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ABSTRACT

Several contemporary studies have been carried on the challenge of predicting or reducing the ex-
terior aerodynamic noise and interior noise induced by exterior air flow around high-speed trains. The
achievement of reliable numerical prediction of noise in a passenger cabin due to exterior flow re-
quires decomposition of the surface pressure fluctuations into hydrodynamic (incompressible) and the
acoustic (compressible) fluctuation types, as well as the accurate computation of the near aeroacoustic
field. This can be done because the transmission characteristics of each type of pressure wave through
the cabin wall panels differ significantly. In this paper, wavenumber-frequency analysis is performed to
accurately predict interior noise due to exterior aerodynamic noise from surface pressure fluctuations.
First, large eddy simulation (LES) techniques were employed to predict the exterior flow field includ-
ing an accurate near acoustic field around a high-speed train running at a speed of 300 km/h in an
open field. Then, pressure fluctuations on the train surface were decomposed and categorized as in-
compressible/compressible, and power spectral density spectra were obtained using wavenumber-frequency
analysis. Finally, the separated incompressible and compressible surface pressure fields in the time-space
domain were obtained from the inverse Fourier transform of each incompressible/compressible wave-
number-frequency spectrum.
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Fig. 1 Target model (HEMU-430X)
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Fig. 2 Details of main noise source parts conditions

Fig.3 Computational domain and applied boundary
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Table 1 Details of boundary setting

Boundary Setting Remarks
. 83.33 m/s
Inlet Velocity inlet Non-reflecting
Outlet Pressure outlet 101 325 P.a
Non-reflecting
Domain side 101 325 Pa
and upper Pressure far field Ma: 0.24
Ground Moving wall 83.33 m/s
HEMU wall No-slip wall
Rail Moving wall 83.33 m/s

(a) Surface meshes of main noise source parts

(b) Volume meshes of flow field

Fig. 4 Computational grid of surface and volume
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Fig. 5 Time history of drag coefficient of HEMU-430X

Table 2 Drag coefficient of HEMU-430X

Train formation Cy
H. Kwon TC+4M+MC (6 coaches) 0.900
Present study | TC+2M+MC (4 coaches) 0.612
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