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Abstract

Radiative transport equation (RTE) is an
integral-differential  equation. Radiative
intensity is a function of not only position
variables (r,y7) but also direction angular

variables (w,,0) . Hence, the analysis of

radiative heat transfer is quite complicated.
Moreover, complexity is reinforced with
Fresnel boundary being considered.

Among the methods of solving RTE,
discrete ordinate method (DOM) is one of the
most popular.  The reasons rely on the
following factors: (1) easily implement with
high order approximation and accuracy, (2) the
derivation of DOM schemes is relatively
simple, (3) the DOM is compatible with finite-
difference or finite-element schemes for
convective-diffuse  transport ~ phenomena.
However, DOM suffers from the ray effects
that arise from the approximation of angular
distribution of radiation by a set of discrete
ordinates.

In the present work, we consider two-
dimensional azimuthally dependent problem in
that medium is scattering and bounded by
Fresnel boundary. The incident radiation is
collimated and the refraction obeys the Snell’s
Law. We solve the RTE by modified DOM
that split the non-dimensionless radiation

intensity into collimated part /¢ and diffuse
part /Y . By obtaining the approximated
collimated part/“, we can reduce the ray effect



resulted from the angular discontinuity of
direction by incident beams. In the r—yw

based cylindrical coordinate, beams incident on
the periphery result in the changing of
reflection points and direction after every
reflection. More reflections make the direction
of reflection more complicated. It is hardly
impossible to gain all the incident beams
contributed to collimated part /°. Hence, we
simplify the problem and acquire the
approximated solution of collimated part /° by
neglecting the following two factors owing to
too many times of reflection: (1) the product of
reflectivity is too small, (2) the optical path is
too long results in little contribution to /¢ by
extinction along the path. We calculate the
incident radiation beams under finite times of
reflection that can not be neglected and
contribute to collimated part /°. By the same
way, we acquire the source function S°resulted
from collimated part /°. By this doing, we
solve the RTE for scattering medium with
Fresnel boundary.

Keywords: Fresnel boundary, Snell’s Law,

discrete ordinate method (DOM),
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