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Modelling of the initial stage of the surface discharge development
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Introduction

Surface discharges appear when high voltage is applied to an electrode posi-

tioned on a dielectric layer. In the case of an extended wire electrode on a dielectric plate

the surface discharge propagates normally to the wire along the dielectric surface. The

knowledge of the discharge development is of importantance for the construction of high

voltage equipment and e. g. ozonizers.

Simulation method

To simulate the surface discharge development the following set of equations

have been solved:

- Continuity equations: d^/dX + div(nrV|) = S, (1)

where n,, vi? Sj are the particle density number, drift velocity and source term,

respectively,

- Poisson equation: div(E) = e/e0 (n+ - ne - n) (2)

The secondary electrons on the surfaces are created by photons and positive

ions so that ne-ve = y+- n
+- v+ + yph- ty (3)

with ythe second Townsend ionization coefficient by ions and photons, respectively.
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The photon density § on surfaces was obtained by integration of the ionisation rate over

the whole volume of the discharge region. The photon emission at each point was con-

sidered to be proportional to the ionisation rate.

In the source terms of equations (1) ionisation, attachment and detachment pro-

cesses were taken into account.

The potential distribution on the dielectric surface and on the boundaries which sur-

round the integration region have been calculated with a charge-image method in a 3D

approach. The solution of the continuity equations was corrected by a flux correction

transport (FCT) routine in order to eliminate the numerical diffusion effects in the 2D

approach. A grid of up to 310 x 144 cells was used.

The modelling was performed for wire diameters from 0.6 up to 2.0 mm, a thickness

of the dielectric of 2 mm, a dielectric constant of about 8 and oxygen of 1 bar as sur-

rounding gas.

Results and discussion

At positive polarity of the voltage discharge channels appear [1]. The potential

distribution around such channels just on the dielectric surface is presented in Fig. 1. The

highest field strength is on the tips of the channels. This is why the channel develop-

ment is hardly influenced by the dielectric thickness and the value of the dielectric con-

stant [3]. The channel growth is mainly determined by the shape of its tip.

The potential curves between the discharge channels are less steep. The maxi-

mum field strength is in the middle of the interchannel distance. This potential gradient

increases when the interchannel distance and/or the applied voltage rises. If the electric

field strength reaches the breakdown value a new channel appears. By this effect the

number density of the channels per unit electrode length is determined.

At negative polarity the following phases of the discharge development can be

distinguished: In the initial phase electrons are moving in the gas volume without signifi-
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cantly distorting the electric field distribution. The further development depends on the

actual value of the voltage at the electrode and/or the initial electron density. If these val-

ues are high enough the electrons distort the electric field strength significantly and the

discharge passes over in a cathode directed streamer. If the distortion is insignifi-

cant the electrons are collected on the dielectric surface. The cathode directed streamer

terminates in the formation of a cathode layer. After this the discharge propagation

phase takes place. Finally, the discharge decays.
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Fig.1: Potential distribution on the dielectric surface at a positive voltage of 5 kV (Z is

the direction of the electrode, X is the direction perpendicular to it on the dielectric

surface, numbers in volts)

At the end of the initial phase electrons are collected on a distinct area of the dielec-

tric surface and positive charges are accumulated in the gas volume. Secondary elec-

trons from the cathode (photoemission, positive ion impact, detachment) create by colli-
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sion processes additional positive charges in the region between the cathode and the

adsorbed electrons. By this effect a field strength maximum appears between the cath-

ode and the positive ion density maximum which leads to the cathode directed streamer

(Fig. 2a). At the beginning the cathode directed streamer velocity is low. Closer to the

cathode the movement accelerates. The electron density maximum moves 0.5 mm in the

interval between 10.9 to 20.1 ns, at 24.3 ns only 2 ns are needed for the same distance

(Fig. 2b). After the cathode layer formation (24.6 ns, Fig. 2b) a reconfiguration of the field

strength distribution takes place. This leads to a field strength drop down to the equilib-

rium value at which (a - r|) • (E/n) = 0 (Fig. 2b, 24.6 ns).
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Fig. 2: Distribution of the electron density a) and the field strength component in

propagation direction b) at negativ polarity of the surface electrode
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The channel propagation can be explained by the following mechanism: The

charges which are adsorbed at a certain position on the surface change the Y-compo-

nent of the electric field strength (perpendicular to the dielectric plate) and a further

adsorption of electrons takes place at a larger distance from the electrode. Finally, the

propagation of the discharge is stopped by the decreasing field strength nearby the

channel tip caused by positive charges which shield the cathode.
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