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ABSTRACT

Most of the engineering applications where computation of radiative heat transfer in participating
medium is important, such as furnaces, combustors and solarenergy devices, are 3D with complex-
shaped geometry. The resolution of the integro-differential RTE for these multidimensional cases is
very costly from a computational point of view. However, theincrease of the computational power in
the last decade has made feasible solve 3D radiative cases [1, 2]. Unstructured grids have been widely
used in CFD for handling real shape cases due to their geometrical flexibility. Recent numerical works
also employ unstructured grids for solving RTE in 2D and 3D [1, 2, 3, 4].

Several methods have been developed for solving the RTE in multidimensional situations. The DOM
[5] and FVM [6] have emerged as two of the most popular techniques due to their ability to solve many
radiative situations with relatively good accuracy and moderate computing resources. In both methods,
the domain is spatially discretized in control volumes, which makes these methods easy to integrate into
control-volume CFD codes. The main difference between themlies on the angular discretization. One
of the most important shortcomings of the FVM and DOM, altogether with theray-effect, is thefalse-
scattering, which is due to spatial discretization [7]. This drawback can be reduced using finer grids or
more accurate spatial numerical schemes [6, 8, 9]. However,most of these works investigate cases in
2D orthogonal grids. To the authors’ knowledge, Joseph et al. work [4] is the only work that analyses
different numerical schemes for the resolution of the RTE using DOM with unstructured meshes in 3D
cases. The paper compares three numerical schemes: the exponential scheme proposed by Sakami et
al. [1], which is a sophisticatedskewscheme based on the formal solution of the RTE and developed
specifically for 3D unstructured meshes; thestepscheme, which is a low order scheme and is the ana-
logous ofupwindscheme in the CFD community, that has been used for many authors in the radiative
scope; and amean flux scheme, cited in [4].

In the present work a radiative heat transfer library with both DOM and FVM has been developed and
coupled with TERMOFLUIDS code which is an intrinsic 3D parallel CFD code applied to unstructured
meshes[10]. Discretized algebraic radiative transfer equations are solved by means of parallel iterative



solvers (GMRES and BIGSTAB) employed on a low cost PC cluster. These solvers have also been
successfully tested in several CFD problems [10].

For the discretization of the convective term of the RTE five different numerical schemes have been
developed and compared in several 3D benchmark cases. Theseschemes have been designed specifi-
cally for unstructured meshes by means of the projection of nodal values of intensity on the studied
radiative direction, accordingly they are ofskewtype schemes. Three of them take also into account
the formal solution of the RTE leading to schemes that bear a resemblance to modified and high-order
exponential schemes [1, 6]. Nevertheless, their implementation on 3D unstructured grids is easier than
the exponential scheme proposed by Sakami et al.[1].

The benchmark cases that have been studied include both transparent and non-transparent grey medium.
Furthermore, several situations have been considered in non-transparent medium: absorbing-emitting
and non-scattering medium, purely scattering medium and absorbing-emitting and non-scattering
medium with a uniform heat source.
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