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Abstract: To mitigate thermal stratification, low heat storage efficiency, and insufficient heat
release stability in traditional solar thermal storage water tanks, this study performs a
structural design, numerical simulation, and experimental investigation of phase change heat
storage water tanks aimed at improving the energy utilization efficiency of the system. First, a
small-scale phase change water tank heat storage experimental platform is built to compare
the heat storage performance of phase change and traditional water tanks, and the numerical
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model is verified using the experimental results. Second, two types of phase change material
encapsulation structures, namely, flat plate and annular, are designed. Based on the verified
numerical model, simulation research is conducted to compare and analyze the performance
differences between the two structures under heat storage and release conditions, and the
influence of flow rate on the heat release characteristics is discussed. The experimental
results demonstrate that the thermocline thickness of the phase change water tank is reduced
by 10.7% compared with that of the traditional water tank while yielding higher heat storage
efficiency. The numerical simulation results demonstrate that the heat storage completion time
of the annular structure phase change water tank is shortened by 19.6% and the heat release
time is prolonged by 13.7% compared with the flat plate structure. At low flow rates, the heat
release duration of the tank is 4.19 times that of the traditional water tank, demonstrating
superior thermal stratification effects and heat release stability. This study provides a
theoretical basis and technical support for the engineering design and optimization of high-
performance phase change heat storage water tanks.

Keywords: phase change water tank; heat storage and release; phase change material;
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Fig. 2 Schematic diagram of the water tank
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Fig. 3 Top views of water tanks with different encapsulation structures: (a) Top view of the flat plate; (b) Three-
dimensional view of the flat plate; (c) Top view of the annular ring; (d) Three-dimensional view of the annular ring
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Table 2 Thermophysical properties of water
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Table 3 Thermophysical properties of phase change materials"*"®
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Fig. 4 Verification of grid independence and step independence: (a) Grid independence based on outlet water
temperature; (b) Grid independence based on water temperature distribution along the tank height direction;
(c) Time step independence based on outlet water temperature; (d) Time step independence based on water
temperature distribution along the tank height direction
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Fig. 5 Measured water temperature distribution
along the height direction in three groups of
experiments: (a) Conventional water tank; (b) PCM
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Fig. 6 Measured water temperature distribution
along the height direction in the PCM water tank and
conventional water tank, and their differences
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Fig. 7 Outer surface temperature distribution of the
water tank (captured by an infrared thermal imager)
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Fig. 8 Comparison between simulation and experimental
results: (a) Water temperature distribution along the
height direction; (b) Outer surface temperature
distribution along the height direction
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