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Integral radiation characteristics (over spectrum) are described for rapid cal- 
culation of heat transfer in systems containing argon with time-varying temper- 
ature and pressure fields. 

A new integral method for calculation of radiant heat transfer in the real spectrum in 
the presence of a line structure was developed in [i-3]. Before solving the gas dynamic 
problem a complete integration is performed over frequency, and over angle, if the system has 
sufficient symmetry. Matrices of two types of functions are calculated, dependent only on 
the problem macroparameters, temperature, pressure, and geometric dimensions. Determination 
of the radiation field is reduced to selection and summation from the mass of characteristics. 
The time required for calculation of radiant heat transfer is small in comparison to the ma- 
chine time required for solution of the gas dynamic problem, the reverse of the situation in 
traditional calculations. The method permits use of a gas dynamic grid, the steps in which 
are dependent solely on temperature, pressure, and velocity gradients, and does not require 
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introduction of special grids with step size dee~ndent on optical density. It is quite 
simple and accessible to thermophysicists and gas dynamicists with no special training in 
atomic spectroscopy. The integral characteristics have the form of a set of smooth functions, 
easily introduced into computer memory. 

The effective population method [3-5], based on a large volume of experimental material, 
produced spectral radiation characteristic values satisfactorily agreeing with measured val- 
ueso The calculations consider the effects of a smooth transition of the line spectrum into 
a continuous one. 

The use of a table of partial characteristics for calculation of radiant heat transfer 
in a hydrogen plasma was described in ~6]. All the expressions and notation ~as well as 
Figs. i, 3, 4 of [6] correspond fully to the argon partial characteristic tables to be de- 
scribed below. The radiant flux and flux divergence fields can be calculated for systems of 
any geometric form with arbitrary pressure and temperature distributions. 

The argon spectrum was first studied in [7, 8], then in greater detail in [9]. In the 
present study the argon spectral and integral characteristics were calculated by the effec- 
tive population method. Argon plasma composition, calculated with consideration of interac- 
tion of plasma particles, has been presented in [4, i0]. Figures 1 and 2 show diagrams of 
the argon atom ArI and argon ion ArII energy levels. The ionizing field intensities are 
shown in square brackets next to the corresponding levels. Multiplets considered (with the 
exception of transitions from f-configurations) are indicated by arrows. Probabilities of 

these transitions were taken from [ii]. Photoionization from configurations 3p, 4a, and 4p 
of ArI was considered individually. Photoionization sections were taken from [12-16]. 
Photoionization from the remaining levels was determined by integral expressions from [3, 5]. 
The factors ~(v) were taken from [17, 18]. 

In calculating bound--free transitions from the ground and excited states both optical 
shift and the reduction in population of those levels from which photoionization produces a 
contribution at a given frequency were considered. The spectral line contours were approx- 
imated by a Foigt convolution. The following broadening mechanisms were considered: Stark 
effect, resonance, van der Waals, and Doppler. The data for calculation of Stark half-widths 
and Stark shift were taken from [19]. 

Figure 3 shows the partial intensity for bilinear splines. The solid curves correspond 
to splines preserving fTd~ (data shown on left of Fig. 3). It is evident that as for other 
spectra (see [3]), the partial intensity curves are grouped together basically as a function 
of the source temperature T$ and practically coincide for splines which preserve fTd~. As 
follows from Fig. 3, the effective optical density of the absorption path is conservative 
and good accuracy in radiation field calculation by the partial characteristic method can 
be achieved even with use of lower order splines (in particular, linear ones). 

The error in calculating integral characteristics from the known absorption coefficient 
comprises 1%. The major inaccuracy is introduced by the absorption coefficient, which in 
various regions can be calculated only with an accuracy of 5-15%. 

The proposed partial characteristic tables are intended for calculation of radiant in- 
tensities, flux fields, and flux divergences in systems with characteristic dimensions up to 
1 m, containing hot argon at pressures from 0.i to 30 bar and temperatures to 20,000~ 

The tables are entered with five input parameters (T~, PF, TX, PX' x). The source temp- 
erature Ts ranges from 6000 to 20,000~ in steps ~T~ = 2000~ The contribution to heat 
transfer from segments with temperature T$ < 6000~ is small, and may be taken equal to zero. 
The temperature of the calculated point (or drain) T X is given from 2000~ to 20,000~ in 
steps ~T X = 2000~ For points of a volume in which the temperature T X < 2000~ one can 
use the value of 2000~ with insignificant error. 

For convenience in interpolation the pressure and geometric dimension scales are pre- 
sented logarithmically. The log of the pressure (in bar) ranges from --I to 1.5, which allows 
calculation at pressures from 0.i to ~30 bar. The log of x (cm) ranges from --2 to +2, cor- 
responding to dimensions from 0.I mm to i m. 

The table entries are in mantissa-characteristic form. Thus an entry of 81 + 01 cor- 
responds eo a value of 0.81-10 -I . 
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The dimensions of the partial characteristics and results of their integration are as 
follows: Al, W. cm-~-St-:; ASim, W. cm-~.St-~; I, W.cm-2'St-*;Vl, W.cm -3oSt-I; S,W'cm-2; 
VS, W, cm -3 . 

Using these tables, radiation fields can be calculated from known temperature and pres- 
sure fields with the expressions presented in [I-3] and [6]. 

The tables described above can be obtained from the Institute of Theoretical and Applied 
Mechanics, Siberian Branch, Academy of Sciences of the USSR (630090~ Novosibirsk-90, Insti- 
tutskaya 4/1). The tables are available in analog form with analog--digital conversion, on 
punched cards, or may be recorded on the user's magnetic tape. The last method is preferred. 

NOTATION 

T, absolute temperature; P, pressure; x, X, $, q, geometric coordinates. 
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