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Aerodynamic effects analysis for high-speed maglev trains
in wind and urban environments

WANG Xi"?, MAO Jianfeng'’, LIU Yikang®, YU Zhiwu"’, SHEN Mingzhe'”

(1. School of Civil Engineering, Central South University, Changsha, Hunan 410075, China;
2. National Engineering Research Center of High-Speed Railway Construction Technology, Changsha, Hunan 410075, China;
3. Department of Architecture and Civil Engineering, City University of Hong Kong, Hong Kong 999077, China)

Abstract: With the expanding application of maglev trains in urban areas, acrodynamic environments under the coupled effects of
complex building clusters and crosswinds have become a key factor restricting their operational safety and stability. However, previous
studies were largely based on idealized or simplified building simulations, which fail to reflect real urban wind-field characteristics. In this
study, a three-dimensional numerical model was developed to simulate the crosswind-urban building cluster-vehicle/bridge system, based
on a typical elevated section of the Shanghai maglev demonstration line. Using large eddy simulations, the study explored how building
clusters and wind direction angles alter urban wind fields, and in turn affect the aerodynamic characteristics of maglev trains; subsequently
analyzed aerodynamic load characteristics, surface pressure and flow-field structural features on operating trains. Results are as follows.
The acceleration effect caused by building gaps and urban roads significantly intensifies fluctuations in aerodynamic loads on the trains.
Aerodynamic loads increase markedly with wind direction angle, peaking at 90°, where loads are 1.86 and 1.20 times those at 45° and 60°,
respectively. Aerodynamic loads are asymmetrically distributed among cars, with the head car exhibiting the most intense load response.
In urban intersection sections, peak surface pressure on the windward side is 1.07 and 1.52 times that in building sections. Persistent near-
field wake vortex structures lead to increased aerodynamic pressure on the tail car. The coupling of building clusters and crosswinds alters
the evolution of vortex structures in urban wind fields and thus affects train acrodynamic loads. These research results provide references
for ensuring the operational safety of urban maglev trains, identifying sections with hazardous wind environments, and optimizing route
selection.

Keywords: maglev train; urban building cluster; crosswind effect; aerodynamic load; numerical simulation
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