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Fig. 1. Surface potential of particles varies with ion density.
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Fig. 2. Discharge model and particle group location: (a) Large particle group location with sparse distribution; (b) dense distribu-

tion large particle group position; (c¢) the position of small particle group in the discharge gap.
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Fig. 3. Streamer discharge electron density evolution: (a) No particle, ¢ = 0.8 ns; (b) no particle, ¢t = 1.0 ns; (c) no particle, ¢t =

1.5 ns; (d) no particle, ¢ = 2.0 ns; (e) individual particle, ¢ = 0.8 ns; (f) individual particle, ¢ = 1.0 ns; (g) individual particle, ¢ =

1.5 ns; (h) individual particle, ¢ = 2.0 ns.
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Fig. 4. Streamer electron density evolution in the presence of large particles with sparse distribution: (a) ¢ = 0.8 ns; (b) ¢t = 1.0 ns;

(¢c) t = 1.5 ns; (d) ¢ = 2.0 ns. The reduced electric field and particle polarization evolution: (e) ¢ = 0.8 ns; (f) ¢ = 1.0 ns; (g) t =

1.5 ns; (h) t = 2.0 ns in the discharge gap.
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Fig. 5. Streamer electron density evolution in the presence of large particles with dense distribution: (a) ¢ = 0.8 ns; (b) ¢t = 1.0 ns;
(¢c) t = 1.51s; (d) ¢t = 2.0 ns. The reduced electric field and particle polarization: (e) ¢ = 0.8 ns; (f) ¢t = 1.0 ns; (g) t = 1.5 ns;

(h) t = 2.0 ns in the discharge gap.
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1.5 ns; (d) LKL, t = 2.0 ns; (e) ng = 1x108 m 3, ¢t = 0.5 ns; (f) ng = 1x10"¥ m3, t = 1.0 ns; (g) nqg = 1x10"¥ m3, t = 1.5 ns;
(h) ng = 1x10®¥ m 3, ¢t = 2.0 ns; (i) ng = 5x10¥ m3, ¢ = 0.5 ns; (j) ng = 5x10¥ m 3, ¢ = 1.0 ns; (k) ng = 5x10® m3, ¢ = 1.5 ns;

(1) ng = 5x10% m™, t = 2.0 ns

Fig. 6. Streamer discharge electron density evolution in the presence of small particles group: (a) No particles, ¢ = 0.5 ns; (b) no

particles, ¢ = 1.0 ns; (c) no particles, ¢ = 1.5 ns; (d) no particles, ¢t = 2.0 ns; (e) ng = 1x10% m3, ¢ = 0.5 ns; (f) ng = 1x10% m3,
t=1.0ms; (g) ng= 1x10® m3, ¢ = 1.5 ns; (h) ng= 1x10¥ m3, ¢t = 2.0 ns; (i) ng = 5x10¥ m3, t = 0.5 ns; (j) ng = 5x108 m3, t =

1.0 ms; (k) ng = 5x10® m3, ¢ = 1.5 ns; (1) ng = 5x10®¥ m3, ¢ = 2.0 ns.
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Fig. 7. Evolution of electron density in the case of uneven charge of particles: (a) t = 0.5 ns; (b) ¢ = 1.0 ns; (¢) ¢ = 1.5 ns; (d) ¢t =

2.0 ns.
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Fig. 8. Variation of potential between rod and plate with

small particle density at ¢ = 2.0 ns.
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Fig. 9. Evolution of electric field strength between rod and

plate electrodes with different particle group densities.

HiAR 1810 DX, H T gy A 320K AN Y 5 58 fe A
H, P88 T 3w s 22, B I H 3 T 1 L 52
B A IGE I, AL 3G TR, 0T Sk 380 B s i
s A btz e, M H BT R b i (e A A
DX 3o Bt R 2% 85 g T S PO, 2 ¢ = 2.0 ms,
T TE 2 ORI o A DX SR, R 2 R A Pk
B AR AN 10 .

6t —a— JEAURL
—a—ng=1x10"¥ m-3
——ng=>5x10¥ m—3

th TR/ (1019 m %)

b |

0 AR X .
0 0.5 1.0 1.5 2.0 2.5
HIR)EE RS /mm

K10 AFEPRERE AT t = 2.0 ns *PRIZE s T M i
Fig. 10. Distribution of electron density along the central

axis with different particle group density at ¢ = 2.0 ns.
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Streamer discharge under particle group effect”

XUE Xiaojian? LIANG Qing SUN Jinlu MA Xuechao ZHANG Yibo

(College of Intelligent Manufacturing Engineering, Shanzi Institute of Science and Technology, Jincheng 048000, China)
( Received 25 December 2025; revised manuscript received 1 February 2026 )

Abstract

Abnormal streamer discharge phenomena in ultra-high voltage power transmission equipment are strongly
influenced by the spatial distribution of airborne particles. This study develops a coupled fluid model
comprising a streamer discharge fluid module and a particle charging module, to investigate the influence of
particle size and density on discharge branching, electron density distribution, electric field evolution, and
related physical processes. The streamer discharge fluid module supplies electron and ion density data to the
particle charging module, while the particle charging module, in turn, delivers the charged particle continuity
source term and the charge source term to the streamer discharge module. The study reveals that polarization
of large-size particles enhances electric field intensity adjacent to the outer particle surface, promoting surface
streamer initiation and suppressing the propagation of the volume streamers. The smaller the interparticle
distance, the less likely a new volume streamer is to be observed. For the circumstance of smaller-size particles,
the quantity of streamer branches exhibits a substantial increase attributable to the electric field source term
and the continuity source term arising from the particle charging process via the electron and ion adsorbing. As
a result, the electron density within the streamer drops significantly by approximately 61% in the presence of
the particle distribution. Concurrently, the evolution of the electric field amplitude across the discharge gap
undergoes a distinct reversal, driven by the particle charging inside the particle distributing region. In both
larger-size and smaller-size particle scenarios, the accumulated surface charge distorts the local electric field,
thereby suppressing upward streamer propagation through the particle distributing region while simultaneously
enhancing the streamer’s velocity as it exits this region and advances toward the bottom electrode.

S
o
Electron density /(10" m~—3)
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