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Wind tunnel test and numerical simulation for vortex-induced
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Abstract: In view of the sustained swaying of the train tail of the CR200] power-centralized
electric multiple unit (EMU) in a single-track tunnel, a 1 : 25 scaled train model for the CR200]
EMU was constructed to explore the generation mechanism and aerodynamic characteristics of
train tail swaying. The lateral vibration of a single-degree-of-freedom carbody was measured by a
wind tunnel test. A fluid-structure coupling numerical simulation platform for a wind tunnel

model was established by the large eddy simulation (LES) method, and the simulation results
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were verified by the wind tunnel test. Under the conditions with and without the fluid-structure
coupling vibration, the wake vortex structure and aerodynamic response were analyzed. Research
results show that the lateral aerodynamic force frequency (vortex-induced frequency) is linearly
related to the wind speed when the carbody is assumed to be fixed and the fluid-structure coupling
vibration is not considered. Meanwhile, the size of the lateral aerodynamic force is related to the
aerodynamic shape of the carbody and the wind speed. When the fluid-structure coupling
vibration is considered, the lateral vibration amplitude is positively correlated with the wind
speed. The lateral aerodynamic force frequency is locked to the lateral natural vibration frequency
of the carbody due to the frequency locking effect of vortex-induced vibration. In this case, the
carbody is subject to the vortex-induced resonance, and the lateral vibration is aggravated.
Additionally, in contrast to the conditions of non-fluid-structure coupling simulation, the lateral
vibration of the carbody results in a backward displacement of the high vorticity region and the
separation point of the boundary layer and causes them to be closer to the nose tip. This causes an
increase in the force arm of the lateral force generated by the vortex shedding, which further
amplifies the yaw moment of the carbody and aggravates the vibration. The fluid-structure
coupling can change the size and frequency of the aerodynamic load and further affect the dynamic
response of the carbody. Therefore, the fluid-structure coupling vibration method combining
train dynamics and aerodynamics is necessary for the analysis of the train tail swaying.
Keywords: power-centralized EMU; lateral swaying; fluid-structure coupling vibration; vortex-
induced vibration; wake vortex structure; wind tunnel test
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Fig. 1 Simplified model for wind tunnel test of

CR200] power-centralized EMU
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Fig. 2 Wind tunnel test bench for scaled train model
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Fig.3 Force analysis of train model
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Fig.4 Dynamic response measurement of carbody tail
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Fig. 5 Lateral acceleration of carbody measurement point
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Fig. 6 Simplified numerical calculation model for

CR200] power-centralized EMU
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Fig.7 Computational domain and boundary conditions
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Fig. 10 Aerodynamic characteristics of carbody under condition 1
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Fig. 11  Aerodynamic responses of carbody under condition 2
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Fig. 12 Vorticities of wake field and carbody surface
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