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Radiation emission and absorption in arc plasmas are important energy transfer pro-
cesses. Exact calculations, though possible in principle, are usually impossible in practice
because of the need to treat a large number of spectral lines and also the continuum ra-
diation in the whole spectrum range. Recently, we have used an approximate method of
partial characteristics to evaluate the radiation intensities, radiation fluxes and the diver-
gence of radiation fluxes for SF¢ arc plasma with cylindrical symmetry. In this paper, we
have extended our calculations to argon arc plasmas for the plasma pressures of 0.1, 0.5
and 1.0 MPa. We have calculated the coefficients of absorption for Ar plasmas at tem-
peratures from 300 to 35000 K, and have used these coefficients to calculate the partial
characteristics. Both the continuum and the line spectra have been included in calcula-
tions. We have taken into account the radiative photo-recombination and bremsstrahlung
for the continuous spectrum, and over 500 spectral lines for the discrete spectra.

The method of partial characteristics has been applied to three-dimensional calcula-
tions of radiative heat transfer - i.e. radiation intensity, radiation flux and its divergence
- in simplified temperature profiles. Conclusions have been made concerning validity and
utilization of the method of partial characteristics in general gas dynamics problems.

1 Coefficients of absorption

Prediction of both radiation emission and absorption requires data of the con-
tinuum and the line spectra, respectively. The spectral coefficients of absorption
(absorptivity) need to be calculated as a function of radiation frequency in the
whole spectral range, from the infrared to the far ultraviolet region.

Absorptivity is proportional to the concentration of the chemical species oc-
curring in the plasma. In the present paper, the pure Ar plasma is assumed as a
mixture of Ar atoms, ArT, Art+, Art*t+ ArT+++ jons and electrons, according
to the Fig. 1. Concentrations of each species were taken from [1].

Both line and continuum radiation were considered in calculations of absorp-
tion coefficients. Photorecombination radiation and ‘bremsstrahlung’ radiation con-
tribute to the continuous spectrum. Semi-empirical formulae described in more
detail in [2] were used for calculation of the continuum absorption coefficients.

The absorptivity for each spectral line depends on the line shape. The fine
multiplet structure and the lines overlapping should also be taken into account in
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the calculations. Our calculations of line broadening account for Stark and Doppler
half-widths, and line shifts. Theoretical formulae are given in [2].

The calculated radiation absorption coefficients as a function of radiation fre-
quency for plasma pressures of 10000 and 30000 K at pressure of 1 atm are shown
in Fig. 2.
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Fig. 1. Calculated composition of Ar plasmas at 1 atm.
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Fig. 2. Calculated absorption coefficient of Ar as a function of radiation frequency at
1 atm for temperatures of 10000 K and 30000 K.
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2 Method of partial characteristics

Typical radiation quantities of interest: radiation intensity, radiation flux and
divergence of radiation flux are calculated from integrals over the radiation fre-
quency for various line segments and solid angles of the plasma volume. Values of
radiation quantities at a given point of the plasma volume depend on the temper-
ature distribution of the entire volume of the plasma.

To account for emission and absorption of radiation energy, integrations need
to be made to account for radiation for all elements along any particular direction
simultaneously with integrations over all solid angles. Usually direct frequency inte-
gration of the spectral characteristics of the radiation field in solving gas dynamics
problems is impossible in practice, even with modern computers, due to the large
computation times that are required, so that some approximation have to be used.

In our recent papers [3, 4], we have used the approximate method of partial
characteristics as formulated by Sevast’yanenko [5] for prediction of radiation in-
tensities, radiation fluxes and the divergence of radiation fluxes for various temper-
ature profiles of SFg arc plasmas. In this paper we applied the same method to the
electric arc plasma in argon. The argon arc plasma is widely used in plasma jets
both in industry and laboratory applications.

The principle the method of partial characteristics is that an integrals over radi-
ation frequencies in equations for radiation quantities can be performed in advance
to form a functions, called partial characteristics. These functions are stored in data
tables according to several parameters, such as plasma pressure, temperature and
geometrical dimensions. Computation of the tables of partial characteristics is very
time demanding, but they are computed only once and then it is possible to use
them repeatedly in different kinds of gas dynamics problems.

3 Results

Up to know we have been preparing tables of partial characteristics for SFg arc
plasmas at pressures from 0.1 to 6 MPa and for argon arc plasmas at pressures
from 0.1 to 1 MPa. In both cases the plasma temperatures cover the range from
300 K to 40000 K with geometrical distance from 0.0001 to 1 m.

Calculated radiation intensities, fluxes and divergence of fluxes for SFg arc plas-
mas with various temperature distributions were presented in our previous pa-
pers [3, 4]. Similar results for argon arc plasma at pressures of 1, 5 and 10 atm are
given in Figs. 3 and 4. Parabolic temperature distribution was assumed in both
cases (dotted line). Thick curves in the figures represent radial distribution of ra-
diation flux density (Fig. 3) and its divergence (Fig. 4) in the middle of the plasma
cylinder with the height of 2 cm and radius of 0.25 cm. It can be seen that a role of
the radiation in the arc plasma energy balance increases rapidly with the plasma
pressure. Note the negative portion of the divergence of radiation flux at the arc
edge which demonstrates absorption of radiation energy and consecutive heating of
the outer parts of the plasma column.
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Fig. 3. Calculated radiation flux in an Fig. 4. Calculated divergence of radiation
arc plasma column for various plasma pres-  flux in an arc plasma column for various
sures. plasma pressures.

It has been found that the method of partial characteristics is a very good
mathematical tool for prediction of radiative heat transfer in the arc plasmas. If
the tables of partial characteristics are used, the calculations of radiation quantities
are not so time demanding and yield a good agreement with exact calculations.
Using simple programme routines, it is possible to include radiative heat transfer
into more complex codes for gas dynamics problems solution.
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