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Abstract

An investigation was carried out on the interaction between the gas
flow and a Glydarc electric discharge. The characteristics of the electric
discharge voltage and the discharge current are given at different gas flows
and computer simulation of gas profiles in the discharge region is shown.
The apparent positive gradient of the electric discharge voltage-current
characteristic is explained.

1. Introduction

A Glydarc electric discharge has the advantage of its inherent simplicity and

produces a cold plasma that is potentially useful in chemical processes. This discharge
can operate at atmospheric pressure and above and is potentially used in air pollution
treatment processes. Several experiments had been carried out to study a Glydarc used
for the dissociation of harmful gases such as SOy and NOy and to reduce the breakdown
voltage at atmospheric pressure[1][2]. A physical model has been also developed to
describe the process of a Glydarc[3]; however the characteristic of the discharge voltage
and the discharge current of a Glydarc with subsonic gas flows at atmospheric pressure

have not been previously investigated.

1645



2. The characteristic of the discharge voltage and current of the Glydare

2.1 The experimental arrangement

A series of tests was carried out on the behaviour of a Glydarc electric discharge
in subsonic gas flows. The experimental arrangement of gas and power supply is shown
schematically in Fig. 1.
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Fig. 1 The schematic diagram of the experimental arrangement
The gas (air) was pumped by an oil free compressor at a pressure up to 8 bar.
The high voltage power supply had an open circuit voltage of 9 kV and a maximum
current of 3A. The discharge current was measured by an analogue current meter and
monitored by a digital stored oscilloscope.

2.2 The discharge voltage and current
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Fig. 2 The waveforms of the discharge voltage and the discharge current
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Fig. 2 shows the Glydarc discharge voltage and the current wave forms measured
with the oscilloscope. Both the voltage and the current wave forms were non-sinusoidal
thus the readings of the measurement instruments should be treated with care[4]. The
discharge current was discontinuous with the angle of start of conduction ® measured
from current zero. The discharge voltage was measured by a voltmeter.

Fig. 3(a), (b) and (c) show the characteristic of the discharge voltage and the
discharge current using ac and dc respectively. The discharge voltage increases when the
discharge current increases. The increase of the discharge voltage between the high flow
rate 80¢/min. and 100¢/min. is not significant because the cooling effect of the gas flows
has reached its maximum effect; and the discharge length does not increase further.

The positive slopes of the V-I characteristic are mainly due to the gas flow and the
varying length of the discharge. The gas flow convects heat from the discharge region
and as a result the electrical conductivity of the discharge column decreases. The
variation of the maximum discharge current with high velocity gas flows is smaller at
lower gas flows due to the limited range of the high power supply.

The discharge length can vary over a large range even when the discharge root is in
the same position. The separation between the Glydarc electrodes increases with
distance from the gas inlet, the shortest distance between them is 1 mm. Once the
electric discharge occurs, it follows the curvature of the electrodes going upwards and
the electric discharge length increases. When the maximum discharge length is reached,
the electric discharge extinguishes. The discharge repeats the same process again
starting from the shortest gap between the electrodes.

3. Computer simulation of the Glydarc discharge gas profile

The Glydarc electrode with gas flows was simulated by using the FLUENT
software programme(version 4.2) to investigate the gas profiles.

The general approach to modelling turbulent flows using time-averaged equations
involved augmenting the transport properties to account for the effects of turbulent eddy
flow. This involved replacing the fluid viscosity (i) with an effective turbulent viscosity
(i) which was a function of the flow. 1, was calculated considering the kinetic energy
of turbulence (K) to its rate of dissipation (€ ). This was the k¥ —¢& model of turbulence.
The ¥ —¢ model in FLUENT was originally designed for non-ionised gases it is still also
applicable to the weakly ionised gases.
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Fig. 3 Characteristics of the Glydarc electric discharge voltage and current
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The Glydarc discharge configuration was axi-symmetrical and the thickness of.
the electrodes was 1.5 mm thus two-dimensional symmetric calculation was adequate
for sufficient calculation. The grid used for calculation was evenly spaced. The
computational cells were 100x46. The gas at the input point was assumed uniform and
the turbulent effect considered in the discharge region by using the generalk —& model
in the program. Parameters used in the simulation are shown in the Table 1.

Table 1. Coefficients used in the simulation

domain size: 430 mm x 280 mm gas: air

turbulent intensity: 10 density: 1.2 kg/m3

turbulent schmidt number: 0.7 temperature: 293K

viscosity: 10-5 kg/m s thermal conductivity: 0.0241 W/mK
molecular weight: 28 specific heat of fluid: 1004 J/kgK
binary diffusion rate: 2.88x10-5 m?%/s pressure: 1.0133x103 Pascals

The model in the simulation assumed that the Glydarc was enclosed in an
adiabatic cylindrical vessel and hence heat from the discharge was removed by
convection of gas flows rather than by conduction.

The first simulation of gas profiles for the Glydarc electrodes were based on the
existing electrodes. The gas profile is shown in Fig. 4. Later simulations were carried
out for different electrode profiles. Fig. 4 suggests that the shape of the electrodes
should be less divergent because less divergent electrodes could increase the interaction
volume between the gas and the discharge.
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Fig. 4 The gas profile in a Glydarc discharge
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4. Discussion

The objective of the gas flow in the glow discharge is to convect the heat out of
the discharge region to keep the glow discharge from changing to an arc discharge and
the discharge current to be increased. The discharge voltage increases with increasing
the gas velocity and the discharge current. This is because the discharge length increases
and the conductivity of the discharge decreases due to gas cooling effect.

The flowing gases in the Glydarc increase the volume of the non-thermal
discharge provided the electric discharge is stable. The computer simulation suggests
that less divergent electrodes should be more suitable for the Glydarc discharge. These
may be potentially useful in designing the optimum Glydarc electrodes.
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