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Abstract 
The paper presents the computation and measurement of electric field, in both electrostatic as 

well as ionized case, for dual electrode system intended for electrostatic applications. The dual electrode 
system consists of an ionizing and non-ionizing electrode have the same voltage and facing a grounded 
collecting plate. The charge simulation method (CSM) coupled with genetic algorithms (GAs) and method 
of characteristic (MOC) is applied to compute the electrostatic field and the ionized field respectively. The 
influence of dual system parameters such as ionized wire diameter and inter electrode distances on the 
profile of the electrostatic field on the collecting plate and on the surface of the ionizing wire has been 
studied. The measurements of the ionized electric field, current-voltage characteristics and ion current 
density profiles are implemented using the technique of the linear biased probe. An experimental setup is 
constructed to model the present electrode arrangement. The measurements are carried out for ionized 
wire of diameter 0.25 and 0.5mm. The computed results are found to be in good agreement with 
experiments.  
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1. Introduction 
The corona discharge employed in electrostatic approaches is useful in many 

applications such as dust precipitation, powder spraying, or granular mixtures separation by 
utilizing the electric forces exerted on such charged particles [1-6]. The region in which the 
electric forces act is widening by using a non-ionizing electrode with an ionizing electrode, dual 
electrode, resulting in the so called the corona-electrostatic field [7]. Several types and shapes 
of electrodes have been carried out experimentally to study these corona electrostatic fields, but 
they were very complex and expensive due to the presence of many parameters involving such 
fields [3, 4]. Besides, there was another trend to simulate the phenomena of corona charging 
and particle motion in electric fields in the presence of space charge by numerical model [4-7]. 

Accurate calculations and measurements of such fields are one of the major problems 
facing the designers of such electrostatic applications.  Several   analytical   techniques   have   
been   applied by using different numerical models for such situations based on techniques 
such as the charge simulation method (CSM), finite differences (FDM), finite element (FEM), 
and the integrated method of finite element and the method of characteristics (MOC) [7-12]. 
Although various computational tools are developed for electric field calculations, none of them   
is mutable enough to be employed for the analysis of more complicated electric field 
configurations.  

Many experiments had been carried out to measure the electric field in the presence of 
the ionic space charge field, but they are very complicated to get accurate measurements. The 
biased current probe is one of the procedures to measure the ionized electric field introduced by 
Tassiker [13] and then developed by selim and waters [14]. It consists of a linear biased probe 
and a rectangular collecting plate surrounded by a bias plates at voltage Vb. The operation of 
the linear biased probe is as follows [15]: 

1. During corona discharge, the collector probe collects the current resulting from this 
discharge (Io) when no bias voltage is applied to the bias plates. 

2. This current (Io)  is reduced to I when the bias voltage Vb is applied to bias plates 
such that it produces a biased field that opposes the original unknown field E, so: 
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3. This current (Io)  is increased  to I when the bias voltage Vb is applied to bias plates 

such that it produces a biased field that will aid the original unknown field E, so: 
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The unknown electric field, E, can be known by measuring (Io) and (I) in aiding and 

opposing bias operations if f- (Vb, E) and f+ (Vb, E) are known.  
In this paper, firstly the present work is to validate a numerical model capable of 

computing the electrostatic field distributions in ‘‘dual electrode’’ configurations using CSM 
coupled with GA. Secondly, a numerical technique  is  presented based  on the  combined 
method of CSM and MOC to evaluate ionized fields in such  geometries. An experimental setup 
is constructed to model the present electrode arrangement. The linear biased probe is 
implemented to measure the ionized electric field, current-voltage characteristics and current 
density distribution in dual electrode systems. The total ionic current produced by the corona 
discharge is calculated for different values of the potential applied to the ionizing electrode. The 
results of the numerical simulation and the experimental measurements demonstrate the 
effectiveness and accuracy of the proposed approach.  
 
 
2. Corona Model of Dual Electrode System 
2.1. Physical Model 

 The corona discharge, for any form or sort of ionizing electrode, is normally marked by 
the presence of two regions: the ionized thin layer and the drift zone. To formulate the corona 
discharge in a simple way, the study related to corona discharge is reduced to the estimation of 
the space charge density imported from the unipolar ions passing along the field lines and 
comes only from the ionized thin film layer. This method is implemented to represent the corona 
model influenced by the ionic space charge [16]. 

 
 

 
 

Figure 1.  Dual Electrode Configuration. 
 

The proposed electrode configuration is shown schematically in Figure 1. The physical 
model of the corona discharge assumes that: 

a. The wire and the cylinder are all at the same applied negative potential V. 
b. The ground plate electrode is at zero potential. 
c. The corona discharge is supposed to take place only at the ionizing wire surface and 

the large cylindrical electrode is assumed to be in non-ionizing state. 
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d. The unipolar ions migrate from the surface of the ionizing wire towards the grounded 
plate in the combined field established by the two electrodes with constant mobility k.  

The medium in which the electrodes are situated is air such that D = 0E, where D and 

E are the electric displacement and the field strength, respectively, and 0 is the vacuum 
permittivity. 

 
2.2. Governing Equations and Boundary Conditions 

The calculation is transferred to two-dimensional domain by ignoring the edge effect of 
the electrodes and assuming constant and uniform corona discharge. The governing equations 
defining the electric field E in the presence of the negative ions are as follows [16]:  

Poisson equation: 
 

V = -  /0        (3)  
 

Where,  is the ionic space charge density and V is the electric potential and, Electric field: 
     

E = - ∇  V            (4) 
 
The Current continuity equation: 
                

∇  . j = 0                              (5) 
 

Where, j =  k E is the corona current density and k is the ion mobility in m
2
/Vs. The electrostatic 

field is computed by Laplace's equation: 
 

V=0                               (6) 
 

For the continuity Equation (5), the boundary condition consists in imposing a charge 

density value at all emitting points on the wire surface 0(). The method that permits to 

establish the value of 0 () at each emitting point is based on the Kaptzov's assumption and 
Peek's relation [17]: 
 

Eon = 31  (1+ 0.308/r
1/2 

 )                              (7) 
 

Where, Eon is the corona onset field in kV/cm,  is the air density and r is the radius of the wire 
in cm. 
        
     
3. Electrostatic Field Computation (CSM-GA) 

To calculate the ionized fields of the dual electrode arrangement, Figure 1, the 
electrostatic field must be computed first. Charge simulation method (CSM) is implemented to 
calculate the symmetrical 2-D electrostatic electric field based upon Equation (4) [8]. A set of Ns 
simulating line charges is positioned at the inner surfaces of the energized electrodes. An equal 
number of contour points is selected along these surfaces. Equation (8) is constructed and 
solved to determine the magnitude of the simulation charges Q: 

 
 [P] [Q] = [V]                         (8) 
 
 [FX][Q]= [EX]                                          (9) 
 
 [FY] [Q]= [EY]                     (10) 
 

Where P is the potential coefficient matrix determined by the location of the charges and the 
contour points, Q is the unknown charges vector; V is the known potentials vector at the contour 
points. FX and  FY are the electric field  intensity coefficients between the simulation charges 
and the electric field  intensity  components  at  the  point  where  this  field is calculated. EX and 
EY are the components of the electric field intensity at the same point.  
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Eight and twenty four line charges are placed inside the ionizing wire and inside the 
cylindrical electrode on hypothetical cylindrical surfaces of diameters 2r1*f1 and 2R*f2 
respectively. A range between 0 and 1 is taken for the optimization parameters values f1, f2. The 
method of image is applied to simulate the ground plate. An algorithm which couples genetic 
algorithms and the charge simulation method is developed, in the MATLAB environment, in 
order to determine the fitness function (FF) given by; 
 

 



hN

j

jvVFF
1

2                                        (11) 

 
Where, V is the electrode voltage (1 p.u) and vj is the potential obtained by the CSM at the 
check point j. 
           The calculations are terminated when a pre-specified number of generations are 
reached. The sequence of the proposed GA-CSM flowchart is illustrated in Figure 2. Details of 
GA operations and implementations are given in [18-20].  
 
  

 
 

Figure 2. Flowchart of the GA-CSM Algorithm   
 
 

4. Ionized Electric Field Calculation (MOC/CSM) 
Several techniques had been earlier suggested to compute the corona discharges 

governing equations for different geometries [7-12]. The combined technique of the Method of 
Characteristics and the Charge Simulation Method (MOC/CSM) is implemented to solve the 
corona problem of the dual electrode configuration given by Equation (3-5). CSM is used to 
solve Equation (3) and (4), while MOC is implemented to solve Equation (5). Both problems are 
solved iteratively until the solution of the system of equations is reached [11]. The techniques’ 
goal is to perform a self-consistent solution of the electric field and the space charge 
distribution. A two-nested loop algorithm is proposed. Inside the inner loop, the spatial 
distributions of the electric field and space charge density are renewed at the end of the loop 
[10]. The computational operation persists with the charge distribution, at any point on the wire 
surface, being modified in an outer loop until the computed field on the ionized wire surface is 
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equal to the onset value. The boundary conditions of the problem are summarized as follows 
[4]:  

a. The points along the surface of the non-ionized cylinder and the ionized wire have 
the same potential equal to the applied voltage, V.  

b. The points along the collecting plate surface are at zero potential. 
c. A non-uniform charge distribution on the surface of the ionizing wire is assumed.  
d. The electric field is equal to the corona onset field at all points along the surface of 

the ionizing wire.  
A flowchart of the proposed algorithm is shown in Figure 3 [10]. 

 
 

 
 

Figure 3. Flowchart for Computations of the Ionized Fields 
 
 

5. Design of the Linear Probe System 
The developed linear probe system is applied for ionized electric field strength and 

current density measurements. The ground plate of the experimental setup is designed as 
double sided PCB. A plan view of the top and bottom layer is shown in Figure 4a, Figure 4b. 
The top layer consists of a probe collector (A), two bias plates (B, B) and four guard planes (C, 
C, C’, C’). The bottom layer consists of three plates (1, 2, 3). Plates A, B, C, C', 1, 2 and 3 are 
made of copper. To avoid any leakage currents could emerge from the bias plates or the high 
voltage ionized wire and might affect the measurements’ accuracy, the probe needs neat 
design. The leakage current evolved from the bias plates is prevented by using copper plate (2) 
while the leakage current between the high voltage wire and the probe is taken to earth by the 
guard planes (C'). 
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(a) (b) 

Figure 4. Variation of Electrostatic Field (a) Top Layer of the Ground Plate  (b) Bottom 
Layer of the Ground Plate 

 
 

6. Experimental Procedure 
The experimental set-up for the measurement of current–voltage characteristics of the 

corona wire, ionized electric field distribution and for the study of the corona current density 
distribution at the surface of the grounded electrode is exhibited in Figure 5. A tungsten wire is 
hanged parallel to and above the ground plate described in the above section. The wire is  
located  at  a  distance, d, equal to 25 mm  from  the  surface  of  the grounded plate and is fixed 
by a non-ionizing cylinder of circular cross section (radius R = 12.5 mm). The spacing between 
the wire and the non -ionized cylinder, h, is 20 mm. The electrodes were injected from a 
negative DC high-voltage supply (Hipotronics model 800pl- 10mA, 0-80kV) and the bias plates 
(B) are connected to a DC low voltage source (Model ED-345B).  
            
 

 
Figure 5. Variation Experimental Setup 

 
 

 
Figure 6. Variation Calibration Curves for Ionized Electric Field Measurements 

 
 
Calibration curves I/Io = f (E / Vb) are built for the designed probe depending on the 

analytical model of the linear probe mentioned in [15]. Figure 6 identifies the global curves 
constructing the normalized field En = E/Vb. The unknown field (E) is therefore obtained as E = 
Vb.En, where the value of En is determined from the curves and Vb is taken equal to ± 50V. The 
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procedure is auto-confirming as changing the bias voltage Vb, should give a constant value of 
field intensity E. 
 
 
7. Results and Discussion 

The effect of changing the ionized wire diameter upon the lateral electrostatic field 
strength on the ground plate and around the ionized wire is presented in Figure 7. As the wire 
diameter increases higher electric field strength is realized, Figure 7a. The fig. also outlines a 
symmetrical field distribution around the vertical wire axis. It is obvious that the maximum value 
of the ground field strength, Egm, is exactly under the wire (x = 0).  The influence of the wire 
diameter variation upon the electric field strength is almost sprinkling far away from the vertical 
wire axis.  

The electrostatic field upon the wire surface decreases with increasing the ionized wire 
diameter, Figure 7b. The minimum value of the electrostatic field, Ewi, is obviously located at the 
top of the ionized wire. An increased non-uniformly field is identified around the wire surface and 

reached its maximum value, Ewm in the region facing the ground plate (=2700). The value of 
Ewm for 1mm wire diameter increases by 21.793%, 62.875% and 175.648% when the wire 
diameter decreases to 0.75mm, 0.5mm and 0.25mm respectively. The maximum variation 
between Ewi and Ewm increases as the wire diameter increases. The variation is 9.15% for 
0.25mm wire diameter and increases by 15.35%, 20.3806% and 24.64% when wire diameter 
increases to 0.5mm, 0.75mm and 1mm respectively. These results identify a non-uniform field 
distribution around the wire. 
 
 

 

 
(a) (b) 

 
Figure 7. Variation of Electrostatic Field for Different Wire Diameters (V= 10kV, 

d= 25mm, h = 20mm); (a) On the Ground Plate, (b) Around the Ionized Wire  

 
 

Figure 8 shows the variation of the electrostatic field upon the ground plate and around 
the ionized wire for reasonable distances d between 23-31mm. The field strength upon the 
ground plate strongly decreases as the ionized wire gets far away from the ground plate, Figure 
8a. It was noticed that Egm for d=29mm is increased by 7.2278%, 15.57% and 25.3024% when 
d decreases to 27, 25 and 23 mm respectively.  

The electrostatic field upon the ionized wire surface increases with decreasing d, Figure 
8b. The value of Ewm for d=29mm increases by 3.1718%, 6.71% and 10.68% when d decreases 
to 27, 25 and 23 mm respectively. The maximum difference between Ewi and Ewm decreases as 
d increases. This difference is 15.479% for d=23mm and decreases to 15.353%, 15.244% and 
15.147% when d increases to 25mm, 27mm, 29mm respectively. 
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(a) (b) 

Figure 8. Variation of Electrostatic Field for Different Ionized Wire Distances, d, 
(V= 10kV, r= 0.25mm, h = 20mm);  (a) On the Ground Plate (b) Around the Ionized Wire  

 
 

The influence of the inter electrode distance, h, on the electrostatic field upon the 
ground plate and around the ionized wire is illustrated in Figure 9. The field strength upon the 
ground plate is highly decreased as the non-ionized cylinder gets far away from the ionized 
wire, Figure 9a. The value of Egm for h equals 40mm is increased by 5.3276%, 12.9616% and 
25.0328% when h decreases to 30, 20 and 10 mm respectively.   

The electric field upon the wire surface increases with increasing h, Figure 8b. The 
value of Ewm for  h=10mm increases by 22.2946 %, 35.1477% and 43.62512% when h 
increases to 20, 30and 40 mm respectively. The maximum variation between Ewi and Ewm 
decreases as height, h, increases. This difference is 26.3434% for h=10mm and decreases to 
15.3539%, 11.0720% and 8.8140% when h increases to 20mm, 30mm and 40mm respectively. 
 
 

  

(a) (b) 

Figure 9. Variation of Electrostatic Field for Different Inter Electrode Distances, h, (V= 10kV, 
r= 0.25mm, d =25mm); (a) On the Ground Plate (b) Around the Ionized Wire 

 
 

The computed and measured current- voltage characteristics of the proposed dual 
electrode geometry for two different wire diameters are shown in Figure 10. The corona onset 
voltages for 0.25mm and 0.5mm wire diameters are 13kV and 16kV respectively. For a given 
value of applied voltage, the corona current increases when the wire diameter decreases. The 
Experimental measurements are in good agreement with the numerical results. The different 
between the numerical results and the measured ones does not exceed 10%. For small 
voltages, the experimental measurements underestimated the numerical computations. 

Figure 11 displays the variation of computed and measured values of ionized electric 
field strength at the surface of the grounded plate. As the wire diameter decreases, higher 
electric field values are obtained and wider distributions are produced. It is confirmed that the 
ion space charge presence increases the electric field strength at the ground plate comparing 
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with no free space charge field. Experimental measurements agree well with the results 
obtained using the developed numerical algorithm. The computed electric field values differ by 
less than 3% from the measured one. 

 
  

 
 

Figure 10.  Corona V-I Characteristics of the Electrode Configuration (d = 25mm, h=20mm) 
 
             

 
 

Figure 11. Variation of Ionized Electric Field on the Ground Plate (V= 20 kV, 
d = 25mm, h=20mm) 

 
        

 
 

Figure 12. Variation Current Density Distributions at the Surface of the Grounded Plate 
(V = 20 kV, d = 25 mm, h=20mm) 

 
 

The corresponding computed and measured current density distributions are indicated 
in Figure 12. For an applied voltage of 20 kV, the maximum current density, Jgm, grows by 
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about 70.25% when wire diameter decreases from 0.5 mm to 0.25 mm and the spatial extension 
of theses quantities becomes larger. Experimental measurements were in good agreement with 
the computed results obtained using the developed numerical algorithm. The different between 
the numerical results and the measured ones does not overstep 10%. 

 
 

5. Conclusion 
a. Experimental and numerical investigations of electrostatic and ionized field for dual 

electrode system intended for electrostatic applications have been presented. 
b. The charge simulation method (CSM) coupled with genetic algorithms (GAs) and 

method of characteristic (MOC) is employed to compute the electrostatic field and 
the ionized field respectively.  

c. The influence of various dual system parameters on the profile of the electrostatic 
field on the ground plate and on the surface of the ionizing wire has been 
investigated. 

d. It was observed that reducing the ionized wire diameter increases the maximum 
electric field upon the ionized wire surface Ewm and decreases the maximum electric 
field strength on the ground plate Egm. Also the non-uniformity around the wire was 
increased by increasing the wire diameter. 

e. It was found that Egm is increased by decreasing inter-electrode distance h, while 
Ewm is decreased by decreasing h.  

f. It was noticed that Egm and Ewm are decreased by increasing the position of ionized 
wire, d. It is clear that the non-uniformity around the ionized wire decreases as d 
increases. 

g. The measurements of the ionized electric field and ion current density profiles are 
developed using the technique of the linear biased probe. An experimental setup 
was prepared to model the dual electrode arrangement.  

h. The maximum current density and the maximum ionized electric field at the ground 
electrode surface were grown by decreasing the ionized wire diameter.  

i. The experimental results were conformed to the computed results using the 
developed numerical algorithm.  
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