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In this paper the microdischarge in a vortex gas flow was studied. The important values in it are components of
the flow velocity transverse to the current channel. This provides both enhanced heat-mass transfer of the plasma to
the surrounding environment and the gliding of the discharge along the surface of the electrodes. The first
contributes to the nonisothermal nature of the plasma, and the second reduces the removal of the material of the
electrodes into the plasma. The temperatures of excited vibrational levels and excited rotational levels of molecules
ware determined from an emission spectra of the microdischarge by using a Specair code. The electric field in the
microdischarge plasma was estimated by the dependence of the voltage drop on the discharge at different
interelectrode distances. The average electron energy and the electron energy distribution function were determined

using code Bolsig +.
PACS: 52.50.Dg; 52.80.-s

INTRODUCTION

The atmospheric pressure (Pam) microdischarge
plasma is the one of the most promising directions in the
nonequilibrium plasmachemistry today [1]. It is
confirmed by a large number of researches which are
devoted to usage of microdischarge plasma in plasma-
medicine. The most current interest in this direction are
such things as: wound treatment starting from blood
coagulation and finishing with healing acceleration;
dental application of plasma; sterilization of medical
equipment or living tissue, etc.

A high number of devices for plasma jets generation
are already been implemented for those purposes. The
overwhelming number of designs in this area is based
on using of dielectric barrier discharge, corona
discharge or high-frequency types of discharges. It is
known that such discharges have low gas-kinetic
temperature of heavy components and very high level of
a reduced field (E/N ~500 Td). As a result, average
electron energy in the plasma jet is ~ 10 eV.

Such energies can become a reason for stimulation
of radiochemical processes in living tissues. It can cause
pathologies in the treatment tissues. We have to pay
special attention to the fact that there is large variety of
living things that have narrow boundaries of existence
in the environment. Therefore, the significantly affect
the living tissues can be caused even by relatively
insignificant changes in the conditions of existence. For
this reason, developing of plasma generators with
substantially lower values of the reduced field for
medical applications is highly promising.

Consequently microdischarges can rightly be
considered as one of the most promising plasma jet
generators for their use in biomedicine, which can
operate at substantially lower E/N values. Known that in
discharge with submerged plasma electrodes can be
realized in electric fields smaller than in a barrier
discharge. But we must take into account that in such
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discharges can be a significant removal of the material
of electrodes in the plasma, which is the smallest in the
sliding discharges [2].

In this paper the microdischarge in a vortex gas flow
was studied. The important value in it is components of
the flow velocity transverse to the current channel
[3].This provides both enhanced heat-mass transfer of
the plasma to the surrounding environment and the
sliding of the discharge along the surface of the
electrodes. The first contributes to the nonisothermal
nature of the plasma, and the second reduces the
removal of the material of the electrodes into the
plasma. The plasma-forming gas injection was realized
in the way to maximize exchange between the plasma
and the environment.

1. EXPERIMENTAL SETUP

Schematic representations of the studied a
microdischarge system and interelectrode space (in
zoom) are presented in Fig. 1. The microdischarge is
axisymmetric plasma generator. A vortex supplying of
plasma forming gas in the interelectrode space is the
peculiarity of these system. Power supply of discharge
provides the output voltage of 7 kV (high voltage
electrode — cathode). Plasma forming gas was supplied
in the discharge chamber through the gas supply
channel (2) tangential to the inner cylindrical dielectric
wall (4) of the reaction chamber (15 mm.
Microdischarge burning between copper electrodes (3),
which were located at a distance about 1 mm apart (Fig. 1,a).
The high-voltage electrode was a cathode. It was a wire
with a rounded tapered tip ~ 0,6 mm. The external
grounded electrode (anode) has the axial hole in the
middle. Microplasma jet was blown out through the
axial hole. Generated microdischarge plasma was blown
out by flow of plasma forming gas (Air) from discharge
gap through a hole in the anode (d =1 mm) in open air
space. The gas flow was G =2 L /min. All construction
had water cooling (1).
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Fig. 1. Schematic representation of the studied microdischarge system (a) and interelectrode space (b)
(1 - cooling; 2 — gas input; 3 — electrodes; 4 — dielectric; 5 — current channel; 6 — gas flow)

In Fig. 1,b presented interelectrode space in zoom.
The optical emission spectroscopy was detected inside
the discharge chamber perpendicular to the current
channel (5).

The discharge behavior of the system was studied by
video and photo observations method also. The
microplasma emission spectra inside the chamber was
recorded by using CCD-line based spectrometer with
the instrumental function width at 0.3 nm. Spectrometer
was operating in the wavelength range 200...1080 nm.
Optical emission spectroscopy was carried out in the
area between electrodes near the surface of the anode.

The temperatures of excited vibrational levels (T")
and excited rotational levels (T"y) of molecules was
determined from the emission spectra of the
microdischarge plasma (in cases of | =5...30 mA) by
using the Specair code.

Also, the reduced electric field of the microdischarge
was evaluative from current-voltage characteristics at
different interelectrode distances. The average electron
energy and the electron energy distribution function
were determined using the Bolsig+ code at
experimental values E and Tiansiational = T'r-

2. RESULTS AND DISCUSSION

Fig. 2 shows a discharge channel in a chamber,
where a micro-discharge plasma is formed without a gas
stream (a) and with a stream of plasma-forming gas (b).
The discharge current in both cases was the same and
corresponded to | =30 mA. The discharge voltage level
of burning was higher in the second case.

As can be seen from the figure, the vortex flow of
plasma-forming gas allows concentrating and directing
the plasma jet.

During visual observation, it seemed that a plasma
jet completely fills a hole at the out of discharge
chamber. For a more detailed study, we used a recording
device (Nikon DIGITAL CAMERA D7100 with lens
Nikon DX VR AF-S NIKKOR 18...140 mm
1:3.5...5.6 G ED) that allowed to take photos of small
time exposure.

In Fig. 3 shows a photo of a current channel with
different exposure times. As can be seen, there is a
current channel that slides along the anode surface
around the outlet through the gas flow (Fig. 4).

This is due to the fact that the plasma-forming gas is
fed tangentially to the lateral surface of the discharge
chamber.
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Fig. 2. Photo of microdischarge inside the discharge
chamber without —(a) and with — (b) gas supply
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Fig. 3. Photo of current channel for exposition time:
a—-0,03; b-0,001. G(Air) = 2 L/min, | = 15 mA,
z=4mm,d=2mm

The demonstration of the last assumptions you can
see in (see Fig. 4). It represented video footage of the
current channel with exposure time 5-10*s. The
discharge  parameters  was:  G(Air) =2 L/ min,
I=15mA, z=4mm, d=2mm. We determined thet
thickness of the current channel was about 0.3 mm.

Current-voltage characteristics were measured at a
distance between electrodes of 0.5...4.0 mm without gas
flow and at an air flow of 2 L / min. The electric field in
the microdischarge plasma was estimated by the
dependence of the voltage drop on the discharge from
the interelectrode distance (Figs. 5, 6).

As can be seen from Fig. 6, the dependency of
voltage to interelectrode distance (U (L)) is significantly
different in the absence and presence of gas flow. In
case of L <2.5mm, the electric field is twice large then
in case L >3.0 mm. In the absence of gas flow U (L)
dependence is linear in the whole interelectrode distance
range changes.

271



a b c
d e f

Fig. 4. Photo of current channel for exposition time
5x10*s (a — frame 1; b — frame 2; ¢ — frame 3;
d —frame 6; e — frame 7; f — frame 8). The thickness of
the current channel is 0.3 mm. G(Air) = 2 L/min,
I=15mA,z=4mm,d=2mm
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Fig. 5. Dependences of voltage to interelectrode
distance for different current
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Fig. 6. Determining of electric field of microdischarge
(<2.5 mm) and anower type of discharge (> 3.0 mm)

Accordingly, the given electric field of discharge
E/N=20...35Td is typical for the studied
microdischarge plasma in the electric current range of
5...30mA and the plasma-forming gas flow
G (Air) =2 L/ min.
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A typical emission spectrum of micro-discharge
plasma for currents I =5and | =30 mA is shown in
Fig. 7. Emission spectra of the microplasma are
multicomponent. It contain molecular bands of second
positive nitrogen system (N2 (C-B)), OH (A-X) and Ny*.
The main component of the microdischarge plasma is
N2 (C-B). The T, and T" levels of molecules was
determined from the emission spectra by using the
Specair code.

3 -

N,(0-0)

Fig. 7. Microdischarge spectra for interelectrode
distance 1 mm

T, determination was made by using of second
positive nitrogen system bands correspond to (0...2) and
(1-3) energy levels transfers and T"r — through (0...2) on
a wavelength range A = 370...380 nm (Fig. 8).
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Fig.8. Experimental and simulation spectra for
I =5 mA and | = 30 mA. Experiment was made for
d=1mm,I=1mm,G=2I1/min

Fig. 8 shows that increasing the discharge current
leads to an increase T". The microdischarge plasma of
atmospheric pressure is non-isothermal.

Fig. 9 shows the functions of the distribution of
electrons by energy and the average electron energy
T =500 K calculated by the code Bolsig +. It is seen
that an increase in the discharge current leads to a
decrease in the number of electrons with higher
energies.
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CBOMCTBA MUKPOPA3PSIJTHOM I1JIABMBI B BUXPEBOM IIOTOKE BO3JIYXA
B.A. Yepnsax, O.B. Konomuey, B.B. IOxumenko, A.H. {oimbaniok, B.0O. Xomsax, /I.0. Yepuvru

Uzyuyancs Mukpopaspsa B BUXpPEBOM MOTOKE raza, B KOTOPOM CYIIECTBEHHBI COCTAaBJISIONINE CKOPOCTH MOTOKA,
MOTIEpEeYHbIC K TOKOBOMY KaHaITy. JT0 00ecreunBaeT KaK YCHIICHHBIA TEINIOMAacCOOOMEH IIIa3MBI C OKpYKaromen
Cpenoi, Tak M CKONBKEHHE IO MOBEPXHOCTH AJEKTPOIOB. [lepBoe CIOCOOCTBYeT HEM3OTCPMHUYHOCTH ILTAa3MEI,
BTOPOE YMEHBIIACT BBIHOC MaTepHaNa »JJIEKTPOIOB B IUIa3My. TeMmmeparypsl 3acelieHHs BO30YKICHHBIX
KOJICOATENBHBIX U BpalaTeIbHBIX YPOBHEH MOIICKYI ONPEACISUIUCH C IMHCCHOHHBIX CIIEKTPOB MHKPOPA3PSIIOB C
UCIIONB30BaHUEM Koa Specair. DJIEKTPHUUECKOe IMOJie B IUIa3Me MHUKPOPA3PsIOB OIEHUBAIOCH IO 3aBUCHMOCTHU
MaJIcHUs HATIPSDKCHUS Ha paspsilie OT MEXKIIEKTPOAHOTO paccTosHUSA. CpemHss SHeprus dIEKTPOHOB M (HYHKIHUS
pacmpezienieHns SIEKTPOHOB M0 SHEPTHHU ONPEAEISUTUCE C UCIONb30BanneM koja Bolsig +.

BJACTHUBOCTI MIKPOPO3PSTHOI IIVIA3MHU Y BUXPOBOMY IMOTOLI TOBITPS
B.A. Yepnsax, O.B. Konomicus, B.B. IOxumenxo, O.M. I{umbanwk, B.O. Xom'saxk, /1.0. Yepuuw

BuBuaBcsi MiKpopo3psii y BHXPOBOMY IIOTOLI ra3y, B SKOMY ICTOTHUMH € CKJIaJOBI IIBHIKOCTI IIOTOKY,
MOTNepeyHi 710 CTpyMOBOro Kanaiy. lle 3abesmedye sIK IOCHJIEHHH TEIUIOMAcOOOMIH IUIa3MH 3 OTOYYIOUHUM
CepeIOBHUINEM, TaK i KOB3aHHSI 10 TIOBEPXHi enekTpoais. [lepie crpusie HEI30TepMIYHOCTI TUIa3MH, APYTre 3MEHIIYE
BHHOC Matepially eleKTpOodiB y IUIa3My. TemMmnepaTypu 3acelieHHS 30y/KeHUX KOJIMBAIBHUX 1 00epTaTbHUX PIBHIB
MOJICKYJI BU3HAYAJIMCh 3 eMICIHHHUX CIIEKTPiB MiKpOPO3psAiB 3 BUKOPUCTaHHIM Koxy Specair. EnexTpudne nose B
Ia3Mi MIKpOpO3psily OI[HIOBAIOCH 32 3aJIE)KHICTIO MajJiHHS HANPYTH Ha PO3psl BiJ MIKENEKTPOAHOI BiACTaHI.
CepenHs eHeprisl eneKTPOHiB 1 QYHKIIS pO3MOAITY €IeKTPOHIB 3a CHEPTi€l0 BH3HAYAINCH 3 BUKOPUCTAHHIM KOLY
Bolsig +.
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