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Radiative Calculations for Non-Gray Media with Heat Sources by using the
Spectral Line-Based Weighted Sum of Gray Gases Model
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ARTICLE INFORMATION ABSTRACT

Some solutions are presented to show the ability of the spectral line-based weighted sum of gray gases
approach to solve the radiative transfer equation in absorbing-emitting non-gray media. The medium
contains heat sources and is at radiative equilibrium state which occurs in high temperature systems.
The non-gray gaseous medium is divided into a number of gray gases, and the radiative transfer
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equation is solved for each gray gas by the discrete ordinate method. The intensities are found by a
summation over all gray gases, and the temperature field is updated by an iterative procedure. The
updated coefficients obtained from high-temperature molecular spectroscopic database (2010 edition)
are employed in the spectral line-based weighted sum of gray gases model. The method is verified
through comparison with a benchmark problem for the case of a specified temperature distribution, and
also for the case of a variable temperature distribution (radiative equilibrium). Several examples are
taken into account to show the ability and performance of proposed procedure for the radiative
equilibrium calculations in media with heat sources and different boundary conditions (constant
temperature and insulated walls).
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Non-Gray Medium
Radiative Equilibrium
Heat Sources
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Fig. 1 A schematic shape of a radiant enclosure filled with non-gray
gaseous medium with heat sources
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Fig. 5 The two-dimensional enclosure with heat source region for
calculations of the radiative equilibrium state
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Fig. 4 Comparison between temperature distributions obtained by the
spectral line-based weighted sum of gray gases (SLW) and line-by-line
(LBL) [21] methods along the enclosure centerline in the x-direction
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