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Experimental Study on the Characteristics of Cold Storage During
Directional Solidification Process in Ice Ball
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Abstract: To further explore the heat transfer characteristics in dynamic cold storage process of
the spherical phase change medium and the influence of cooling boundary condition on the
solidification process, the solidification process of distilled water in an ice ball was experimentally
studied. A visualized experimental system for cold storage was calibrated and set up. A semi-
spherical cold storage unit was selected as the test object, enabling the capture of the transient
solidification front. The real-time temperature response of the phase change process and the
transition of the solidification interface were obtained. The experimental results showed that the
solid-liquid interface gradually moved inward in a circular shape over time. The temperature
responses of concentric spheres with different radiuses kept the same. The influence of natural
convection was weak and could be ignored. The lower the temperature of the cooling boundary
condition was, the faster the transition speed of the phase interface would be. Compared with —5
and —6 °C, the temperature of —7 °C can shorten the solidification time by 55% and 28.3%,
respectively. This work may provide a reference for improvement and optimization of the cold
storage performance in engineering practices.
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Fig. 1 Schematic diagram and photo of experimental system
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Fig. 2 Arrangement design of temperature measuring points

in water tank
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Fig. 3 Schematic diagram and photo of temperature

measuring points in ice storage hemisphere
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Table 1 Number and location of temperature measuring

points in ice storage hemisphere
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A, (10, 7/2.7/6) B, (20,7t/2,7/6)
A, (10,%/2.%/3) B, (20,7/2,7/3)
A, 10,%/2,7/2) B, (20,7t/2,7/2)
A, (10,7/2.2%/3) B, (20,7/2,2%/3)
As (10,7/2,57/6) B; (20,7/2,57/6)
Ag (10.7/6,7/2) Bs (20,7/6,7/2)
A; (10,7/3,7/2) B; (20,7t/3,7/2)
Ag (10,2%/3,7/2) B (20,27/3,7/2)
A, (10,57/6.7/2) B, (20,57/6,m/2)
G (30,7/2,m/6) C, (30,7/2.7/3)
Cy (30,7/2,7/2) C, (30,7/2,21/3)
C; (30,7/2,57/6) Cs (30,7/6,7/2)
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Fig. 4 Process of solid-liquid interface transition at

T.=—7°C and T,=25°C
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Fig. 5 Temperature changes at four temperature measuring
points along the radial direction through the center

of the sphere
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