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Introduction:

In this numerical study, an effective understandigtmospheric pressure discharge
(APD) is developed by an analysis of the physicapprties of discharge species under
different conditions in He-air operating gas. Theltrdimensional coupled system of fluid
model equations are numerically solved for the Weadnized discharge plasma in the
presence of neutrals, metastables, excimers, sp@icies and clusters, such as H&e", Ny,
0., O, N, NO', O;", N4, H,0O", H0", H,O0.H:0", €, O, Oy, O3, Oy, COs, COy, He(23S
and 2S), He'y" ), O (‘D) and O,(*Ay) in two and three-dimensional space. To illustrate

the complexity of APD in He-air gas, the reacti@ates of 80 chemical reactions, such as
direct excitation and ionization of gas mixturerafy Penning ionization of air gas impurities,

charge transfer, attachment of electrons and detsee recombination processes from the
various sources are considered to explore the ctesustic features of discharge kinetics with

multi-dimensional numerical simulations [1 - 3].

Results and Discussion:
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Figure 1 (a - f): Two-dimensional profiles of elexts, O, O,, O;, O, and CQ at 30 kHz and 1.5 kV.
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The distinct behaviour of atmospheric pressurehdisge is substantially emerged during the

progression of initialization, growth and decay $d® of a half cycle but the prominent
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interacting activities of discharge participatingesies are involved in the breakdown phase.
The pattern of spatial distributions of electronsd anegative ionic species density are
described in the breakdown phase as shown in figjuie - f), when their sharp peaks exist
near the momentary cathode (C) and anode (A) bauatethe maximum conduction discharge
current density. As the electrons acquire maximemsdy in the negative glow region during
the development of uniform glow discharge plasmdisglayed in figure 1 (a), the noticeable
guantity of O ions is also present in the positive column aadribximum value exists near
the momentary anode barrier as shown in figure )1 I(b He-air APD, the Oions are
produced due to the major contribution of electrattachment with the atomic oxygen, while
they sharply transform into negative molecular i@l dissociate through the multiple
channels of recombination. The strong generatioglesftrons is balanced with the attachment
processes, which provide the formation of thesatmeg ions (@, O3, O4, CO;s and CQ).

It is apparent from the figure 1 (c - f) that thgher densities of negative ions {003, Oy
and CQ) are turned up in the form of sharp distorted ifsfnear the momentary anode

barrier as compared to the electrons anws.
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Figure 2: One-dimensional line mean densities eftebns and positive ions at 30 kHz and 1.5 kV @dit gas.

The line averaged density of electrons and positine are elaborated by their spatial profiles
during the formation of cathode fall layer in thew discharge phase. It is evident from the
spatial distribution of discharge species that sharp peak corresponds to the molecular
helium ions as compared to other ions in the cahadl region. The higher densities of
molecular nitrogen and oxygen impurity ions areesbed near the cathode barrier (C) and
become small in the positive column as exhibitefigare 2. The expressive amount of N
ions is evolved throughout the reactor gap, whetbassmaller densities of atomic and
molecular ions (He O, N" and Q") are perceived in the positive column than otresavy

ionic species. The above spatial profile enhanceowrall view of electrons and major
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positive ionic species in the atmospheric presdiseharge.
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Figure 3 (a, b): One-dimensional line averaged itieraf ionic species and clusters, and two-dimemaio

structure of electron mean temperatureffor30 kHz andV,,, = 1.5 kV in He-air gas.

The spatial investigation of one-dimensional stitetof some positive ionic species and
clusters exhibit that they are dominant in the @rmortion of reactor as shown in figure 3 (a)
because of intense collisions at atmospheric presdinis is confirmed with the maximum

densities of NO, H,O" ions and HO.H,O" in this particular region and the clustegQHH,0"

is emerged as one of the distinguished specieheémtentioned heavy ionic species. The
different amounts of impurities gNO, and CQ) in He-air gas perform an important role to
modify the discharge kinetics with Penning ioniaatiprocess than the pure helium gas.
Accordingly, the electrons in the discharge plasinsorb energy from the mean electric field,
which is clearly distorted near the cathode bamillustrated in figure 3 (b). The electron
density becomes very small in the cathode falldayel the positive ions are responsible for
the energy transformation in this region. The etetimean temperature is indicated with an
abrupt falling trend in the cathode fall region,igfhreduces from the higher to lower values

and slightly rises again near the anode barriee. hagnitude of electron mean temperature is

varied from ~ 8.5 to 3.0 eV near the momentary adithbarrier.
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Figure 4 (a - f): Volumetric distributions of Keions (blue) and’s (red) at 30 kHz and 1.5 kV in HerNas.
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The evolution of homogeneous uniform volumetriciritisitions of electrons and kfeions
densities are discussed from the time t1 to téied-dimensional space for 30 kHz driving
frequency as shown in figure 4 (a - f). Initialthe spatial structures of electrons and'He
ions density are examined in the pre-breakdownghadisplayed in figure 4 (a - c) from t1
to t3 with an interval of ~ Ls. In the last structure of pre-breakdown as esgesn 4 (c),
the electrons and Heions densities acquire the numerical values ofoxB5 and 1.0x1¢
cm®. The figure 4 (d) exhibits the species densithim start of breakdown phase at t4, while
the electrons and ions proceed towards their réspeanode and cathode barriers. The
densities of electrons and Heons are increased to further higher values in steet of
breakdown pulse and reached to the magnitudes *1@.Gand 1.6x18¥ cm®. The rapid
movement of electrons represent that the ionizalibmuickly travels towards the cathode
barrier and the volumetric densities of electrond He" ions rise to ~ 8.0xf0and 2.6x1¢
cm® as illustrated in figure 4 (e). However, the thdimensional profiles of electrons and
He," ions density demonstrate that the electrons arapied in the larger space due to their
higher mobility and kinetic interaction with othsmecies in the reactor gap and the Hens
are squeezed in the smaller space near the suff@eghode barrier. The volumetric structure
of electrons and Hé ions in figure 4 (f) corresponds to the homogeseamiform
distribution of atmospheric pressure discharge withidentification of four distinct regions
in the gap, while the time span between t3 to tépisroximately ~ Zs. The change in He
ions density is larger than electrons and it vafies ~ 4.0x18 and 3.0x1& cm?®, while the
density of electrons alters from ~ 3.0%Ehd 8x18 cm® during the time interval from t1 to
t6. Consequently, the evolvement of pre-breakddweakdown and formation of cathode fall
layer are recognized from the spatio-temporal ithistions of electrons and ke ions
densities. Thus the dynamic activities of electransl He" ions can be sharply observed
from the analysis of above six distributions, whitgvelop a smooth and profound impression

of initialization and breakdown phases of a hatflejj4] in three-dimensional space.
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