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Research in electric discharge and industrial applications led to the requirement of advanced 
engineering materials that can withstand various temperatures without significantly affecting 
their properties. This paper aims to analyse the behaviour of electric discharge in wire-to-plane 
electrostatic precipitators as a function of temperature. In wire-to-plane electrostatic precipita-
tors at varying temperatures, the physical parameters, including the current-voltage character-
istic, onset voltage, corona conductance, electric field, and current density distributions of the 
discharge DC corona, were experimentally examined, with the corona discharge serving as the 
ionization source. This project involved the design and construction of an experimental cell to 
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regulate its internal temperature. The current density and electric field were ascertained using 
the Tassicker model and a statistical analysis with the regression model validated the current-
voltage characteristics. The increase in temperature correlated with a rise in the corona current 
at the collector plate, while the onset voltage diminished. The applied voltage and temperature 
significantly influenced the properties of corona current density and the electric field. The tem-
perature for a given atmospheric condition strongly affected the discharge current, according 
to the experimental results. Changing the values of temperature not only changed the property 
of the gas but also affected the corona onset conditions and ion mobility. 

Keywords: Corona conductance, current-voltage characteristics, electric discharge, elec-
trostatic precipitator, Tassicker model. 

1. INTRODUCTION

An electric discharge is a phenomenon 
in which a current flows between two high-
potential electrodes in a neutral medium, 
often air, through the ionization of that 
medium, resulting in plasma around one 
electrode, and utilizing the ions produced 
in plasma processes as charge carriers to 
the second electrode [1]–[5]. In high-volt-
age systems, corona can be either positive 
or negative [6]–[8]. The applications for 
corona discharge in air treatment and puri-
fication include ozone production and elec-
trostatic precipitators for disinfecting water 
and air [9]–[11]. It is also utilised in elec-
tronic devices like photocopiers and laser 
printers for charging components, as well as 
for neutralizing static electricity. Scientific 
applications such as mass spectrometry and 
surface treatment of materials are further 
uses [12]–[15].

The physical parameters of an electric 
discharge encompass electrical variables 
such as applied voltage, current, electric 
field, current density, and pulse duration, in 
addition to other influencing elements like 
the inter-electrode gap, dielectric medium, 
and material properties; these parameters 
dictate the energy and attributes of the dis-
charge [16]–[18]. The corona discharge, 
in the context of electrostatic precipitators 

(ESP), refers to a gas discharge phenom-
enon resulting from the ionization of gas 
molecules by high-energy electrons within a 
strong electric field [19], [20]. Electrostatic 
precipitators effectively eliminate dust by 
charging the particles through ions gener-
ated by the corona discharge electrodes 
[21]–[23]. The electrically charged particles 
are then gathered on the collecting plates, to 
which they are directed by the electric field 
generated in the interelectrode space due to 
the voltage applied to the emitter electrodes 
and collector plates [23], [24]. The forma-
tion of corona in the air under atmospheric 
conditions necessitates a non-uniform elec-
tric field, achievable by the utilisation of a 
small diameter wire electrode paired with a 
plate or cylinder as the opposing electrode 
[5], [7], [18].

Industrial electrostatic precipitators 
(ESPs) are effectively employed to dimin-
ish the emissions of smoke, fumes, and 
dust, so contributing significantly to envi-
ronmental cleanliness and the attainment 
of superior air quality, they can eliminate 
over 99  % of particles from the flue gas 
[10], [20], [25]. In these systems, particles 
are charged through ions generated by a DC 
corona discharge in typical scenarios. The 
particles move towards the collecting plate 
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as a result of Coulomb forces, while simul-
taneously being affected by viscous forces 
from fluid flow and ionic wind [24], [26]. 

In these systems, understanding the 
impact of temperature on DC corona dis-
charge behaviour is essential. Certain 
effects of temperature on DC corona remain 
inadequately understood and necessitate 
further exploration to develop realistic and 
credible models suitable for integration into 

numerical simulations [23], [27], [28]. The 
primary aim of this study was to examine 
the influence of temperature, ranging from 
298K to 338K, on the behaviour of positive 
and negative corona discharge in a wire-to-
plane electrostatic precipitator. The analy-
sis and discussion focus on current-voltage 
curves, corona conductance, onset voltage, 
electric current density, and electric field.

2. EXPERIMENTAL

2.1. Experimental Apparatus

The experimental method seeks to 
acquire novel measurements of current 
density and electric field for both positive 
and negative DC corona discharge in a 
laboratory-scaled electrostatic precipitator, 
as seen in Fig. 1, where the velocity of the 
particle-free ambient air flow is regulated. 
Five parallel wires (1) are secured with two 
insulating supports and positioned equidis-
tantly between two planes (G) at a height of 
h = 30 mm, with a wire-to-wire spacing of 
a = 20 mm. 

The measurement plane consists of one 
biased electrode (M) and a circular probe 
(P). The probe is positioned near the cen-
tre of the electrode (M) on the same sur-
face level, with end effects mitigated by 
the two guard planes (G). All components 
are constructed from stainless steel and 
secured with insulating supports. A positive 
direct voltage from a 0 – ±140 kV source is 
applied to the wires; a high voltage divider 
and a DC voltmeter are utilised to measure 
the applied voltage V(kV) (3). The bias 
plane (M) is linked to the DC low voltage 
source, while the collector probe (P) is con-
nected to the digital multimeter (2) through 
a resistor Rm =150kΩ. The humidity Hr(%) 

and temperature T(K) monitoring instru-
ments, along with the electrode system, are 
installed in a 200-liter plexiglass enclosure. 
The temperature is regulated by the control-
ler (4) and linked online to the low voltage 
AC source. The air within the plexiglass 
enclosure is warmed by heating resistors 
(5). The bigger polarized plate (M) has 
dimensions of l = 25 mm along the y-axis 
and L = 150 mm, while the smaller plate (M) 
measures l = 50 mm along the y-axis and 
L = 150 mm along the x-axis. The dimen-
sions of the bigger guard plane are 25 mm 
150 mm. The electrode system and the tem-
perature measurement devices are situated 
within a Plexiglas enclosure. The experi-
mental setup is conducted within a sealed 
system containing purified air. The probe 
necessitates meticulous assembly. A minor 
leakage current, about a few milliamperes, 
may originate from the bias plate (M) or the 
high voltage cables, hence influencing the 
current readings. The probe is secured with 
two insulating plates, and leakage is miti-
gated through the use of a screen. The leak-
age current between the corona wires and 
the probe is directed to the ground by the 
guard planes (C).
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Fig. 1. Experimental model.

2.2. Tassicker Probe Measurement

Figure 2 illustrates the schematic rep-
resentations of the wires-to-planes ESP 
utilised in this study. The circular biased 
probe theory is comprehensively elaborated 
in references [17], [19], [23], but will be 
succinctly summarised in this section. The 
probe collector (P) gathers a current I0 gen-
erated by the corona discharge. The current 
will be adjusted to (I) when a voltage Vb is 
applied to the plate (M), generating a bias 
electric field (Eb). (Eb) is antagonistic to the 
unknown field (E) at the probe collector’s 
surface (P) when Vb < 0, and (Eb) is super-
imposed on E when Vb > 0. An examination 
of the probe operation conducted by Tas-
sicker [23], [26] provided the ratio of the 
probe current under influence to the current 
recorded in the unbiased state. The corona 
currents (I) under the condition (Vb) and (I0) 
under the condition Vb = 0 are as follows:

Fig. 2. Geometrical configuration 
of ESP.

 
(1)

 
(2)
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    (3)

 (4)

 (5)

where μ denotes the positive ion mobil-
ity (m²/V·s), ρ represents the space charge 
density (C/m³), S(m²) signifies the effective 
surface area of the collector (P), rm indicates 
the effective radius, ϕS0 refers to the flux 
resulting from the unknown electric field 
E to be measured, and ϕS1 pertains to the 
flux arising from the biased electric field Eb. 
C0 represents the capacitance between the 
probe collector (P) and the polarized plate 

(E), where rm denotes the effective radius 
of the probe, and ε0 represents the electrical 
permittivity of air. The unknown field can 
then be determined if C0 is computed. Tas-
sicker employed an analytical expression 
derived by [17], [19], [23], [26]. 

 (6)

where Pe is the slope of the linear segment 
of the experimental feature. The collector 
probe is utilised to assess the typical current 
density J(A/m2) when the probe is unbiased, 
with Vb=0. The subsequent equation delin-
eates the current density [19], [26]:

 (7)

3. THEORY OF CURRENT-VOLTAGE CHARACTERISTICS

The corona discharge properties of the 
electrostatic precipitator are influenced by 
temperature, as the electric field and ion 
concentration significantly affect particle 
charging [23], [27], [29]. In [8], [18], [20], 
[23], [30], the researchers assert that nega-
tive ions are unstable at atmospheric pres-
sures, humidity, and temperatures within 
the discharge region, where a significant 
quantity of free electrons is emitted, facili-
tating the occurrence of sparking even at 
low applied voltages. The authors of [23] 
and [27] assert that the ionization rate of gas 
particles can markedly affect the efficacy of 
electrostatic precipitation across varying 
temperatures, and that thermal ionization at 
elevated temperatures should be considered 
[31]. The corona discharge is multifaceted 
phenomena. The authors have formulated a 
straightforward theoretical equation about 

the correlation between corona current 
and applied voltage in a wire-to-cylinder 
geometric system, alongside a low current 
empirical law for wire-to-plane arrange-
ment established as follows:

 (8)

where I represents the corona cur-
rent, V denotes the applied corona volt-
age, V0 signifies the corona threshold 
voltage, and K is a dimensional constant 
contingent upon the outer cylinder radius, 
the wire electrode radius, and the mobil-
ity of charge carriers in the drift area.  

Other authors have documented efforts 
to derive Townsend’s law for the blade-
to-plane [17] and wire-to-plane systems 
[20], [26], [30]. Recent research on the 
corona current-voltage characteristic has 
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documented efforts to develop a model for 
Townsend’s law that correlates the dimen-
sions of the active electrode radius with the 
air gap. The structure of cables connecting 
two planes, as seen in Figure 1, is specifi-
cally utilised for the ESPs. This arrange-
ment is the focus of numerous theoretical 
and experimental investigations. Cooper-
man [7], [17], [18] was a pioneer in formu-
lating the law governing corona initiation in 
ESPs. He presents the current-voltage law, 
equivalent to Townsend’s law, in the fol-
lowing manner: 

 (9)

 (10)

 (11)

 (12)

Let h represent the space between the 
wires and the plane, a denote half the wire-
to-wire separation, and r0 signify the wire 
radius. The impact of humidity on DC 
corona in electrostatic precipitators (ESPs) 
is not well understood and necessitates more 
research. The primary aim of our work is to 
examine this influence on the behaviour of 
positive and negative corona discharge in a 
wire-to-plane arrangement within ESPs. 

4. RESULTS AND DISCUSSION

The section discusses the influence of 
ESP design and temperature on the current-
voltage characteristics. The ideal operating 
conditions for the ESP were established 
by adjusting the design and operational 
parameters, including the number of wires 
and the applied voltage. Prior to starting 
the ESP, the corona current-voltage char-
acteristics were assessed to estimate the 

electrical charge of the particles. The cur-
rent was quantified at the collection plates.  
All measurements were conducted in a cli-
mate-controlled laboratory, where the pres-
sure was sustained at 750 torr, and relative 
humidity was regulated at 50 % (the physi-
cal properties of air are consistently moni-
tored).

4.1. Temperature Effect of Current-Voltage Characteristics

Figure 3 illustrates the current-voltage 
characteristics for both high voltage polari-
ties. The semi-logarithmic form is utilised 
to illustrate the initial phase of the corona 
discharge. 

The discharge current rises with the 
applied voltage until it surpasses the corona 
onset voltage (V0), leading to gas break-
down. As anticipated, the corona discharge 
is initiated at a reduced voltage when the 
wire diameter diminishes. Moreover, one 

may also discern the influence of polarity 
on the current-voltage characteristics. At 
a specific voltage, the discharge current is 
greater with negative polarity, attributable 
to the disparity in the apparent mobility of 
negative charge carriers relative to positive 
ones [7], [17], [18], [26]. The ionization 
process resulting from a collision underpins 
gas multiplication. The initial Townsend 
coefficient of a gas refers to the quantity 
of electron-ion pairs generated by a single 
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electron traversing a unit distance in the 
direction of the electric field. The outcome 
primarily relies on the gas type, gas pres-
sure, and electric field strength. The rise in 
temperature induces a change in the ioniza-

tion coefficient inside the ionization region 
and alters the ion mean free path length in 
the drift region, given a constant potential 
voltage between the electrodes.

Fig. 3. Current-voltage characteristics of positive and negative DC corona discharge.

4.2. Assessment of the Regression Model Relevance

The estimation of the curve model com-
prises two elements: the model summary 
and the parameter estimation provided in 
Table 1 and Table 2 for positive corona and 
negative corona. The model summary in 
these tables presents the regression coeffi-
cient (R), the F statistic, which is the ratio 
of inter-group mean squares to intra-group 
mean squares, and the significance level 
(Sig.) indicating the test’s significance. 
Additionally, the parameter estimates detail 
the coefficients of the quadratic equations 
(A0, A1, and A2). The F and Sig. columns 
encapsulate the outcomes of the F test 

regarding model fit. The significant value 
of the F statistic is below 0.05 %, indicat-
ing that the variation elucidated by each 
model is not attributable to chance. The R2 
statistics are a superior indicator of the rela-
tionship’s strength. The quadratic law is a 
model represented by the equation:

2I A A V A V ( µA )0 1 2= + + . (13)

The quadratic model can be employed 
to represent a series that initiates or one that 
attenuates.

To ensure relevance to the model, the 
enhancement derived from the indepen-
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dent variable must be substantial, and the 
residuals between the observed values and 
the regression should be minimal. This 
model employs the F-value test for evalu-
ation. The value of F was computed auto-
matically, and the corresponding degree of 
significance is located in the final column of 
the model summary [32], [33]. The F value 
exceeds 650 and is significant at m<0.0005. 
The likelihood of achieving an F value of 

this magnitude by random chance is below 
0.05 %. Consequently, a statistically signifi-
cant correlation exists between the depen-
dent variable I(µA) and the independent 
variable V(kV). Consequently, it can be 
inferred that the model incorporating a pre-
dictor facilitates superior prediction of the 
variable (I) compared to the model lacking 
a predictor [23], [32], [33].

Table 1. Model Summary and Parameter Estimates with Dependent Variable:  
Positive Corona Current I(µA) and Independent Variable: Applied Voltage V(kV)

Temperature
T(K) A0 A1 A2 Adj. R-Square F-Value Prob>F

298 360.1026 -95.82583 6.46857 0.99254 799.02864 9.30023E-12

308 535.09118 -143.57485 9.77391 0.99772 2623.20776 2.4869E-14

318 458.50569 -141.10571 9.77391 0.99799 2986.77421 1.29896E-14

328 219.14447 -101.58689 10.71377 0.99878 4905.0556 1.11022E-15

338 -6.92092 -52.68129 9.06751 0.99526 1261.90388 9.57456E-13

Table 2. Model Summary and Parameter Estimates with Dependent Variable: Negative Corona Current I(µA) 
and Independent Variable: Applied Voltage V(kV)

Temperature
T(K) A0 A1 A2 Adj. R-Square F-Value Prob>F

298 504.7009 -135.54389 8.97389 0.9911 668.9252 2.24798E-11

308 203.47691 -91.21907 8.38916 0.99406 1005.03898 2.97273E-12

318 -52.51631 -57.53664 8.69657 0.99106 666.23186 2.29344E-11

328 -98.12695 -55.6723 9.7948 0.99799 2978.86492 1.32117E-14

338 -442.25462 23.11319 7.21658 0.99326 885.43701 5.58253E-12

4.3. Evaluating Data Fit to the Regression Model

Should there be a substantial enhance-
ment in the model, it is imperative to dis-
close the degree to which the data conform 
to this model. It is feasible to measure 
the extent to which the pattern accurately 
reflects the dispersion of the points in the 
graph. This information is included in 
Tables 1 and 2, with index (R) indicating 
the value of the multiple model correlation. 
The multiple correlation (R) is regarded as 
a basic correlation. It signifies the aggre-

gate correlation between all independent 
variables of the model and the dependent 
variable. Given that there is a singular 
independent variable, this coefficient is 
equivalent in absolute value to the corre-
lation coefficient referenced in [32], [34]–
[36]. The multiple correlation coefficient in 
Tables 1 and 2 exceeds 0.998. This value 
signifies that the data are highly compatible 
with the model and is located in the column 
(R2). The squared coefficient of correlation 
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yields an R² value exceeding 0.991. This 
illustrates the proportion of variability in 

the dependent variable (I) elucidated by the 
regression model.

4.4. Onset Voltage of Electric Discharge

The onset voltage of corona discharge 
is the applied voltage needed to achieve 
the critical electric field required for the 
ionization of air molecules adjacent to the 
blade surface. The Peek formula correlates 
the onset voltage with the disruptive criti-
cal potential gradient, dependent on inter-
electrode distance h, radius of curvature rc, 
temperature T, and gas pressure P.

0.0308 2 h2 r 1 lngV m c0 v 0 rr cc
δ

δ

   ×
= × × + × ×   ×   

.                                                                              (14)

3.92 P
273 T

δ ×
=

+
.                                                                                                                               (15)

The δ parameter is a gas density factor 
determined by temperature and pressure. 
Temperature T is expressed in Kelvin (K) 
and pressure P – in centimetres of mercury 
(cmHg). At standard temperature and pres-
sure, δ equals 1. The state of the wire is char-
acterised by the factor mv irregularity, the 
curvature radius rc, and the inter-electrode 
gap h. Depending on the state of the wire, 
mv ranges from 0.85 to 0.98, with mv equal-
ling 1 for ideal smooth wires [16], [23]. The 
disruptive critical potential gradient g0 is 
approximately 30 kV/cm or 27.2 kV/cm for 
air [16]. Figure 4 illustrates the influence of 
temperature on corona discharge. 

Fig. 4. Variation of corona onset voltage with temperature.

The corona onset voltage diminishes 
as temperature rises. With additional heat, 
both the attachment coefficient (η) and the 
ionization coefficient (α) increase; how-
ever, the rise in the attachment coefficient 
is less pronounced than that of the ioniza-
tion coefficient. Consequently, the eleva-

tion in temperature results in an increase 
in the effective ionization coefficient (α-η). 
The aforementioned considerations have 
led to a reduction in corona onset voltage 
as temperature rises, resulting in a lower 
onset voltage at elevated gas temperatures, 
according to Peek’s law.
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4.5. Corona Conductance

The importance of the slope of the 
corona features becomes more evident 
through the examination of corona conduc-
tance trends. The (I/V) = f(V-V0) graphs 
serve as an effective assessment of the qua-
dratic law’s validity [17], [23]. The slope K 
and the intercept V0 with the baseline fully 
define the glow region of the discharge. 
The division of the corona current I by V 
should yield linear relationships, as the 
current is proportional to (V–V0). The fig-
ure illustrates the positive corona conduc-
tance values derived from the data in Fig. 
8, whereas the matching negative polarity 
corona conductance values were computed 
using the data in Fig. 5, as depicted in Fig. 
6. Figure 7 presents a summary of the com-
puted corona conductance slope values. The 
values acquired at T = 298, 308, 318, 328, 
and 338 K follow a linear relationship. For 
extended intervals, there is a reduced depar-
ture from the quadratic law. The corona con-

ductance in wire-to-plane for both polarities 
is approximately 62 % higher. The impact 
of temperature on conductance is substan-
tial, with the values depicted in Fig. 7 being 
around 60 % greater. 

The geometric factor, or corona conduc-
tance G, is contingent upon the mobility of 
charge carriers μ and the temperature. For 
the identical geometry, the ratio (K−/K+) 
also signifies the ratio (μ−/μ+) of the charge 
carrier mobilities [17], [18]. Nevertheless, 
we consistently observed in the literature a 
negligible disparity between the mobilities 
(μ+) and (μ−), which was less than 10 %. 
The values of K for the negative corona 
consistently exceed those of the positive 
corona at the same temperature. The ratio 
(K−/K+) = (μ−/μ+) > 1 thus demonstrates 
that the mobility of negative charge carriers 
consistently exceeds that of positive charge 
carriers.

Fig. 5. Positive corona current voltage ratio with various temperatures.
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Fig. 6. Negative corona current voltage ratio with various temperatures.

Fig. 7. Corona conductance of both polarities.

4.6. Electric Current Density

The electric current density (Figs. 8 and 
9) is defined as the electric current, which is 
the displacement of a collection of electri-
cal charges, per unit area, where area often 
refers to the surface layer of an item. Figures 
8 and 9 present the experimental results of 
the measured positive and negative corona 
current densities at the probe collector, as 
a function of temperature (T) and varying 
corona applied voltage (V). The mutual 

approximation of current density posits that 
it is directly proportional to the electric field. 
Figures 8 and 9 illustrate the augmentation 
in current density corresponding to elevated 
temperatures at various applied voltages. A 
few electrons traverse directly to the collec-
tor plane, unobstructed by gas molecules, to 
produce an electron-carrying current when 
the temperature exceeds 298K.
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Fig. 8. Current density of positive polarity with various temperatures.

Fig. 9. Current density of negative polarity with various temperatures.

4.7. Electric Field 

The influence of temperature on the 
mean electric field is seen in Figs. 10 and 
11. The discharge electric field is elevated 
with negative polarity, attributable to the 
disparity in apparent mobility. This study 
elucidates the mechanism of electric field 
generation in an electrostatic precipitator 
(ESP).

In gaseous applications, ESP generates 
ions using high voltage electrical input. 

The selection of geometry is predicated 
on a wire-plane design due to its ease of 
implementation and adaptability to various 
physical conditions. The characteristics of 
the high voltage electrode may affect the 
threshold voltage of the corona discharge. 
This work employs stainless steel electrodes 
because of its robust capacity to withstand 
mechanical and electrical stresses, coupled 
with a significant service life.
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Fig. 10. Electric field of positive polarity with diverse temperatures.

Fig. 11. Electric field of negative polarity with diverse temperatures.

5. CONCLUSION

The study discussed the influence of 
temperature on the behaviour of direct cur-
rent corona discharge in a wire-to-plane 
electrostatic precipitator, encompassing 
both positive and negative polarities. The 
voltage-current characteristics in an electro-
static precipitator are crucial for diagnosing 
electrical issues during its operation. The 
current-voltage characteristics are readily 
measurable and furnish most of the neces-
sary information. At a specific voltage, the 
discharge current is greater with negative 
polarity, attributable to the disparity in the 
apparent mobility of negative charge carri-

ers relative to positive ones, and the onset 
voltage is inversely related to the rise in 
temperature. The current is altered by a bias 
field that can either counteract or support 
the dominant field that has to be measured. 
This study positions the probe surface per-
pendicular to the discharge electric field, 
aligning it with the electrode surface to cre-
ate an annular gap. The observed mobility 
rises with elevated temperature. The corona 
power in an electrostatic precipitator is con-
tingent upon air conditions and the applied 
voltage. 
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