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Abstract

Electrostatic precipitators (ESPs) have been extensively used to decontaminate
polluted gases exhausted from industrial plants and to clean air in buildings, etc.,
because of their high collection efficiency. However, the collection of low
resistivity particles by the conventional ESPs is known to be difficult. These
particles are generated from various sources such as marine engines, diesel
automobiles and power generation engines. The low resistivity particles cause
particle detachment from a collection plate by an induction charge, i.e., dust re-
entrainment, resulting in poor collection efficiency. In this study, it was
investigated to improve the effect of the ionic wind for the collection efficiency
of the hole-type ESP. The experiments were carried out using a needle-to-plate
discharge electrode. The plate electrode has a hole, and the ionic wind pass
through the hole. PM was guided to the hole for re-entrainment phenomenon
control by the ionic wind. Most particles are transported into the hole by pressure
difference and ionic wind. As a result, it was founded that the ionic wind passes
through into the hole, when the needle electrode was arranged at the centre of the
hole. The maximum ionic wind was achieved when the pore size was the same
with the gap distance, and the collection efficiency increased with increasing the
ionic wind velocity.

Keywords: marine diesel, electrostatic precipitator, diesel particulate matter,
re-entrainment, ionic wind.
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1 Introduction

Electrostatic precipitators (ESPs) have been extensively used to decontaminate
polluted gases exhausted from industrial plants and to clean air in buildings, etc.,
because of their high collection efficiency. However, the collection of low
resistivity particles by the conventional ESPs is known to be difficult. These
particles are generated from various sources such as marine diesel engines, diesel
automobiles and power generation engines. The low resistivity particles cause
particle detachment from a collection plate by an induction charge, i.e., dust re-
entrainment, resulting in poor collection efficiency [1].

Several ideas for the conventional ESPs that have been proposed to suppress
reentrainment are as follows;

1) Collection electrode coated with a dielectric sheet [2];

2) Mixing water mist with gases [3];

3) Using an ESP as an agglomerator [4, 5];

4) Silent discharge type ESP [6];

5) Application of gradient force [7];

6) ESP by low frequency AC field [8].

However, these concepts achieved only limited success for minimizing the
reentrainment under the high dust-loading and high gas temperature condition.

Recently, an electrohydrodynamically-assisted ESP (EHD ESP) for marine
diesels was proposed for minimizing reentrainment [9]. EHD ESP utilizes ionic
wind to transport the charged particles effectively into the zero electrostatic field
zone attached to the collection plate. The hole-type ESP was also suggested to
overcome the reentrainment [10, 11]. The hole-type ESP utilized differential
pressure to transport reentrained particles effectively into the low gas velocity
space from the high gas velocity space through multiple small holes.

In this study, it was investigated to improve the effect of the ionic wind for the
collection efficiency of the hole-type ESP. The experiments were carried out
using a needle-to-plate discharge electrode. The plate electrode has a hole, and
the ionic wind pass through the hole. The ionic wind velocity was measured by a
vane wheel flow sensor. The collection efficiency was calculated by the particle
concentration measured using a scanning mobility particle sizer and a particle
counter. The ionic wind velocity and the collection efficiency for various
arrangements of the needle electrode and the hole-punched plate electrode were
investigated.

2 Experimental setup

A schematic diagram of the experimental system is shown in Fig. 1. The system
consists of a particle generator (PALAS, DNP-3000), a compressor and a needle-
to-plate discharge electrode. That has also a dilution machine, a scanning
mobility particle sizer (SMPS, TSI) and a particle counter (RION, KC-01E) as
the measurement system. Carbon particles generated by the aerosol generator,
which can generate particles similar to diesel particulate matter, are introduced
into the needle-to-plate electrode. A part of the gas is sampled, and then the

WIT Transactions on Ecology and The Environment, Vol 183, © 2014 WIT Press
www.witpress.com, ISSN 1743-3541 (on-line)



Air Pollution XXII 179

particle concentration was measured by SMPS and the particle counter after
dilution.

The configuration of the needle-to-plate discharge electrode is shown in
Fig. 2. The electrode has a needle electrode, hole-punched plate electrode and the
case. Although a hole type ESP has multiple needles and holes, the experimental
electrode consisted of one needle electrode and one hole. The main gas velocities
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Figure 1: Schematic diagram of the experimental system.
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Figure 2: Configuration of needle-to-plate discharge electrode.
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were 4.5 m/s. A negative high voltage was applied to the needle electrode, and
the hole-punched plate electrode and the case were grounded. Particles are
charged by ions generated by a corona discharge at the tip of needle electrode.
Charged particles migrate forward to the hole on the plate electrode by an
electric force and an ionic wind, and then they pass through the hole, i.e.
particles are collected.

The detail of the electrodes is shown in Fig. 3. Both of the pore size ¢ of hole
and the gap distance d of electrode were between 5 mm and 30 mm, the location
of the needle electrode X, which was the distance from the center of the hole,
was between 0 mm and 10 mm. The ionic wind velocity was measured at under
the hole by a vane wheel flow sensor (Hontzsch, ZS16GE), as shown in Fig. 3.
Negative DC high voltages between -4 kV and -15 kV were applied to the needle
electrode. Ionic wind was measured without the aerosol at the gas velocity of
0 m/s.

Needle electrode

Gap distance d

Hole-punched electrode

GND

Flow sensor

Figure 3:  Detail of the electrode.

3 Result and discussion

The arrangement of the needle electrode and the hole was investigated to obtain
the high ionic wind velocity. The ionic wind velocity as a function of the
discharge current for various locations of needle electrode X is shown in Fig. 4.
The ionic wind was measured without the aerosol at the main gas velocity of
0 m/s. The distance d between the tip of needle electrode and the hole-punched
plate electrode was 20 mm. The ionic wind velocity at X of 0 mm increased with
increasing the discharge current. The velocities at X between 5 mm and 10 mm
were almost 0 at the current until 15 pA or 20 pA, and they decreased with the
increases in the location X. The ionic wind passed through the hole at X of 0 mm
as shown in Fig. 5, however the plate electrode was an obstacle for the ionic
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wind at the location X larger than 5 mm. This figure showed that a high velocity
ionic wind is obtained, when the needle electrode is arranged at the center of the
hole.
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Figure 4:  The ionic wind velocity as a function of the discharge current for

various locations of needle electrode X.
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Figure 5: Model of ionic wind passing through the hole.
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It was investigated the ionic wind as a function of the current for various
distances d between the tip of needle and the hole-punched plate electrode. This
result at the pore sizes of 10 mm and 20 mm are shown in Figs 6 and 7. The
needle was arranged at the center of the hole, when X is 0. The ionic wind
velocity increased as the current increased at all distances, so that the ionic
wind was depended on the number of space charges. The velocity was the fastest
at the distance d of 10 mm at the pore size of 10 mm as shown in Fig. 6, and of
20 mm at that of 20 mm as shown in Fig. 7.
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Figure 6: The ionic wind velocity as a function of current for various

distances d. (The pore size ¢: 10 mm. The location X: 0 mm.)

Accordingly, the ionic wind as a function of the rate (¢/d) at the pore sizes of
10 mm and 20 mm are shown in Figs 8 and 9. The ionic winds had the maximum
value at the rate of approximately 1 both pore sizes. Therefore, it is found that
high ionic wind velocity is obtained, when the pore size ¢ is the same with the
gap distance d.

The collection efficiency as a function of particle diameter for various pore
sizes at the gap distance of 20 mm was measured using the SMPS and the
particle counter to investigate the effect of the electrode arrangement. The
collection efficiency was measured with the aerosol at the main gas velocity of
4.5 m/s. The particle size distribution (the pore size ¢: 20 mm, the gap distance
d: 20mm, the location X: 0 mm) is shown in Fig. 10. The distributions were
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Figure 7: The ionic wind velocity as a function of current for various

distances d. (The pore size ¢: 20 mm. The location X: 0 mm.)
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Figure 8: The ionic wind velocity as a function of rate (¢/d) at the pore sizes

of 10 mm.
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Figure 9: The ionic wind velocity as a function of rate (¢/d) at the pore sizes
of 20 mm.
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Figure 10:  Particle size distribution.
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measured on the downstream side of the needle-to-plate electrode. The
distribution without applying voltage to the needle-to-plate electrode had
the maximum fraction at the particle size of 30 nm. The distribution with
applying voltage was lower than that without applying voltage due to the effect
of the electrostatic precipitation. The particle size-dependent collection
efficiency for various pore sizes is shown in Fig. 11. The collection efficiency n
was calculated by equation (1);

n=(1—1yﬂ)x1oo (1)
off

where, N,;is the particle concentration without applying high voltage to the
needle-to-plate electrode, N, is that with applying high voltage.
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Figure 11:  Particle size-dependent collection efficiency for various pore sizes
at the gap distance of 20 mm.

The minimum efficiency was occurred between 100 and 1000 nm. This was
attributed to the Cunningham factor, which migration velocity of charged
particles smaller than 1000 nm increase. The efficiency increased with increasing
the pore size from 8 and 20 mm. The efficiency of 20 mm was greater than that
of 30mm due to the effect of the ion wind. This result indicates that the
collection efficiency is improved when the pore size is the same with the gap
distance.
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4

Conclusion

In this study, it was investigated that the collection efficiency was improved
using an ionic wind in the hole-type ESP. The ionic wind velocity and the
collection efficiency for various electrode arrangements were measured. Results
are follows;

1)

2)
3)

The ionic wind passes through into the hole on the plate electrode, when the
needle electrode is arranged at the centre of the hole on the plate electrode.
The ionic wind velocity increases with increasing the discharge current.

The maximum ionic wind and high collection efficiency are achieved when
the pore size is the same with the gap distance.
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