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Numerical and experimental analysis of aerodynamics and
aeroacoustics of high-speed train using compressible Large Eddy
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ABSTRACT: Due to technological advances, the cruising speed of high-speed trains is increasing, and
aerodynamic noise generated from the flow outside the train has been an important consideration in the design
stage. To accurately predict the flow-induced noise, high-resolution generation of sound sources in the near field
and low-dissipation of sound propagation in the far field are required. This should be accompanied by a numerical
grid and time resolution that can properly consider both temporal and spatial scales for each component of the real
high-speed train. To overcome these challenges, this research simultaneously calculates the external flow and
acoustic fields of five high-speed train cars of real-scale and at operational running speeds using a three-
dimensional unsteady Large Eddy Simulation technique. To verify the numerical analysis, the measurements of
the wall pressure fluctuation and numerical results are compared. The Ffowcs Williams and Hawking equation is
used to predict the acoustic power radiated from the high-speed train. This research is expected to contribute to
noise reduction based on the analysis of the aerodynamic noise generation mechanism of high-speed trains.
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Fig. 1. Location of surface microphones,
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Fig. 2. (Color available online) Geometries of target
model and components,
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Fig. 3. (Color available online) Computational domain:
(a) dimensions (H = 4,18 m); (b) grids on sectional
plane.
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Fig. 4. (Color available online) Instantaneous flow
fields of high—speed train running 370 km/h: (a) wall
y* distribution of TC1; (b) velocity; (c) velocity around
TC1; (d) pressure fluctuation; (e) wall pressure fluc—
tuation of TC1 on top view and bottom view.
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Fig. 5. (Color available online) Forces for each car
in time domain: (a) drag; (b) lift.
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Fig. 7. (Color available online) Forces for each car
in frequency domain (., =1 N): (a) drag; (b) lift.
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Table 1, Comparison of overall acoustic powers for
velocities and cars.

Opverall acoustic power [dB]

32 Hz ~ 1,000 Hz TC1 TC2

320 km/h X X-8.2

370 km/h X-1.8 X-49
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