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[ Abstract]  This paper addresses the critical safety issue of underground fire reservoirs in severe cold regions being prone to
freezing in winter, which can lead to the complete failure of the fire protection system. Focusing on the extreme climate conditions
of Shuanghe City in Xinjiang, a systematic investigation into the heat transfer and freezing characteristics was conducted. A
three-dimensional unsteady heat transfer model, accounting for the phase change of pore water in soil, was established. The
apparent heat capacity method was employed to handle the complex moving boundary problem, enabling accurate simulation of the
dynamic temperature evolution of the reservoir and surrounding soil throughout the year. The study revealed the freezing patterns,
identifying the top and upper corners as high-risk zones, with an annual freezing duration of up to 80 days. Furthermore, a
quantitative analysis of key design parameters was performed. The results demonstrate that increasing the burial depth effectively
utilizes the "constant temperature" effect of deeper soil, with a depth of 1.12 meters significantly reducing freezing risk. While
insulation layers effectively curb heat loss, roof insulation alone shows limited improvement for the upper right corner affected by
the adjacent equipment room's low temperature. Comprehensive protection requires combined insulation on the roof and the right

wall. A zero freezing rate was achieved with 5cm roof insulation and 20cm right-wall insulation. This research provides a solid
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theoretical basis and practical, optimized design strategies for the anti-freezing design of underground fire reservoirs in cold

regions.
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Fig.1 Physical model of underground fire reservoir
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Fig.2 Temperature contour plot in autumn (Sept. 30)
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Fig.3 Temperature contour plot in winter (Jan. 30)
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Fig.4 Annual temperature variation at different locations on the water surface of the underground fire reservoir
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Fig.5 Temperature contour plot of the underground fire

reservoir at different burial depths in winter (Jan. 30)
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Fig.6 Temperature contour plot of the underground fire

reservoir with different sidewall insulation thicknesses in
winter (Jan. 30)
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Table 1 Freezing conditions of the underground fire

reservoir with different insulation configurations
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