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Air corona discharge is one of the critical problems associated with high-voltage equipment. Investigating the

corona mechanism plays a key role in enhancing the electrical insulation performance. An improved self-consistent

multi-component two-dimensional plasma hybrid model is presented for the simulation of a direct current atmospheric

pressure corona discharge in air. The model is based on plasma hydrodynamic and chemical models, and includes

12 species and 26 reactions. In addition, the photoionization effect is introduced into the model. The simulation

on a bar-plate electrode configuration with an inter-electrode gap of 5.0 mm is carried out. The discharge voltage–

current characteristics and the current density distribution predicted by the hybrid model agree with the experimental

measurements. In addition, the dynamics of volume charged species generation, discharge current waveform, current

density distribution at an electrode, charge density, electron temperature, and electric field variations are investigated

in detail based on the model. The results indicate that the model can contribute valuable insights into the physics of

an air plasma discharge.
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sity distribution
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1. Introduction

Due to the tremendous increase in demand for

power transmitted over long distances, many direct

current (DC) transmission lines have been built in

China. High-voltage equipment is the backbone of

modern power systems. Safe transmission lines are de-

termined by the reliability of the electrical insulation

system, which is of primary importance. Along with

the development of extra and ultra high-voltage trans-

mission lines, the air corona discharge has become a

problem associated with the high-voltage lines. Air

corona discharge on DC transmission lines can lead

to the deterioration of insulation systems and power

loss. Hence, it has drawn an increasing amount of at-

tention. In addition, air corona discharge also occurs

in high-voltage industrial, scientific, and engineering

applications, and it plays a critical role in the insu-

lation performance of such applications. High-voltage

insulator system behaviors can be predicted using de-

tailed knowledge of the fundamental corona discharge

generation mechanisms.[1] Therefore, investigating the

corona mechanism plays a key role in enhancing the

electrical insulation system.

Despite those recent improvements, the physical

mechanism associated with the dynamics of corona

discharge is still unclear. One option which may be

used to investigate the corona discharge in detail is nu-

merical modeling. Nahomy,[2] who adopted 430 chem-

istry reactions in an air discharge, presented one of the

most comprehensive compilations of chemistry mech-

anisms. The mathematical modeling of DC or an im-

pulse discharge was utilized to understand the physical

mechanism and the chemical processes evolved after
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the above milestone paper. Macheret et al.[3] demon-

strated air plasma generation through repetitive high-

voltage nanosecond pulses. Salasoo et al.[4] investi-

gated the ion densities and the electric field distribu-

tion by simulating the corona discharge in a pipe type

precipitator. Pancheshnyi et al.[5] developed a reduced

air model with 10 species based on the mechanism of

Nahomy to simulate the streamer discharge at a pres-

sure of 1 atm. Popov presented a plasma model of

fast heating of a nitrogen–oxygen mixture excited by

the gas discharge. They calculated the contribution

of different processes to fast gas heating. Morrow[6]

investigated the corona discharge in oxygen and other

gases using the finite-element method. Kumara et

al.[7] presented a two-dimensional model to examine

the positive impulse corona on polymeric surfaces and

found that the resulting radius of the charged area

was smaller than the glow corona. Gordiets[8] devel-

oped a reduced air chemistry model to investigate the

role of excited neutral molecules and atoms in the air

discharge. Recently, Liang et al.[9] investigated the

influence of a reduced electric field on the evolvement

characteristics of plasma for a N2/O2 discharge. Jiang

et al.[10] carried out experimental studies under at-

mospheric pressure of a He plasma jet. Cai et al.[11]

studied outgassing in the breakdown of the dielectric

surface irradiated by a high power microwave. Yin et

al.[12] simulated the reaction diffusion process of air

plasma in an open atmospheric environment.

In this paper, a self-consistent, multi-component,

and two-dimensional plasma hybrid model is devel-

oped to simulate the atmospheric pressure DC corona

discharge in air, which is based on plasma hydrody-

namics and the chemical model. The important fea-

ture of the hybrid model is that it introduces the pho-

toionization effect, the electron energy conservation

equation, the momentum balance equation and con-

siders more comprehensive species and chemical re-

actions. Moreover, it differs from the previous work

in the formulation of electron energy boundary con-

ditions. The aim of this work is to report the details

of the developed plasma hybrid model, evaluate the

validity of the simulation against experimental data

available in the literature, and to understand the elec-

trical and the physical characteristics of the air plasma

corona discharge.

In the following section, detailed descriptions are

presented for the air discharge mathematical model

and the plasma chemistry mechanism. The corre-

sponding results and discussion are given in Section

3, and the conclusion is given in Section 4.

2. Model of corona discharge in

air

The air corona discharge is described using the

coupled electron conservation equation, the electron

energy conservation equation, the heavy species multi-

component diffusion transport equation, the momen-

tum balance equation, and Poisson’s equation for elec-

tric potential.

2.1.Governing equations

Electron conservation is described by the electron

density continuity equation[13]

∂n e

∂t
+∇ · (−(µ e ·∇ϕ)n e −D e∇n e) = R e , (1)

R e = αn e

∣∣w e

∣∣− ηn e

∣∣w e

∣∣−Rein enp

+ vdetnn + Sph + S0, (2)

where ne, np, and nn denotes the number density of

the electron, positive ion, and negative ion, respec-

tively; φ is the electric potential; µ e is the electron

mobility; D e is the electron diffusion coefficient; R e

is the net rate of electron production due to the chem-

ical reactions; w e is the drift velocity of the elec-

tron; α is the ionization coefficient; η is the net at-

tachment coefficient; Rei is the coefficient of electron–

ion recombination; vdet is the detachment coefficient;

and S0 = 107 m−3 · s−1 is the rate of appearance

of electrons due to the background ionization. Sph is

the rate of photoionization calculated by the following

equation:[14]

Sph =
1

4π

Pq

p+ Pq

∫
V

d3r1
Sion(r1)

|r − r1|2
Ψ(|r − r1| · p), (3)

where 1/4π is the normalization constant; p is the gas

pressure; Pq is the quenched pressure of excited state

nitrogen atoms and is set at 30 torr for air; Sion(r1) is

the rate of ionization; Ψ(|r − r1|·p) is the coefficient of

absorption of the ionizing radiation; and r is the dis-

tance between the points of radiation and absorption

of photon. The integral in Eq. (3) is approximated

by two Helmholtz differential equations which can be

much more efficiently solved than the integral.

In order to accurately describe the sheath region

in the corona discharge under atmospheric pressure,

the electron temperature is included in the model.
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The complete equation for electron energy conserva-

tion is[15]

3

2

∂(kBn eT e)

∂t
+∇

(
5

2
kBT eΓ e −

5

2
kBn eD e∇T e

)
= je ·E − n e

∑
k

nkηk − 2n ekB
m e

Mk
(T e − T )ve,n, (4)

where T e is the electron temperature; Γ e is the elec-

tron flux; nk is the number density of species k; ηk
is the rate coefficient of energy loss for the collision

of electrons with species k; m e is the mass of the

electron; Mk is the mass of species k; and ve,n is the

electron momentum transfer collision frequency. The

right-hand side of Eq. (4) is the source terms, j e ·E
represents the energy gain due to the electron Joule

heating, and the last two terms represent the energy

losses due to non-elastic and elastic collisions respec-

tively. T is the gas temperature, which can be ob-

tained by solving an independent gas energy equation.

However, for the low-pressure discharge and in the ab-

sence of flow, a fixed gas temperature is adopted in the

present work.

For the heavy species (i.e., positive ions, nega-

tive ions, and neutral species), the multi-component

conservation equation used in the corona discharge is

given by[16]

∂nk

∂t
+ (u ·∇)nk = ∇ · jk +Rk + Sph, (5)

where u is the mass averaged hydrodynamic velocity

vector; Rk represents the rate of change of species k

due to the chemical kinetics; and jk is the diffusive

flux vector defined as

jk = Dk∇nk − Zkµknk∇φ− Sk, (6)

with Dk being the diffusion coefficient, Zk the elec-

tric charge, and µk the mobility for species k. The

expression for Sk is[17]

Sk = nDT
k

∇T

T
+ nkDk

∇M

M
+ nk

∑
j

Dj∇wj

− nk
∇M

M

∑
j

Dj∇wj − nk
∇T

T

∑
j

DT
j , (7)

where n is the total density; DT
k is the multi-

component thermal diffusion coefficient; M is the mole

averaged molecular weight; and wj is the mass fraction

of species j.

The momentum equation for the heavy species

can be written as[18]

∂nu

∂t
+∇ · (nuu) = −∇p+ µ∇2u

+
µ

3
∇(∇u) +

∑
k

nkFk, (8)

where µ is the dynamic viscosity; and Fk is the body

force term action on species k.

Finally, the electric field can be calculated accord-

ing to the Poisson equation

∇ · (ε0∇φ) = −e(np − n e − nn), (9)

E = −∇φ, (10)

where ε0 is the vacuum permittivity.

2.2.Boundary conditions

An essential part of the model are the boundary

conditions used in the computational process. The

flux boundary condition is imposed for all species den-

sities at the electrodes, and the electron fluxes at the

cathode and the anode are

Γ e =
1

4
υth,en e − γ

∑
i

qiΓi, (11)

υth,e =

(
8kBT e

πm e

)1/2

, (12)

where Γ e and Γi are the electron density flux and the

ion density flux, respectively; υth,e is the electron ther-

mal velocity; and γ is the secondary electron emission

coefficient.

The boundary condition for electron energy is ex-

pressed as

5

2
kBT eΓ e −

5

2
n ekBD e∇T e

=
5

2
kBT e

[
1

4
n eυth,e + (a− 1)µ en e

]
− a

(
5

2
kBTse

)
γΓi, (13)

where Tse is the temperature of the second electron

ejected from the electrode (Tse ≈ 5 eV); a = 0 if the

electric field is directed away from the electrode, and

a = 1 if the electric field is directed toward the elec-

trode.

The corresponding boundary condition for the

ions is given by

Γi =
1

4
υth,ini + aµiEni, (14)

υth,i =

(
8kBT

πmi

)1/2

, (15)

and for the neutral species, it is

Γs =
1

4
υth,sns, (16)
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υth,s =

(
8kBT

πms

)1/2

, (17)

where υth,i and υth,s are the ion and the neutral species

thermal velocities at the electrode, respectively.

The charged ions are quenched to the neutral

species due to the surface reactions

N+
2 → N2, N+

4 → 2N2, O+
2 → O2,

O+
4 → 2O2, O+

2 N2 → N2 +O2,

O−
2 → O2, O− → 0.5O2. (18)

At the electrode surfaces, neutral oxygen atoms

are quenched to the oxygen molecules by the surface

reaction

O → 0.5O2. (19)

The boundary condition of the electric potential is

specified to be V = 0 at the plate electrode, and

V = V0 at the driven bar electrode. All the heavy

species temperatures at the electrode are assumed to

be at air temperature. Finally, the homogeneous Neu-

mann conditions for the particle species densities and

the potential are adopted on the symmetry axis.

2.3.Air chemistry and transport

In the plasma-chemistry model 12 species (e, O,

O2, O3, N
+
2 , N

+
4 , O

+
2 , O

+
4 , O

+
2 N2, O

−
2 , O

−, and N2)

are considered. A total of 26 reactions are consid-

ered, which include elastic scattering, ionization, two-

body recombination, three-body recombination, dis-

sociative recombination, molecular ion conversion, ex-

citation, de-excitation, and so on. Table 1 lists the

reaction processes that are taken into account in the

model.

Table 1. Important reaction processes in air corona discharge.

Number Reaction Rate coefficient ∆E/eV

R1 O2+e→e+O2 f (ε) 1.0

R2 N2+e→e+N2 f (ε) 1.0

R3 O2+e→2e+O+
2 f (ε) 12.06

R4 N2+e→2e+N+
2 f (ε) 15.6

R5 N+
2 +N2+M →N+

4 +M 5× 10−41

R6 N+
4 +O2 →O+

2 +2N2 2.5× 10−16

R7 N+
2 +O2 →O+

2 +N2 1.04× 10−15T−0.5

R8 2N2+O+
2 →O+

2 N2+N2 8.1× 10−38T−2

R9 O+
2 N2+N2 →O+

2 +2N2 14.6T−5.3 exp(−2357/T )

R10 O+
2 N2+O2 →O+

4 +N2 1× 10−15

R11 O+
2 +O2+M →O+

4 +M 2.04× 10−34T−3.2

R12 O+
4 +e→2O2 1.4× 10−12

(
300/T e

)0.5
R13 O+

2 +e→2O 2.42× 10−13
(
300/T e

)
R14 2O2+e→ O2+O−

2 2× 10−41
(
300/T e

)
R15 O+

4 +O−
2 → 3O2 1× 10−13

R16 O+
4 +O−

2 +M →3O2+M 2× 10−37

R17 O+
2 +O−

2 +M →2O2+M 2× 10−37

R18 O+O2+M →O3+M 2.5× 10−46

R19 2e + N+
2 → N2+ e 5.651× 10−27T−0.8

e

R20 e + N+
2 + N2 → 2N2 6.07× 10−34T−2.5

e

R21 O2+ e → O + O− 3.6

Note: two-body reactions have units of m3·s−1; three-body rates are have units of m6·s−1,

T e and T in the unit of K, and M=O2, N2.

2.4.Computational implementation

The bar-plate electrode system model is simpli-

fied into a two-dimensional representation using the

rotational symmetry. There are two electrodes that

separate from each other with a gap of L = 5 mm, the

plate electrode is grounded, and the bar electrode is

driven with DC voltage V0. In this paper, the pres-

sure of air discharge is fixed at 1 atm, and the gas

temperature is assumed to be a constant (300 K). Fig-

ure 1 shows the computational domain. The numer-

ical model is implemented in COMSOL Multiphysics

based on the finite-element method. To speed up the

convergence, some appropriate initial conditions and

a time-dependent solver provided in the software are
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adopted and utilized first, then the stationary non-

linear solver Direct (UMFPACK) is started when the

solution is already steady. To resolve the steep lay-

ers near the electrodes, a mesh adaptation is used.

The numerical convergence is checked by performing a

successive refinement of the space grid. The iteration

process is stopped when the relative error is smaller

than 10−4.

Fig. 1. (colour online) Computational domain.

3. Results and discussion

The developed model is verified by comparing the

computational discharge voltage–current (V –I) char-

acteristics and current density with the experimental

results available in Ref. [19].

Figure 2 shows the comparison between the com-

putational and the corresponding experimental results

for DC air corona discharge under atmospheric pres-

sure. The discharge voltage–current curve shows a

gradual decrease in slope with the increasing current.

The computational data shows good agreement with

the experimental data, particularly at the low dis-

charge voltage. However, there is a slight discrepancy

between the computational and experimental data in

the higher discharge voltage region. The adopted sim-

ple chemistry mechanism and the secondary electron

emission coefficient on the ion impact energy in the

model are possibly responsible for this discrepancy.

The comparison between the computational and ex-

perimental discharge voltage–current characteristics

shows that they are exactly the same, which confirms

the validity of the model.

Fig. 2. (colour online) A comparison of the discharge

voltage–current (V –I) characteristics between the compu-

tational and experimental data. The pressure and the in-

terelectrode gap are fixed at 1 atm and 5 mm, respectively.

Figure 3 shows the comparison between the com-

putational and the experimental current densities

available in the literature across the interelectrode

gap. An excellent agreement between the computa-

tional and experimental data is obtained. Therefore,

the developed model is also verified by comparing the

computational current density with the experimental

results. The current density in the negative corona

is estimated to be around 105 A/m2, which is in the

order of that of the negative glow of the DC glow

discharge in air.[20] The current density in the diffuse

glow near the anode is about three orders of magni-

tude lower, and it can be used to estimate the elec-

tron density and the charged ion densities, which are

required to explain the diffuse glow phenomenon.

Fig. 3. (colour online) The current density across the

interelectrode gap in air obtained from the experiment

and the model. Pressure p = 1 atm, applied voltage

V = −6000 V.

Figure 4(a) demonstrates that the current den-

sity at the anode increases as time progresses, and
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the maximum value occurs at a radial distance of

1.1 × 10−4 m. This is owing to the maximum net

negative charge density, and is also where the higher

number of free electrons exist. The current density ad-

jacent to the symmetry axis is shown to increase con-

tinuously and to expand radically outwards with the

anode sheath region covering a greater surface area

of the anode. This is because the rate of electron ab-

sorption into the anode depends on the electrical field,

which is larger at the symmetry axis and reduces as it

moves radially outwards along the anode. Figure 4(b)

shows the discharge current waveform in the electrode

gap. The pulse of the discharge current is character-

ized by a fast rising front and a slower decay. Some

oscillations are found on the decaying curve. The max-

imum discharge current is just above 2.3×10−5 A. The

initial pulse width is around 6 ns, and the tail lasts

approximately 50 ns. The long tail discharge current

waveform may stem from the artificial numerical dif-

fusion.

Fig. 4. (colour online) (a) The current density distri-

butions along the anode at different time. (b) The dis-

charge current waveform in the electrode gap. Pressure

p = 1 atm, applied voltage V = 6000 V.

Figure 5 shows the charge densities along the sym-

metry axis at three different times. The charge den-

sity within the bulk plasma remains a constant and

abruptly increases close to the electrode surface as

time progresses. In addition, the charge clouds in the

space move toward the cathode due to the higher elec-

tric field as time progresses. The rate of increase of

the charge density at the cathode is much greater than

that at the anode. This is owing to the higher ioniza-

tion rate as a result of the higher electric field. In the

vicinity of the anode, the positive ion density is higher

than the sum of the negative ion density and the elec-

tron density resulting in a net positive space charge.

Consequently, the anode sheath electrical field points

away from the anode, resulting in an inverted anode

sheath as shown in Fig. 10.

Fig. 5. (colour online) Charge density distributions along

the symmetry axis at three different times. Pressure

p = 1 atm, applied voltage V = 6000 V.

Figure 6 shows the electron densities at four dif-

ferent times along the axis. A large number of elec-

trons accumulated in the anode sheath region. At

time t = 6 ns, the electron density is at maximum in

the anode sheath region and reduces to about zero in

the cathode sheath region. At time t = 6.5 ns, in the

cathode sheath region, the electron density becomes

larger than that at time t = 6 ns due to the secondary

electron emission at the cathode surface affected by

the multiplication electrons. As the primary electron

avalanche builds up toward the anode, the excitation

and ionization reactions also occur at the same time.

At time t = 7 ns, the electron density increases even

faster, especially in the cathode sheath region. An

important feature of this reaction is that the electron

density column increases in the cathode sheath as time

progresses, which is caused by the effect of secondary

electron emission and the ionization dominant in the
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cathode sheath due to the high electric field. The elec-

tron density is observed to be in the order of 1020 m−3,

and its spatial variation is quite similar to that in the

previous literature.[21]

Fig. 6. (colour online) Electron densities at different time

points along the axis. Pressure p = 1 atm, applied voltage

V = 6000 V.

Figure 7 demonstrates the plots of positive and

negative ion densities along the axis. Similarly to the

electron density, the positive ion density follows the

same pattern. Close to the anode in the anode sheath

region, the positive ion density increases sharply to its

maximum value owing to the accumulation of positive

charge there. In the cathode sheath region, the posi-

tive ion density increases slightly, because the ioniza-

tion collision caused by the emitted electrons from the

cathode produces slow positive ions trying to escape

from the cathode. It is interesting to note that the

negative ion density almost maintains a uniform value

in the bulk plasma compared with the distributions

Fig. 7. (colour online) Positive and negative ion densi-

ties along the axis. Pressure p = 1 atm, applied voltage

V = 6000 V.

of the electron and positive ion density, which is

caused by the fact that the attached reaction of an

electron to the neutral species is almost equal to the

recombination reaction of positive and negative ions.

Figure 8 shows the charged species density pro-

files along the axis of the air discharge. Figure 8(a)

illustrates that the positive ions O+
2 and N+

2 are dom-

inant compared to the other charged heavy species.

In the anode sheath region, N+
2 and O+

2 sharply in-

crease to the maximum value. In the cathode sheath

region, O+
2 increases to a high value, whereas the

increase of N+
2 is significant but less important, be-

cause the ionization of O2 is relatively high com-

pared to the ionization reaction of N2 at the rel-

atively high electron temperature observed in the

cathode sheath region.[22] As a consequence of the

dominance of O+
2 in the cathode sheath region, the

air plasma hybrid model is most sensitive to the

secondary electron emission coefficient of O+
2 . The

N+
4 and O+

4 are significantly lower than the domi-

nant positive ions O+
2 and N+

2 , which are generated

Fig. 8. (colour online) Number densities of (a) positive

and (b) negative irons along the axis. Pressure p = 1 atm,

applied voltage V = 6000 V.
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through a three-body reaction R5 and reactions R10,

R11, respectively. The minimum type of positive ion is

O+
2 N2, which is produced through a three-body reac-

tion R8 and is negligible compared to the other ionized

species in the air discharge. In Fig. 8(b), O− is about

one order of magnitude more than O2, because O−

is generated by the dissociative attachment reaction

R21, while O
−
2 is generated by the three-body reaction

R14. However, at higher pressure, the O
−
2 density can

become much higher than the O− density.[23]

The electron temperature in the air corona dis-

charge is extremely important. Figure 9 indicates the

electron temperature distributions at different time

points along the axis of the air discharge. The maxi-

mum electron temperature moves toward the cathode

and increases as time progresses in the cathode sheath

region. At time t = 8 ns, the maximum electron tem-

perature is 7.9 eV, which is consistent with that ob-

tained by Sigmond.[24] In the high electric field, the

high electron temperature at the end of the cathode

is the result of Joule heating, which leads to the pro-

duction of energetic electrons in the cathode sheath

region.[25,26] The electron temperature decreases to a

much smaller value and keeps relative uniform elec-

tron energy in the bulk plasma, this is caused by the

electron energy loss incurred from the collision reac-

tions of the electrons with neutral species. The spatial

variation of the electron temperature mirrors that of

the collision ionization reaction coefficient as well as

the speed of the energy transfer. Both suggest that

the secondary electrons are rapidly accelerated in the

cathode fall region and the space charge distorts the

electron field. Thus, the electron temperature in the

cathode sheath region is strengthened.

Fig. 9. (colour online) The electron temperature distri-

butions at different time points along the axis of air dis-

charge. Pressure p = 1 atm, applied voltage V = 1000 V.

Figure 10 demonstrates the profiles of electric po-

tential and electric field along the axis. The electric

potential decreases rapidly at about 4191.46 V in the

cathode sheath. The maximum voltage drop starts

at 1.2 × 10−3 m away from the cathode with the ini-

tiation of the sheath formation, and decreases almost

linearly to zero. Such a profile is similar to the spectro-

scopic measurement for the DC plasma discharge.[27]

The high electric field diminishes almost linearly to

a very low value (6.8 × 105 V/m) and keeps this low

level throughout the bulk plasma with a slight de-

crease near the anode. The phenomenon can be ex-

plained by the fact that the electric field is distorted

by a large number of electrons produced through the

secondary electron emission at the cathode surface.

Under these conditions, a low electric field is neces-

sary in the bulk plasma to prevent the electron flux

and maintain the plasma quasi-neutrality. Therefore,

the anode sheath extracts electrons and negative ions

from the bulk plasma to prevent the positive ion flux

keeping a high potential at the anode.[28]

Fig. 10. (colour online) Electric potential and electric

field along the axis. Pressure p = 1 atm, applied voltage

V = 6000 V.

The electric field is important in the air corona

discharge. Figure 11 illustrates the evolution of a two-

dimensional electric field. The maximum electric field

(4.16×106 V/m) occurs at 1.4×10−3 m away from the

cathode in Fig. 11(a). Figure 11(b) indicates that the

electric field at 6.5 ns is minimally changed compared

with that at 6 ns. Figure 11(c) shows that the electric

field increases to 6.8 × 106 V/m and approaches the

cathode at 7 ns. Figure 11(d) describes that the elec-

tric field reaches 9.4× 106 V/m, and extends radially

to a distance of 0.6 × 10−3 m. The thickness of the

cathode fall is about 0.2×10−3 m. As time progresses,
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Fig. 11. (colour online) Distributions of electric field at (a) 6 ns, (b) 6.5 ns, (c) 7 ns, and (d) 8 ns, (the unit of electric

field is V/m). Ressure p = 1 atm, applied voltage V = 6000 V.

the electric field increases and extends along the cath-

ode surface, while the cathode fall shrinks in thickness.

In addition, figure 11 clearly describes a very small

electric field being maintained in the bulk plasma and

the narrow cathode sheath.

4. Conclusions

In this paper, the numerical simulation of DC air

discharge under atmospheric pressure is performed us-

ing an axisymmetric hybrid model, which introduces

the photoionization effect. The model adopted for

multi-dimensional applications with 12 species and 26

reactions is presented and validated using the exper-

imental data available in the literature. This study

concerns both the actual industrial application and

the basic physics research. The discharge voltage–

current characteristics and the current density distri-

bution predicted by the model are found to be in good

agreement with the experimental results. For the at-

mospheric pressure air corona discharge, the pulse of

the discharge current is characterized by a fast ris-

ing front and a slower decaying curve, which includes

some oscillations. The charge density within the bulk

plasma is shown to remain a constant and abruptly

increases close to the electrode surface as time pro-

gresses. In addition, the charge clouds in the space

move toward the cathode due to the higher electric

field as time progresses. O+
2 and N+

2 are the dominant

positive ions. In addition, the number densities of O−

and O−
2 are much smaller than that of the electrons.

The minimum positive ion is O+
2 N2. The maximum

electron temperature that arises in the cathode sheath
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is caused by Joule heating in the high electric field.

As time progresses, the electric field increases and ex-

tends along the cathode surface, while the cathode fall

shrinks after the corona discharge hits the cathode.

The presented plasma hybrid model can contribute

to further understanding of the main physical mecha-

nisms and characteristics of the atmospheric pressure

air corona discharge and suggest ways to enhance the

electrical insulation performance associated with the

high-voltage equipment.
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