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Discharge dynamics
Some singular mechanical phenomena caused by gas discharge

and these applications

NIA JEALT (FREERE)

Hiroyuki KAWAMOTO Member

Some singular dynamic phenomena were observed due to the electrical gas discharge.
In a pin-to-plate system, when the axial stiffness of the support of the pin electrode was
low, vibration of the pin electrode perpendicular to the plate electrode was observed at the
transition from the dark discharge and the corona discharge and at the spark discharge. An
electrostatic water jet phenomenon was observed, when an insulative capillary tube filled
with water was used for the pin electrode. On the contrary, when the plate electrode made
of metal was replaced to water, repulsive reaction force due to the corona wind changed
the shape of water level. When the flexural rigidity of the pin electrode was extremely low,
an unstable vibration of the pin electrode, flutter, took place at the corona discharge due
to the corona wind. Similar vibration was observed also in a wire-to-plate system. These
phenomena are expected to be utilized for a new ink jet system, a rotor-less fan, and a
new driving system of a micromachine.
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Fig. 1 Pin-to-plate gas discharge system.
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Fig. 2 V-I curves in pin-to-plate system. (¢ 0.5
mm pin diameter)
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Fig. 3 Force applied to pin electrode in pin-to-
plate system. (¢ 0.5 mm pin diameter)
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Fig. 4 Velocity of ionic wind. (max. 7.7 m/s,
7 mm gap, Vo = 7 kV, ¢ 0.5 mm pin diameter)
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Fig. 5 Rising of water level at dark discharge.
(¢ 0.5 mm pin diameter, 4 mm air gap)
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Fig. 6 Conceptual drawing (left) and photo-
graph (right) of Electrostatic Moses Effect. High
voltage (7 kV) is applied between the upper pin
electrode (¢ 0.5 mm diameter) and the lower

ion-conductive water pigmented by black ink
(right).
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Fig. 7 Pressure distribution on plate electrode
at corona discharge. (¢ 0.5 mm pin diameter, 7
mm air gap, 6 kV applied voltage)
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Fig. 8 Vertical displacement of pin electrode
and discharge current. (3.88 kV, positive, ¢ 0.5
mm pin diameter, 5 mm air gap)

20 0.25
—— current
10 —displacement 0.2
sl c
0 = TR 1? 015 £
%10 1 ‘ 01 E
§-20 ’ LI 0.05 &
- [0
= ' Q
=] £
A\ //\\ Ay //\\ /ﬂ\\ /m\/m\/ 1
e
-40 -0.05
-50 0.1
0 0.2 0.4 0.6 0.8
time s

Fig. 9 Vertical vibration of pin electrode and
discharge current. (4.23 kV, negative, ¢ 0.5 mm
pin diameter, 7 mm air gap)
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Fig. 10 Vertical vibration of pin electrode and
(7.5 kV, positive, ¢ 0.5 mm
pin diameter, 4 mm air gap)

discharge current.
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Fig. 12 Linear and rotational driving mecha-
nisms utilizing ionic wind.
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