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Low temperature plasma discharges operating at atmospheric presgeiteclea receiving
a rising amount of attention in recent years. They are studied for aresioglist of applications
such as ozone generation, pollution control, biological decontaminatiosmplassisted stabi-
lization and ignition of lean flames, flow control and thin film coatings. Among tifferdnt
types of discharges at atmospheric pressure, nanosecond rejyapitiked (NRP) discharges are
particularly promising.

A detailed experimental study has been carried out on these transiemargdjes between
two pin electrodes separated by 5 mm in a preheated air flow [1, 2]. Syeépts between
successive pulses to create active species (e.g. atomic oxygen) inthefle been observed. It
is interesting to note that the cumulative effect of repeated pulsing aclstady-state behaviour
and then, even if they are transient, the NRP discharges have a visaaibiance with dc dis-
charge regimes. For ambient air temperature of 1000 K the glow-like reginteoi®bserved in
a thin voltage range of 6-7 kV [1]. This regime has an emission which fills therga diffuse
manner. For voltages higher than 7 kV, the spark-like regime with an intemissien is observed.
The measurements show that the glow-like regime is non-thermal and detrglopgh a positive
streamer propagating between both electrodes followed by a return wineeapposite direction.
Further details on the experimental results may be found in [1, 2].

In this work, we present a numerical study of the dynamics of NRP digekdrased on a
2D axially symmetric fluid model coupling drift-diffusion equations for elecr@amd ions with
Poisson’s equation [3]. To take into account the exact shape of thdqutiaales (modeled by
hyperboloids) in a rectilinear grid, we have used a Ghost Fluid Methodd@son’s equation [4].
The photoionization is taken into account through the 3-Groupnsétiel[5].

Emissions of streamers mainly consist of band systems freranld N;: the first positive
[LPN;, N2(B3Mg) — N (A3%})] and second positive [2PN No(C3M,) — N2 (B3Mg)] band
systems of I, and the first negative band system of RINNZ, N3 (B2Z}) — N3 (X?Z{)]. In
laboratory experiments, the emission of streamers at atmospheric prasdu@om temperature
is dominated by the blue emission of the 2Rfbr a comparison with experiments we calculate
optical emissions of 1INK, 1PN, and 2PN systems using a model described in [6].

We simulate a single discharge in air occurring during one of the 10 ns Idtagequlses.
In order to account for repetitive pulsing and stationary state manneeokfetitive discharge
we assume homogeneous preionization in the beginning of the voltage puss.dstimated that
the density of seed charges in the interelectrode gap is in the orde? afrftfor a 10-30 kHz
voltage frequency range [4, 7].

To take into account the fact that the discharge occurs at atmosphessupe in preheated
air at temperaturd@ we have changed the value of the total denbity NgTo/T whereNp is the
density of air at ground pressure and ambient temperdtur€his means a decrease of the total
density by a factor 3 in case of 1000 K compared to 300 K case. Local reduced electric field
E/N is then increased by the same factor and thus has a direct impact on ttgpespmeters and
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reaction rates in air which are assumed to be local functiofis/bf. Validity of this approach in
the studied range of temperatures is based on Tanaka'’s work [8].

An example of discharge dynamics for an applied voltage of 7kV during tse&fins for
an ambient temperature of 1000 K is presented in Fig. 1 as a time sequendal girafiles of
distributions of the electron density and absolute values of the electric fidid. pfopagation
of a positive streamer (from right to left) and a negative streamer (fréinideight) from the
anode and cathode respectively is characteristic for this geometridgat {ppoint) configuration.
Both positive and negative streamers are propagating in the pre-ionibatidground ahead of
both streamer heads. After the interaction of both streamers (after 4 nppsiteve streamer
propagates very rapidly towards the cathode in the volume pre-ionizeadmetiative discharge.
Then follows a very fast redistribution of the electric field in the interelectgab.
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Fig. 1: Electric field (left) and electron density (right) along tids of symmetry at = 0 to
8 ns, with a timestep of 1 ns.

In this contribution we will present results on the influence of ambient terhyreran range
of 300-1000 K on the discharge dynamics. The discharge conditiopd@poltage, gap size and
radius of curvature of electrodes) in which the glow-like regime can beraztavill be discussed.
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