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Abstract: To improve the solidification performance of triplex-tube thermal energy storage sys-
tem, the rotation mechanism is applied to the solidification process and a corresponding numerical
simulation is carried out in this paper. The accuracy of numerical models is verified by comparing
with experimental data and the influences of rotation on the liquid phase distribution, temperature
distribution, and flow velocity field in the exothermic process are explored. The liquid phase evo-
lution, total amount of heat energy release, and heat energy release rate of the triplex-tube ther-
mal energy storage system without rotation and at different rotational speeds are compared and
analyzed. The results demonstrate that the application of rotation effectively reduces the solidifi-
cation time and increases the heat release rate of the system, but the total heat release decreases
slightly in individual solidification cycles. The solidification time of phase change materials at

0.5 r/min is reduced by 78.1% compared with that under static state, while the heat release rate
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is 4.45 times that under static state. However, the total heat release decreases by 2.52%. The

research provides guidance for the design and application of rotation mechanism in triplex-tube

thermal energy storage system.

Keywords: triplex-tube thermal energy storage system; latent heat energy storage; rotation

mechanism; numerical simulation; solidification performance
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Table 1 Thermophysical properties of materials (N-eicosane

and copper)
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Fig. 2 Diagram of representative mesh
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Fig. 3 Independence analysis of gird and time step
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Table 2 Simulation results of different mesh numbers and

time steps
MR REEERAE /s BPREAE K /s SR A /s
11097 929 0.01 937
20914 923 0.02 935
45032 935 0.05 930
82 566 936 0.10 918
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experiment results in literature-*
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Fig. 5 Solid phase evolution at different rotational speeds
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Fig. 8 Comparison of solidification performance
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