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Fig. 1. Schematic diagram of plasma generation and dia-

gnosis experimental platform.
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Fig. 2. Schematic of the simulation configuration. (D the glass tube interior, @ the tube wall, @ the ring electrode, @ ambient air.
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# 1 R ERRLT RN
Table 1. Plasma chemistry included in the model.
No. EEZ. AL S RTEI T E P U
R, e + He — e+ He aq [24]
R, e + He — e + He' ay [24]
Rs e + He — 2e + He" ag [24]
R, e + He'— 2e + He! 4.661 x 1016796 . ¢(—~55400/Te) [25]
Rs 2He" — e + He* + He 4.5 x 1071 [25]
Rg % + Het— ¢ + He' 6.186 x 103 T, 44 [25]
Ry 2He + Het — He + He;' 1x10" [25]
Rg 2¢ + He:2+ — ¢ + He + He' 2.8 x 10°% [25]
R e + He + He* — He + He' 6.66 x 104 T, 2 (25]
Ry e + He + Hej — 2He + He’ 3.5 x 107 (26]
Ry 2He" — e + HeJ 2.3 x 107 [26]
Riz e+ He; — He + He' 5.386 x 1013 7,795 (25]

e T, AR (eV); oy, ao, ag MIIBEIRZE SR AR AR | SRR = PR B0 (14 543 4351 Arm? s TS -s 7L

Tl 188 17%) 52 o7 T >R 22 508 7 Boltzmann 5300 3T RIS
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Fig. 3. Discharge voltage and current waveforms with rising
edge of 50 ns in experiment and simulation: (a) Experi-
mental full current waveform; (b) experimental current
waveform excluding displacement current, the number
1-27 represent the time interval of ICCD continuous acquisi-

tion respectively; (c) simulation full current waveform.
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Fig. 4. Propagating process of discharge in dielectric tube:
(a) ICCD picture; (b) He" distribution in evolution.
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Fig. 5. Distribution of electron density and ionization source during plasma evolution in tube: (a) Electron density; (b) ionization

source.
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Fig. 6. Electron density distribution of plasma propagating

to the upstream edge of the ground electrode (z = 2 cm)

and leaving the ground electrode (z = 2.5 cm).
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Fig. 7. Simulation and experimental results comparison of DBD area under different rising edge: (a) 50 ns; (b) 200 ns; (c) 500 ns.

(2, 2, and z, represent the data extraction position of GSD and FWHM respectively).
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Table 2. GSD and the relative intensity FWHM at
Zas %y 2 of APPJ driven by different rising time at
the time of current peak in experiment and the
FWHM at the corresponding position at the time of

current peak in simulation.
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Fig. 8. Distribution of electron density and ionization source during positive discharge: (a) Electron density when z = 0.3, 0.9 cm;

(b) ionization source when z = 0.3, 0.9 c¢m; (c) electron density when z = 2.0, 2.5 c¢m; (d) ionization source when z = 2.0, 2.5 cm.
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Fig. 9. Radial distribution of electron density, ion density,
electron temperature, sheath, and radial electric field intensity
under the applied voltage with different rising edge when
the head of plasma at z = 0.9 cm: (a) 50 ns; (b) 2000 ns.
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Fig. 10. Radial distribution of axial and radial electric fields
in the head of plasma under rising edge of 2000 ns.
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Fig. 11. Evolution of R, in tube under ground electrode in

rising edge of 2000 ns.
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Fig. 12. Axial distribution of surface charge density and ra-
dial electric field on the inner wall of dielectric tube in the
ground electrode when the head of plasma at different posi-
tions under rising edge of 2000 ns: (a) z = 2.3 cm; (b) z =
2.5 cm.
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Fig. 13. Time dependence of surface charge density and ra-
dial electric field intensity during different rising edge at z =
1.75 cm: (a) 50 ns; (b) 2000 ns.
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Effects of pulse voltage rising edge on discharge evolution
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in dielectric tube’
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Abstract

In this work, we employ pulse voltage to drive an atmospheric pressure plasma jet (APPJ) in Helium, and
consider mainly the evolution of discharge inside tube. Specifically, the effects of rising edge on the discharge
evolution are studied through the simulation and experiment. The spatiotemporal evolution of electron density,
ionization source, electron temperature and excited helium atom are evaluated. Besides, the mechanism
affecting the rise time is analyzed by the parameters such as discharge current, sheath thickness and surface
charge density distribution. In the considered cases, the ionization wave propagates to the ground electrode and
downstream of the active electrode in the dielectric tube. The plasma with faster rising edge has larger electron
temperature, discharge current, electron density and electric field strength. With the change of voltage rising
edge, there occur two discharge modes: hollow mode and solid mode in dielectric barrier discharge (DBD) area.
When the rising edge is of nanosecond and sub microsecond, it develops into hollow mode, and changes into
solid mode after the rising edge has continued to increase. Both discharge modes are essentially affected by the
sheath thickness, the electric field distribution, and the surface charge density inside the tube. When the sheath
thickness is less than 1.8 mm, the plasma usually propagates in hollow mode, and when the sheath thickness is
equal to 1.8 mm, the radial propagation range of the plasma is limited and changes into solid propagation. In
the DBD region, when the electric field is mainly axial component, the plasma propagates in the mode at the
beginning of discharge; inside the ground electrode, owing to the fact that the applied electric field is deviated
from the radial direction, and that the positive charge deposited on the tube wall forms a radial self-built
electric field, the strong radial electric field formed by the superposition of the two fields causes the discharge to

propagate in hollow mode.

Keywords: He atmospheric pressure plasma jet, discharge mode, plasma sheath, rising edge
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