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Numerical investigation of combined conduction, natural convection, and radiation heat
transfer in a solid block including gas-filled cavities

A. Majidi Dehkordi
A. Raisi
B. Ghasemi

Department of Mechanical Engineering, Shahrekord University, Shahrekord, Iran
Department of Mechanical Engineering, Shahrekord University, Shahrekord, Iran
Department of Mechanical Engineering, Shahrekord University, Shahrekord, Iran

Abstract

In this research, the combined heat transfer of natural convection, conduction, and radiation has been investigated in a solid block
including two cavities filled with gas (air), where the left wall of the block has a temperature of Ty, the right wall of the block has a
temperature of T.. The upper and bottom walls of the block are thermally insulated. The block contains two cavities, whose internal
surfaces are diffuse gray in terms of radiation, and the gas inside the cavity is a nonparticipating medium. The research is carried out
by the finite element method and Comsol Multiphysics software version 6.1. The results show that with the increase of the Rayleigh
number, the convective Nusselt number increases while the radiative Nusselt number decreases. But due to the low contribution of
surface radiation in the heat transfer rate, the total heat transfer rate increases with increasing Rayleigh number. Increasing
emissivity reduces the convective Nusselt number and increases the radiative Nusselt number so that it decreases the total heat
transfer rate. Increasing the thermal conductivity coefficient ratio also strengthens the natural convection while it deteriorates the
radiation exchange.

Keywords: Conjugate heat transfer, Natural convection, Radiation, Conduction, Enclosure, Cavity, Solid block.
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