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An effective understanding of atmospheric pressigeharge (APD) is developed by an analysis
of the physical properties in He-air operating gdse multi-dimensional coupled system of fluid
model equations are numerically solved for the \yegthnized discharge plasma in the presence
of species and clusters, such as’,Hde', N,", 0,5, O, N, NO", O,", N,/, H,O", H;O",
H.,O.H:0", €, O, O,, O5, Oy, COy, COy, He (23S and 21S), Izl(aasz: ), O (D) and Q (*Ay) [1].
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Fig. 1 (a - d): Two-dimensional profiles of eleatsp O, O, and Q" at 30 kHz and 1.5 kV in He-air gas.
The pattern of spatial distributions of electronsd anegative ionic species densities are
described in the breakdown phase as shown in fijgee- d), when their sharp peaks exist near
the momentary cathode (C) and anode (A) barrierth@tmaximum conduction discharge
current density. As the electrons acquire maxime@msdy in the negative glow region during
the development of glow discharge plasma as display figure 1 (a), the noticeable quantity
of O ions is also present in the positive column arsdntaximum value exists near the
momentary anode barrier as shown in figure 1 (Wje Btrong generation of electrons is
balanced by the attachment processes, which prakidormation of negative ions {O0;,

04, CGy and CQ). It is apparent from the figure 1 (c, d) that tiigher densities of negative
ions (@ and Q) are emerged in the form of distorted profilesrnge® momentary anode
barrier as compared to the electrons ahibfs.
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Fig. 2 (a, b): Line averaged densities of electrams ions, and electron mean temp at 30 kHz an#\1..5

The line averaged density of electrons, ionic sggeeind clusters are elaborated by their one-



20t ESCAMPIG, 13-17 July 2010, Novi Sad, Serbia P3.46

dimensional spatial profiles during the formatiodncathode fall layer (CFL) as displayed in
figure 2 (a). It is evident from the spatial meastribution that the higher peak corresponds to
the molecular helium ions than other ions in thihade fall region. The molecular nitrogen and
oxygen impurity ions have higher values of densidar the cathode barrier and become very
small away from the glow discharge region. The ificant amounts of ) and NO ions are
observed throughout the reactor gap, whereas th#tesrdensities of ions (HeO" and N) and
clusters are perceived than other heavy ions. Bbeeadistributions provide an overall view of
the electrons, ions and clusters in the atmosplmessure discharge. The electrons in the
discharge plasma absorb energy from the meanieléetd of the reactor gap, which is twisted
near the cathode barrier. The electron densityhesovery small in the CFL and the positive
ions are responsible for the energy transformdtichis phase. The electron mean temperature
is indicated in figure 2 (b) with the abrupt fadlitrend in the cathode fall region, which reduces
from the higher to lower values and slightly risgmin near the anode barrier (A). The electron

mean temperature is varied from ~ 8.5 to 3.0 eV ttsamomentary cathodic barrier (C).
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Fig. 3 (a - f): Phases of spatial volume three-disi@nal distribution of H& ions (blue) and electrons
(red) at 30 kHz and 1.5 kV in He;Njas.
The evolution of uniform volume distributions oketrons and Hé ions densities are discussed

from the time t1 to t6 in the three-dimensionalcgpfor 30 kHz. Initially, the spatial structures
of electrons and Hé& ions density are examined in the pre-breakdowrselas displayed in
figure 4 (a - c) from t1 to t3 with an interval ofL us. In the last structure of pre-breakdown in
4(c), the electrons and Kleions densities acquire the numerical values of.6xBf and
1.0x13° cm®. The figure 4 (d) exhibits the species densitihmstart of breakdown phase at t4,
while the electrons and ions proceed towards tlesipective anode and cathode barriers and
attain the values ~ 6.0x1and 1.6x1¥ cm®. The rapid movement of electrons exhibit that the
ionization flit quickly travels towards the cathotarrier and the volumetric densities of
electrons and Hé ions advance to ~ 8.0x1@nd 2.6x18 cm® as shown in figure 4 (e). It is
clear from the figure that the electrons occupyhim large space of gap due to higher mobility
and He" ions squeeze near the surface of cathode bafitier.change in Hé ions density is
larger than electrons and it varies from ~ 4.0xdiid 3.0x18 cm® while the electron density
shifts from ~ 3.0x1Dand 8x16 cm® during the progression of atmospheric pressurev glo
discharge from tl1 to t6. Consequently, the evolvenma pre-breakdown, breakdown and
formation of cathode fall region are recognizednfrohe spatio-temporal distributions of
electrons and Hé ions. Thus the dynamic activities of electrons &fggl ions density can be
distinctly observed from the above six distribupnvhich develop a smooth and profound

impression of initialization and breakdown phaskes balf cycle.
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