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ABSTRACT

Keywords:

Solar chimney
Geometrical parameters
Solar irradiance

Computational fluid dynamics

The increasing global demand for energy and the need for sustainable ventilation
solutions highlight the importance of solar chimney systems as a passive and
environmentally compatible technology. In the present study, the thermal and
hydrodynamic performance of a solar chimney with a horizontal absorber surface is
numerically investigated under the influence of geometric design parameters and
solar radiation intensity. Numerical simulations were performed using ANSYS
Fluent based on the Computational Fluid Dynamics (CFD) framework, and the RNG
k—¢ turbulence model was employed to capture the airflow behavior. The governing
continuity, momentum, and energy equations were solved using the finite volume
method, and the numerical model was validated against available experimental data.
The effects of chimney height (0.5-2.5 m), air channel gap (0.1 and 0.2 m), inlet and
outlet dimensions, and solar radiation intensity (600, 800, and 1000 W/m?) on the
system performance were examined. The results indicate that increasing the solar
radiation intensity from 600 to 1000 W/m? leads to approximately a 40%
enhancement in the mass flow rate. Moreover, increasing the chimney height from
1.0 to 2.5 m and widening the air channel gap from 0.1 to 0.2 m improve system
performance by about 35% and 50%, respectively. A key contribution of this study is
the identification of a recirculating flow phenomenon at the chimney outlet, which
occurs at a critical ratio of the outlet height to air gap spacing (Hyyt/G=1.26-1.6).
This recirculation significantly reduces the system efficiency, decreasing the thermal
performance from approximately 90% to nearly 30%. The findings demonstrate that
avoiding these critical geometric ratios and optimizing the outlet configuration are
essential for maximizing the efficiency of solar chimney systems. The results of this
study provide practical guidance for the optimal design of solar chimneys,
particularly in hot and arid climatic regions.
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