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This talk focuses on computational methods used for the far- and near-field radiative transfer
phenomena and the computational challenges need to be tackled for its future applications.
Radiative transfer equation (RTE) is an integro-differential equation by nature, and its solution
is not trivial. It has to be modeled based on the difficulty of the geometry and the physical
system considered. Over the years, a number of methods have been developed to account for
the spatial and directional nature of RTE, including spherical harmonics, moment and discrete
ordinates methods and their combinations, and several versions of Monte Carlo techniques. MC
approaches used extensively for thermal transport applications can also be extended to
electron-transport problems for electron-machining applications, and to phonon-transport
applications which allow the modeling of nano-micro scale conduction problems. The
computational details behind these approaches, their similarities and differences will be
highlighted.

At nano-scales, the computational methods differ from the far-field calculations carried out for
common thermal phenomena problems. The coupling of the equations of electro-magnetic
light propagation (Maxwell equations) and fluctuating electrodynamics equation allows the
analysis of near-field radiation transfer, which lead the way to design of new nano-scale
systems and devices. The use of Maxwell equations is also necessary to determine the
properties of particulate matter in combustion systems and in atmosphere. The variations in
shape, size and size distribution of such particles present significant complexity, which require
intricate applications of computational methodologies.

In the second part of this talk, different solution methodologies for near-field radiative transfer
phenomena and the use of electromagnetic light scattering concepts for particle
characterization will be mentioned. Use of different computational techniques to design new
type of sensors and filters will be discussed. The challenges for the future far-and near-field
radiative transfer problems will also be presented.
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