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The influence of zirconium and tantalum impurities on the transport properties of multicomponent thermal plasma
is considered in the ambient atmosphere of argon and air. The calculations are carried out on the base of Grad’s
method, and it is shown that a small amount of metal causes the essential changes in the values of transport
coefficients in comparison with the cases of pure gaseous mixtures. It is revealed that the influence of the Ramsauer
effect on transport properties can be neutralized by additions of metal into ambient argon.

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

INTRODUCTION

Zirconium and tantalum are known to be widely used
in nuclear technology and devices for nuclear power
plants. The improvements of nuclear material
technology are connected with using of plasma devices
and industrial electronic plants. At operation the process
of erosion leads to the evaporation of the metal impurities
into the discharge region that causes the change of plasma
properties.

The improvement in controlling plasma processing
needs for accurate numerical modeling. Transport
properties are indispensable input data for the modeling.
At weakly ionization the Lorentzian theory is suitable to
calculate the properties of multicomponent thermal
plasma [1]. But at increasing of ionization processes a
number of collision processes are known to be included
into consideration. Because of that it is the many
processes are needed to take into account in the
calculation procedure.

In this paper, the transport coefficients for
multicomponent plasma with zirconium and tantalum
impurities are calculated on the base of the Grad’s
method [2, 3]. It is shown that the impurities have an
influence on the transport properties of thermal plasma.

1. METHOD OF CALCULATION

It should be noted that the present state of the
theory of gas mixtures, as well as multicomponent
plasma, is characterized by the lack of a unified
approach to the description of transport processes. The
reason for this is a very complex nature of
dependencies of the properties of gas mixtures and
plasma on the properties of pure gases and
concentrations of the components.

The calculations are carried out at assumption of
local thermodynamic equilibrium. The following species
have been taken into account for argon-based mixtures:
e, Ar, Art, Me, Me*, Me*, Me,, Me,", and others
analogous mixtures. In turn, for air-based mixtures the
following species had used that’s are €', Ny, O,, NO, N,
0, N¥, 0%, NO*, N,*, 0,", Me, Me*, Me**, Me,, Me,".
The plasma composition has shown on Fig. 1 for the
case of mixture of air with tantalum.
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Fig. 1. Plasma composition for mixture of air with
tantalum (molar parts 99:1). Others species are
negligible small

The knowledge of plasma composition allows us to
calculate the transport coefficients for certain plasma
mixture. Thus, the coefficient of thermal conductivity is
calculated as the sum

/,{’:Zh+ﬂ“e+ﬂint+ﬂ‘ri+ﬂ‘rd ! (1)
where A, is the translational thermal conductivity of

heavy particles, A

. is the thermal conductivity of

electrons, A

int 1S the thermal conductivity due to the

transfer among the internal degrees of freedom, A, is

the reactive thermal conductivity due to ionization, A4

is the reactive thermal conductivity due to dissociation.
In turn, the coefficient of viscosity is calculated as

the sum of additions from heavy particle 73, and

electrons 7,

ﬂ:nh—i_ﬂe' (2)

It should be underlined that, now, the Grad’s method
of moments [2, 3] is an unique alternative in spite of the
most developed Chapman-Enskog” method [4-8] to
solve the kinetic Boltzmann equation. Both the methods
are based on the formalism of Chapman-Cowling kinetic
integrals

193


mailto:poryts@kinr.kiev.ua

Y2

o0

KT 2r+3,-c2~ (1)
e Q,(c)ds . ()
Z”ﬂaﬂ '([ ﬂ( )

where K is Boltzmann constant, T is temperature,
H,pis a reduced mass of collided species of

Ir
Q=

aand f,¢ = (yaﬂ/Z KT )]/2 g.,Qis the relative

velocity, and transport cross-section of order | is
determined as

QL (9)= Zﬂjaaﬁ(g,z)(l—cos' x)sinydy

where y is scattering angle, o, (g,;() is differential

scattering cross-section.

In the 13-moments (13M) approximation of the
Grad’s method the translational transport coefficients
are calculated as the sum of effective coefficients for
each species

Th = Zma : (4)
h=Y ®

The effective coefficients are calculated on the base of
combination of the Chapman-Cowling integrals (3).

The studies of electronic transport coefficients are
known to need using of higher approximations. In that
way for electronic viscosity, electrical conductivity o,
and electronic conductivity one can be write [3],
respectively,

17, = gnez (2zm kT )]/2 ||£| , (6)
vz,

o= n’e® LN , @
2 mKT ) |qf
k 1/2 14

ie:Enj(ZET] o )
8 m, ||

Here m,is the mass of electron, N, is electronic

density, the elements of determinants p™ and q™ are

the functions of the above pointed Chapman-Cowling
integrals. Script “ ¢~ denotes the absence of elements
with indexes 0 and 1 (see for details [3-8]).

Others coefficients are calculated according to the
Lorentzian theory [2].

2. RESULTS AND DISCUSSION

The results of calculations of transport coefficients
are shown in Figs. 2-7. The obtained values are in a
good agreement with the data obtained by Chapman-
Enskog method (Figs. 3, 4).

One can see that the properties of multicomponent
plasma have a pronounced non-monotone character with
sharp pikes in certain temperature and pressure ranges.
The pikes are appeared due to the dissociation,
ionization and from others effects connected with metal
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impurities. Thus, the viscosity peaks (see Fig.7) are
caused by the minor additions of ions in gases at weakly
ionization.
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Fig. 2. Electrical conductivity of thermal plasma
( p =1 atm) for pure air and the equimolar mixtures of
air with tantalum. Curves 1 — air (this work
calculations); 2 — air-Ta (99.9:0.1); 3 —air-Ta (95:5);
4 —air-Ta (90:10); 5 —air-Ta (50:50)
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Fig. 3. Electrical conductivity of thermal plasma
( p =1 atm) for pure argon and the equimolar mixtures

of argon with zirconium. Curves 1 — Ar (this work
calculations); 2 — Ar-Zr (99.9:0.1); 3 — Ar-Zr (95:5);
4 — Ar-Zr (90:10); 5 — Ar (data from [8])

It should be noted that under scattering of electrons
on argon the Ramsauer effect takes place that is
determined the properties of pure argon. However this
influence can be neutralized by metal additions in
plasma.

Also, one can see that the appearance of zirconium or
tantalum impurities causes the essential changing of
transport properties with comparison to the case of pure
argon or air, respectively. That is needed to take into
account under studies of discharges with zirconium or
tantalum electrodes.

The peculiarity of the Grad’ method is that the values
have the same dimensions at all of stages in calculation
procedure due to the control of calculation procedure
may be improved.
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Fig. 4. Thermal conductivity of thermal plasma for '9 Iscostty o e.rma P as.ma (p=Latm) o-r pure
argon and the equimolar mixtures of argon with

pure argon ( P =1 atm). Curves 1, 5 are total ¢ ! . . )
ductivities: 2. 6 .37 lectroni zirconium. Curves 1 — Ar (this work calculations);
conductivities; 2, 6 are gaseous ones; 3,7 are electronic - (95:5): 3 — Ar-Zr (90:10); 4 — Ar-Zr (80:20);
ones; 4, 8 are ionization ones. Curves 1, 2, 3, 4 are 5 Ar (data from [8])

presented calculations; 5, 6, 7, 8 are the data from [8]
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O BJIMSIHUU TPUMECEN IIMPKOHUS U TAHTAJIA HA TPAHCIIOPTHBIE CBOVICTBA
MHOT'OKOMIIOHEHTHOM TEPMUYECKOM IJIA3MBI

I1.B. Ilopuyxkuit, I.M. Ceama

PaccMoTpeHo BnusHUE NpuMeced LMPKOHWS U TaHTaja Ha TPAHCIOPTHBIE CBOMCTBA MHOTOKOMIIOHEHTHOMH
TEpPMHYECKOH MIa3Mbl B aTMOC(epe cMecelt aproHa u Bo3ayxa. I[IpoBeseHHbIE pacyeTsl OCHOBBIBAINCH HA METOZIE
MoMeHTOB [I'psma. [loka3aHO, YTO HE3HAYMTEIBHOE KONMYECTBO MPUMECEH MeETala MOXKET CYIIECTBEHHO
W3MEHUTH BEIWYHHBI TPAHCIIOPTHBIX KO3((HUIMEHTOB B CPaBHEHHH CO CIy4aeM YHCTOTO aproOHA WM BO3AyXa.
IToka3zana BO3MOXHOCTh HeWTpanm3auuu BimsHUSA d(p¢dekra Pamzayspa Ha CBOHCTBa IUTa3MBI IIyTeM IT00aBKH
METANIMYECKUX PUMECEM.

ITPO BIIJIMB JOMIIINOK MIUPKOHIIO TA TAHTAJIY HA TPAHCIIOPTHI BJIACTHUBOCTI
BATATOKOMITIOHEHTHOI TEPMIYHOI IJTA3MHA

I1.B. Ilopuywvxuit, .M. Ceama

Po3rnsHyTO BIDIMB MOMINIOK IIMPKOHII0 Ta TaHTAJIy Ha TPAHCIIOPTHI BIACTHBOCTI 0araTOKOMIOHEHTHOL
TEPMIYHOI IDIa3MH B aTMOcdepi cyMimeid aproHy Ta moBiTps. [IpoBeneHi po3paXxyHKH I'PYHTYBAIUCS Ha METOII
momenTiB Ipena. TlokasaHo, MO0 HEBENMKA KiNBKICTh METAIEBUX JOMIIIOK MOXE CYTTEBO 3MIHHTH BEIMYMHH
TPAHCHOPTHUX KOe(illi€HTIB MOPIBHAHO i3 BUIIAJKOM YHUCTOTO aproHy a0o MOBITPs. BHCBITIIEHO MOXKIHMBICTH
HelTpanizauii BInBy edekty Pam3ayepa Ha BIaCTHBOCTI ITa3MH IUIIXOM JOJaBaHHS METaJICBUX IOMIIIIOK.
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