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ABSTRACT. DNS of a turbulent plane jet has been carried out along with the resolution of
the RTE in order to analyse the role of the turbulent small-scales on the thermal radiation.
LES a-priori and a-posteriori tests have been applied for thermal radiation. The comparison
of the results highlights the subgrid-scale influence over the filtered radiation quantities. It is
shown that the small scales play a relevant role in the jet edge zone, where the radiative heat
transfer is less important. However, at large optical thickness, the role of the SGS-TRI can be
significant and may need to be taken into account in the coupling of radiative transfer with
LES.

INTRODUCTION

Turbulence-radiation interaction (TRI) effects in reactive flows have been widely studied over
the last years [1]. Direct numerical simulations (DNS) and large eddy simulations (LES) are
the most accurate numerical techniques used for modelling turbulent flows. DNS are frequently
used to provide fundamental insight on turbulent flows and various studies have been carried
out with DNS in recent years to investigate TRI [2, 3, 4]. But DNS remains too computational
expensive for practical applications, and therefore LES emerges as an attractive approach to
achieve high accuracy at an affordable computational cost for solving complex problems of
practical usefulness in Computational Fluid Dynamics and combustion [5].

Thermal radiation has been coupled to LES of reactive flows in [6, 7, 8, 9, 10]. In these studies,
the filtered radiative source term was estimated without subgrid-scale (SGS) models, i.e., the
influence of the LES unresolved scales over the radiative heat transfer has been neglected.
Gupta et al [10] have recently studied LES in a turbulent planar channel flow and analyse the
influence of the LES resolved-scale TRI over the temperature, emission and absorption profiles.
It is shown that the temperature self-correlation is the most important contributor to emission
TRI, which is more significant than the absorption TRI, except at large optical thickness.

A few very recent works addressed the importance of SGS of thermal radiation in LES. The
SGS-TRI in LES has been studied by Poitou et al. [11]. They performed an a-priori study from
DNS of a reactive shear layer to evaluate the SGS-TRI in the emission of radiation and tested
models based on Taylor development to reconstruct the correlation between the temperature
and the absorption coefficient in a flame. Coelho [12] investigated the relevance of the SGS-
TRI in Sandia flame D. He generated a time-series of turbulent scalar fluctuations along optical
paths of the flame and solved the filtered radiative transfer equation (RTE) along these paths
by applying a one-dimensional filtering operation. In this study, various approximations based
on an assumed subgrid-scale probability density function are tested to model the subgrid-scale
fluctuations of thermal radiation. It is shown that the TRI in LES is less relevant than in RANS
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