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Numerical Simulation of Plate Solar Air Heater Considering Gas Radiation
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Abstract

Solar air heater is a type of heat exchanger in which the incoming solar irradiation absorbs by the absorber plate and then this thermal
energy transfers to the convective air flow through the heater. In this paper for the first time, the thermal behavior of solar gas heaters was
numerically simulated with considering the radiative effect of working gas. The set of governing equations including the conduction
equation for solid elements and the gas energy equation with radiative term was solved by the finite difference method (FDM). The
radiative term in the gas energy equation was calculated by numerical solution of the radiative transfer equation (RTE) using the discrete
ordinate method (DOM). With this numerical technique, the temperature and radiative flux distributions in the gas flow were obtained,
while the working gas was considered as a participating medium. Numerical results showed the thermal characteristics of solar heater are
much affected by gas radiation, although the gas temperature is not too high. In the studied test cases, about 7% increase in the gas outlet

temperature was seen when the optical thickness increased from zero (non participating medium) to 7, =2. Comparison between the

present numerical results with experimental data published in literature shows good consistency with relative error less than 3%.
Keywords: Solar plate air heater, Radiation heat transfer, Optical thickness.
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