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Abstract

At present, latent heat thermal energy storage (LHTES) technology has demonstrated broad
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application prospects due to its advantages of high energy storage density, stable operating tempera-
ture, and reliable safety performance. However, the relatively slow heat transfer rate remains a major
limitation, severely restricting its engineering applications and further performance improvements.
To achieve enhanced heat transfer and improve the thermal response rate of LHTES units, this study
employs the effective heat capacity method to numerically simulate the melting process within a shell-
and-tube latent heat storage unit. Initially, conventional fin configurations are introduced to investi-
gate their specific effects on the melting characteristics of phase change materials (PCMs). Subse-
quently, the influence of eccentric tube arrangements on the melting process is further analyzed. The
results indicate that fins can significantly accelerate the melting rate, and eccentric arrangements fur-
ther enhance the overall heat transfer performance. These findings not only improve the comprehen-
sive performance of LHTES systems but also provide a theoretical foundation for the efficient utiliza-
tion and structural optimization of latent heat storage units.
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Figure 1. Diagram of basic model
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Figure 2. Diagram of the mesh count validation
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Figure 4. Diagram of numerical methods assessment
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Figure 5. Diagram of eccentric arrangement
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Figure 6. Diagram of the upward eccentric model melting
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Figure 7. Diagram of the upward model melting liquid fraction
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Figure 8. Diagram of the upward model time-averaged velocity distribution
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Figure 10. Diagram of the download model melting liquid fraction
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