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(Characteristics of lonic Wind in a DC Corona Discharge
in Needle—to—punched plate Geometry)
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Abstract

Tonic wind is produced by a corona discharge when a DC high voltage is applied across the point-to-plane
gap geometry. The corona discharge phenomena have been investigated in several beneficial application fields
such as electrostatic cooling, ozone generation, electrostatic precipitation and electrostatic spraying. Recently
jonic wind might be used in aerodynamic, for example, heat transfer, airflow modification, and etc. In this work,
in order to analyze the control behavior of the velocity and amount of lonic wind produced by the positive DC
corona discharges. The ionic wind velocity was measured as a function of the applied voltage, diameter of the
punched hole on plate electrode and separation between the point-to—plate electrodes. As a results, the airflow
is generated from the tip of needle to the plate electrode in the needle-to-punched-plate electrode systems. The
ionic wind velocity is linearly increased with an increase in applied voltage and ranges from 1 to 3 m/sec at the
locations of 100-200 mm from the punched-plate
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corona discharge are employed in a variety of
technologies such as electrostatic precipitators,
ozone generators, air cleaners, and so on. When a
free electron is driven by the electric field toward
the anode, it produces an electron avalanche. The
cloud of positive ions produced at the avalanche
head near the anode forms an eventual extension
to the anode. Secondary generations of avalanche
get directed to the anode and to these dense clouds
of positive ions, and this process is repeated(1].
The electrons tend to follow the ions to neutralize
the charge separation. Also corona discharge
induces ion movement from the tip of needle to
plate direction called electro-convection or ionic
wind (also termed electric wind or corona wind).
Ionic wind is a secondary effect of the interaction
of corona discharge with its medium and this
electrical effect has been widely studied in the
needle and plate gap geometry[2-4]. Also the
typical airflow visualization ionic wind patterns in
the needle—plate electrodes arrangement by using
the smoke wire method have presented in the
literaturel5). Unfortunately, the electrical effect
and phenomenon of ionic wind in corona discharge
were not understood completely, many questions
regarding theoretical formulations and behaviors
of ionic wind movements have remained
unanswered.

This work is aimed to analyze the effects of gap
geometry and applied electric field on ionic wind
velocity. The needle-to—punched plate confi-
guration was selected for a detailed investigation
of ionic wind generation, since it yields a
reasonably high ionic wind velocity with a
compact size and well-understood theory of
operation(4],[6]. Also the needle-to-punched-plate
electrode system allows the flow of ionic wind to
pass through it when the corona discharge is
occurred by the DC voltage at the tip of needle
electrode. The ionic wind velocity at the back of
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the punched-plate electrode was measured as a
function of the applied voltages and electrode
configurations, separation between the needle-
to-punched plate electrodes, and the experimental
results were discussed.

2. Experimental Procedure

Figure 1 illustrates a circuit diagram of the DC
high voltage generator used in this work. The
rated voltage of this generator is 100(kV]. The
capacitors are charged during a half-cycle of the
secondary voltage of transformer, and the output
voltage of DC high voltage generator is 2 times the
peak value of the secondary voltage of transformer.
Figure 2 shows the configurations of electrode
systems and the tip of needle was arranged on the
axis of the center of the punched plate.
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Fig.1. Circuit diagram of the DC high voltage generator
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Fig. 2. Configurations of the needle-to-punched
plate electrode systems

Two types of electrode systems, for example, a
needle-to-punched plate electrode system and 8
needles-to—punched plate electrode systems, were
used in this experiment, and the positive polarity
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of DC voltage is applied at the needle electrode.
The ionic wind velocity is controlled by the
diameter of punched hole on the plate electrode,
the distance between the needle and plate
electrode, and the amplitude of applied voltage.
The plate electrode was made of aluminum. The
needle electrode was made of steel, whose
diameter was 2[mm]. Measurements of the ionic
wind velocity were made by using the thermal
anemometry  with  temperature  compensator
because of the incompatibility of metallic probes in
strong electric fields. The experiments were
conducted in DC voltage ranges from 6 to 55
kilovolts as a parameter of the separation between
the needle and plate electrodes.

3. Results and Discussion

3.1 lonic wind velocity in a needle—

to—punched plate electrodes

When a DC corona discharge is occurred in
inhomogeneous fields, ions move from the injection
electrode to the collection electrode direction, and
air molecules around the ions were forced to move
with following the ions. That airflow caused by
ions moving is called ionic wind. It is considered
that the ionic wind could be effected by sound
wavel7]. The corona discharge process is markedly
dependent on the geometry of the electrodes and on
the polarity of the applied voltage.

In this work, characteristics of ionic wind in a DC
corona discharge induced by application of a high
positive potentiall at a needle electrode in the
needle-to-punched plate electrode  systems  were
experimentally investigated. Corona discharge is the
media for carying the electric charges from the
jonization zone to air molecules and then into the
surrounding space. Ions, which drift from the needle
dectrode to the plate one, transfer momentum by
collision with the neutral particles and induce their
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movement. In the presence of positive corona, the
needle electrode attracts electrons from the nearby air
molecules, and positive ions recede from the needle
electrode. Ionization increases drastically with
increasing the applied electric field strength, and ionic
wind velocity is linearly increased with ion flow. The
factors of effecting on the ionic wind velocity include
the polarity of applied voltage , the gap geometry
such as shape of the needle and plate electrodes, the
number of needle electrodes, the separation across
needle-to—plate electrodes, and so on
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(a) lonic wind velocity at the location of 100{mm]
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(b) Ionic wind velocity at the location of 200[mm)]
from the punched-plate

Fig. 3. lonic wind velocity in a needle-to-plate with
the punched hole of 20mm in diameter.

In order to detect the ionic wind velocity at the
backside of the punched plate electrode, the
electrode systems of the needle-to—plate with a
punched hole were used. An anemometer was

placed behind the punched plate electrode. Ionic
wind velocities were measured at the location of
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100 and 200[mm)] from the punched-plate with the
hole of 20[mm] as a parameter of the separation
between the needle and plate electrodes.

The ionic wind is flowed from the needle
electrode to the plate electrode and passes through
the hole on the plate electrode. Because the hole on
the plate electrode is a round shape, the torch
shape luminous part of corona discharge is
elongated toward the center of the hole on the
plate electrode as the applied voltage is increased.
The corona discharge is concentrated in visible
spot at the tip of needle electrode, and the ionic
wind velocities in the voltage ranges of 15 and 25
kilovolts are linearly increased as shown in Fig. 3.
If the applied voltage is raised up to the upper
limit at each gap separation, the inter-electrode
space sparks over.
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(a) Tonic wind velocity at the location of 100imm]
from the plate with punched hole
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(b) Ionic wind velocity at the location of 200{mm]
from the plate with punched hole

Fig. 4. lonic wind velocity in a needie-to-plate with
the punched hole of 40mm in diameter.
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The applied electric field provides the driving
force for movement of charged particles toward
the low potential electrode. The ionic wind velocity
is linearly proportional to the amplitude of applied
voltages before corona is arrived at the state of
burst-pulse streamers. The maximum ionic wind
velocities were nearly independent of the
separation between the needle-to—punched plate
electrodes. The ionic wind occurs from the
inception voltage of corona discharge, and airflow
is accelerated from the tip of needle electrode
toward the punched plate electrode. Thus the
curves of the ionic wind velocity versus applied
voltage are shifted to the zone of high voltage
with the separation between the needle-
to-punched plate electrodes. In the case that the
diameter of punched hole is 20lmm], the maximum
ionic wind velocities were 3.2 and 1.5[m/sec] at the
location of 100 and 200[mm] from the
punched-plate, respectively. When the anemo-
meter moved from the location of 100[mm] to the
location of 200[mml], the ionic wind velocity was
decreased by 50%. The results obtained in the
needle-to-plate electrodes whose punched holes
are 40 and 60[mm] in diameter were shown in

Figs. 4 and 5, respectively.
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from the punched-plate
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(b) Ionic wind velocity at the location of 200{mm}
from the plate with punched hole

Fig. 5. lonic wind velocities in a needle-to-plate with
the punched hole of 60{mm) in diameter

The maximum ionic wind velocities were about
3[m/sec] at the location of 100[mm] from the
punched plate and are nearly same with the data
in the punched hole of 20lmm] in diameter. The
ionic wind velocity is decreased with an increase
in distance from the punched plate to the detecting
point, and the ionic wind velocity at the location of
200lmm] is approximately 70% of the data at the
location of 100[mm] when the applied voltage is
consistent with the same value.

3.2 lonic wind velocities in 8 needles—
to—punched plate electrodes

The ionic wind velocity is strongly dependent
on the distance between the center of
punched-plate to the measuring point in single
needle-to—punched plate. The and
reaching range of ionic wind are small and short,
respectively. Thus in order to improve the weak
points in the single needle-to—punched plate, the
ionic wind velocities in 8 needles-to-punched plate
electrode systems with the hole of 8, 100 and
120[mm)] were measured. The results were similar
tendency to the case of ionic wind in a
needle-to-plate electrodes geometry as illustrated
in Figs. 6 and 8.
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Fig. 6. lonic wind velocities in 8 needles-to-plate
with the punched hole of 80(mm) in diameter
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Fig. 6. lonic wind velocity in 8 needles-to-plate with
the punched hole of 100(mm) in diameter
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The maximum ionic wind velocity was
approximately 2.2[m/sec] irrespective of the
diameter of punched hole on the plate electrode.
Also the ionic wind velocity at the location of
100[mm] is almost same with that at the location
of 200[mml. These results showed that the ionic
wind velocity in the 8 needles-to-plate with the
large diameter of punched hole is stable in the
wide zone behind the punched plate compared to
the single needle-to-plate electrodes. The
maximum ionic wind velocity is lower than the
results obtained in a single needle-to-punched
plate, but the airflow gain in quantity.
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(b) Ionic wind velocity at the location of 200[mm]
from the punched-plate

Fig. 8. lonic wind velocity in 8 needles-to-plate with
the punched hole of 120(mm) in diameter

3.3 lonic wind velocity in needles
—to—cylindrical electrode system

In order to improve the amount and concen-
tration of ionic wind, the electrode system of 8
needles-to-cylinder connected in series to 4
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needles-to—cylinder was made as shown in Fig. 9.
Here the cylinder is 80[mm] in diameter and
70[mm] in length. The distance from the tip of
point to the center of cylinder in second stage
electrode system was fixed with 50[mm)]. This
series connection of the two needles-to~cylinder
electrode systems is an experimentally convenient
design in which aerodynamic effects are
sufficiently allowed to the ionic wind. The ionic
wind velocity versus the applied voltage curves
were plotted as a parameter of the distance from
the tip of needle electrode to the center of cylinder
in first stage electrode system as shown in Fig. 10.

1+} Copper cylinder

Fig

. 9. Configuration of multistage needles-to-
cylindrical electrode system
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(b) Ionic wind velocity at the location of 200[mm]
from the cylinder

Fig. 10. lonic wind velocity in the multistage
needles-to-cylinder electrode system
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The maximum ionic wind velocity was 2[m/sec]
that is about the same as the data in the 8
needles-to-plate with the punched hole of 80[mm]
in diameter. The ionic wind velocity versus the
applied voltage curves at the location of 100[mm)]
from the cylinder is nearly overlapped, and the
curves at the location of 200imm] and is
independent of the distance from the tip of point to
the center of cylinder in the first stage electrode
systems. It was found that the amount of ionic
airflow has increased and the directional
movement of ionic wind has markedly improved in
multiple needles-to-cylinder electrode systems

4. Conclusion

This paper has dealt with the control behaviors
of the airflow of ionic wind due to the electrical
discharge in strong inhomogeneous fields. The
ionic wind velocity induced by the positive DC
corona discharge was measured in the
needle-to—plate with punched hole gap geometry,
and the results could be summarized as follows;

The ionic wind velocity is increased up to about
3.2[m/sec] with an increase in applied voltage in a
needle-to-plate  with punched hole electrode
system. The maximum ionic wind velocity was
slightly decreased in multiple needles-to—plate and
multiple needles-to-cylinder electrode systems,
but the amount and directional movement of ionic
wind are significantly improved. As a
consequence, the ionic wind velocity can linearly
be controlled over the range of 1-2[m/sec] in
multiple needles—to-cylinder gap geometry, this
approach provides a steady uniform flow of ionic
wind and would effectively be used in
aerodynamic systems.
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