. 

For x > 12.5 mm, the values of space charge density corresponding to the 
dual electrode with “limiting” cylinder are lower than those of the wire-plate 
arrangement and diminish rapidly to zero. Thus, the space charge density 
decreases by 76 % - for the dual wire - cylinder electrode with “limiting cylinder” 
- and by 13 % - for the dual electrode wire-cylinder - when x increases from 0 to 
12.5 mm . 

In Figure 7 the electric field E* variations with y - coordinate in the 
absence (curve 1) and in the presence of space charge of volume density *

0ρ  = 8 
(curve 2) are presented. In the both cases, the values of the electric field are 
maximum in the vicinity of the wire electrode and that, in the presence of the 
space charge, for 42 mm < y < 48 mm the electric field values are smaller than in 
the its absence. This is due to the screen effect of the space charge, which has the 
same sign as the potential V0.  
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Fig. 8. Variation of the electric field with x-coordinate for: 1 – simple wire-plate  

geometry; 2 – dual wire – cylinder electrode; 3 – dual wire – cylinder  
electrode with limiting cylinder (V0 = 24 kV).  

 
For 0 < y < 42 mm the values of the electric field are higher in the 

presence than in the absence of the space charge and for 48 mm < y < 75 mm the 
electric field in absence of space charge is bigger than in the presence of the space 
charge. It should also be noted that, in the presence of the space charge, there is a 
point between the wire and the plate-type electrode (for y = 37 mm) in which the 
electric field is much reduced (E* = 0.8), then it begins to increase (up to 
approximately 25 % in the presence of electric charge). Also, between the wire 
and the cylinder there is a point where the electric field in zero (y = 49 m). 

Figure 8 presents the variations of the electric field with x - coordinate, at 
the surface of the grounded electrode for three configurations of electrodes:    
wire-plate, dual wire – cylinder electrode and dual wire – cylinder electrode with 
“limiting cylinder”. The applied potential is V0 = 24 kV. It is noticed that, for all 
the electrodes arrangements, the electric field decreases along Ox axis, from the 
point O to the point C situated at the border of the calculation domain (Fig. 4). 
This is due to the decreasing of space charge density along the Ox (Fig. 6). 

Decreasing of electric field is more important in the case of dual wire 
cylinder electrode with “limiting cylinder”, than in the case of wire-plate 
arrangement. Thus, in the case of the dual wire-cylinder electrode with “limiting 
cylinder” the electric field decreases from the value *

lcE = 1.1 – in the point O - to 
*
lcE = 0.03 in the point of coordinate x = 75 mm, by approximately 97 %.  
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Fig. 9. Variation of the current density with x - coordinate for: 1 - dual wire – cylinder 
electrode; 2 – dual wire – cylinder electrode with limiting cylinder and a = 25 mm; 3 – dual 

wire – cylinder electrode with limiting cylinder and a = 30 mm (y = 0, V0 = 24 kV).  
 
In the case of the simple dual wire - cylinder electrode the electric field 

decreases by only 74 %, from *
wE  = 1.04 (in O) to *

wE  = 0.27 (in x = 75 mm). 
On the other hand, in the vicinity of point O, the electric field is more 

intense in the case of dual wire – cylinder electrode with limiting cylinder (Fig. 8, 
curve 3) than in the case of wire – plate arrangement (Fig. 8, curve 1). This is due 
to the fact that, the space charge density has the highest values in the case of dual 
wire – cylinder electrode with “limiting cylinder” (Fig. 6, curve 3) and the lowest 
in the case of in the case of wire-plate arrangement (Fig. 6, curve 1). 

3.2. Experimental results 

Figure 9 presents the variations of current densities with x – coordinate at 
the surface of the plate electrode (measured for V0 = 24 kV) for the dual electrode 
wire-cylinder (curve 1) and the dual electrode wire- cylinder with limiting 
cylinder (curves 2 and 3). For the both cases, the courant density decreases rapidly 
with th x – coordinate. Thus, for a = 25 mm (curve 2), if x increases from 0 to 
12.5 mm, the current density J decreases by 94%, from maxJ  = 11.4 nA/mm2 to            

mmJ 5.12  = 0.6 nA/mm2 in the case of dual wire-cylinder electrode (curve 1), with 
"limiting cylinder" and by 28%, from maxJ  = 10.5 nA/mm2 to mmJ 5.12  = 7.5 
nA/mm2  in the case of the dual wire – cylinder electrode. 
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(a) 
 

(b) 
Fig. 10. Variations of the experimental (1) and computed (2) current densities with  
x-coordinate for the  dual wire-cylinder electrode (a) and dual wire-cylinder with  

limiting cylindre (b) (y = 0, a = 25 mm, V0 = 24 kV)  
 
The use of the limiting cylinder reduces the surface of the plate electrode 

where the courant density (and the space charge density) takes important values. 
But this area does not modify significantly with the distance a between the 
ionizing wire and cylinder in the case of dual electrode (curves 2 and 3). 

At V0 = 24 kV, in the absence of the “limiting cylinder”, the total electric 
current per unit of length measured at the surface of the plate-type electrode is 
446.15 µA/m, which is by 35.1 % higher than the total current measured in the 
presence of the “limiting cylinder”.  

4. Validation of computed values 

Figure 10 presents the variations with x – coordinate of the current 
densities, experimentally determined (curves 1) and calculated (curves 2). It may 
be seen that, in both cases, the experimental values are close to the calculated 
ones, but slightly lower. This may be due to the imperfections of fixing the dual 
electrode, the limiting cylinder besides ionizing wire and grounded plate. Also, 
these errors may be caused by the supplementary metallic elements used to sustain 
the limiting cylinder fixed on the dual electrode. 

5. Conclusions 

The model proposed in this paper enables the computation of ionic space 
charge density and the electric field repartition in the case of corona discharges 
produced by dual electrodes with “limiting cylinder”. 

The values of the computed current density are quite close to the 
experimental determined ones, validating the precision of the calculation model. 
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From a practical point of view, the use of the “limiting cylinder” leads to 
an increase of the electric field and space charge volume density during the 
charging process of filtration media. At the same time, it may block the electric 
charges produced by corona discharges from dissipating to other grounded 
equipments which may be near the charging installation. 
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