ON THE CONTRACTION OF AN ARC DISCHARGE IN GASEOUS
MIXTURES

P. V. Porytskyy

Institute for Nuclear Research, pr. Nauky 47, Kyiv 03680, Ukraine,
Jax: +380-44-2654463, e-mail: poryts@kinr.kiev.ua

The influence of properties of a gaseous medium on the process of contraction (self-constriction) of an arc discharge in
the atmosphere of the mixtures of noble gases is considered. The calculations are carried out, and it is shown that the
degree of constriction of an arc discharge is determined by both the thermal characteristics of the gaseous medium and
the characteristics of electron-atom collisions. It is revealed that the Ramsauer effect has an influence on a character of
the contraction of an arc. Also, it is shown the possibility to neutralize this influence in gaseous mixtures.

PACS: 52.20.Fs, 52.25.Fi, 52.25.Ya, 52.27.Cm, 52.77.Fv, 52.50.Nr, 52.80.Mg

1. INTRODUCTION

Thermal contraction (self-constriction) of an arc
discharge is caused by the fact that temperature at the
periphery of the discharge falls and the gas density (under
constant pressure) rises [1-5]. Therefore, electrons at the
periphery give up a larger amount of energy to neutral
particles and their temperature falls, which leads, in turn,
to a decrease in the concentration of electrons because of
the intensification of the recombination processes.

The contraction of an arc in one-component gas
media is studied in papers [3-5]. Unfortunately, the
obtained results can not be apply to the case of an arc
discharge in gaseous mixtures due to the fact that the
properties of the mixtures and multicomponent plasmas
are known to be not additive relatively to the
concentration of components [6,7].

In this paper, the real cross-section of electron-atom
collisions are taken into account, and the influence of
characteristics of the gaseous medium on the process of
thermal contraction in the atmosphere of the various
mixtures of noble gases.

It should be mentioned that the contraction is usually
considered as a negative phenomenon that restricts an
application of arc discharges [1]. However, on the other
hand, in certain cases, namely the contraction can be a
base in applications of arc discharges in technology [4].

2. MODEL OF AN ARC DISCHARGE

Consider the plasma of the column of a cylindrical arc
discharge, in which a local thermodynamic equilibrium
(LTE) is maintained. Assuming that the heat release is
proportional to the local current density and ignoring the
radiant transfer, the heat transfer equation (the Elenbaas-
Heller equation) can be written as
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Here, 7 is the distance from the discharge axis, T is

gaseous temperature, Te is electron temperature, K (T ) ,

K,(T,),K,(T,) are the coefficients of gaseous, electron
heat conductivity and that due to the ionization-

recombination process, respectively; q( r] = j( r)E is the
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power of heat release per unit volume; ](r) = OF is the

electric current density; F is the electric field strength, 0
is the electric conductivity.

Consider a gas at low ionization, when
kT, <<U,, where U, is the effective energy of ionization
of a gaseous medium. If LTE occurs, the number density

of electrons 7, at the point of discharge is connected with

the number densities of ions 72; and neutrals 7, by the
well-known Saha formula
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where m, is electron mass, /4 is the Planck constant, g;,

g, are the effective statistical weights of ion and atom,

respectively.

Since LTE occurs in the plasma region, which is
determined by its heat balance, the temperatures of
electrons and gas are varied weakly. That fact allows to
obtain an approximate solution of Eq.(1) by using the
method stated in [3,5]. Accordingly to this method, we
assume that the dependences of the current density, power
of heat release, and corresponding quantities on the
temperature in the cross-section of a discharge are given,
and the coefficients in Eq.(l1) are constant, and their
values are set on the discharge axis. In this way we obtain
the following system of equations that is described an arc
discharge:
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Here € is an electron charge, M is an effective mass of
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atom in gaseous mixtures (M - Zxamua, where the
a
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subscript & indicates the type of species, M, is an atom

mass, X, is the molar concentration of O -species),
Vea = Zvea , Vea = Z( M/maa) Vea , Where Vea iS '[he
a a

frequency of electron-atom collisions for the & -species
in mixture, U,is the electron velocity, and the bracket

< > denotes the averaging over the Maxwellian

distribution of electron velocities; / is the arc current, R
is the radius of the chamber wall, .S is the heat function,

4, = OF’, (,= dT/dTe , O\p is the diminution of pressure in
plasma, and 7 is a characteristic radius of plasma (radius
of contraction), which is determined from the relation
7= 1.327”5,2 +77 , where 7, and 7; are determined as
. 16kT?k, o L116KTY (k. +x&,)
B%E, ! aE,

The heat function S is determined as

>

S=I(K6(T€;) s, (7)))ar; ik(r)dr.

For gaseous conductivity of inert gas mixtures it is
used the Wassiljeva’s formula with coefficients calculated
by the Mason-Saxena method [6] via the conductivities of
inert gases from [8]. To calculate electric conductivities of
the complex arc plasma it is used the first order

approximations from [7]. The k » can be expressed via the

coefficient of ambipolar diffusion [1]. Under calculations
the cross-section data are used from [9]. Upon increasing
the ionization degree it is essential to consider the
Coulomb collisions because it should be respectively
modified the above frequencies.

Also, it should be took into account the following

the
electric field strength and the atmosphere pressure are
constant (£ = const , p =const),

The system (3) with the Saha formula (2) allows us to
obtain the values of £,7,,T,n,,n,,N,r, under the

conditions: the quasineutrality of plasma 7, =n

i

desired values of the arc current [ and pressure P and
vice versa.

3. RESULTS AND DISCUSSION

The above-presented model of an arc discharge
describes the discharge where the released heat is
transferred by means of conductivity into the wall of the
discharge tube. This situation corresponds to the
idealization of a long arc (see [5]).

The characteristics of an arc without radiation transfer are
known to describe in unified variables 7/R, ER and

I/R . The calculation of a reduced radius of contraction

%y /R in various regimes allows us to depict the following
discharge contraction pattern (Fig.1 and Fig.2). At a
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relatively low current the extremely strong constriction of
an arc occurs under dominating the gaseous heat
conductivity. At increasing of current the electron heat
conductivity is raised to a leading hand. If the electron-
atom collisions are still dominated than the value of
reduced radius of contraction is stabilized i.e. ¥ [J R . At
the follow-up increasing of current the Coulomb collision
is prevailed and the discharge field is diminished.
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Fig. 1. The calculated values of the reduced radius I”O/ R

of contraction via reduced current I/R (P =I atm).
Curves 1-He, 2-Ar, 3-He:Ar(10:90%), 4-He:Ar(20:80%),
5-He:Ar(30:70%), 6-He:Ar(50:50%), 7-He:Ar(70:30%,),
8-He:Ar(80:20%) 9-He:Ar(90:10%)

It should be noted that Ar, Kr, and Xe belong to the
gases with a remarkably expressed Ramsauer effect that
causes the expansion of an arc discharge (see Fig.1 and
Fig.2). But, in the gaseous mixtures this influence may be
neutralized. Thus, the relatively small addition of He into
Ar causes the intense constriction of a discharge region
(Fig.1). Otherwise, for the mixture of gases having
Ramsauer effect an additional constriction is absent

(Fig.2).
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Fig.2. The calculated values of the reduced radius I”O/ R

of contraction via reduced current I/R (P =I atm).
Curves 1-Ar, 2-Xe, 3-Ar:Xe(10:90%), 4-Ar:Xe(20:80%)

4. CONCLUSION



The degree of thermal contraction of an arc discharge
is determined by the heat transfer characteristics of the
gaseous mixture and by the characteristics of electron-
atom collisions.

The contraction of a discharge in a certain mixture is
more pronounced in the case where the gaseous thermal
conductivity dominates in the heat transfer processes.

The presence of the Ramsauer effect for a gas
medium where an arc is burning has an essential influence
on the process of contraction, which is revealed in a
decrease in the constriction of an arc discharge in the
corresponded temperature range. But, in the gaseous
mixtures this influence may be neutralized by choosing a
suitable composition of mixture.
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O TEILTOBOM KOHTPAKIIUU JIYTOBOT'O PA3PSIJIA B I'A30BbIX CMECSIX

I1. B. Ilopuyxuii

PaccMoTpeHO BIMAHHE XapaKTEPHCTHK Ta30BOM Cpeasl HAa MPOLECC KOHTPAaKIMU (CKAaTHs) MTYroBOro paspsaa B
CMECSX MHEPTHBIX ra3oB. IIpoBeneHBI pacyeTsl U MOKAa3aHO, YTO CTENEHb CXKATHUSI JYTOBOTO pas3psia ONpenesieTcs
TEIIO(M3UIECKUMI XapaKTEPUCTUKAMHU T'a30BOM CPEbl M XapaKTEPUCTUKAMH CTOJIKHOBEHHH 3JIEKTPOHOB C aTOMaMu
n noHamH. BrisiBneno BimsHue sddexra Pamszayspa Ha XapakTep KOHTPAKIMU JyTOBOTO paspsia, a TakKe MOKa3aHa
BO3MOXKHOCTh HEUTpaJIM3anuu 3Toro 3gdexra COOTBETCTBYIOIUM HOAO0OPOM COCTaBa CMECH.

IMPO TEIIVIOBY KOHTPAKIIIO AYT'OBOTI'O PO3PALY B I'A3OBUX CYMIHIAX
11. B. Ilopuubkuii

Po3risHyTO BIUIMB XapaKTEPUCTHUK ra30BOT0 CEPEOBUINA Ha MPOLIEC KOHTPAKLil (CTATYyBaHHS) JyroBOIO pO3psLy B
cymimax iHepTHHMX ra3iB. IIpoBeseHI po3paxyHKH 1 TOKa3aHO, HIO CTYMIHb CTATYBaHHS JYTOBOTO pO3PSIIY
BH3HAYAETHCS TEIUIO(I3MIHUMH XapaKTEPUCTHKAMHU Ta30BOTO CEPEIOBHINA i XapaKTEPHCTUKAMH 3iTKHEHb €IEKTPOHIB
3 aTOMaMH Ta ioHaMH. BucBiTieHO BB edekty Pamzayepa Ha xapakTep KOHTpakKLil IyroBOro po3psiy, a TaKoX
MOKa3aHa MOXKJIMBICTh HeHTpasti3alii 1boro eekTy BiIMOBIAHIM MHiI00pOM CKIIay CyMilli.
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