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The objective of the present dissertation is to attain the fundamental understandings of
solution methods for solving the radiative transfer equation and combustion phenomena of porous
burner related to radiative emission characteristics of open-cellular porous materials. In order to meet
this objective, the dissertation is arranged into three steps. Step one conducts numerical computation
of radiation emission properties of the open-cellular porous materials at high temperature. In step
two, experimental determinations and numerical analysis of combustion phenomena and radiation
emission characteristics for open-cellular porous burners are presented. Finally, enhancements of the
combustion in open-cellular porous burner on account of radiation recivculation are reported in step
three._

Two numerical studies in step one arve as follows. The first numerical study aimed to improve
accuracy of P approximation method in the calculatioil of the radiative transfer equation. In this
method, the second order Legendre expansion coefficient of the radiation intensity @z appearing in Pr
equations was approximated by the zeroth order one @gin the form of @2 = (K/2)®p. Here, X denotes
a correction factor and was determined so as to reproduce the hemispherical emittances of isothermal,
gray, Henyey-Greenstein’s scattering media bounded by a black surface. A value of K thus determined
changes variously with the optical thickness 7o in the range of 7 less than about five, but converges
asymptotically to some constant value denoted by K, An accurate rational approximation to K, is
derived. Therefore, a modification of Py equations using an asymptotic correction factor X, was called
an improved Prapproximation. The validity of the improved P;equations was examined in some pure
radiation problems. For the second numerical study, spectral or total normal emittances of an
isothermal, plane-parallel, open-cellular porous plate placed on an opaque diffuse substrate were
investigated by solving the equation of transfer, and obtained results were compared with available
expérimental data. The extinction coefficient, the albedo and the asymmetry factor of a scattering
phase function appearing in the equation of transfer as parameters were predicted by Kamiuto's

radiative property model whose input parameters include the porosity, the number of pores per inch
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(PPD and reflectivity of the solid material. A comparison between theoretical predictions and
available spectral or total emittance data for three kinds of open-cellular porous plate, consisting
of cordierite, Ni-Cr open-cell foams for total normal emittances and alumino-silicate for spectral
normal case, reported in literature shows acceptable agreements within experimental
uncertainty, and thus a theoretical approach of the radiative transfer equation incorporating
Kamiuto's model is effective in predicting the emission characteristics of open-cellular porous
plates.

In step two, open-cellular porous burners were employed experimehtally and numerically
to investigate the radiafion emission characteristics of the burner. For the experiment, three
kinds of Ni-Cr open-cellular porous material were examined and a two-color radiometry was used
to observe the radiant energy from the porous burner. The surface temperature of porous burner
was also measured. The numerical model of combustion phenomena was predicted on the basis of
one-dimensional, leran premixed methane-air combustion without assuming a flame position, and
a single-step Arrhenius rate expression was modeled for the kinetic mechanism of the combustion
model. Predicted results of the forward radiative heat flux and the burner surface temperature
were favorably compared with experimental data® satisfactory agreement between theory and
experiment was obtained, and thereby the validity of the present theoretical model for predicting
the radiation from a porous burner was confivmed. The flame of the porous burner could occur
within or at the surface of the porous burner depending on Re, Moreover, it is found that there is
only a little difference between predicted results of Barkstrom’s method and these of the P
approximation.

Step three was studied experimentally and theoretically to improve the combustion of
open-cellular porous burner by concerning the heat recirculation emphasized on a radiation mode
of heat transfer. The burner of this type consisted of three sections (layers), the first and th_ird
layers are open-cellular porous plates whereas the second layer is free space, as defined as a
multi-layered porous burner. The open-cellular material, experimental procedure and theoretical
method for solving the equation of transfer were operated similar to those of a single-layered
porous burner in step two. The combustion were stabilized within free space (second layer) acted
.as a flame holder, and the flame shifted from the near upper surface of the first layer toward the
center of the second layer as e increases. With comparing between the burners in step two and
three, the flammability limits (blow-off and flash back) and the values of the dimensionless
forward radiative heat flux in a multi-layered porous burner were lower than those of a
single-layered porous burner. Agreement between the predietion based on Barkstrom’s method

and theory based on P;equations was satisfactory.
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