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Abstract In this paper, the interaction between nanosecanskegd dielectric barrier discharge and submicron
particles is investigated experimentally using igket image velocimetry technique in a wire-to-plane
electrostatic precipitator. The induced electrobgygnamic phenomena have been studied by using time-
resolved measurements for both positive and negatolarities of the nanosecond pulsed high voltdde
main results indicate that the velocity of particle considerably affected by the negative discarglated to

the negative transition of the voltage pulse, whatehe polarity. This is probably due to the cimttion of the
electric wind that could affect both the trajeatsrdf charged and uncharged particles.
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1. Introduction Side view
In the past decade, several studies demonstrate tre
great potential of dielectric barrier discharge dabs Active Electrode

electrostatic precipitators (DBD-ESPs) energizedaby

low frequency ac high voltage for the collection of
submicrometer particles [1-6]. The frequencies eang

from a few Hz to several kHz, for voltages up t0 pigectric
30kV. In most cases, the power supply system
includes a high voltage linear amplifier with moaler

slew rate (less than 1 kV/us). However, only few
studies deal with the use of nanosecond pulsedg®lt

Grounded
Electrode Encapsulation

(rise and fall times in the range of a few ns) toe (Epoxy resin)

electrostatic precipitation of particles [7].

The goal of the work presented here is t0 145 iew
investigate how the DBD interacts with submicron
particles during and after the application of : \
nanosecond pulsed high voltages. Thus, time-redolve 1€ >

! i
| 1

particle image velocimetry (TR-PIV) technique is
used to measure the instantaneous velocity fields f - gereseneresenasseann, N -
both positive and negative polarities of the apmplie g
voltage. : :
In the first part of this paper, the experimental St 20 mm
setup is described. Then, results concerning the : :
discharge characteristics and particle velocitydfie Z E
are discussed. Finally, conclusions are summarized. QPR 'F ---------- A . A
|

2. Experimental setup

2.1. Geometric configuration Grounded Electrode

The investigation is carried out with a wire-to4xa

geometry shown in Fig.1. The configuration is Figure 1. Top and side views of

composed of two electrodes separated by a diaectri the wire-to-plane geometry

barrier (Pyrex, 1 mm thick, 200 mm in length, and

100 mm in width). The active electrode consistsaof 2.2. Electrical devices

nickel wire (0.2 mm in diameter). The plane eled&o The high voltage power supply is composed with an
(aluminum tape, 20 mm in length, 20 mm in width andfV solid-state pulser (DEI, model PVX-4110), a DC
70um thick) is placed on the lower side of thepower supply (Matsuda, model 10P30) and a digital
dielectric barrier and encapsulated. The air gap RylIse generator (Stanford, model DG645). The power

fixed at 5.5 mm in all experiments. supply can provide high voltage pulses up to + ¥0 k
whose rise and decay times are about 50 ns. By
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connecting two pulsers (arranged in seriespulse, whatever the polarity. The first currentlpéa
opposition), the potential difference between a&ctivdue to the deposition of electric charges (with the
and collecting electrodes can reacB0 kV. same polarity than the active electrode) produced b

The total current is measured using a fast currethie discharge initiated close to the wire where the
transformer (Bergoz, model CT-D1.0) and theelectric field is sufficiently intense. During theltage
potential difference across the ESP is measurddavit plateau, the current level decreases rapidly aed th
high voltage probe (LeCroy, model PPE20kV). discharge is then in its silent period.

The digital pulse generator is also used as a When the potential difference between the wire
synchronizer for triggering the TR-PIV system withand the charged dielectric surface is one more time

the electrical signal supplied to the ESP. sufficient, a new discharge propagates in the gap;
More details about the experimental setup can be the second discharge which takes place duriag th
found in [8]. second transition of the voltage. Hence, the second

current peak appears.

2.3. Particle tracking using time-resolved PIV

Submicron particles, with a mean size of about 4 . . . . .
0.28 um, are generated from incense burning and
introduced into a closed box made of glass
(80x40x30 cm) in order to examine the velocity of 27 10
particles induced by pulsed discharges in the 4inter g
electrode gap.

The particle velocity fields in the gap are anatize
experimentally using a time-resolved PIV device as
illustrated in Fig. 2. This system is manufactuisd 2 L .10
LaVision. The PIV system uses a dual-head high-
speed laser system (model Quantonix, Darwin-527-
30-MM-PIV, type Nd-YLF, 527 nm wavelength) -4
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coupled to a 10 bit high-speed camera (Model Photro Time (ns)
Fastcam SA1.1-675-M3, resolution of 1024x1024
pixels?). The acquisition rate is set to 10 kHipwing (@)

a good analysis of particle flow dynamics.

All the experiments are carried out at atmospheric 20
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Figure 3. Typical waveforms of the applied voltage
and the discharge current for (a) positive polagtyd
(b) negative polarity. Conditions: voltaget16 kV,
frequency= 0.5 Hz and pulse width 300 ns

CCD Camera

Figure 2. Schematic illustration of the time-resalv
particle image velocimetry setup

3. Experimental results The shape of the current peaks is nearly similar;
3.1. Current waveforms however the discharge regimes associated to each on
The typical waveforms of the nanosecond pulse@dre completely different. In fact, the positiveerisf
voltage and the associated current are shown in2Figthe voltage pulse favors the formation of a streame
for both positive and negative polarities. The BSP discharge, whereas the negative decay is associated
supplied with a voltage pulse afl6 kV for a pulse With & corona-glow regime [7].
width of about 300 ns.
The current waveform shows two peaks well
resolved during rise and fall times of the voltage
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3.2. Particle Trajectories characterized by streamer-like regime does notallo
In order to analyze particle trajectories in thep,ga the electrostatic precipitation of particles in taese of
several sequences of 1300 pairs of images amanosecond pulsed voltage.

recorded using high-speed camera with frame rdtes o Fort > 2.5 ms, the grayscale images and velocity
10 kHz for each pulse polarity. They corresponds tfields are considerably affected due the occurraice
13 complete cycles of the applied voltage at ththe negative discharge (glow-like regime) during th
frequency of 100 Hz (1 period 10 ms). Thus, the decay time of the positive pulse frorh8 kV to 0 kV.
time required for a complete acquisition is about For instance, one can observe a movement of
130 ms. In this paper, we will present only somearticles near the dielectric barrier surface . Bi (k)
representative results corresponding to the fiesiod. at the end of the negative discharge. Thereaftem f
Fig. 4 shows a schematic illustration of the anadyz t= 2.5 to 4.3 ms, when the applied voltage returns to
moments in the case on applied voltage® kV and zero, the particles move from the active electrode
a frequency of 100 Hz with duty cycle of 25% (pulseoward the dielectric surface (Fig. 5 (e) — (g¢gving

width = 2.5 ms). in their wake areas at which the concentration of
particle is low. The corresponding velocity field a
these moments show localized particle acceleration
(Fig. 5 () = (n)). In particular, the signature aifleast
@0 @ Z ey 8 vortices is observed in the gap.
o 1o o0 A1 Several reasons could explain the strong EHD
v \VARRE \J  time phenomena observed at the end of the voltage pulse,

in particular: electric wind and electrostatic
precipitation effects. However, if we take into agnt

the particle trajectories in a vortex-induced flatve
effect of the electric wind on weakly charged [aes
W ND appears to be significant. Furthermore, the electro
y ' \/ tme  Static precipitation of negatively charged parscie
@B &6 © possible during the phase when the applied voliage
25ms close to zero. This is due to the electric fielduoed
10 ms (1 period) ! by the positive space charge deposited far from the

inter-electrode space after streamers propagation.

Figure 4. Schematic illustration of the represeéwmat
times of the analyzed sequence for both positive an
negative polarities (duty cycke25%)

3.2.2. EHD flow with positive polarity

The typical grayscale images and the velocity vecto
fields obtained in the case of negative nanosecond
pulsed voltage are shown in Fig. 6.

Before the application of the negative voltage
pulse on the active electrode, the PIV system did n
detects any significant movement of particles (Fg.

Lf ) and (h)). However, the negative dischargeiaieitl

uring the decay time of the voltage pulse frono 0 t
18 kV, generates an important displacement of
particles (Fig. 6 (b) and (i)), as in positive piia
ghe consequences of the negative discharge persist
until the end of the period.

As indicated by the grayscale images (Fig. 6 (c)
nd (i)), several areas with low particle concedidra
ppear and develop from the active electrode toward
e dielectric wall. The corresponding velocityldie
show particle acceleration and the occurrence of
theseveral vortex (Fig. 6 (j) and (n)).

3.2.1. EHD flow with positive polarity

Fig. 5 shows the typical grayscale images and itgloc
vector fields measured using time-resolved PlVhia t
case of positive polarity. The frames corresponthéo
representative times designated in the previo
section.

For each velocity fields figure, the arrows indeat
the module and the direction of the velocity in Kye
plane, while the color bar shows the module of thi
velocity in the same plane.

Fort < 2.5 ms, one cannot observe a significant
movement of particles in the gap even if a positiv
discharge (streamers) occurs during the rise tifne
positive voltage pulse from 0 to +18 kV. The sigmat
of streamers is clearly visible near the activetetele
on the grayscale image Fig.5 (b), while
corresponding velocity fields (Fig. 5 (i)) show tha
there is practically no drift of particles in theter-
electrode space. This means that the positive aigeh
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Figure 5. Typical EHD phenomena observed duringpthgdtive voltage pulse. Conditions: voltage18 kV,

frequency= 100 Hz, pulse widtkr 10 ms (duty cycle 25%)

The positive discharge, which occurs during théntensification of thex-component of the velocity near
rise time of the negative pulse from —18 kV to 0 k\Mhe dielectric surface.
(t=2.5ms), does not appear to show a significant These results confirm the observations made in the
effect on the EHD flow induced by the negativeprevious section. Thus, the particle movementdién t
discharge. Nevertheless, one can note the return @dp are mainly due to negative discharge generated
some particles towards the active electrode and tleiring the decay time of the voltage pulse, whateve

the polarity.
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Figure 6. Typical EHD phenomena observed duringatieg voltage pulse. Conditions: voltage 18 kV,
frequency= 100 Hz, pulse widtkr 10 ms (duty cycle 25%)

4. Conclusion negative polarities of the nanosecond pulsed high
In this paper, the interaction between nanosecomltage.

pulsed dielectric barrier discharge and submicron The main results of this experimental study are as
particles is investigated experimentally using okt follows.

image velocimetry technique in a wire-to-plang1l) Whatever the voltage polarity, the EHD
geometry. In particular, particle instantaneouse#®y phenomena are observed after the negative discharge
fields have been analyzed for both positive andccurring during the decay time of the voltage euls
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while the positive discharge initiated during thser [3]
time of the voltage pulse has no significant effeat
particles movement.

(2) The movement of particle is probably due to th@4]
contribution of the electric wind that could affdath

the trajectories of charged and uncharged particles

(3) Electrostatic precipitation of particle is pids at  [5]
the end of the positive pulse, even when the agplie
voltage returns to zero. This is due to the eledield
induced by the positive space charge deposited fgd]

from the inter-electrode space after streamer
propagation.
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