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The initial stages of the formation of a pulsed discharge in a gap with

a tip−plane geometry in preionized argon
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The study of the effect of the initial conditions on the features of the formation and development of the anodic

ionization wave between two electrodes with a tip−plane gap geometry in argon at atmospheric pressure is

performed on the basis of a two-dimensional axisymmetric drift−diffusion model.
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Regardless of a great number of papers devoted to

investigation of pulsed space discharges, a lot of issues

connected with the physics of formation of the initial

stages stimulate scientific discussions [1–4], including those

concerning inert gases [5,6].

In this work, a theoretical/computational investigation of

the initial stage of pulsed discharge formation in argon in

the inter−electrode gap of the tip−plane geometry was

performed for the case of uniform preionization of argon

at the atmospheric pressure. The tip (cathode) was shaped

as a straight cylinder 1mm in radius and 1 cm in length, the

tip to plane distance was 8.5mm.

The authors believe that the cathode geometry is just

that causes interest to this definition of the problem. In

simulation, the cathode is typically represented as a needle

with a tapered or rounded tip, which automatically ensures

the maximal field strength on the discharge gap axis. In this

work, a model of a straight cylinder was used, which creates

prerequisites for the toroidal geometry of the ionization

wave since the maximal field is concentrated near the

cylinder end.

The simulation was performed in the framework of

axisymmetric statement of the problem with the initial

concentrations of electrons and atomic ions of 108 cm−3

over the entire computational space. The electrode voltage

was 5 kV during the entire computational period.

A rectangular computational grid clustering towards the

discharge axis was used; the grid mesh number was

Nr = 1050. In the inter−electrode gap, the grid clustered

near the electrodes (Nz = 1900).

The gas−discharge plasma is regarded as a continuous

multicomponent medium consisting of neutral atoms (ar),
electrons (e), excited atoms (Ar∗) with the excitation

energy of 11.5 eV, atomic (Ar+) and molecular (Ar+2 )
ions. The kinetics of the processes under consideration and

constants of relevant reactions (except for direct ionization
and excitation) were taken from [7].

The equation set presented below comprises balance

equations for charged and excited particles, electron energy

equation and Poisson equation [7–10]. Heating of the

neutral gas was ignored. In calculation, the heavy particles

temperature was assumed to be equal to that of the neutral

gas (300K).
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where n, Ŵ, µ, D are the concentration, flowrate, mobility

and diffusion coefficient of the respective plasma com-

ponents, e is the electron charge, kB is the Boltzmann

constant, Te is the electron temperature, λe , De is the

heat conductance and diffusion coefficient governed by

the reduced local field E/N from BOLSIG+ [11], ne ,

nAr+ , nAr+
2
are the concentrations of electrons, atomic ions

and molecular ions, S is the source of generation and

annihilation of the considered plasma particles, Se are the

elastic and inelastic electron losses, je is the electron current

density, E is the electric field strength. We have q = +1 for

ions, q = −1 for electrons, q = 0 for excited particles.

The excitation and direct−ionization constants were

governed by reduced local field E/N from BOLSIG+ [11].
Other constants were defined as functions of Te .

The ion mobility coefficients and diffusion coefficient of

excited eigen-gas particles were taken from [12].
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Figure 1. Concentration distributions of electrons (a), atomic argon ions Ar+ (b), molecular argon ions Ar+2 (c), and excited argon ions

Ar∗ (d) within the discharge gap for different time moments. Blue lines are for r = 0, red lines are for r = 0.1 cm. The colored figure is

given in the electronic version of the paper.

Boundary conditions for the potential, charged particles

and excited particles n∗ (sub-index i designates atomic and

molecular ions) at the cathode were

ϕc = 0,
∂ni

∂z
= 0, Ŵe = −γ

∑

i

Ŵi ,

n∗ = 0,
3

2
kBTe = I − 2ϕW ,

at the anode

ϕa = Va ,
∂ne

∂z
= 0,

∂Te

∂z
= 0, ni = 0, n∗ = 0,

at the computational space side edges

∂ϕ

∂r
= 0,

∂ne

∂r
= 0,

∂ni

∂r
= 0,

∂n∗

∂r
= 0,

∂Te

∂r
= 0,

where γ = 0.1 is the second Townsend coefficient,

I = 15.76 eV is the argon ionization potential,

ϕW = 4.5 eV is the cathode work function, Va is the

anode potential. For the ion−electron emission, the

cathode−directed flows of both atomic and molecular ions

were considered.

The convection−diffusion equations were solved by the

finite volume method [13]. The Poisson equation was solved

by the iterative alternating-direction method.

Fig. 1 presents characteristic distributions of concentra-

tions of electrons (a), atomic argon ions Ar+ (b), molecular

argon ions Ar+2 (c), and excited argon ions Ar∗ (d) in the

gap for different time moments at r = 0 and 0.1 cm.

The analysis of calculations shows (Fig. 1, a−d) that at

the initial stage of charge formation an anode−directed

ionization wave arises in the discharge gap. Notice that the

concentrations of charged and excited particles in the gap

have maxima near the tip edge at 0.1 cm from the discharge

axis; this is caused by edge effects, since the tip has a

cylindrical shape and, hence, the tip−edge field is higher
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Figure 2. Amplitude distribution of the electric field E
longitudinal component in the discharge gap at different time

moments. Blue lines are for r = 0, red lines are for r = 0.1 cm.

The colored figure is given in the electronic version of the paper.

(Fig. 2) than that at the axis, which leads to a more intense

ionization.

In the course of time, the concentration of atomic argon

ions Ar+ (Fig. 1, b) at the axis (r = 0 cm) in the gap

increases, and its maximum shifts towards the anode. By

the time moment of 150 ns, the concentration is maximal

near the anode, while by 200 ns the ion concentration is

maximal in the center of the tip−anode gap. The same

pattern is observed for the concentration of molecular ions

Ar+2 (Fig. 1, c), but the Ar+2 concentration in the gap is

higher than that of Ar+ and of excited argon ions Ar∗

(Fig. 1, d), which indicates high intensity of the processes of

molecular ions formation in the gap during the conversion.

When gas pressures are high and temperature is low (at the
initial stage of formation, gas has no enough time to get

heated), development of molecular ions takes place.

As the obtained results show, when voltage Va = 5 kV is

applied to the gap, the velocity of an anode−directed wave

remains constant (close to 5 · 106 cm/s) in the time interval

of 20 to 120 ns (Fig. 2) regardless of strong nonuniformity

of electric field E (Fig. 2) due to the specific geometry

of the discharge gap. At the moment of the wave arrival

to the anode, the electron concentration at the discharge

axis is maximal near the anode, however, the electron

concentration at the tip edge (0.1 cm from the center)
remains the highest one over the entire gap, which may

be explained by that field E (Fig. 2) is higher than that at

the discharge axis.

Notice the qualitative agreement with other calculations

of the electric field E behavior along the discharge axis for

argon in the tip−plane geometry [5], where E first drops

and then increases with approaching the anode.

In this work, 2D simulation was performed of the pulsed

discharge formation in the atmospheric−pressure argon in

the gap with the tip−plane geometry.

It was shown that, at the stage of formation, reaction

Ar + Ar + Ar+ → Ar + Ar+2 results in that the concentra-

tion of molecular argon ions Ar+2 significantly exceeds the

concentration of atomic ions Ar+, which is caused by slight

destruction of Ar+2 due to the absence of gas heating. It

was established that an anode−directed ionization wave

is formed in the discharge gap at time moments earlier

than 200 ns. Despite the strong nonuniformity of the electric

field, the velocity of the anode−directed wave remains

constant and equal to 5 · 106 cm/s.
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