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Computational and Experimental Study of
Time-Averaged Characteristics of Positive
and Negative DC Corona Discharges in
Point-Plane Gaps in Atmospheric Air

Nuno G. C. Ferreira , Pedro G. C. Almeida , Mikhail S. Benilov , Victor A. Panarin, Victor S. Skakun,
Victor F. Tarasenko , and George V. Naidis

Abstract— The use of stationary solvers instead of approximate
solution methods or time-dependent solvers, which are standard
tools in gas discharge modeling, allows one to develop a very
fast and robust numerical model for studying the time-averaged
characteristics of dc corona discharges. Such an approach is
applied to dc corona discharges in point-plane gaps in ambi-
ent air. A wide range of currents of both voltage polarities
and various gap lengths are investigated, and the simulation
results are validated by comparing the computed current–voltage
characteristics and spatial distributions of the radiation intensity
with experimental results. Specific features of the numerical and
experimental results at both polarities are discussed.

Index Terms— Corona, current-voltage characteristics, dc
discharges.

I. INTRODUCTION

T IME-DEPENDENT solvers are standard tools in the
modeling of corona discharges, as well as in gas dis-

charge modeling in general. Time-dependent computations
give detailed information on spatiotemporal distributions of
plasma parameters and are indispensable for studies of pulsed
coronas; for example, computational studies of pulsed regimes
of dc corona discharges in point-plane air gaps in the frame-
work of non-stationary approaches are reported in recent
works [1]–[4]. Time-dependent solvers can also be used for
the computation of time-averaged characteristics of dc corona
discharges in the framework of stationary corona discharge
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models; see [5], [6]. However, such solvers are highly, and in
many cases, prohibitively, computationally intense. Therefore,
stationary characteristics of dc corona discharges are calcu-
lated in most cases by means of various approximate methods;
see [5], [7]–[12].

An alternative to using time-dependent solvers for stationary
corona discharge models is to employ stationary solvers, which
solve steady-state equations describing the stationary discharge
by means of an iterative process unrelated to time relaxation.
Stationary solvers offer important advantages in simulations of
steady-state discharges. In particular, they are not subject to the
Courant–Friedrichs–Lewy criterion or analogous limitations
on the mesh element size, which allows one to dramatically
speed up simulations.

In [13], a stationary solver was used for the computation
of inception of corona discharges. In this work, the method
[13] is modified in a way to be applicable to calculation
of time-averaged characteristics of dc positive and negative
corona discharges in a wide current range. Special attention
is paid to the validation of the new method. Somewhat sur-
prisingly, it seems that experimental data on corona discharges
reported in the literature beyond the simplest 1-D wire-cylinder
configuration are insufficient for an accurate quantitative com-
parison, since not all relevant geometrical parameters are
indicated. Therefore, special experiments have been performed
on point-to-plane coronas in a wide current range of currents
of both polarities. The computed current-voltage character-
istics and spatial distributions of the radiation intensity for
both polarities and various values of the discharge gap have
been compared with experimental results. Specific features of
the numerical and experimental results at both polarities are
discussed.

II. NUMERICAL METHOD

We consider a conventional system of equations describing
low-current discharges in high-pressure air, which comprises
equations of conservation and transport of charged species and
the Poisson equation

∇ · Jα = Sα (α = e, O+
2 , O−

2 , O−, O−
3 ). (1)

ε0∇2φ = −e
∑

α

Zαnα. (2)

Jα = −Dα ∇nα − Zαnα μα ∇φ. (3)
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Here, subscript α identifies charged species; nα, Jα, Dα ,
μα , Sα , and Zα are, respectively, number density, density
of transport flux, diffusion coefficient, mobility, net volume
rate of production, and charge number of species α; φ is
the electrostatic potential; e is the elementary charge; and
ε0 is the permittivity of free space. The conservation equa-
tions, (1), are written for the steady-state case. Equations of
transport of charged species, (3), are written in the local-field
approximation, i.e., with the electron transport and kinetic
coefficients being assumed to depend on the local reduced
electric field E/N only. The source terms Sα in equations
for electrons and positive ions include, in addition to terms
describing production of these species in collisional processes,
the photoionization term Sph. The latter is evaluated by means
of the three-exponential Helmholtz model [14] Sph(r) =∑3

j=1 S( j)
ph (r), with each of the terms satisfying the Helmholtz

partial differential equation

∇2 S( j)
ph (r) − (

λ j pO2

)2
S( j)

ph (r) = −A j p2
O2

I (r) ( j = 1, 2, 3).

(4)

Here, A j and λ j are constants (parameters of the three-
exponential fit function) given in [14], pO2 is the partial
pressure of molecular oxygen, and I (r) is the product of ξ the
probability of ionization of a molecule at photon absorption
and the local photon production rate.

The kinetic scheme of plasmachemical processes is the same
as the one formulated in [13], with a few minor changes.
Note that in [13] this scheme was validated by a comparison
of the computed inception voltage of corona discharges with
several sets of experimental data on positive and negative
glow coronas between concentric cylinders in a wide range
of pressures and diameters of the cylinders and on positive
coronas in the rod-to-plane configuration. The scheme takes
into account the electrons, one species of positive ions, which
are represented mostly by O+

2 , and three species of negative
ions, O−

2 , O−, and O−
3 , and comprises the following processes:

electron impact ionization, two-body (dissociative) attachment,
three-body attachment, photoionization, collisional detachment
from O−

2 , associative detachment from O−, charge transfer
from O− to O−

2 , conversion of O− to O−
3 , and ion-ion and

electron-ion recombination. The transport coefficients of the
electrons were evaluated in the same way as in [13] (the mobil-
ity was taken from [15] and the longitudinal and transversal
electron diffusion coefficients were evaluated with the use of
the online version of the Bolsig+ solver [16] and the cross
sections [17]).

Special care is required as far as the ion transport coeffi-
cients are concerned: while values of ion mobilities do not
affect appreciably the inception voltage of corona discharges,
which was the parameter computed in [13] and found to be in
a good agreement with the experiment, values of ion mobilities
in the drift zone do affect the corona current–voltage charac-
teristics. Complex ions O+

4 , O−
4 , and cluster ions (comprising

one or several H2O molecules), with typical mobilities in the
range 2.0−2.4 cm2 V−1 s−1 [18], may appear in the drift zone
of corona discharges in air. In order to take it into account,
the mobilities of the positive ions O+

2 and the negative ions

O−
2 were set equal to 2.2 cm2 V−1 s−1 (which is slightly

different from the values of 2.51 and 2.16 cm2 V−1 s−1,
given in [18] for the individual mobilities of the ions
O+

2 and O−
2 ).

According to [19], the reduced mobility of O− varies
between 3.66 and 5.24 cm2 V−1 s−1 over the reduced field
range up to 100 Td (there is no data for higher reduced fields).
In principle, such variations can be readily introduced in the
numerical model. Since, however, a constant value is used
for the mobility of O−

2 (and complex/cluster ions), and given
that the above variation is not huge, a constant value of
5.2 cm2 V−1 s−1 is used for the reduced mobility of O− in
order to be consistent. According to [20], the reduced mobility
of O−

3 varies between 2.5 and 3.1 cm2 V−1 s−1 over the
reduced field range up to 100 Td, and varies between 3.1 and
2.9 cm2 V−1 s−1 over the reduced field range between 100 Td
and 240 Td. In this work, the reduced mobility of O−

3 was
set equal to 2.7 cm2 V−1 s−1, which is a value characteristic
of reduced field of the order of 50 Td, where these ions are
expected to be most abundant.

The diffusion coefficients of all ion species are related
to the mobilities through Einstein’s relation with the corre-
sponding ion temperatures, which were evaluated by means
of the Wannier equation. Temperature T of the neutral gas is
assumed to be constant; results reported in this work refer to
T = 300 K.

The boundary conditions are conventional and the same as
in [13] except that the number densities of the negative ions
at the cathode and of the positive ions at the anode were set
equal to zero, instead of being defined by the chaotic flux. (We
note right now that the effect of this change on the solution
was insignificant, which increases the reliability of the results,
given that this boundary condition cannot be formulated in an
exact way.)

The numerical implementation is based on the use of
stationary solvers and was developed on the computational
platform COMSOL Multiphysics. The following interfaces
were used: Electrostatics (the Poisson equation), Transport
of Diluted Species, or TDS (the equations of conservation
and transport of charged species), and Coefficient Form (the
Helmholtz equations). The reactions considered within the
kinetic scheme were taken into account as production/loss
terms in the TDS interface. The default consistent stabilization
(streamline and crosswind diffusion) was maintained activated
in the TDS interface.

Two formulations of the species conservation equations have
been tested: the original formulation, where the dependent
variables are the species number densities, and the logarithmic
formulation, where the dependent variables are logarithms of
the species number densities. (The logarithmic formulation
ensures that the number density of any of the species is
never negative and is frequently used in the modeling of cold
gas discharges, in particular, it was used in the preceding
work [13].) The original formulation has been found to be
much more efficient for the steady-state modeling, performed
in this work, and was used in all the simulations reported here.
Note that it was the use of the original formulation that made
possible the above-described change in the boundary condition
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for the number densities of the negative ions at the cathode
and of the positive ions at the anode.

A natural control parameter in the modeling is the corona
voltage. However, at low discharge currents the corona voltage
remains virtually the same (and very close to the inception
voltage) as current varies over orders of magnitude. In this
situation, the discharge current is a more suitable control
parameter than the voltage. Therefore, the model allowed
both corona voltage or current serving as a control parameter,
with switching between these two parameters in an easy and
seamless way. The latter was achieved with the use of the
Weak Form interface of COMSOL Multiphysics.

The solution computed for each value of the corona volt-
age or current was used as an initial approximation for the
computation with the next value. Calculations of the set of
solutions describing a wide range of corona voltages/currents
for each gap were performed separately for the positive and
negative polarities. For each polarity, the first step was to
find a solution describing the corona inception, as described
in [21]. The second step was a series of computations with
the corona current serving as a control parameter and being
gradually increased. When the corona voltage has increased by
about 200 V with respect to the inception voltage, the control
parameter was switched to the corona voltage U and the
computation proceeded with U being gradually increased until
the whole range of current values of interest has been covered.

III. EXPERIMENTAL SETUP

The above-described numerical method requires experimen-
tal validation. Somewhat surprisingly, it seems that experimen-
tal data on corona discharges reported in the literature beyond
the simplest one-dimensional wire-cylinder configuration are
insufficient for an accurate quantitative comparison: not all
relevant geometrical parameters are indicated. For example,
the rod length is a parameter omitted in experimental publica-
tions on corona discharges in the rod-to-plane configuration;
e.g., works [22], [23] and their discussion in [13]. As another
example, one can mention wire coronas: they are very sensitive
to the environment (see [24]), meaning that the electrostatic
boundary conditions are not well defined.

Therefore, special experiments have been performed on
point-to-plane coronas in a wide range of currents of both
polarities. The experimental setup was analogous to those
typically used for studying corona discharges in point-plane
gaps. It consists of needle and flat electrodes, power source,
and recording equipment, and is shown in Fig. 1. A dc voltage
source 5 is connected to the needle 1 through a resistance of
R = 18 M�. The polarity of the voltage source could be either
positive or negative and the source can smoothly change the
voltage U from 1 to 25 kV. In series with the plane electrode,
the shunt is switched on through a resistance of R3 = 1 k�.
The voltage across the gap is measured using a high voltage
probe formed by the resistances R1 and R2. The electrode
with a small radius of curvature is made of a 50 mm long
copper needle with a diameter of 3 mm, having a tip radius
of 0.2 mm (see Fig. 2). The plane electrode is mounted at a
distance from the tip of the needle varying from 5 to 14 mm.

Fig. 1. Experimental design. 1—needle, 2—plane electrode, 3—spectrometer
with a light guide 4 or a camera, 5—dc voltage source. R is the resistance
limiting the discharge current; R1 and R2 are the resistances of the voltage
divider; R3 is the resistance of the current shunt.

Fig. 2. Needle electrode.

The measured parameters were the corona current, the volt-
age at the tip, and the radiation intensity distribution. The
variation of voltage and current with time was recorded
using a TDS 3034 oscilloscope (Tektronics, Inc.), a high-
voltage probe, and a shunt. Moreover, when recording the
discharge current, its average value was determined using the
corresponding recording mode of the TDS 3034 oscilloscope.
The average discharge current for each point was determined
within 40 μs at a constant voltage across the gap, the value
of which was set with an accuracy better than 1%. The
voltage change during measurements of the average current
also did not exceed 1%. Note that individual short pulses that
were generated during 40 μs, in particular Trichel pulses,
were taken into account when measuring the average corona
discharge current. However, the generation of individual short
pulses did not have a noticeable effect on the average corona
discharge current.

Photos of the corona discharge were obtained with a Canon
PowerShot SX 60 HS digital camera in the single-shot mode
with an exposure time of 15 s. Corona emission spectra were
recorded using an assembly that included a collimating lens
with a focal length of 30 mm, an optical fiber with a known
transmission spectrum, and an HR2000 + ES spectrometer
(Ocean Optics, Inc.) based on a multichannel CCD line Sony
ILX511B (operating range 200–1100 nm, spectral half-width
of the hardware function ∼ 1.33 nm).

The experiments were conducted in ambient atmospheric
air under normal conditions. As the current–voltage
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Fig. 3. Current–voltage characteristics of (a) positive and (b) negative corona
discharges. Points: experiment. Lines: modeling. Triangles, solid: d = 5 mm.
Closed and open circles, dashed: 8 mm (see also text). Squares, dotted: 10 mm.
Diamonds, dash-dotted: 14 mm.

characteristics (CVCs) are influenced by variation of
pressure and humidity of ambient air, depending on weather
conditions, the CVCs were measured during one day, in a
time interval as short as possible.

IV. RESULTS AND DISCUSSION

The computed (lines) and measured (points) CVCs of
corona discharges both for positive and negative polarities of
the tip electrode are shown in Fig. 3 for several values of the
gap length d . Experimental points shown by triangles, closed
circles, squares, and diamonds were obtained in the same day
at the temperature of 21 ◦C, pressure of 747 mmHg, and air
humidity of about 50%. For negative corona in one of the
gaps, d = 8 mm, also shown are experimental data (open
circles) measured in a different day at different atmospheric
conditions: the temperature of 20 ◦C, pressure of 740 mmHg,
and humidity of about 60%.

The secondary electron emission coefficient in the modeling
was set equal to 10−4; a value which allowed to obtain the

Fig. 4. Distributions of the normal electric field along the needle surface at
various applied voltages in (a) positive and (b) negative corona discharges.
d = 10 mm.

ignition corona voltage in agreement with the experiment.
Note that the effect of variations of the secondary electron
emission coefficient on inception of positive and negative
corona between concentric cylinders was investigated in [13]
and it was found that the agreement with experiment was lost
for values of the secondary electron emission coefficient higher
than 10−4.

In all the cases, the calculated values agree well with the
measured data. Note that the coefficient of determination R2

equals 0.989, 0.967, 0.994, and 0.897 for the gaps of 5, 8, 10,
and 14 mm, respectively, in the case of positive corona and
0.920, 0.975, 0.999 and 0.967 in the case of negative corona.
(Here, the coefficient of determination is defined as R2 =
1−SSres/SStot, where SSres is the residual sum of squares and
SStot is the total sum of squares, so that R2 = 1 corresponds
to the exact match between the modeling and the experiment.)

A comparison of CVCs of positive and negative coronas
shows that their inception voltages, for the same gap d , are
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Fig. 5. Distributions of the axial electric field along the discharge axis at
various applied voltages in (a) positive and (b) negative corona discharges.

rather close. However, the current In in a negative corona is
two to three times higher than the current Ip in a positive
corona at the same applied voltage U , the ratio In/Ip decreas-
ing with increase in d . Note that a similar effect of the gap
length variation has been observed in the experiment [25].
Note also that the differences in current for different corona
polarities reported in the recent experiment [26] were smaller
than in this work, which is consistent with the longer gap
being used in [26] (20 mm).

Results of simulation show a substantial difference in spatial
distributions of time-averaged electric field inside positive
and negative corona discharges. Distributions of the normal
electric field En along the needle surface for both polarities,
d = 10 mm, and various applied voltages are shown in Fig. 4.
Here, r is the distance to the discharge axis. In the case of
positive coronas [Fig. 4(a)], the profiles broaden with increase
in U and the electric field E0 at the tip (at r = 0) decreases
slightly. An opposite trend takes place in negative coronas,
where an increase in U results in a substantial (up to four times
in the voltage range considered) increase of E0 and appearance

Fig. 6. Distributions of normalized total (solid) and electron (dashed) current
densities in negative corona discharges over the plane electrode.

Fig. 7. Distributions of normalized densities of the current transferred by the
positive ions, the negative ions, and the electrons in negative corona discharges
along the discharge axis. Dashed: d = 5 mm. Solid: d = 14 mm.

of a pronounced maximum close to the axis. Note that similar
profiles of E have been obtained in simulations [6] of positive
and negative dc air coronas in a sphere-plane gap.

Distributions of the axial electric field Ez along the axis
are shown for both polarities, various applied voltages, and
d = 10 mm in Fig. 5. Here z is the distance from the
tip of the needle electrode. In the case of positive corona
[Fig. 5(a)], the electric field in the ionization region (the region
where E exceeds the critical field, of about 25 kV cm−1,
which corresponds to equality of ionization and attachment
coefficients) depends on U rather weakly, while the electric
field in the drift region increases with increasing U . Such a
pattern is similar to that in corona discharges in axially sym-
metric wire-cylinder gaps [27]. Note that the computed electric
field in the ionization region being virtually independent of
the applied voltage is consistent with the classic Kaptzov
assumption. This assumption, which states that the steady state
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Fig. 8. Images of corona discharges and computed distributions of the rate of excitation of radiating N2(C) levels for positive (upper two rows) and negative
(bottom two rows) polarities of the tip. d = 14 mm.

electric field at the wire surface in a (1-D) wire-cylinder gap
remains at the corona onset value, is widely used in the corona
discharge theory and can be traced back to a classic work
of Townsend of 1914 [28]. It is remarkable that in the case
considered here this assumption is valid in a two-dimensional
geometry.

The computed axial distribution of the electric field in the
negative corona [Fig. 5(b)] is quite different. The electric field
in the ionization region increases appreciably with increasing
discharge voltage. Thus, the Townsend–Kaptzov assumption
is not valid in this case. The width of the ionization region
decreases substantially with increase in U . At high voltages,
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a local minimum in E at the outer boundary of the ionization
region is formed. Note that the ionization integral, evaluated
along the discharge axis over the ionization region, varies with
voltage between 7.7 and 9.2, i.e., not very strongly.

Fig. 6 shows the distributions of normalized densities
j (θ)/j (0) and jel(θ)/j (0) of the total and electron currents
over the plane electrode, in negative corona discharges at the
current I = 100 μA, in two gaps, with the lengths of 5 and
14 mm. Here, θ is the angle between the axis and the line
connecting the tip and the point of the plane being considered.
The electron current gives a substantial contribution to the total
current for both gaps. The ratio jel(0)/j (0) at the axis and the
width of the jel(θ)/j (0) distribution are larger in the smaller
gap; a result that is easy to understand: fraction of the electrons
that attach, during their drift from the ionization region to the
plane electrode, to oxygen molecules is lower for the smaller
gap, hence the contribution of electron current is higher.

The effect of shortening of the gap in the negative corona
is demonstrated also in Fig. 7, where axial distributions of
the normalized densities of the currents transported by the
positive ions, jp(z)/j (z), the negative ions, jn(z)/j (z), and the
electrons, jel(z)/j (z), are shown for I = 100 μA. The current
jp dominates current transport in the ionization region, jel

gives the major contribution in a part of the drift zone adjacent
to the ionization region, and jn comes into play in the outer
part of the drift zone. The distance l from the cathode where
the values of jn and jel become comparable (the attachment
length) is, for both gaps, of about 3 mm.

In long gaps, where d/ l � 1, the corona current in the
most part of the drift zone is transported by the negative ions.
As the mobilities of the negative and positive ions are close
to each other, the difference between the CVCs of negative
and positive coronas for longer gaps is lower than for shorter
ones, as seen in Fig. 3.

Spatial distributions of the intensity of visible radiation
emitted by corona discharges differ substantially depending
on the tip polarity. Fig. 8 shows the computed distributions
(on a logarithmic scale) of the excitation rate RC of radiating
nitrogen states N2(C), which are the main source of visible
radiation emitted by air coronas for both polarities. It was
evaluated as RC = KC nN2 ne, where KC is the excitation rate
constant, which is governed by the local reduced electric field
value and was found with the use of the online version of
the Bolsig+ solver [16] and the cross sections [17], ne is the
electron density, and nN2 is the number density of the nitrogen
molecules. Also shown in Fig. 8 are the images of positive and
negative coronas for various applied voltages, recorded in the
experiment.

According to both the computations and the experiment,
radiating regions in the positive corona have smaller sizes than
those in the negative corona for comparable applied voltages
and are positioned closer to the needle. These polarity effects
are caused by the differences in spatial distributions of ne and
E (governing RC values) in the high-field zone near the tip.
In particular, the maximum of ne in the ionization regions of
positive coronas occurs at the needle surface, so that RC is the
highest at the surface as well. In negative coronas, ne increases
in the direction to the plane electrode, reaching the maximum

at the boundary between ionization and drift regions. As a
result, the maximum of RC in this case occurs at some distance
from the tip. A peculiar spatial distribution of the radiation
intensity in negative coronas, seen in the bottom two rows of
Fig. 8, was obtained also in [6] and is governed by the specifics
of ne and E distributions. In particular, a radial constriction of
the electric field at the tip [Fig. 4(b)] results in a constriction
of the radiation intensity.

V. CONCLUSION

The use of a stationary solver, which solves steady-state
equations by means of an iterative process unrelated to time
relaxation, allows one to develop a very fast and robust numer-
ical model for evaluation of time-averaged characteristics of
corona discharges. The model is implemented with the use
of a detailed kinetic scheme of plasmachemical processes in
ambient air taken from a preceding work [13] and involving
positive and several negative ion species, and is applied to
positive and negative dc corona discharges in point-plane gaps
in air. A wide range of currents of both polarities and various
gap lengths are investigated and the simulation results are
validated by comparing the computed current–voltage char-
acteristics and spatial distributions of the radiation intensity
with the experimental data.

The calculated current–voltage characteristics are in good
agreement with the measured data. This supports the choice
of the set of ion mobilities that are proposed in this work
with account of the possible formation of complex and cluster
ions in the drift zone of corona discharges in air. Note that
simulations performed with these mobility values give the
current–voltage characteristics that are in good agreement with
the experiment also for other geometries of corona discharges
in air [21], [29]. The time-average electric field distribu-
tion in a negative corona discharge in an axially symmetric
wire-cylinder gap in air, computed by means of this model,
is in good agreement with the measurements [30], as shown
in [29].

Computational and experimental results show that average
currents In in negative coronas are several times higher than
the currents Ip in positive coronas for the same gap length and
applied voltage, the ratio In/Ip being smaller in longer gaps.
Calculated distributions, along the discharge axis and along
the plane electrode, of contributions of electrons and negative
ions to the total current density in negative coronas show that
the fraction of the electrons that attach to O2 molecules during
the drift of electrons, produced in the ionization region, to the
plane anode, is lower for smaller gaps, thus ensuring a higher
contribution of the current transported by the electrons to the
total current and hence a higher In/Ip ratio.

The spatial distributions of the intensity of the corona
discharge radiation are computed. Although only a thin region
adjacent to the tip emits radiation in positive coronas, the radi-
ating region in negative coronas is much wider and has a
rather complex structure. For both polarities, specific features
of the calculated distributions of radiation intensity are in a
reasonable agreement with the experimental data.

One of the advantages that stationary solvers offer in
simulations of steady-state discharges, when compared to
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TABLE I

COMPUTATION OF SOLUTIONS FOR U = 5.05 AND 5.1 kV
STARTING FROM THE SOLUTION FOR U = 5 kV. POSITIVE

CORONA, GAP 5 mm. SS: STATIONARY SOLVER

COMPUTATION TIME. TDS: TIME-DEPENDENT

SOLVER COMPUTATION TIME

standard approaches that rely on time-dependent solvers, is the
fact that stationary solvers are not subject to the Courant–
Friedrichs–Lewy criterion or analogous limitations on the
mesh element size. The removal of limitations on the mesh
element is particularly important for modeling of discharges
with strongly varying length scales, as is the case of corona
discharges. In the modeling of this work the mesh element size
varied from fractions of micrometer at the corona electrode
surface to tens of micrometers far away from the corona
electrode and the reduction of computation time was dramatic.
An example is shown in Table I. The task was to compute the
solutions for U = 5.05 and 5.1 kV by means of stationary
and time-dependent solvers, using the previously computed
solution for U = 5 kV as an initial approximation or the initial
condition, respectively. The mesh in all the computations was
the same and included 14 500 finite elements. The damping
factor in all the computations and the time stepping in the time-
dependent solver were set to automatic/default. The computa-
tion times shown in the table refer to a computer with a CPUs
with four cores, having the clock rate of 4 GHz. Criterion for
defining the computation time for the time-dependent solver
was the discharge current to be within 10−3 of its final value,
which happened within approximately 1 ms of the discharge
development. One can see that the stationary solver is by
several orders of magnitude faster than the time-dependent
solver.

It is interesting to note that it was not possible to perform
similar computations by means of the time-dependent solver
for the negative corona, presumably because the glow negative
corona is unstable. In this case, the time-dependent solver can
be used to study the spatiotemporal evolution of the discharge,
however, it is not suitable for a direct calculation of time-
averaged characteristics. This illustrates another useful feature
of stationary solvers: they allow decoupling of physical and
numerical stability. Further examples of manifestation of this
feature in gas discharge modeling can be found in [31].
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