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Numerical Investigation of the Effect of Height Ratio, Collector Angle, and Obstacle

Presence in a Solar Chimney with a Two-Level Inlet
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Abstract

In this study, solar energy, as one of the most accessible and clean renewable energy sources, is investigated through
the optimization of solar chimney power plants with a two-story collector. Numerical simulations were performed
in two phases using ANSYS Fluent to optimize the geometry and operating conditions of the system. In the first
phase, the type of airflow within the two collector stories-either co-flow or counter-flow-along with the height ratio
of the first story to the total collector height, was optimized. The results demonstrated that co-flow conditions
significantly enhance the power output and efficiency of the power plant. Furthermore, the maximum efficiency and
power output were achieved when the height ratio of the first story was set to 80%, resulting in an efficiency of 1.22
and a power output of 39.5 kW. In the second phase, the effect of the collector roof angles was examined. The
findings revealed that a horizontal roof for the first story combined with a one-degree inclination for the second story
roof leads to optimal performance. Under these conditions, the power output increased by approximately 8%,
reaching a maximum value of 42.6 kW. Overall, the study highlights that careful optimization of airflow patterns,
geometric dimensions, and roof angles in two-story solar chimney collectors can substantially improve system
efficiency and power generation, making this technology a promising solution for sustainable energy production.

Keywords: Solar chimney power plant; Power plant output power; Power plant efficiency; Numerical
simulations.
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