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Abstract: To investigate the influence sequence of different factors on the heat exchange performance of precast
high-strength concrete (PHC) energy pile, a three-dimensional numerical simulation model of PHC energy pile was
established and the effects of various thermal conductivities of grout backfill material, inlet temperatures of heat
exchange pipe, thermal conductivities and backfill diameters of PHC pile on the heat exchange performance of PHC
energy pile were analyzed. The results show that the heat exchange amount of PHC energy pile increases with the
increase of the thermal conductivity of grout backfill material. In the cooling condition, increasing the inlet
temperature of heat exchange pipe is beneficial to improving the heat exchange amount of PHC energy pile. Increase
of thermal conductivity of PHC pile can enhance the heat exchange behavior of PHC energy pile. Moreover, the heat
exchange amount of PHC energy pile gradually increases with increasing backfill diameter of PHC pile. On this
basis, the Taguchi method was used to analyze the influence sequence of four different factors on the heat exchange

performance of PHC energy pile. The impact of the inlet temperature of heat exchange pipe is the greatest, followed
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by the thermal conductivity of grout backfill material and backfill diameter of PHC pile, and the impact of thermal

conductivity of PHC pile is the least. The results can provide a technical support and guidance for the design and

application of the PHC energy piles in practical engineering.
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Fig.1 Schematic diagram of PHC energy pile
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Fig. 2 Schematic diagram and mesh for the model of PHC

energy pile and foundation
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Fig. 3 Comparison between experimental and
simulated values for the grout material
backfilled heat transfer model
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Table 1 Thermophysical properties of soil
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Table 2 Thermophysical properties of different materials

used in PHC energy pile model
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Fig. 4 Effect of thermal conductivity of grout backfill
material on the heat exchange performance of

PHC energy pile
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Table 4 Orthogonal test design scheme
e " ” "

s &ﬁéfﬁﬁiﬁﬁﬁ/ AHREIC %@iﬁf?/ Hggiﬁ ARG W - h TRt
1 1.0 30 1.38 0.20 50. 874 34. 134
2 1.0 32 1.78 0.28 65. 531 36.326
3 1.0 34 2.18 0. 36 79. 630 38.013
4 1.4 30 1.78 0.36 69. 079 36.778
5 1.4 32 2.18 0.20 74.368 37.423
6 1.4 34 1.38 0.28 83. 660 38.447
7 1.8 30 2.18 0.28 74. 494 37.447
8 1.8 32 1.38 0.36 86.551 38.761
9 1.8 34 1.78 0.20 89. 435 39.031
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Table 5 Response table of total heat exchange amount
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1 65. 345 36. 158 64. 816 36. 120 73. 695 37.114 71.559 36. 863
2 75.702 37.549 75. 483 37.504 74. 682 37.378 74. 562 37.407
3 83. 493 38.413 84.242 38.497 76. 164 37.628 78. 420 37.851

FfLKF KF-3 KF-3 KF-3 IKF-3

KR/ MM T2 2% 2.255 2.377 0.514 0. 988
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