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Three-Dimensional Dynamic Simulation and Design Optimization of
a Desiccant Wheel

Wang Wenhuan' Shen Jiubing' Gu Mingyang' Guo Ting'

Tan Niugao’

(1. Jiangsu University of Science and Technology, School of Energy and Power, Zhenjiang, 212100, China;
2. Shanghai Nuotong New Energy Technology Co. , Ltd. , Shanghai, 201101, China)

Abstract Silica gel desiccant wheel is the main dehumidification technology to realize humidity control of ambient air. Optimizing the
wheel size and reducing the operating energy consumption are necessary trends in technology development. In this study, based on
computational fluid dynamics (CFD), we first established and verified a three-dimensional dynamic simulation model of the dehumidification
and regeneration process of the desiccant wheel. We conducted a dynamic simulation for the silica gel desiccant wheel used for the
protection of bridge cables. We then analyzed and discussed the influence of wheel thickness, wind speed, and regeneration wind
volumetric flow rate and temperature on the moisture removal capacity (MRC) and specific energy consumption (SEC) to optimize the
design of the desiccant wheel. The results showed that the optimal thickness increased with the increase in wind speed. Compared with
the original design, the optimized wheel improved the average MRC by approximately 10% while reducing the SEC by approximately
15%, demonstrating the effectiveness of geometry optimization. Notably, the SEC decreased with increasing regeneration temperature.
Therefore, in practical design, the regeneration temperature should be selected in accordance with the dehumidification requirements and
maintained as low as feasible to enhance the overall economic performance.

Keywords silica gel desiccant wheel; CFD; design optimization; dehumidification; energy saving and emission reduction
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Tab.1 Technical parameters of dehumidification runner for

a bridge
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Fig.2 Model verification based on literature experimental

results
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