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INTRODUCTION

Natural convection in differential heated cavities hasmbeg&lely studied experimentally and nume-
rically. However, experimental results usually differfitaaumerical solutions. Since in most of those
experimental enclosures absolute temperatures of the a@lrelatively high, it has been traced that
these discrepancies could be due to surface or surface an@djation. Nevertheless, few studies
have been done taking into account only surface radiation-frarticipating medium) and much less
taking into account surface and gas radiation (partiangathedium). When gases contained inside
the cavity are participating in radiation the governingapns of motion of the fluid are coupled to
the integro-differential equation of radiative transp@®TE) through a new term, the divergence of
radiative heat transfer, affecting the fluid flow.

The aim of the present work is to analyse the effect of surfadetion as well as both surface and
gas radiation on the turbulent natural convection in a iffftibntially heated cavity. Standard RANS
methods and advanced LES formulations are used.

MATHEMATICAL FORMULATION AND NUMERICAL METHOD

The turbulent flow is described by means of Large Eddy SinarglLES) and Regularization Mod-
elling (RGM) using symmetry-preserving discretizatibns

The spatial filtered Navier-Stokes equations,
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the subgrid-scale viscosity,,,, is modelled in order to stop the production (by means of vortex

stretching) of scales: A: vsqg = A2t /g = C2A%[S| whereCy = <, [5| = (2@-]—?@-]-)1/2,
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The filtered temperature transport equation is
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wherelett = v/ Pr + vyys/Pri. TheV - g,44 is obtained from the RTE. In the present study RTE is
solved for an emitting-absorbing nonscattering grey ndiu

dl
— = —kl -+ HIb (6)
ds
The filtered RTE is
a
T —kl + kI = —RI — (/@I — KJ[) + &I, + (H[b — H]b) ~ —rl + R, (7
S

The simplest way to close the filtered RTE is used, i.e. theagen parenthesis are ignored and
I, ~ I,(T). In a similar way it was done in the previous wérkT he filtered radiative source term is
approximated using the same criteria as in the filtered RTE,

v'Qrud:Zlﬂ'Kl—[b_/

47

wldw ~ 4r 7T, — / wTdw (8)
47

Radiation is simulated using the Finite Volume Method (FVdM)the Discrete Ordinates Method

(DOM)*4,

Numerical results are carried out by using the CFD code TERM@DS which is an intrinsic 3D
parallel CFD code applied to unstructured meshés all cases, a explicit finite volume fractional-
step based algorithm is used. The pressure equation isdsbiveneans of a parallel FFT Schur
decomposition solver. Discretized algebraic radiatia@sfer equations are solved using the parallel
iterative solver GMRES or a parallel sweep solver.

STUDIED CASES

The studied case corresponds to a cavity of aspect ratiolled With air and a Rayleigh number
based on the height af48 - 10'°, a Planck number of253.8 and a ratio of temperature 6f1399.
The four walls are considered black. The analysis of paeitng medium has been performed for an
optical thickness{ = xH) of 1.0.

Simulations are compared with experimental data availabtée literaturé and the previous nu-
merical results obtained by the authors using ¢ andk — w low-Reynolds number two-equation
eddy-viscosity turbulent models Figure 1 shows dimensionless turbulent viscosity field sod
temperature lines using RANS method. In the congress ddteglsults will be presented.
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Figure 1: Dimensionless turbulent viscosity field and isowerature lines using PDH modalk three
radiative situations (NR: No Radiation; NRM: Net Radiatiethod; DOM: participating medium) .
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