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Abstract Continuous deteriorations of thermal environments in subway tunnels induces long-term service problems, which significantly
affect their safe and efficient operations. Energy tunnel technology is an effective solution for these problems. However, the existing
research has not fully revealed the heat-transfer characteristics of shield-energy tunnels with capillary heat exchangers (CHE) under
seepage conditions, thereby restricting the engineering application of this technology. Based on a demonstration project, this study
established a three-dimensional thermal-seepage coupling numerical model of shield-subway-energy tunnels with CHE, and analyzed the
influences of heat-exchanger operational parameters on the heat transfer performances of energy tunnels under seepage conditions. The
results showed that seepage could significantly improve the heat-transfer performance of shield-energy tunnels. When the seepage
velocity increased from 0 to 2. 3X10” m/s, the heat transfer during the heating and cooling seasons increased by 106. 77% and 276. 00%,
respectively. The heat transfer capacity of the CHE loop near the seepage inlet was slightly higher than that farther from the inlet. In
addition, the inlet flow velocity and temperature of the CHE significantly affected the heat transfer performance. When the inlet flow
velocity increased from 0. 06 m/s to 0. 12 m/s, the heat transfer capacities during the cooling and heating seasons increased by 89. 53%
and 72. 66%, respectively. When the inlet temperature increases by 6 ‘C during the cooling season and decreased by 6 °C during the
heating season, the heat transfer capacities increased by 58.80% and 177.01%, respectively. However, increasing the inlet flow
velocity of the CHE and the heat-transfer temperature difference led to a decrease in the uniformity of the temperature distribution of the

segments. This study provides a theoretical support for the design and application of shield-energy tunnels.
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Fig.1 Numerical model of shield energy tunnel based on CHE
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Tab.1 Thermal and physical parameters of the model
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Fig.2 Grid independence verification results
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Fig.3 Thermal performance comparison of energy tunnel

under the seepage and non-seepage conditions
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Fig.4 Influence of CHE inlet temperature on its heat-

transfer characteristics during the heating season
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Fig.5 Influence of CHE inlet temperature on the heat
transfer rate and temperature distribution of energy tunnel

during the heating season
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Fig.7 Influence of CHE inlet temperature on the heat
transfer rate and temperature distribution of energy tunnel

during the cooling season
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characteristics during the heating season
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Fig.9 Influence of CHE inlet velocity on the heat transfer
rate and temperature distribution of energy tunnel during

the heating season
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Fig.11 Influence of CHE inlet velocity on the heat transfer
rate and temperature distribution of energy tunnel during

the cooling season
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