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Electric Field Strength at the Surface of a Grounded Sphere Electrode by a Charged
Particle Cloud Simulated by Line Charges and Condition for Discharge Inception
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The potential distribution around a large scale space charge cloud and the electric field strength at a grounded sphere electrode
located nearby it was calculated by a charge simulation method. A model of the charged particle cloud was constructed based
on the experimental data on formation of a charged cloud. The space charge of the cloud was simulated by line charges with a
charge density of around 8 nC/m estimated from a discharge current. The potential in the center of the cloud reached at 350
kV for a charged cloud with 4 m long and 1 m diameter. Although the electric field strength at the surface of a grounded
sphere electrode with a smaller diameter becomes higher for the same charged cloud, under the condition when a brush corona

discharge was observed, the electric field strength was almost the same value regardless of diameter and location of a sphere

electrode. Furthermore, the ionization distance obtained by calculation for onset of corona discharge was consistent with a

length of a stem of brush corona discharge extending from the grounded electrode.
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Fig. 1 Location of a charged cloud generator and field mills.
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Fig.2 Time variation of the electric field strength at the ground by
formation of a charged particle cloud.

Gt GRIL #k5) 33

6 T T T
TN S S o O S
&) Apphed voltage to
E 4F T NG a wire electrde (kV)
£ b 25 !
=
B 3 T e A P
% e, o TH
S 2 e -
U . -"-

1 i [ 16 .

0 0. 0.2

Distance from the ceter of a charged cloud (m)

3 TR RN O 22 B A E
Fig.3 Space charge density in a charged particle cloud.
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Fig.4 Discharge channel extending from a sphere electrode
toward a charged particle cloud.
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Fig. 5 Model for a moving charged particle cloud.
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Fig. 6 Arrangement of substitute charges and contour points.
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Fig. 7 Arrangement of line charge simulating a charged particle
cloud (cross section ).
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Table 1 Space charge density estimated from charge quantity of
discharge current obtained experimentally.

Corona Minimum  Extension Space Charge
charging charge of discharge charge density
voltage quantity channel density  ofacloud
(kv (pnc) (m) (pC/m’) (uC/m)
16 1.30 0.34 9.5 7.5
19 1.35 0.33 10.2 8.0
25 1.26 0.29 10.8 8.5
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Fig. 8 Potential distribution around a 4 m-long charged particle
cloud with a 100 mm-diameter sphere electrode.
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Fig. 9 Potential at the center of charged particle clouds.
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Fig. 10 Electric field strength at the surface of sphere electrode
with 100 mm diameter by 4 m-long charged clouds.
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Fig.11 Distribution of the electric field strength from a sphere

electrode to the center of charged clouds.
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Table 2  Occurrence aspect of electrical discharge extending from
a sphere electrode located near a charged cloud.

Diameter Electrode Charging Number Period Time to
of sphere Position  voltage of between  discharge
electrode  (m) (kV) discharges discharges inception
(mm) (ms) (s)
100 0.7 16 11 303 £ 82 217
0.5 19 54 96 = 14 0.4
0.7 19 35 194 = 45 097
1.0 19 3 917 £ 106  2.53
0.7 25 32 151 = 22 0.9
62 0.7 19 78 68 £ 26 043
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Fig. 12 The electric field strength from the surface of a 100-mm
dia. sphere electrode to a charged cloud.
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Fig. 13 Electric field strength over the surface of a sphere
electrode located at 0.7 m from the center of a 4 m-long
charged cloud with a charge density of 8§ pC/m.
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Fig. 14 Electric field strength at a vicinity of a sphere electrode
under the condition of discharge inception for a charge
density of 8 uC/m.
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Table 3 Calculated electric field strength at an electrode surface
and criterion for streamer discharge inception.

Diameter  Positon Surface Ionization K
of of electric field distance .
electrode  electrode strength Xo Em 5
(mm) (m) (MV/m) (mm) q-
100 0.5 3.55 11.1 10.0
100 0.7 3.84 13.9 16.3
100 1.0 3.21 8.1 3.5
62 0.7 4.38 11.8 24.8
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Fig. 15 The length of a stem of discharge channel extending from
a 100-mm diameter sphere electrode toward a charged
particle cloud obtained experimentally.
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