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Study of 6 electrodes gliding arc discharge configuration

Abstract. Experimental results of the |-V characteristics of the 6 electrode gliding arc discharge are presented. As a power system two 3-phase
transformers were used instead of sixth-phase transformer. Power and energy in the two-, three- and six electrodes reactor were measured and
photographs of the discharge development by high speed camera were detected.

Streszczenie. Przedstawiono badania charakterystyk pradowo-napieciowych $lizgajgcego sie wytadowania tukowego w konfiguracji 6 elektrodowej.
Jako uktad zasilania wykorzystano dwa transformatory tréjfazowe. Mierzono moc i energie wytadowania w uktadzie dwu-, trzy- i sze$cioelektrodowym
oraz rejestrowano rozwdj wytadowania za pomocg szybkiej kamery. (Badania $lizgajacego sie wyladowania tukowego w konfiguracji

6-elektrodowej).
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Introduction

At present, processing of exhaust hazardous gases is a
top priority for environmental protection engineering.
Plasma techniques has been used for purification of the
exhaust gases pollution. Among them Inductively Coupled
Plasma (ICP) is suitable technique for a decomposition of
polluted gases, and therefore, it is used widely. Gas
pollutants and organic matter are almost completely
decomposed in the high temperatures (5000-20000)K of
inductively coupled plasma and equipment is quite simple,
but large amount of electric power is required to maintain
the plasma at atmospheric pressure and near to thermal
equilibrium.

Study of gliding arc discharges (GAD) to gas processing
has been reported recently in many papers [1-12]. GAD can
generate atmospheric pressure plasma with much less
input power in comparison with ICP. But, processing of
large quantity of polluted gases at non-thermal and
non-equilibrium conditions requires large volume of plasma,
which is not easily obtainable with the gliding arc
discharges. Systems that combines catalysts with GAD
have been also reported [12]. Furthermore, the basic
processes of this kind of plasma are not enough identified.

Studies presented in this paper were carried for the
purpose to enhance plasma volume in the 3. and 6.
electrode gliding arc reactor [1-2]. Simple power supply
system was proposed with 6 phases alternating current.

Experiments

Experimental setup is depicted in Figure 1. Six pieces of
knife edge-shaped electrodes made from pure iron were
located at angle of 60 degrees to each other in the tubular
geometry of the glass container. The electrode distance
was adjustable from 0 to 10 mm. Figure 2 shows
photography of electrodes with discharges.

Pure argon gas was introduced between electrodes at
their lower part and gas flow was controlled by a flow meter.
Gas flow rate was adjustable from 0 to 30 L/min. Two
3-phase line high performance power transformers of
maximum voltage 6,6 kV were used in reverse connection
to realize six phases power system. High voltage ignition
electrode hasn’t been used in the experiment to avoid
unnecessary interferences that can render difficult
explanation of gliding arc plasma phenomena.

Currents and voltages of each electrode were measured
by digital oscilloscope with a high voltage probe (Nissin
pulse elec : EP-50K) and a current probe (Hioki : 9555-10/
9272-10, respectively. The discharge was observed using
two cameras: conventional and high-speed.
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Fig.1 Experimental setup

Results

Figure 2 shows picture of GA reactor electrodes with
discharges and Figure 3 depicts a voltage waveforms
before and during discharges in the 3 electrode reactor.
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Fig.2 Picture of 6 electrodes gliding arc system

Absence of the ignition electrode caused that up to
3300 V discharges didn't start-up, but after the ignition,
discharges were maintained at voltage value equal to
2000 V or even less. Gas flow rate was 10 L/min. Before
discharges the phase shift between each voltage phase
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was 120 degree. During discharges the voltage waveform —
was similar to observed in two-electrode (single phase) or Fig-5(a) o

six-electrode gliding arc discharge. With supply voltage -
increasing from 3kV to 6 KV, length of discharge increased M

as well.
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Figure 4 shows picture of GA discharge with argon as a
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processing gas, which flow rate was negligible (0 L/min).
The purpose of this experiment was to confirm the proper
setting of the electrodes and correct operating of six-phase
power supply system. As it is seen from Figure 4, in the
between-electrodes central position, discharges create the
most low-impedance midpoint and there are not discharges
between adjacent electrodes.

Figure 5 shows photography and /-V characteristics
aside. Applied voltage was 4 kV and electrodes’ shortest
distance was 4 mm. With enlargement of the argon amount
introduced to the discharge gap from 0 L/min to 20 L/min
the discharge length growth.

Figure 5(a) shows that the discharge takes place every
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3,33 seconds at the gas flow rate equal to 0 L/min, as the r_-"\_‘, ,_(‘ . E
frequency of power supply system was 50Hz. An increase r"h V| 3
of gas flow rate causes increasing frequency of discharges s’ e
in the period of supply voltage (Fig.5 (b), (c)). T oo
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discharge
© Power (W) .
Energy (J)
T 3
< 2
£, g
5 I w
H
e v
[y

-10 o 10 20 30 40 50

Time (ms)

Fig. 6b Power and energy courses in 3 electrode gliding arc
discharge
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Fig.4 Photo of gliding arc discharge from top view. 104

We have also measured the /-V characteristics in the two,
three and six electrodes’ GAD reactors. Power was
calculated by multiplying the voltage and current and after ] R
integrating the product energy was calculated. ' oL 1. 0454

Figure 6 shows power (watt) and electric energy (joule)
chart of single phase, 3 phase, and 6 phase power supply s
system of 2, 3 and 6 electrodes GAD reactor.

Energy (J)

Power (W)

Time(ms)

Fig.6¢c Power and energy courses in 6 electrode gliding arc
discharge
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Fig.7 Photograph of gliding arc discharge by high-speed camera

Results indicate that the number of electrodes
influences the power and energy courses in small extent.
From Figures 6a, b and ¢ the energy can be calculated as
below:

2 electrodes 0,15Jx1=0,15J

3 electrodes 0,10 x3=0,30J

6 electrodes 0,15 x6 =0,60 J,
what means that larger number of electrodes causes more
energy directed to the discharge zone.
Figure 7 shows the sub-msec order discharges observed
with a high-speed camera. Frame rate was 10000. Applied
voltage was 5kV and electrode shortest distance was
6 mm. Argon flow rate was 20 L/min.

After ignition, more than one arc discharges were observed.

Average velocity of discharges, calculated on the base of
the frame rate was 33,5 m/s.

Conclusion

General-purpose equipment for 6 electrode gliding arc
discharge energized from 6 phase power supply was
studied in the paper from the point of view of its /-V as well
as power and energy courses.

It was confirmed that larger number of electrodes causes
more energy directed to the discharge zone and that
discharges can be generated in bigger volume of GAD
reactor.
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