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Influence Mechanism of Heat Storage/Release Duration on the Topological
Structure of Fins in Latent Thermal Energy Storage Units
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carbon-based Energy Conversion and Utilisation, Shanghai, 200240, China)

Abstract Topological fins can significantly improve heat transfer in latent heat storage units. In this study, a two-dimensional topology
optimization model for a shell-and-tube latent heat storage unit was developed and experimentally validated. The optimal fin for different
operating conditions and charge-discharge cycles was investigated. Box-counting dimensions and fin surface areas per unit length were used
to characterize the topological fins. The results showed that increasing the charging time simplified the fin structures, whereas discharging
times of more than 600 s extended the fin tips. For the 3 000 s charge-discharge cycle, the optimal fin increased the surface area per unit
length by 80% and the discharge energy density by 37. 6% compared to the fin for the 3 000 s charging process. The topological fin for a
300 s discharge-charge cycle with an extended branch resulted in a 7. 7% increase in heat storage density.

Keywords latent thermal energy storage; topology optimization; fin structure; natural convection; multi-condition optimization
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