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Heat Transfer with Linearly Anisotropic Scattering Medium
in a Plane Layer

;1 z* T. F. Smithss

o
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ABSTRACT

The purpose of this study is to apply the zone method expressions for a gray, absorbing,
emitting, and linearly anisotropic scattering medium enclosed in an infinite plane layer to evalu-
ate heat transfer applications. The medium is assumed to be homogeneous and has a refractive
index of unity. The boundary surfaces are opaque and gray, diffusely emitting and reflecting at
a constant temperature. Radiative equilibrium condition, combined conductive and radiative
heat transfer, and thermal ignition are studied in terms of the governing parameters, and the
results are compared with previous studies. Wall heat flux results agree well with those of others.
Except for the minor discrepancies observed for some cases, temperature results also agree well
with those of previous studies. Good agreement with results from other methods indicates the
accuracy of the zone method as well as its compatibility with other modes of heat transfer.

NOMENCLATURE N Conduction to radiation parameter,
Eq. (8)

E :  Activation energy or Blackbody N Numer of gas zones

emissive power, Kcal/mol-K, W/m? P Scattering phase function
GG : Gas to gas total exchange area 0 Dimensionless wall heat flux

(TEA) matrix Q, Dimensionless radiant absorption
GS : Surface to gas TEA matrix Q e,c';' :  Energy release per unit volume,
H, . Critical heat generation coefficient, W/m3

Eq. (11) q, . Radiative heat flux, W/m?
k : Thermal conductivity, W/m-K R :  Universal gas constant, 8.3144
L : Slab thickness, m J/mol-K
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SG : Gas to surface TEA matrix

SS :  Surface to surface TEA matrix

T . Temperature, K

X 1 Coefficient for linearly anisotropi-

cally scattering

y Plane layer vertical coordinate, m
Z Reaction Rate

i . Extinction coefficient, m’!

€ Wall emittance

u cos 8

I Stefan-Boltzmann constant, W/m?-
K4

Optical thickness and depth, 8y,
gL

Scattering albedo

Subscripts

a : Absorption
Black

Gas
Reference

“w = g o

Surface
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Ref T
x o 01 0.5 L0 20 | 1000
-1.0 zone method 0. 8952 . 6472 0. 4862 0. 3265 0. 0908
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