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Influence of tunnel civil defense doors on the aerodynamic
performance of medium-speed maglev trains

Chen Bo"*?, Xiong Xiaohui"**, Geng Jiaxu"*?,
Chen Guang"**, Tang Mingzan*
(1. School of Traffic and Transportation Engineering, Central South University, Changsha Hunan 410075, China;
2. Key Laboratory of Traffic Safety on Track of Ministry of Education, Central South University,
Changsha Hunan 410075, China;
3. National and Local Joint Engineering Research Centre of Safety Technology for Rail Vehicle, Central South University,

Changsha Hunan 410075, China;

4. CRRC Zhuzhou Locomotive Co., Ltd., Zhuzhou Hunan 412001, China)

Abstract: To address the deterioration in the running stability of a maglev train caused by the abrupt cross-
sectional variation at the tunnel civil defense door section, the aerodynamic performance of a medium-speed
maglev train passing through the tunnel civil defense door was investigated based on the Improved Delayed
Detached Eddy Simulation (IDDES) turbulence model. The propagation mechanism of pressure wave systems
inside the tunnel was analyzed. The surface pressure fluctuation characteristics of the train body and the
evolution of the surrounding flow field during the train passage through the civil defense door section were also
investigated. Furthermore, the effects of the distance between the civil defense door and the tunnel portal, as

well as the civil defense door dimensions, on the lateral aerodynamic force and frequency characteristics of the
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medium-speed maglev train were examined. The results indicate that as the train passes the civil defense door,
the sudden cross-sectional change at the door position and the asymmetric structures on both sides cause the
vortical structures along the train body to evolve from symmetric to asymmetric. These asymmetric vortices
propagate downstream with the motion of the head carriage. The abrupt geometric change at the door edges
stretches and disperses the vortices. By the tail carriage, the large-scale vortices break into multiple smaller
vortices, resulting in an asymmetric pressure distribution. As the distance between the civil defense door and the
tunnel portal increases from 100 m to 300 m, the lateral-force peak of the head carriage decreases first and then
increases. In contrast, the lateral-force peak of the middle carriage continuously decreases, while that of the tail
carriage shows only minor variation. During this change, the tail carriage dominant frequency rises from 1. 96 Hz
to 2. 15 Hz. With the door size increasing from 4.4 m><5. 0 m (width < height) to 4. 8 m><5. 4 m, the peak-to-peak
lateral forces of the head and tail carriages gradually decrease. The peak-to-peak lateral force of the middle carriage
first decreases and then increases. The tail carriage dominant frequency increases from 1. 63 Hz to 2. 15 Hz. These

findings provide technical support for the design of medium-speed maglev trains and tunnel civil defense doors.

Key words: Medium-speed maglev train; Improved Delayed Detached Eddy Simulation (IDDES); Tunnel civil

defense door; Aerodynamic performance; Flow-field structure
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