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Dimensionality Issues in Modeling
- With the Discrete-Ordinates Method
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Nomenclature

a = abscrpunn coefficient, m
radiation intensity, W/mb-sr- WIm
length, m

scattering coefficient, m
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S5 — source term, W/m -sr-um
X, ¥z = coordinares, m
Av, Ap, Az = differential lengths in x, ¥, and z directions,
m

o = finite-difference weighting factor
& = extinction coeflicient = {g - 5), m~
g = polar angle, rad
#, B,y = cosine of angles between Fand x, v, and 7
anes
7 =" optical thickness = 5L
i = azimuthal angle, rad
Subscripts
¢ = parallel beam
d = sensor
i = discrete direction {
x, v, 2 = coordinates
Superscripis
P = control volume label
xr, yr, zr = reference laces in x, ¥, and z directions
Tntroduction

The diserele-grdinates method has been successfully applied
to the solution of one-, two-, and three-dimensional radistive
transfer problems in Cartesian eoordinates (Carlson and Lath-
rop, 1968; Gerstl and Zardecki, 19835; Stamnes <1 al., I988;
Kim and Lee, 1990; Fiveland and Jamaluddin, 1991; Sinchez
et al., 1991). Models of the discrete-ordinates method have
been developed to take advantage of the symmetry and in-
variauce relaled to each level of dimensionality. These maodels
fuil to retain, in one- and two-dimensional applications, the
three-dimensional effects implicd hy the presence of incident
collimated sources and/or detecling sensors al localions Lhat
are oputside the planes of symmetry. As & consequence, Most
applications found in the lterature limit parallel beam radia-
tion and intensity output to & sensor to rero azimuthal anpgles
(Kim and Lee, 1989 or a further treatment of the intensity
field is required (Stamnes et al., 1988).

In a few ogeasions, & higher dimensionality (three-dimen-
sional) discrete-ordinates model has been used 1o solve lower
dimensionality {one- or two-dimensional) problems by (1}
moedifying the aspect ralio of the numerical domain to imply
infinite lengthisy, {2} modeling the boundaries in the infinite
direction(s) as specular boundaries, or {3) assuming the bound-
ary conditions in the infinite direction(s) periodic. This classical
approach is not practical in optically thick problems where a
very large number of control volumes, and, therelore, com-
puter resources, would be required. Because of this and other
disadvantapes of the classical melhodology (ray and end ef-
fects), the mirror technigue {periodic or symmetric boundaries)
was introduced by Sanchez et al. {1991), :

After each iteration for the comtrol volume intensicy, the
diserele-ordinates method gives the inlensity field. A mictor
technigue can be applied (o the direction (two-dimensional) or
directions {one-dimensional) of infinite length making the
boundaries in these directions behave as pericdic boundarics,
Thus, the ntensities leaving a surface on the boundary are

. placed as intensities arriving at the opposite boundary for the

next iteration for the infinite directionds). In the mirror tech-
nigue, the aspect ratio is irrelevant and no special consideration
gboul the side walls [s needed. Although the mirror approach
is a step in the right dicection, ils slow rate of convergence
reduces its practical applicability.

The twa approaches (classical and mircor) (o LIu: lesser di-
mensionality problem fail to recognize the simple solution of-
fered by the discrete-ordinates formulation, The verification
of a simple procedure (shortcut approach) that uses the same
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