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Propagation Mechanism of a Positive DC Driven Atmospheric Pressure Helium Plasma Jet:
Influences of He-air Mixing Layer
ZHAO Lihua, JI Yiwei, SHANG Hao, HUANG Xiaolong, REN Junwen, NING Wenjun”
(College of Electrical Engineering, Sichuan University, Chengdu 610065, Sichuan Province, China)

ABSTRACT: Helium atmospheric pressure plasma jets (He
APPJs) have promising applications in many fields such as
biomedicine and material processing. In this contribution, a
2-dimensional fluid model was constructed to study the
physical mechanism of the cathode-directed propagation of a
positive DC driven He APPJ. Influence of helium-air mixing
layer and a small amount of air impurities in the discharge
channel on the discharges was highlighted. The simulation
results were in good agreement with the experimental
observations, and it further showed that the change of electron
collision ionization rate caused by the electron energy
distribution in the He-air mixing layer played an essential role in
the formation of cathode-directed streamer and the
hollow-section ionization wave structure. Penning ionization can
promote the discharge, but it has no decisive effect on the
formation of the streamer and the ionization wave structure. A
small amount of N2/Oz impurities in the discharge core channel
show two competing effects of promoting the discharge via
Panning ionization, or inhibiting the discharge via energy
dissipation to molecule excitation and electron attachment to O.

KEY WORDS: atmospheric pressure plasma jet; two
dimensional fluid model; discharge mechanism
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Table 1  Collision processes included in the model

ELE] S8 SCHR | WS S SCHR
R1 e+He—e+He [21] | R28  e+He;s—2e+Hey* [22]
R2 e+He—e+Hes [21] | R29  2Hes—e+He+He* [22]
R3 etHes—e+He [21] || R30 e+He;*—>Hes+He [22]
R4 etHe—2e+He* [21] | R31 e+He*—>Hes [22]
R5 e+Ny—e+N; [21] | R32 2e+He,*—>e+Hes [20]
R6  e+N,—e+Ny(v0-1) [21] | R33 e+HetHe*—Hes+He [20]
R7  e+Ny—e+Ny(v0-2) [21] | R34 2e+He;*—>Hess+e [20]
R8 e+N,—e+Ny(v0-3) [21] | R35 et+Het+He,*—>HesstHe [20]
R9  e+N;—>e+Ny(v0-4) [21] | R36 e+He+He,*—Hes+2He [20]
R10 e+Ny—>e+Ny(v0-5) [21] | R37 2et+He,*—>Hes+He+e [20]
R11  e+Np—e+Ny(A) [21] | R38 2e+Nz* >Nz +e [20]
R12  e+Np—e+Ny(C) [21] | R39 e+Np+N2*—2N, [20]
R13 e+N—e+Ny* [21] | R40 e+20,—-50,+0;" [23]
R14 e+0,—e+0; [21] | R41 Hes+2He—Hess+He  [22]
R15 e+0,—>0+0" [21] | R42 He*+2He—He;*+He [22]
R16 e+0,—0%" [21] | R43 0+0,"—>0+0, [23]
R17 e+0,—e+0,(v0-3) [21] | R44 0,7+0,*—>20; [23]
R18 e+0,—>e+0y(v0-4) [21] | R45 O, +0,*+He—>20,+He [24]
R19 e+0,—>e+0,(Al) [21] | R46 O +0,"+0,—»20,+0, [24]
R20 e+0y(Al)—>e+O, [21] | R47T Oy +0;*+N,—>20,+N, [24]
R21  e+0,—»e+0,(B1) [21] | R48 Hes+N,—e+Ny*+He  [22]
R22  e+0,(B1)—e+0, [21] | R49 Heys+Np—e+No*+2He [22]
R23 e+0,—»e+0,(EXC) [21] | R50 Hes+O,—e+Oy*+He  [24]
R24  e+0,—»e+0+0  [21] | R51 Hexs+O,—»>e+0,*+2He [24]
R25 e+0,—»e+0+0(1D) [21] | R52  He;*+N,—»>N " +2He  [22]
R26  e+0,—2e+0,"  [21] | R53 He*+N,—>N,* +He [22]
R27  e+Hes—2e+He* [22]

T SERRTF S, BRI Na(v0-1)+ Na(v0-2)« Na(v0-3)« No(v0-4).
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Fig. 1 Structure and simulation area of discharge device
and Geometric structure, mesh generation and He mole
fraction distribution at 3L/min of the model
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Fig. 7 Electron density distribution and ionization wave
propagation velocity of APPJ with different impurity
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Atmospheric pressure plasma jets (APPJs) possess
great potential in application fields including surface
modification, material processing, bio-medicine, etching,
etc. A typical APPJ is ignited by a dielectric barrier
discharge in inert gas atmosphere such as helium or
argon, and then propagating into ambient open space to
form a plasma plume. For helium APPJ, it is observed
from experiments that a stable diffusive plume can be
sustained in ambient air. The plasma plume is featured
by a highly orientated streamer discharge, which is
actually visualized from a high-speed moving ionization
the A

also known “plasma  bullet”.

the

wave, as

comprehensive understanding on propagation

mechanism of the plasma plume, as well as the

properties of ionization wave, is essential for

APPJ
In this paper, a 2D fluid model is

application-orientated device design and
optimization.
constructed to study the propagation of a He APPJ driven
by a DC voltage, focused on the influence of the He-air
mixing layer on the discharge dynamics. The model is
consisted by a gas flow module solved for the
of the

component, and a transient discharge module solved for

steady-state  distribution background gas
the particle densities, electron energy and electric field.
Thirteen kinds of particles contributed to 55 reactions are
included in the plasma chemistry. Fine agreements are
achieved between the calculated plume morphology,
transient “bullet” pattern and experimental observations,
as shown in Fig. 1, validating the ability of qualitative
prediction of the simulation model.

The simulation results emphasize the decisive role
of the helium-air mixing layer on the formation of an

isolated ionization wave that leads to the highly

528

orientated streamer discharge. Modulation of electron
energy distribution function in the helium-air mixing
layer affects the reduced electron-impact ionization
frequency, and guiding the ionization wave to propagate
within the He-air mixing layer where mole fraction of
helium is about 99%. For similar reason, in the case
where helium is injected into ambient helium atmosphere,
an isotropic discharge is formed near the tube orifice,
resembling a semi sphere. Penning ionization can
promote the discharge on certain level, but it has no
decisive effect on the formation of the discharge column
and the ionization wave structure. A small amount of
N2/O. impurities in the discharge core channel show two
competing effects of promoting the discharge via
Panning lonization or inhibiting the discharge via energy
dissipation to molecule excitation and electron
attachment to O,. Results presented in this paper
contributed to physical insight into the formation
mechanism of highly orientated streamer discharge in
helium APPJ, and a promising method of regulating the
discharge behavior by adding trace of N»/O. to the
helium flow.
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Fig. 1 Validation of simulation model with experimental images



