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ABSTRACT

The calculation method of the transport properties (elec-
trical conductivity, thermal conductivity and viscosity) of a
partially ionized gas is described in this paper. The calcula-
tion method is based on the Chapman-Enskog method and
on the knowledge of the collision integrals for each pair of
species of a partially ionized gas. The generally methods of
the collision integral calculation are introduced.
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1 INTRODUCTION

The knowledge of the transport properties of the gas mix-
ture is very important because the operating properties of
some technical devices are determined by the transport proc-
esses in the gas mixture. The thermal plasma created by the
electrical arc gives the important advantages for technological
applications, the plasma high temperatures in the interval of
5-50 kK, the high density and the high degree of the energy
transport, the high speed of the chemical reactions in the
plasma. These properties are essential for some technical
applications. The chief characteristics of these applications
are the using of the different gas mixtures of the different
transport properties.

2 CHAPMAN-ENSKOG METHOD AND COLLISION
INTEGRAL

The kinetic gas theory is the base for the determination of
the gas transport properties [1], [2] and it is based on the
knowledge of the distribution function. This equilibrium
distribution function is determined for every particle in the
gas on terms of the same temperature for all particles in the
gas and of the same speed of the all particles. The equilibrium
distribution function formulates the equilibrium of the every
species and the equilibrium between species in the gas system
too. When the gas system is not in the equilibrium, the distri-

bution function agrees with the Bolzmann
differential equation.

The Chapman-Enskog method [1] of the solution of the
Boltzmann equation is the theoretical base for the transport
properties calculation of the partially ionized gases. This
method was extended for the multicomponent gas system by
Hirschfelder, Curtis a Bird [2]. For the every species in the
gas system is formulated one Boltzmann equation and there-
fore the multicomponent gas system is described by the sys-
tem of the integrodifferential equations. The Chapman-
Enskog method makes over these equations to the linear
equation system and gives several approximations of the
distribution function. If the multicomponent gas system con-
tains N species and it is used {-th approximation, the linear
equation system for N{ variables is solved.

Chapman and Enskog introduce the new variable called
the collision integral £2; and formulated for a pair of particles
i, j. The determination of these collision integrals is the im-
portant part of the calculation of the transport properties. The
collision integral is defined by the equation
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is the total transport cross section of two colliding particles i
and j. In the equations (1) and (2) kis the Boltzmann con-
stant, T is the temperature, y; is the reduced mass (1/ ; =1/y;
+1/u;) and yp; is the reduced initial relative speed of ith and jth
species
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g 1s the initial relative speed, y; is the angle of deflection
between ith and jth species
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b is the impact parameter and /, s are the parameters defining
the order of the collision integral and s > . The collision
integrals are calculated not only for a pair of colliding parti-
cles but also for the given combination of the parameters /
and s. These combinations result from the used degree of
approximation.

The determination of the collision integrals is possible by
using three solution ways. The tables of collision integrals are
published for some pairs of colliding particles. In the most
cases the collision integrals are calculated from the potential
energy between two molecules ¢(r) and by using (1), (2). The
integration of experimental values of the momentum transfer
cross section and the using of (1), (2) can be calculated for
some interaction including collisions between electron and
neutrals.

The simplest way of the collision integral calculation is
the model of rigid spheres [2] and it can be used for all types
of collisions except the Coulomb interaction and it is equal to
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where &,;,0 ; are the diameters of the particles i and j. The
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method of the Lennard-Jones potential can be used for a pair
of neutral particles but the Lennard-Jones parameters of both
particles must be known. The simple approximation method
of the Lennard-Jones potential is described in [3] and it is

based on the approximation Q(l y (g
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and on the expression of the collision integral in the form
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The values of A(’);k, B(’)*, C (/)*, D are given in the Tab. 1

[3].

Tab. 1 The coefficient values of polynom Q(l)*(g*)
] A0 50 el D"
1| -1,209905 1,625491 0,481139 -0,003985
2 | -0,555427 1,551493 0,604085 -0,005300
3| -0,464707 1,474890 0,566188 -0,004980
41 0245314 1,345058 0,651817 -0,005958

For the collisions of neutral-ion the polarisability method
can be used [4]
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where e is the electron charge, & is the permitivity of the

vacuum, A((f‘; are the numerical constants, A((i)) =0,65466,

A(%) =0,38521. The method is based on the knowledge of
the polarisability £ of the neutral.

For the some collisions the experimental data of the mo-
mentum transfer cross section can be used. These data are in
the literature in the form of the graphs or in the tables. The
experimental data can be approximated by the function in the
form

0, = Ae + Be + Ceve + De? 9)

and the collision integral is calculated from the relation
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In the equations (9), (10) = kTle.

3 CALCULATION METHOD OF ELECTRICAL
CONDUCTIVITY

The relation for the electrical conductivity calculation of a
partially ionized gas is in the form [5]
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where the charge of a particle is marked eZ; (Z, = -1) and if

the condition an Z; =0 is satisfied the equation (11) is
k
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In the given equation (12) n; or m; is the number density or
the mass of the jth species, n is the total number density, p is
the pressure, p is the mass density. In the sums only the
charge particles are included, because Zis not zero only for

these particles. Djj is the diffusion coefficient defined by the

equation
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where clg?) is one solution of linear equation sys-
tem
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In this equation d;;,, Sy , Sy, » O, are Cronecker delta, i =

1,2,....,N,m=0,1, ..., {-1. For the electrical conductivity
calculation of a gas system third approximation was chosen



({'= 3), therefore the system of 3N equations must be solved
and m, m” can have values 0, 1 or 2. Only for m = 0 the left
side of equation (14) can be different from zero. Relations for

calculation of coefficients le(mm ) are functions of the colli-
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sion integrals Qij and for the third approximation they are

given in the relations (15) [5].
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4 CALCULATION METHOD OF THERMAL
CONDUCTIVITY

Thermal conductivity can be calculated as the sum of
three components [5]

A=A, +A, +A (16)
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where A, is the translation thermal conductivity, A;, is the
internal thermal conductivity and A, is the reaction thermal

conductivity.

The first component A, of the thermal conductivity is the

translation thermal conductivity due to the heavy particles
and it can be written in the form
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where the coefficient a(-l)

j is one solution of the following

equation system
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where i=1,2,...,N,m=0,1, ..., -1 ({=3). The coefficients

Wi](-m’m/) are the functions of the collision integrals (15).
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the product of three matrixes formed from the binary diffu-
sion coefficients ~; and from the binary thermal diffusion
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In the equation (17) the notation
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where D;; is given in the equation (13) and D,-T is calculated

by the equation
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is the one solution of equation system (18).
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The second component of thermal conductivity A, is

where a

the internal thermal conductivity, sometimes is termed as the
Eucken thermal conductivity Ag, - It is given by the equa-

tion
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In this equation N, is Avogadro constant, R is the perfect gas
constant, x; or x;, respectively M; or M;, is the molar fraction,
respectively the molar mass, of ith or jth species, ¢, is the
specific heat at the constant pressure of ith species and o; is
the radius of particles i and j, (o; + 6, )/2.

The third component of the thermal conductivity A, is

the reaction thermal conductivity arising like a consequence
of chemical reactions in gas system and it is defined by the
expression [6]
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In the equations (22), (23) N~ is the number of the independ-
ent chemical reactions, 7, j = 1,2, ... N°, AH; is the heat of the
independent chemical reaction, vy, vy, Vi, Vi are the sto-
chiometric coefficients for species k (/) in reaction i ().

5 CALCULATION METHOD OF VISCOSITY

The viscosity can be calculated by the using of the rela-
tion [5]

N
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The values of the coefficients Wij(-m/)

m<1and m’<1 and the relations are in (15).

are calculated only for

6 CONCLUSION

In this paper the calculation method of the electrical con-
ductivity, the thermal conductivity and viscosity is described.
The important part of calculation of these properties is the
knowledge of the composition of the gas system. In the paper
the generally calculation ways of the collision integrals are
showed. For some pairs of particles, which have dominant
concentration in the gas system, it is better to use the experi-
mental values of momentum transfer cross section (for elec-
tron-neutral) or to use the table values.
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