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Table 1.  Elementary reaction and rates.
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Fig. 1. (a) Schematic setup of discharge; typical appear-
ance of plasma bullet (b) taken in experiments and (c¢) nu-

merically simulated.
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Fig. 2. Temporal-spatial evolution profile of pulsed dis-

charge plasma plume experimentally measured by optical

emission.
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Fig. 3. Temporal-spatial evolution profile of simulated He™"

density in pulsed discharge plasma plume.
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Fig. 4. Measured and simulated velocities of plasma bullet

in dielectric tube.
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Fig. 5. (a) Spatial profiles of the electric field of plasma bul-
lets at different positions; (b) spatiotemporal evolution of
the electric field with the existing of plasma bullet; (c¢) typ-
ical electric field distribution in the domain near the plasma
bullet.
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SPECIAL TOPIC—Several problems in plasma physics and material treatment

Discharge characteristics and mechanism of plasma plume
generated by atmospheric pulsed discharge”

Zhang Ya-Rong!  Han Qian-Han!  Guo Ying"?
Zhang JingVY?  Shi Jian-Jun DT
1) (Textiles Key Laboratory for Advanced Plasma Technology and Application, College of Science,
Donghua University, Shanghai 201620, China)

2) (Magnetic Confinement Fusion Research Center of Ministry of Education, Donghua University, Shanghai 201620, China)

( Received 31 December 2020; revised manuscript received 1 March 2021 )

Abstract

Atmospheric pressure plasma plume generated by pulsed discharge is studied by experimental diagnostics

and numerical simulations. It is found that the plasma plume is generated in the rising phase of pulse voltage,

in which a plasma bullet propagates toward the ground electrode at a speed on the order of 10* m/s. It is also

found that the electric field in the vicinity of the plasma bullet reaches 10° V/m, indicating that the formation

of plasma bullet can be attributed to the localized enhanced electric field, which will be enhanced near to the

grounded electrode. The spatiotemporal evolution of electron density in the discharge reveals that the residual

electron density remains after the plasma bullet has passed through, which explains the tailing phenomenon of

plasma bullet. The enhanced electron generation rate at the head of plasma bullet corresponds to the localized

enhanced electric field, which explains the generation mechanism of plasma bullet. This study of the

characteristics and mechanism of plasma bullet provides a theoretical basis for developing the atmospheric

plasma plume generated by pulsed discharge.

Keywords: plasma plume, numerical simulation, pulsed discharge
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