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Three-dimensional PIC/MCC Simulation Study of Nanosecond Pulsed Discharge Processes of
Homogenous Electric Field Nitrogen Gap at Atmospheric Pressure
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Abstract: The paper aims to study the mechanisms of the influence of discharge parameters on the discharge processes of
gas spark switches under the pulse voltages with rise time of tens of nanosecond. On the basis of the field emission as-
sumption, we numerically simulated the formation and development processes of nanosecond pulsed discharge channels
of the homogenous electric field nitrogen gap at atmospheric pressure using a three-dimensional particle-in-cell, Monte
Carlo-collision model for different discharge parameters. The effects of discharge parameters on the morphology and
structure of the electron avalanche and streamer are analyzed by adjusting the parameters such as pulse voltage rise time,
initial electrons density, and field-enhancement factor. The simulation results indicate that the electron avalanche propa-
gates towards the anode, while the streamer simultaneously develops towards both the anode and cathode. The streamer
channel exhibits obvious branches. There are differences in the propagation speed and morphology and structure of
streamer channel for different discharge parameters. For the same initial electron density, the discharge propagation speed
decreases, and the bifurcations of streamer channel become more obvious with the increase of pulse voltage rise time. For
the same pulse voltage rise time, initial electrons with higher density can promote the formation and development of
streamer, and weaken the bifurcations of streamer channel. The pre-ionization effect can be realized with a higher
field-enhancement factor to effectively promote the steady generation and propagation of streamer, while minimizing the
bifurcation phenomenon of streamer channel to the maximum extent.
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Fig.1 Schematic of the model geometry in the simulations
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32) e+0, >e+0,(exc2), E=6.0 eV

33) e+0, »>e+0,(exc3), E=8.4 eV

34) e+0, —>e+0,(excd), E=9.97 eV

35) e+0, —>e+0,(excs5), E=14.70 eV

FHL 8 flf 4 -

36) etN, »>e+e+Ni, E=15.60 eV

37) e+0, >e+e+0,, E=12.06 eV
2 RHE
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1D e+N, >e+N(b'1,), E=12.50 eV

2) e+N, »e+N;(b' X)), E=12.85eV

3) e+ N, >e+Ni(c, X)), E=12.94 eV

BT TR RO AR

4) Ny +A >N, +A

5) N, >N, +hv

JGHLE

6) hv+0, »>e+0;
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