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ABSTRACT Radiation is one of the important modes of heat transfer in combustion systems. The
objective of this article is to compare the effects of various radiation models to simulate turbulent com-
bustion systems. Both nonluminous and luminous methane–air nonpremixed turbulent jet flames are sim-
ulated using comprehensive combustion solver software, which consists of a finite-volume/probability
density function-based flow–chemistry solver interfaced with a spectral radiation solver. Flame simula-
tions are performed using various k-distribution-based spectral models and radiation transport equation
(RTE) solvers, such as P-1, P-3 and Photon Monte Carlo (PMC) methods, with/without the consideration
of turbulence–radiation interactions. Turbulent–radiation interactions are found to drop the peak tempera-
ture by close to 150 K for a luminous (optically thicker) flame and 25–100 K for nonluminous (optically
thinner) flames. RTE solvers are observed to have stronger effects on peak flame temperature, total radiant
heat source and NO emission than the spectral models.

INTRODUCTION

Thermal radiation plays an important role in multi-phase (gas + particulate phase) turbulent combustion
systems. The magnitude of radiative heat fluxes can have profound effects on combustion performance and
on environmental impact, such as prediction of NOx emissions, which is very sensitive to the prediction of
the flame temperature distribution. Until recently it was not possible to make high-accuracy predictions of
radiative heat transfer rates in high-temperature combustion applications. The reasons for this deficiency
are: (i) lack of high accuracy and efficient radiative transport equation (RTE) solvers and (ii) lack of ver-
satile, robust and computationally efficient models to predict radiation from nongray multi-phase media.

Because of the difficulties associated with radiation calculations, it has been common practice in turbulent
flame simulations to invoke the optically-thin approximation, and/or to assume the medium to be gray, for
both luminous [1] and nonluminous [2] flames. The optically-thin radiation model can result in substantial
error due to its neglect of self-absorption effects, as has been shown by both numerical and experimental
studies [3]. The gray medium assumption can also result in large errors as was shown by Li and Modest
[4] and Wang et al. [5, 6]. Nongray radiation modeling has begun to draw attention in combustion sim-
ulations [5, 6]. Nongray radiation calculations in participating media can be most accurately performed
using the line-by-line (LBL) approach, which accurately resolves the spectrum requiring in excess of one
million spectral solutions to the RTE, thus making spectral radiation calculations prohibitive. Models for
nongray radiative properties include the weighted sum of gray gases (WSGG) model [7], the spectral line-
based weighted sum of gray gases (SLW) model [8], and the full spectrum k-distribution (FSK) method
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