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Heat exchange performance and thermal deformation of energy tunnels
considering groundwater seepage and air flow

YU Shulin!, CEN Duofeng'?, XIA Caichu'-?

( 1.Institute of Rock Mechanics, Ningbo University, Ningbo 315211, China;
2.Ningbo Key Laboratory of Energy Geostructure, Ningbo 315211, China )

Abstract: In order to study the effects of groundwater seepage and air flow on heat exchange performance of
energy tunnels and the possible thermal deformation caused by them, a coupled numerical model considering the
thermal interaction between groundwater seepage and air flow in the tunnels was established by taking the
Stuttgart-Fasanenhof energy tunnel in Germany as a prototype. In light of different groundwater seepage
directions and velocities and different air velocities, the temperature of the outlet of the tunnel heat exchanger,
the heat exchange power, the temperature field of the tunnel air and the surrounding ground, and the deformation
characteristics of the tunnel were simulated and analyzed. The results show that when the seepage direction is
perpendicular to the tunnel trend, the larger the seepage velocity, the stronger the ground heat dissipation, and the
higher the heat exchange efficiency. When the seepage direction is in the same direction as the tunnel, the larger
the seepage velocity, the lower the heat exchange efficiency, but the effect is not significant. The increase of air
velocity plays a role in promoting the heat exchange efficiency, but the effect is no longer significant after it
being increased to a certain extent. The increase of seepage velocity has little effect on the tunnel displacement
caused by thermal deformation in the vertical direction, and almost no effect in the horizontal direction. The
results of this study can provide a theoretical reference for the rational design of energy tunnels.

Keywords: energy tunnel; heat exchange performance; thermal deformation; seepage; air velocity

wHERE LW )



