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planar configurations-Electrical Properties-
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Abstract— The characteristics of a Dielectric Barrier Discharge (DBD) in axisymmetric and planar configurations are
studied and compared by measuring their electrical discharge parameters and the airflow influence on these parameters.
With the axisymmetric reactor, the application of AC high voltage generates a stable and quasi-diffuse dischar ge wher eas
the planar reactor generates a filamentary and unstable discharge. When the flow rate increases the discharge current and
the electric power decreasein both cases. This effect isless pronounced in the planar configuration.
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I. INTRODUCTION

Dielectric Barrier Discharge (DBD) is well known
to produce highly non-equilibrium plasmas in a
controllable way at atmospheric pressure. This method
can effectively generate atoms, radicals, and excited
species with energetic electrons at moderate gas
temperatures[1, 2].

Because of its high electron density and energy, the
DBD in air has been used to clean hazardous air
pollutants (HAPs) [3-5].

In general, operating at atmospheric pressure, the
DBD is generated in filamentary form [6]. DBDs can
aso be obtained in a diffuse form under certain
configurations and conditions[7-9].

In order to remove ultra fine particles from Diesel
exhaust, two DBD reactors have been used to determine
which of them gives the lowest energy density for an
efficient removal. The reactors are in axisymmetric and
planar configurations.

This preliminary study was performed by measuring
the electrical parameters of the discharge: applied voltage,
discharge current, transferred charge, and electric power
consumption. The results obtained in both configurations
were compared. A detailed attention was given to the
influence of the flow on the discharge behavior.

1. EXPERIMENTAL

In order to determine which type of configuration
will make it possible to obtain a diffuse discharge or
rather a filament discharge, we used two types of reactor
in different configurations.
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Figure 1 shows a schematic illustration of the
axisymmetric reactor used in this work, while figure 2
shows the planar one.
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Fig. 1. Schematic of the axisymmetric reactor
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Fig. 2. Schematic of the planar reactor.
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The axisymmetric configuration setup consists of a
Pyrex tube, a copper sheet, a stainless wire and an air
circulation system. Outer diameter of the Pyrex tube was
20 mm and the thickness was 2 mm. The copper sheet
with 8 cm width was rolled up on the outer surface of the
Pyrex tube. The stainless wire of 0.2 mm of diameter was
maintained tended on the central axis of the tube and
connected to the high voltage.

The planar configuration setup consists of two
aluminum sheets, two plates made of Pyrex and an air
circulation system. With a thickness of 0.1 mm and an
area of 50 x 47 mm?, each aluminum foil is stuck on the
dielectric plate. Using spacers made of glass of 2 mm
thick, the active volume of the discharge was 50x40x2
mm®. The top sheet, used as the active electrode, was
connected to high voltage and the bottom one was
grounded. To avoid the edge effect, the electrode
contours were encapsulated in epoxy resin.

The high voltage power amplifier (Trek, 20/20C,
+20 kV/ £20 mA) was driven by a function generator
(HAMEG, HM8130) to generate high voltage sine wave.
High voltage up to 20 kV was applied to the high voltage
electrode with frequencies of 0.5, 1 and 2 kHz. Applied
voltage was monitored with an oscilloscope (Tektronix,
TDS3014B) with a high voltage divider (Lecroy 1000:1,
20 kV). The total current of discharge is measured with a
resistor of 100 Q and the transferred charge with a
capacitor of 22 nF.

All the experiments were carried out under
atmospheric pressure at room temperature. The airflow
inside the reactors was controlled. The flow rate (Q) is
measured with a flow meter (Brooks, tube size R-6-15-A,
Tantalum ball).

I11. RESULTSAND DISCUSSION
A. Discharge characteristicsin each configuration

Typical oscillograms of the applied voltage,
discharge current, transferred charge and charge-voltage
curve in the Lissgous figure with axisymmetric and
planar reactors are shown in figures 3 and 4, respectively.

Figure 3- a shows the time evolution of the applied
voltage and the discharge current obtained from the
measured current. Indeed, the measured current includes
fast component (current pulse) and slow component
(capacitive and pseudo continuous current). The
capacitive current, which was estimated from the |-t
curve with applied voltage low enough to generate any
discharge, was subtracted from the measured current to
obtain the discharge current. All the discharge currents
hereafter are presented in thisway.

The discharge current waveform shows only few
pulses of current on the positive half-cycle, while on the
negative one the number of pulses is significant. In the
positive half-cycle of the applied voltage, the plasma is
characterized by a glow-like type. However, the Trichel
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pulses dominate the negative half-cycle. This behavior is
also observed in point to plane DBD [10].

The transferred charge waveform shown in figure 3-
b presents an evolution which can be break up into two
steps. During the positive half-cycle, the transferred
charge increases and after the voltage maximum it
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Fig. 3. Axisymmetric reactor characteristics: (a) time evolution of the
discharge current, (b) time evolution of the transferred charge, and (c)
charge-voltage curve. Conditions: Vpe = 12 kV; f = 1 kHz; Q = 4.7
L.min™,
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stabilizes. The transferred charge decreases again for
another sequence.

The charge-voltage curve (figure 3- c) represents a
close loop, which will be described in the following
section.

In contrast, the discharge in planar configuration is
characterized by a filamentary behavior (figure 4- a). The
current pulses are higher in magnitude and less numerous
during the positive half-cycle than on the negative one.

The time evolution of the transferred charge shows
similar steps as that found in axisymmetric configuration
(figure 4- b).

Another difference between both configurations is
their charge-voltage curve. It is noted that, in opposition
to the planar configuration, with a figure close to a
paralelogram [3], the charge-voltage curve in
axisymmetric configuration shows a kind of ring of the
shape of an ellipse flattened on the edges.

The dope of the curve represents the total
capacitance (Cy) of the reactor [11]. Indeed, the tota
capacitance of the reactors without discharge is
1Cw=1Cyt+1/Cy, where Cy is the dielectric capacitance
and Cy isthe air gap capacitance.

In the planar configuration, the filaments make a
short-circuit in the gap when the discharge occurs. Then,
the total capacitance, which is equal to the capacitance of
the dielectric, becomes larger.

However, in the axisymmetric configuration, the
discharge occurs around the wire without making a short-
circuit in the air gap. The expansion of the discharge in
the gap varies with the voltage, inducing a variable gap
capacitance and obviously a variable total capacitance.
The slope of charge-voltage curve increases more slowly
than in the planar configuration, which explains the
flattening of the edges.

B. Effect of applied voltage and frequency on discharge
characteristics

Figures 5- a and 5- b show the time evolution of
applied voltage, discharge current and charge-voltage
curve for axisymmetric reactor when the applied voltage
iSVpe = 16 kV and the frequency isf = 1 kHz.

Comparatively to figure 3 where the conditions
were Ve = 12 KV and f = 1 kHz, discharge current
increases as well as the number of Trichel pulses. In
addition, a glow-like discharge component appears on the
negative half-cycle. The charge-voltage curve increases
with the applied voltage.

Increasing the frequency at 2 kHz (figure 6- a)
implies the increase of the magnitude and the number of
discharge current pulses. A glow-like discharge
component can also be observed during the negative half
cycle. The charge-voltage curve decreases with the
frequency (figure 6-b).

In the planar configuration, when the voltage is
raised to Ve = 16 KV at fixed frequency of 1 kHz, the
number of discharge current pulsesincreases. In addition,
the charge-voltage curve increases (figure 7- @). The rise

of the frequency from 1 kHz to 2 kHz for a fixed voltage
of 12 kV involves aso an increase of the number of
discharge current pul ses.

In contrast, the charge-voltage curve remains nearly
unchanged on figure 7- b compared to figure 4- ¢ where
Ve = 12kV and f = 1 kHz

300 T T T T T T T 20
150 10
< —
= Ul | J <
T oA Al o
& 0T ! M ° 2
= =
=) (e]
(®) >
-1504 F-10
300 . ; . ; . ; . 20
0,0 0,5 1,0 1,5 2,0
Time (ms)

@

500 T T T T T T T 20
250 4 10
) s
= <
(] (0]
0+ 0

o
5 S
-250 -10
-500 T T T -20
0,0 0,5 1,0 1,5 2,0
Time (ms)

(b)

500 T T

250 Mﬂ/ﬂmﬁ% i
. I |
3 |
% 0 i W“

V]

< 4

-250 e

-500 T T v v T v

-20 -10 0 10 20
Voltage (kV)
(©

Fig. 4. Planar reactor characteristics: (a) time evolution of the

discharge current, (b) time evolution of the transferred charge, and (c)
charge-voltage curve. Conditions: Vpex = 12 kV; f = 1 kHz; Q = 4.7
L.min™,
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Fig. 5. (a) Timeevolution of the discharge current. (b) Charge-voltage curve for axisymmetric reactor.

Conditions: Vpex = 16 KV; f = 1kHz; Q = 4.7 L.min™.
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Fig. 6. () Timeevolution of the discharge current. (b) Charge-voltage curve for axisymmetric reactor.

Conditions: Vpex = 12KV; f = 2kHz; Q = 4.7 L.min™.
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C. Effect of air flow on discharge characteristics

The air circulation system consists of a pressure
reducing valve, a decicator containing CaSO,4 and a flow
meter. The air used is provided by the compressed air
network.

Several flow rates were applied to the discharge but
only the two extreme vaues will be shown, i.e. 1.6
L.min™® and 15.8 L.min%. The flow is introduced inside
the reactor first, then the voltage is quickly raised up to
the desired value and the discharge is maintained during
one minute and finally the discharge is stopped.

Figures 8 and 9 show the waveforms of the charge-
voltage curve obtained with two flow rates in the
axisymmetric and planar configurations, respectively.
When the flow rate is increased, the discharge current
decreases and the ignition voltage of the discharge
increases (figure 10). Consequently, with higher flow
rates the transferred charge is lower. This effect is more
pronounced in the axisymmetric configuration.

The effect of the flow rate on the average power is
shown on figure 11. The flow rate varies between 1.6 and
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Fig. 8. Charge-voltage curve for axisymmetric reactor. Conditions:
Ve = 12 kV; f = 1 kHz.

500

—— 1,6 Lmin”
15,8 L.min”

250

Q
£ | .
2 lﬂ'!’.ul‘l __J,L.!
s ,.A"'q'u]q.ll l""
o ek
i
-250 T
-500 — —
-20 -10 0 10 20

Voltage (kV)

Fig. 9. Charge-voltage curve for planar reactor, Conditions: Vpex = 12
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Fig. 10. Axisymmetric reactor characteristics: time evolution of the
discharge current. Conditions: Vpex = 12 kV; f = 1 kHz.

60

—m— Axisymmetric reactor ( 1,6 L.min'1)
—@— Axisymmetric reactor (15,8 L.min'1)
1 —o— Planar reactor ( 1,6 Lmin™)
—O— Planar reactor (15,8 L min™)

< 404 |
g ~
g /’
: - / -
5] .
< _
0 0—
T T T T T T T r ' I |
8 10 o - - ) |

Voltage (kV)

Fig. 11. Average power/voltage curve for axisymmetric and planar
reactorsat f = 1 kHz.

15.8 L.min™. A high flow rate induces a low average
power for both reactors. However, this tendency is more
important with the axisymmetric reactor than the planar
one.

During the discharge, it seems that some charges
are transported outside the plasma section because of the
airflow. This phenomenon is pronounced at high flow
rates and explains the result shown in figures 8-11. In
addition, the streamers at the origin of the filamentary
discharge progress rapidly in the gap (about 10 ns). Thus,
the filamentary discharge is not very affected by the
velocity of the air (some m/s).

IV. CONCLUSION

The characteristics of the Dielectric Barrier
Discharge in axisymmetric and planar configurations are
studied and compared by measuring their electrica
discharge parameters and the airflow influence on these
parameters.
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It was observed that the DBD discharge
characteristics in axisymmetric configuration are
different from those of the planar configuration. By
modifying the geometry of the reactors, a different
discharge type can be obtained using the same electric
excitation.

In axisymmetric configuration, DBD discharge is
rather quasi-diffuse while, in the planar one, the
dischargeisfilamentary.

The study of the influence of the air flow on the
discharge show that discharge current, transferred charge
and average power decrease with the flow rate. This
evolution is more pronounced with the axisymmetric
reactor.

Now, both reactors are going to be tested for
particle precipitation, agglomeration or destruction.
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