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Abstract: To address the high energy consumption associated with cooling capacity transportation in deep mine
thermal hazard control, a pump—free heat pump refrigeration system based on a super—long gravity heat pipe is
proposed. In this system, a gravity heat pipe is used to connect the underground air cooler and the surface heat
pump unit, so that heat from the underground working face can be transported to the surface through phase change

and fluid circulation of the working medium, thereby achieving mine cooling. A numerical model was established to
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investigate the coupled effects of working fluid properties, heat pipe size, and cooling load on system performance.
For mine depths ranging from 400 to 1200 m and cooling loads ranging from 1000 to 5000 kW, the coefficient of
performance (COP) decreases with increasing mine depth and cooling load. Under all investigated conditions, the
COP consistently follows the order of R717 > R32 > R744 > R134a.A higher latent heat of vaporization and density
of the working fluid help reduce flow resistance and the temperature drop along the pipe, thereby improving system
COP. R717 exhibits the highest COP because it has the highest latent heat of vaporization and the smallest
temperature drop along the pipe. R32 also achieves a relatively high COP due to its relatively high latent heat and
density. R744 has the highest density, which effectively suppresses the accumulation of frictional pressure drop,
and the corresponding system shows the smallest decrease in COP with increasing cooling load. In contrast, R134a
exhibits the lowest COP because of its relatively low latent heat of vaporization and density. In addition, increasing
the heat pipe diameter improves system COP, but the improvement becomes significantly weaker when the diameter
exceeds 0.3 m. Considering the strict requirements for working fluid safety and equipment pressure resistance in

deep mines, R134a shows better safety adaptability because of its low operating pressure, no flame propagation, and

low toxicity.

Keywords: mine cooling; deep mine; super—long gravity heat pipe; pump—free; numerical calculation
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Fig.1 Schematic diagram of a pump—free super—long gravity

heat pipe refrigeration system
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Fig.2 p—h diagram of the heat pump refrigeration cycle
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Fig.3 Variation of the heat pipe top temperature with grid size
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Table 2 Baseline performance comparison of the proposed and traditional water cooling systems
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Fig.7 Performance comparison under different pipe diameters (a) heat pipe top temperature; (b) system COP.
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Fig.10 Performance comparison under different heat pipe lengths (a) heat pipe top temperature; (b) system COP.
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Cumulative pressure drops of four working fluids under different heat pipe lengths (a) frictional; (b) gravitational
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Fig.13  Performance comparison under different cooling loads at mine working face

(a) heat pipe top temperature; (b) system COP.
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Fig.14 Cumulative pressure drops of four working fluids under different cooling loads at mine working face

(a) frictional; (b) gravitational
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Fig.15 Flow characteristics under different cooling loads at the mine working face

(a) average flow velocity; (b) average working fluid density.
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