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Figure 4: Application of the multiphase radiative model to the spread of a
wildland fire under windy conditions. Time evolution of gas temperature and
radiative intensity.
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Figure 2: Radiation in a 3D enclosure. Effects of the solid-phase vol-
ume fraction on the predicted incident radiative flux at the cold wall. S8-
approximation is used.
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Figure 3: Radiation in a 3D enclosure. Effects of the surface to volume ratio
of the solid phase on the predicted incident radiative flux at the cold wall.
S8-approximation is used.
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Figure 1: Radiation in a 3D enclosure. Predicted incident radiative flux at
the cold wall.





[image: image4.png]the emissivity €, the volume fraction a4 , and the surface to volume ratio
ok. The specific surface is then defined by: Ay = o0%.

When solving the energy equation of the gas phase, the solution of the MRTE
gives the divergence of the radiative flux. This term is the result of the
balance between the emission and the absorption by both the gas phase and
the solid phases.
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Discrete ordinates solutions of the resulting macroscopic MRTE have been
obtained using S4, S6 and S8 approximations and the efficient Variable
Weighted Scheme of Lathrop [1].

Our model has been applied to compute radiative heat transfer in a 3D en-
closure. Relevant data are presented below:

Enclosure dimensions: 1 mx1m x 1m

Wall temperatures: Firing end: 1000 K, others: 300 K

Properties of the medium: oy = 0.01, ¢ = 0.9, and o4 = 3000 m~1.

The use of S8 approximation is justified as shown in Fig. 1. A study of the
sensitivity of the predictions to the solid phase properties (volume fraction,
surface to volume ratio) and radiative properties of each phase of the medium
is illustrated in Figs. 2 and 3.

This multiphase radiative heat transfer model has been included in a gen-
eral multiphase model describing the behavior of a wind-aided fire spreading
through a litter of dead pine needles [3]. Test conditions and fuel properties
used in the present work are the same as those used for laboratory experi-
ments in a wind tunnel in the open air conducted by Mendes-Lopes et al. [4].
The dimensions of the experimental set-up are 4.2 m long and 0.9 m high.
The fuel to be burned is distributed uniformly from 1. m to 3.2 m from the
left boundary of the computational domain throughout a layer of constant
thickness of 0.05 m. For a fuel loading density of 0.5 kg/m?, a windspeed
value of 1 m/s is considered. In accordance with this experimental study,
the measured surface-to-volume ratio of the needles is 5511 m~!. Computed
results are in good agreement with those obtained from the experiments.
In accordance with the observations of Pagni and Peterson [5], it is found
that at moderate windspeed, radiation is dominant. Figure 4 shows the time
evolution of gas temperature and average radiative intensity.
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Radiative heat transfers in multiphase media is an area of considerable en-
gineering interest. They play an important role in industrial heat processing
systems such as coal furnaces or fluidized bed combustors, flying object de-
tectability , atmospheric or environmental problems. ‘

This paper describes a new approach in applying a multiphase formulation to
solve the radiation transport equation for an absorbing-emitting-scattering
heterogeneous medium. In this approach, a gas phase and IV solid phases can
coexist in each volume element of the enclosure, which constitute an idealized
reproduction of the heterogeneous medium. An averaged directional equation
of the radiative intensity is obtained from the local instantaneous equation
using the well known formal averaging method of Anderson and Jackson [2].
The averaged form of the radiative transfer equation for a multiphase media
may be written in the direction Q:
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where the subscripts g and % refer to the gas and solid phase quantities, the
symbol ( ) indicates an average quantity, and L%, a,, 8, w, ® are respectively
the radiative intensity, the gas volume fraction, the extinction coefficient, the
albedo and the scattering phase function. The second term of the left-hand
side of the multiphase RTE (MRTE) represents the extinction of the inten-
sity due to the absorption and the reflection of the particles whereas, in the
right-hand, the second and the last terms represent the emission of the parti-

cles and the reflection due to particles. For a solid phase &, we have to define




