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Numerical simulation of high-temperature phase transition thermal energy
storage container for solar thermal power generation applications

CUI Haiting, SUN Kunkun, LI Ning
(School of Mechanical Engineering, Hebei University of Science and Technology, Shijiazhuang, Hebei 050018, China)

Abstract : The heat storage process of the high temperature thermal energy storage container using single-stage PCM for solar
thermal power generation is numerically simulated. The change curves of the PCM’s temperature and liquid rate over time dur-
ing the single-stage thermal stage melting process and its cloud distributions of the liquid rate at different time have been
obtained. Through the analysis of the curves and cloud figures, in the premise of ensuring the heat accumulation amount, three
kinds of PCM cascade regenerative high temperature thermal energy storage container design schemes are derived and simulated
on their regenerative performance. The result indicates that the cascade heat storage schemes greatly reduce the total heat stor-
age time and the "dead zones" effects effectively on the performance of heat storage during the single-stage regenerative terminal
stage, which can make the PCM liquid rate distribution to be more uniform. It provides the theoretical basis for the optimiza-
tion design of the high temperature phase change thermal energy storage container for solar thermal power generation applica-

tions.
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Fig. 2 Diagram of the energy storage container
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Fig.1 Structure diagram of the high temperature energy . L
configuration in cascade heat storage

storage container in single-stage heat storage
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%1 AlSi&gAAEMHEGHELEK

Tab.1 Physical properties of Al-Si

- N ——— iﬁﬁi’i/ %EC L/ i %ﬂ%ﬁ/i
(kJ + kg™1) (kg *+ m™3%) (kJ+ (kg * KD (We(m+K™D
PCM1 Al-20Si 871.8 562.2 2 580 1590 135.9
PCM2 Al-12Si 850 515 2 660 1148 160
PCM3 Al-7Si 823.4 500 2 750 1038 180
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Fig.3 Temperature change of PCM area in melting Fig. 4 Temperature change of PCM area in melting

process in single-stage heat storage process in cascade heat storage
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Fig.5 Liquid fraction change of PCM area in melting process Fig. 6 Liquid fraction change of PCM area in melting

in single-stage heat storage process in cascade heat storage
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Fig. 7 Distribution nephogram of rate of liquid phase when Fig. 8 Distribution nephogram of rate of liquid phase when

the PCM melts for 30% in single-stage heat storage the PCM melts for 80% in single-stage heat storage
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