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The influence of metal impurities on the process of contraction (self-constriction) of an arc discharge is considered in
the ambient atmosphere of nitrogen. 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 reveaed that the shape resonance effect under electron-atom collisions has an influence

on a character of the contraction of an arc.

PACS: 52.20.Fs, 52.25.Fi, 52.25.Y g, 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[1-4]. 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 [2-4]. 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
ae known to be not additive relatively to the
concentration of components [5,6].

In this paper, it is studied the thermal contraction of
an arc in the various mixtures of nitrogen with some
metals on the base of formalism of papers[7,8].

It should be mentioned that the contraction is usualy
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 dischargesin technology [3].

2. MODEL OF AN ARC DISCHARGE

Consider the plasma of the column of a cylindrica
arc discharge, in which a loca 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

conductivities, respectively; o(r) =j(r)E is the power of
heat release per unit volume; j(r):SE is the electric
current density; E is dectric field strength, S is dectric
conductivity.

Consider a gas a low ionization, when KT, <<U,,
where U, is the effective energy of ionization of a
gaseous medium. If LTE occurs, the number density of
éectrons N, at the point of discharge is connected with
the number densities of ions N, and neutrals N, by the
well-known Saha formula
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where M, is eectron mass, h is the Planck constant,

g;. g, ae 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 [2,4,7,8]. 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.(1) 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, I is the distance from the discharge axis, T is aeRt')
gaseous temperature, T, is eectron temperature, S =0.215q,r, |ng ’ (3.3
oﬂ
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gaseous, dissociate, electron, ionization  heat
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Here € is an electron charge, M is an effective mass of

atom in gaseous mixtures (M :é x, M, where the
a

subscript @ indicates the type of species, M, is an

atom mass, X, isthe molar concentration of & -species),

[e] * o] .

Ny =ANe, Nn=a(M/M,)V,, where n, is the
a a

frequency of eectron-atom collisions for the a -species

in mixture, U,is the dectron velocity, and the bracket
< > denotes the averaging over the Maxwelian
distribution of electron velocities, ky =k, +k 4,
k. =k +k
the chamber wall,S is the heat function, @, =SE,

. » | isthe arc current, R is the radius of

Z =dl'/dl; Dp is the diminution of pressure in plasma,
and I, is a characteristic radius of plasma (radius of

contraction), which is determined from the relation
7 » 1.32r92 +r7, where r, and r; aredetermined as
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The heat function Sis determined as
T T
S= ¢k (T.)dT, +¢ka (T)dT
0 0
For gaseous conductivity of inert gas mixtures it is
used the Wassljeva's formula with coefficients
calculated by the Mason-Saxena method [5]. To calculate
electric conductivities of the complex arc plasma it is
used the first order approximations from [6]. Under
calculations the cross-section data are used from [9-13].
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

conditions: the quasineutraity of plasma n, =n, the
electric fidd strength and the ambient atmosphere
pressure are constant (E =const, p =const).

The system (3) with the Saha formula (2) allows usto
obtain the values of E,T,,T,n,,n,,N,r, under the

y Hesr gy
desired values of the arc current | and pressure p and
viceversa

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 along arc (see[4]).

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

ER and |/R. The arc temperatures are calculated for

some mixtures (Fig.1). In experiment the atmospheric air
arc discharge is studied between melting Ag-CdO
electrodes under 3.5A. Thus, we can see that the
measurements using Ag |l lines are in good agreement
with calculation.
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Fig.1.The calculated values of the electron temperature
on the axis of the arc ( P =1 atm). Calculation: the

equimolar mixtures of nitrogen (90%) with metals (10%),

curves 1-Ny-Hg, 2- N,-Zn, 3- N,-Cd, 4- N,-Ag, 5- N>-Mo.

Experiment: the arc in Ag-Cd vapours (present work), 6 -

from Ag | lines (520.9 nm, 827.3 nm), 7 - from Cd | lines
(479.9 nm, 508.5 nm, 643.8 nm)
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Fig.2. The calculated values of the reduced radiusr, /R
of contraction via reduced current | /R (P =1 atm) for

the equimolar mixtures of nitrogen (90%) with metals
(10%), curves 1-N,-Hg, 2- N,-Zn, 3- N,-Cd, 4- N,-Ag,
5-N,-Mo

The calculation of a reduced radius of contraction
r,/R in various regimes alows us to depict the

following discharge contraction pattern (Fig.2). At a
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 callisions are still dominated than the value of
reduced radius of contraction is stabilizedi.e. r 41 R. At
the follow-up increasing of current the Coulomb collision
is prevailed and the discharge field is diminished.
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The most important influence on the properties of an
arc plasmas have the discrepancy between gaseous and
electron temperatures that depends on the peculiarities of
electron-atom cross-sections. It should be noted that
under scattering of electrons on molybdenum the shape
resonance takes place. That causes the strong constriction
of an arc under low current (Fig.2).

4. CONCLUSIONS

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 shape resonance effect for a
gas medium where an arc is burning has an essentia
influence on the process of contraction under low
current.
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O BJIMSHAU METAJUIMYECKUX IPUMECEM HA TEILUIOBYIO KOHTPAKIIMIO A3OTHOM YT
I1.B. Hopuykuii, A.H. Bexknuu

PaccMOTpeHO BIUSHHUE XapaKTEPHCTHK Ta30BOM CPEAbl HA MPOLECC KOHTPAKIMU (CXKATWsL) MTyroBOrO paspsia B
CMecsX a30Ta C HapaMu MeTamioB. IIpoBeaeHBl pacdeTsl M IOKA3aHO, YTO CTENEHb CXKAaTHUsA IYyroBOrO paspsja

OIPCACIIACTCA TCHJ'IO(bI/BI/ILICCKI/IMI/I XapaKTCPUCTUKaAMH ra3oBoi Cpeabl

U XapaKTCPUCTUKAMU CTOJIKHOBEHUI

OJICKTPOHOB C aTOMaMH U HOHAMU. BrisBiieHo BiImsiHEIC S(bq)eKTa pe30HaHCca (bOpMI)I Ha XapaKTCp KOHTpPAKIUU JYyTrOBOIO

paspsza.

PO BIIJIUB METAJIEBUX JOMIIIOK HA TEILIOBY KOHTPAKIIIIO A3OTHOI YT
I1.B. Hopuuywvkuii, A.M. Bexnuu

PO3IIIsIHYTO BIUIMB XapaKTEPHCTUK ra30BOr0 CEPEMOBHINA HA MPOLEC KOHTPAKIIT (CTSATYBAHHS) yrOBOrO PO3pSsLY B
cymimi a3zory 3 mapamu MetaiiB. IIpoBereHi po3paxyHKH i IMOKa3aHO, IIO CTYIIHb CTSTYBAHHS JIYTOBOTO O3PSIy
BU3HAYAETHCS TEIUIOMI3NIHIMHI XapaKTEPUCTUKAMH I'a30BOT0 CEPEIOBUINA | XapaKTEPUCTUKAMH 31TKHEHb EJICKTPOHIB 3
aToOMaMH Ta ioHaMH. BHCBiTIIeHO BIUMB eekTy pe3oHaHCy GOpMHU Ha XapaKTep KOHTPAKIii AyrOBOTO PO3PSAY.
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