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Figure 1 (Color online) Schematic diagram of the experimental
setup.
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Figure 2 (Color online) Discharge image under a voltage of 11 kV
and gas flow rate of 10 L/min. The exposure time is 0.1 s. (a) Front
view; (b) side-on view.
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Figure 3 (a) Waveforms of the applied voltage, the discharge
current and the light emission signal from the discharge; (b) the pulse
width distribution function of the discharge current; (c) the pulse

intensity distribution function of the discharge current (Q=10 L/min,
U=14.5kV).

Bl 5 KRB, IE AR T ), IR B O R
HUHEL. BT BLIE 2 A7 (14350 50 il 284 25 5 744 P) S B
R R 2R AR T P AR R R ] 2 I 1.
K H G B A BEE (PMT )RR 37 B (X=15 mm,
Y=2 mm)[61E S, FEHRANE RS, M SEILHE
Al O A A (PMT2)) TN e ES. 4
PMT2 ST (Y B30, ids% Y HAs A A7 B (M
[H X E)IKRIEES, MISEELX B R HIRE Y H
[Pz [E] oy HEl &, S5 3R 6 fror. Al ULIRE ¥ HiAS

095201-3



FHRSE. PEE WY i ROCE

2015 HF45%F o

Frequency (kHz)

6 7 8 9 10
Gas flow rate (L/min)

Frequency (kHZ)
IS

st

6 1 1 1 1

10 1" 12 13 14
Voltage (kV)

4 (a) MERHCHMEERSREMNTUXREIS kV);

(b) 7 ER Bk B ST R B A ER B FE Y 3R X R (Q=10 L/min)

Figure 4 (a) The discharge frequency as a function of the gas flow

rate (U=13 kV); (b) the applied voltage (Q0=10 L/min).
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Figure 5 (a) The total light emission signal; (b), (c) signals from
two different positions along the X direction (U=13 kV, 0=10 L/min).
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Figure 6 Temporal evolution of the light emissions from different
positions of the discharge along the Y axis (U=13 kV, 0=10 L/min).
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Figure 7 (Color online) (a) Optical spectrum emitted from the
plasma plume scanning from 300 to 800 nm; (b) Boltzmann plot to
calculate the excited electron temperature(U=13 kV, 0=10 L/min).
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Table 1 Spectral lines of Ar used in Boltzmann plots to estimate the
electron temperature

Line Wavelength (nm) Ay (s7™) E, (eV) Transition gy
Arl 522.1 9.2x10° 15.47 7d-4p 9
Arl 549.6 1.38x10°  15.47 7d-4p 5
Arl 555.9 1.48x10°  15.15 5d-4p 5
Arl 560.7 2.29x10°  15.13 5d-4p 3
Arl 641.6 1.21x10°  14.86 6s-4p 5
Arl 706.7 3.95x10°  13.32 4p'-4s 5
Arl 750.4 4.72x10"  13.50 4p'-4s' 1
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Figure 8 (a) The molecular vibrational temperature as a function of

the gas flow rate (U=13 kV); (b) the molecular vibrational
temperature as a function of the applied voltage (0=10 L/min).
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Discharge characteristics of a brush-shaped argon plasma
plume driven by a direct-current voltage

LI XueChen"*", LI JiYuan' & ZHANG ChunYan'

! College of Physics Science & Technology, Hebei University, Baoding 071002, China;
2 Key Laboratory of Photo-Electronics Information Materials of Hebei Province, Baoding 071002, China

A stable plasma plume in brush shape is generated with fairly large area in the ambient air at atmospheric pressure
through using argon as the working gas and a direct-current (DC) excited line-plate discharge device. The discharge
characteristics of the brush-shaped plume are investigated by optical method. Results show that both the light
emission and the current signal are periodically pulsed despite that the discharge is excited by the DC power supply.
The light emission frequency is investigated through a photomultiplier tube, and it is found that the discharge
frequency increases with increasing the applied voltage or the gas flow rate. Spatially resolved measurements are
conducted for the light emission from the plasma plume along the ground electrode and the gas flow, respectively.
Results indicate that the uniform plume is composed of micro-discharges, which appear stochastically in time along
the line electrode. Along the gas flow direction, the microdischarge propagates in the method of plasma bullets in a
high velocity. The optical emission spectrum from the plume is detected by a spectrometer, and the molecular
vibrational temperature is calculated based on the discharge spectrum. It is found that the molecular vibrational
temperature increases with increasing the voltage or decreasing the gas flow rate.

plasma plume, atmospheric pressure uniform discharge, spatially resolved measurement, plasma bullet,
discharge frequency
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