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This paper aims to analyze the behavoir of DC corona discharge in wires-to-planes electrostatic 
precipitators (ESPs) with effect of the wires number. The current-voltage characteristics, onset 
corona voltage, electric onset field, breakdown voltage, current density and the apparent 
mobility of the charge carriers are analyzed. The values of the current at the plane surface were 
the maximum beneath the wires which decreased when moving away from them. Experimental 
results show that discharge current is strongly affected by the wires number, general formula 
was developed by Meng can be apply in wires-to-planes system of an electrostatic precipitators. 
The Coopeman's model is reliable to determine the mobility of the charge carriers in this 
system.  
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1. Introduction 

 
The DC corona discharge has numerous applications, such as in electrostatic 

precipitation, generation of ozone, decomposition of toxic gases, ion sources for mass 

spectrometers, ionic wind blowers and many others [1-6]. The corona discharges between 

active (small radius of curvature) and passive (plane) electrodes are one of the more 

common low-temperature, non-equilibrium plasmas because they are easy to generate, 

stable at atmospheric pressure, operate at low currents (µ�) and power consumption. The 

process of corona generation in the air at atmospheric conditions requires a non uniform 

electrical field, which can be obtained by the use of a small diameter wire electrode, 

energized from a high-voltage supply, and a metallic plate or cylinder, connected to the 

ground, which is designated as collecting electrode. The Industrial ESPs are used with 

success to reduce the emissions of smoke, fumes and dust, playing an important role to 

maintain a clean environment and to improve the air quality [7-10]. The configuration 

mostly used in electrostatic precipitation technique is the wires-to-planes. It consists of 

high-field parallel active wires located midway between the grounded plates (the collecting 

electrodes) where the gas flows through. The ions produced by the corona discharge near 

the wires charge the dust particles which are thus driven toward the collecting plates. The 

particle charges are neutralized and the particle is thus collected. Although the geometry is 

simple, there is a complex behavior of the gas flow [11-12]. The ions produced by the 

corona discharge drift along the electric field to the plate collector and due to collision with 

neutral air molecules, there is a momentum transfer to the flow by the electric field. The 

main objective of this investigation is to analyze the effect of the number of wires, which 

can vary from 1W-ESP to 8W-ESP, on both positive and negative DC corona discharges 

employed in wire-to-plane ESPs. In particular, the current-voltage characteristics, onset 

corona voltage, electric onset field, breakdown voltage, apparent mobility of the charge 

carriers and the current density are analyzed and discussed.  
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2. Experimental methods 

The figure 1 shows the experimental setup

in this section. 

 

1.1 Geometric configuration 

 

The system used consists of a nickel active electrode 

(2) (Cathode). The active electrode is

length of the wire � � 200		, it is surrounded

takes place then by a smaller area where

the wires and the collector
 � 50		, 

The measurement plane (2) and plane (3) 

� who made the active electrode is variable

 

Fig. 1. 

 

1.2 Electrical measurements 

 

The corona discharge is generated

inhomogeneous due to the geometric configuration

high enough to produce a partial ionization of the gas

used to produce the positive or negative DC

connected to the DC high-voltage installatio

(7). The latter is provided after half-wave rectification

capable of supporting a voltage of 270
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experimental setup used in this study we propose to explain later 

nickel active electrode (1) (Anode) and a passive electrode 

is a small radius of curvature �� � 0.2		 and the 

it is surrounded by an area of high field where ionization 

where the charged particles drift field. The gap between 

 distance between two adjacent wires 2� � 40		. 

(2) and plane (3) are made of stainless steel. The number of wires 

variable from 1wire to 8wires. 

 

 Experimental setup. 

is generated by applying an electric field; share a highly 

configuration of the electrodes, and on the other hand 

ionization of the gas. A high-voltage source (7) has been 

negative DC discharge. The active electrode (1) is 

voltage installation which has a voltage between 0 and � 140 �� 

wave rectification made of a high voltage silicon diode 

270 ��, a smoothing capacitor 10 ��, resistance 
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� � 250�� and a damping resistor � �
current. The original alternating voltage

voltage applied to the primary of an elevator

the diode. Measuring the DC voltage is

discharge current is measured with a multimeter

 

3 Results and discussion 

 

3.1 Current-voltage characteristics 

 

The figures 2-3 show the waveforms of current / voltage

1W- ESP to 8W-ESP for both discharges. The behavior of the

ESP.  

 

 

 

Fig. 2. Current-voltage characteristics for the DC positive corona.
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� 106��, its role is to protect the diode from over-

alternating voltage is generated by amplification of a variable low 

elevator transformer whose secondary is connected to 

DC voltage is performed using a voltmeter (8). The value of the 

a multimeter (10) with accuracy of the order mV. 

waveforms of current / voltage characteristics in the case of 

discharges. The behavior of the discharge is similar in eight 

 

voltage characteristics for the DC positive corona. 



J. Electrical Systems

 

Fig. 3. Current-voltage characteristics for the DC negative corona.

The current gradually increases with the applied voltage

(��) and that the gaseous medium until breakdown. The

electrode gap is a nonlinear function

characteristics follow the law of Townsend

 

� � ��(� � ��),                                             

� �
� !"#$%

&'()* (&
+", )

�(� � ��),                          

Where � is the corona discharge current

voltage for inner and outer electrodes of radius 

constant depending on the electrode configuration

composition, µ is the mobility of the ionic carriers resulting from the discharge and 

permittivity. Other authors [15-17] have reported

for point-plane system. Research on the

reported attempts to develop a model for

recently developed an empirical formula, based

in the system point-plane: 
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voltage characteristics for the DC negative corona. 

the applied voltage when it exceeds a certain value 

until breakdown. The DC current through the inter-

nonlinear function of the applied voltage [13]. The measured 

Townsend [14]. It is expressed by: 

                                                                                                  (1) 

                                                                                                  (2) 

discharge current, � is the applied voltage, ��is the discharge onset 

voltage for inner and outer electrodes of radius �� and �, � is the length of the wire, � is the 

the electrode configuration, the temperature, pressure and gas 

is the mobility of the ionic carriers resulting from the discharge and -� 

have reported attempts to derive the law of Townsend 

system. Research on the current-voltage characteristic of the discharge 

develop a model for the law of Townsend. Meng et al. [18] have 

formula, based on experimentation, the law of Townsend 
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Fig. 4. The dependence of the current

difference (
 

� � .(� � ��)/                                           

Where . is the dimensional constant and

and has a value of 1.6 for their study 

suggested by the authors is that the parameter 

distance. The �-� characteristics of the corona 

seem to follow proposed by Meng et al

exponent 	, we use the logarithmic scale

voltage difference (� – ��) shown in figu

are given in Table 1.  

 

The �-� characteristics measured when the wire in

those measured in positive polarity, figure 5. 

than those positive for the same applied voltage. This is due to

Effect of Wires Number on Corona Discharge ... 
 

The dependence of the current � on the voltage  

(� �  ��) on a log scale. 

                                                                                                                   (3) 

constant and 	 is the parameter that falls in the range 1.5-2.0 

 [19]. The main criticism of the law of Townsend 

parameter . and �� depends on the inter-electrode 

the corona discharge in systems 1W-EPS to 8W-EPS 

et al. [18] given by equation (3). To determine the 

logarithmic scale of the dependence of discharge current � of the 

shown in figure 4. In our study, the values of the exponent 	 

when the wire in negative polarity are always higher than 

, figure 5. In fact, the negative current values are higher 

applied voltage. This is due to the existence of a difference 
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between the positive and negative inception

higher than that of positive ions. 

 

Table 1. Results of exponent m for the postive and negative corona

 

Wires number (n) Exponent 

1 Wire   1.5

2 Wires    1.52

3 Wires    1.53

4 Wires    1.56

5 Wires    1.62

6 Wires    1.61

7 Wires    1.64

8 Wires 1.7

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Comparison the current

for the postive and negative corona.

3.2 Effect of active electrode on electric onset voltage, electric onset field 

voltage 

 

We used the (�1/3)  �  4 (�) function 

onset voltage �� and the onset field 5� can be calculated by the following formula:

 

5� �
6"

+"%78(9
+", )
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negative inception voltage, also the mobility of negative ions is 

for the postive and negative corona. 

Exponent m (positive DC corona) 
Exponent m (negative 

DC corona) 

1.5 1.57 

1.52 1.73 

1.53 1.74 

1.56 1.79 

1.62 1.82 

1.61 1.84 

1.64 1.75 

1.7 1.83 

 

 

 

 

 

 

Comparison the current-voltage characteristics  

for the postive and negative corona. 

 

3.2 Effect of active electrode on electric onset voltage, electric onset field and breakdown 

function proposed by Frechette et al. [20] to determine the 

can be calculated by the following formula: 

                                                                                     (4) 
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Figures 6-7 show the influence of wires

electrostatic precipitator on the onset voltage and the onset field

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Onset corona voltage versus the number of discharging wires.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Onset corona field

We note that from five wires (5W-ESP), the characteristics

polarity of the applied voltage. The electric onset voltage and electric onset field of 

negative polarity are greater slightly than that of the positive polarity. 
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wires number forming the active electrode of an 

the onset voltage and the onset field of the corona discharge.  

Onset corona voltage versus the number of discharging wires. 

corona field versus of the wires number. 

ESP), the characteristics are stable regardless of the 

The electric onset voltage and electric onset field of 

negative polarity are greater slightly than that of the positive polarity. From a certain 
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voltage �: (breakdown voltage), we enter in the area

presence of sparks or possibly an electric arc. We see

�: is stable regardless of the number of

against in a negative discharge. Therefore, t

discharge, figure 9. For this reason, in the majority of

supplied with a negative voltage to ensure the

intense as to minimize the strains. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. Breakdown voltage versus the number

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. Potontial difference according
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enter in the area of disruptive discharges with the 

an electric arc. We see in figure 8 that the breakdown voltage 

number of wires of the active electrode. This voltage is higher 

Therefore, the gap (�: � ��) is often greater in a negative 

in the majority of ESPs, the discharge electrodes are 

to ensure the particle charge, electric field sufficiently 

Breakdown voltage versus the number of discharging wires. 

 

 

 

Potontial difference according to a number of wires. 
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3.3 dimensional constant A  

 

The figure 10 shows the dependence

linear behavior. In this case, the inception 

(� � ��) are positive, this formula does not lose its

be determined by the slope of the characteristic 

constant � shown in figure 11, which is proportional to the

carriers, is lower in the case of a positive polarity

mobility increases with the number 

observation noted in the previous section.

The ratio of the dimensional constant (
shown in figure 12. The ratio is found to be

value of the ratio (� �/�;) gives the ratio

mobility of positive ions [21]. The value obtained

context (� �/�;)  <  (= �/=;)  <  1.
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. The dependence of the current/voltage ratio (
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dependence (�/�) as a function of (� � ��) and shows good 

, the inception voltage obtained by extrapolating the right axis 

does not lose its physical meaning. The parameter A can 

characteristic (�/�)  �  4 (� � ��) [13]. Dimensional 

is proportional to the apparent mobility of the charge 

a positive polarity. In addition, it seems that the apparent 

 of cases irrespective wires, which confirms the 

the previous section. 

(� �/�;) is independent of the number of wires as 

is found to be a linear function of the number of wires. The 

gives the ratio (= �/=;) the mobility of negative ions on the 

The value obtained can be regarded as constant in the present 

.085. 

The dependence of the current/voltage ratio (I/V) on the voltage difference (V − V0)  
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Fig. 11. Variation of the dimensional constant 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12.  Variation of the ratio 

4. Mobility of charge carriers 

 

From the classical formula originally obta

current-voltage characteristic for a duct can be derived as [23, 24

 

� �
? !"#$%

@'()* (9
+", )

�(� � ��)                          
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of the dimensional constant � with the number of wires. 

Variation of the ratio � �/� ; according to a number of wires . 

 

From the classical formula originally obtained by Townsend and Thomson [14, 22], the 

for a duct can be derived as [23, 24]: 

                                                                                                     (5) 
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This formula requires that one be able to compute the constant 

task. However, this difficulty can be avoided for it can be shown that the following 

approximations are valid to within 1% under the conditions indicated.

 

For  
@

A
B 0.6                C �

?@

 
                      

For 
@

A
D 2.0                C �

A

 
E

FG
'H                              

In a duct precipitator, the current-voltage characteristic is given by equation 5 where the 

constant d is given by equation 7 because in our system

plate spacing 
 �  50		 and a fixed wire

states that the length d is independent of the wire

current of wire does not depend on the wire

other very closely. The threshold voltage 

of ionic mobility was calculated from averaging the slop obtained from the

analysis of (I/V) versus (� � ��) (see figure 9).

Figure 13 shows the value of ionic mobility as a function of the number of wires at pressure 

I � 760		JK, temperature L � 29°
ESP, the mobility of positive and negative charge carriers

of wires. On the other side for 1W-ESP to 4W

number of wires in both polarities. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13. The apparent mobility of the c

by function of wires number.

 

5. Current density in the system 

 

A formula for current density O as a function of the applied voltage 

this geometry [25]: 

 

O �
3 !"#$%

A@'()* (9
+", )

�(� � ��)                          
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This formula requires that one be able to compute the constant C, a somewhat formidable 

difficulty can be avoided for it can be shown that the following 

approximations are valid to within 1% under the conditions indicated. 

                                                                                                 (6) 

                                                                                             (7) 

voltage characteristic is given by equation 5 where the 

is given by equation 7 because in our system (
/�) � 2.5, for a fixed wire-to 

and a fixed wire-to-wire spacing 2� �  40		, equation 6 

is independent of the wire-to-wire spacing this means that the corona 

urrent of wire does not depend on the wire-to-wire spacing until the wires approach each 

other very closely. The threshold voltage �� is given by (�1/3)  �  4 (�) [20]. Mean value 

of ionic mobility was calculated from averaging the slop obtained from the least square 

(see figure 9). 

Figure 13 shows the value of ionic mobility as a function of the number of wires at pressure 

°P and humidity J� � 65%. For 5W-ESP to 8W-

mobility of positive and negative charge carriers is independent with the number 

ESP to 4W-ESP the ionic mobility increases with 

 

 

 

 
The apparent mobility of the charge carriers 

by function of wires number. 

as a function of the applied voltage � will be given for 

                                                                                                    (8) 
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A modification of this formula is found when particles are present in the gas stream. The 

formula is to be applied using the absolute value of the voltage. However, the formula i

valid for positive and negative polarity, provided an account is taken of the differing ion 

mobilities. Figures 14-15 show that the current density as a function the applied voltage for 

both polarity. The current density-applied voltage characteristic is

the nature of the polarity [26, 27]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 14. Variation of the orona
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A modification of this formula is found when particles are present in the gas stream. The 

formula is to be applied using the absolute value of the voltage. However, the formula is 

valid for positive and negative polarity, provided an account is taken of the differing ion 

15 show that the current density as a function the applied voltage for 

applied voltage characteristic is a quadratic low whatever 

 

 

 

 

 

 

 

 

 

 

Variation of the orona current density with the wires number. 
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6. Conclusion 

 

The measurement of current-voltage characteristics of the corona discharge is the best 

way to characterize the electrostatic precipitator’s types wire-to-planes and multi wires-to-

planes. The experimental results have confirmed some aspects of this configuration and 

show that the variation of the current intensity as a function of applied voltage for different 

ESP is in good agreement with the classical law current-voltage made by Townsend. For a 

large number of wires electrostatic precipitator, the onset voltage and the onset field 

become independent of the number of wires whatever the nature of the polarity. 

Based on the experimental data and the knowledge of corona inception, a new general 

formula was developed by Meng et al. for uncover the phenomena in point-to-plane 

geometry corona discharges. This formula can be apply in wires-to-planes system of an 

electrostatic precipitators because the scope of 	 is deduced in a range 1.5-2.0 and further 

confirmed with the results in earlier studies.  

For the same gas and the same external conditions, the value of the breakdown voltage is 

much lower in positive polarity. The application voltage required to maintain the same 

discharge current is higher with positive polarity, and the corona onset voltage in a negative 

polarity is higher than that of the positive polarity. For this reason, in the majority of ESPs, 

the discharge electrodes are supplied with a negative voltage to ensure proper charging of 

particles, an electric field sufficiently intense as to minimize the strains. 

The apparent mobility of the charge carriers increases with the wires number � < 5 for 

both polarity and the apparent mobility of positive corona is superior to negative corona. 

For � D 5, the ion mobility is independent of the wires number. 
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