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HEAT TRANSFER IN A LAYER ABSORBING, EMITTING AND
SCATTERING IR-RADIATION IN THE VOLUME AND ON THE SURFACE

V. F. Chekurin, Y. V. Boychuk

Pidstryhach Institute for applied problems of mechanics and mathematics
of the NAS of Ukraine

A nonlinear problem for stationary heat transfer in a plane layer, which absorbs, emits and
scatters IR-radiation in its volume and on the surface, has been considered. To solve the
problem an iterative method has been developed. The solution of the corresponding problem
for the case of radiative equilibrium has been chosen as a zero approach for the iterative
process. A numerical study has been conducted for the case when the layer thickness is of the
same order as the optical thickness of the material the said layer was made of. The temperature
field and radiation intensity distribution in the layer volume have been studied depending on its
thickness, thermal conductivity, volumetric and surface radiative properties. Numerical analyses
demonstrated significant deviation from the radiation equilibrium in the space enclosed by the
layer. Nevertheless the results of the iterative process were convergent in the whole domain of
the parameters values, which have been used in the numerical experiments.
The heat exchange of the layer with the external medium has also been studied. The results
have shown that the convective constituent of the total heat flow is much smaller than the
radiative one and weakly dependent on the layer volumetric and surface radiative properties.
The outside radiative heat flow is strongly dependent on the surface radiative properties, as well
as emissivity  and reflectivity  of the layer. The volumetric radiative parameters – absorption
factor  and scattering coefficient  – have a minor effect on the radiative heat flow.
On the base of conducted study an approach for quantitative evaluation of heat-insulating
properties of layers, absorbing, emitting and scattering IR-radiation in the volume and on the
surface has been considered. The approach can be used for the development of methods for
optimal design of layered, fibrous and honeycomb heat-shielding structures.
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