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Abstract The delayed detached eddy simulation (DDES) coupled with the acoustic finite element method (FEM)
is applied to analyze aerodynamic noise characteristics of a high-speed train with a pantograph. Numerical results
are presented in terms of spectrum characteristics and distributions of aerodynamic noise in near and far fields in
the case of pantograph with demo in up and down situations. The influence of different modeling methods on the
flow field of the pantograph is considered, and the effects of scattering and reflection of sound waves from the
body and shroud panels on aerodynamic noise results are also took into account. The following interesting
phenomena are drawn. 1) Under the pantograph shape and selected opening direction, the noise induced by down-
pantograph with dome is higher than that induced by up-pantograph with dome. 2) The noise induced by the dome
has a large proportion of noise in the low frequency region below 300 Hz, while the noise induced by the
pantograph has a greater influence after 300 Hz. Using the dome as the sound source face, the noise is larger in the
case of up-pantograph. 3) About the directivity of the induced noise, in the horizontal plane, the front of the
pantograph, the dome contributes more to the noise, and in the rear of the pantograph, the pantograph contributes
more. In the upper part of the train, the noise induced by the pantograph itself is greater than the noise induced by
the dome, becoming the main source of aerodynamic noise in this case.

Key words high-speed train; pantograph; aerodynamic noise; delayed detached eddy simulation; acoustic finite
element method
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Fig. 16 Spatial distribution of far-field noise
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Fig. 17 Noise sources of the pantograph with dome in middle car at 200 and 1000 Hz
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Fig. 18 Noise sources at different frequencies of the
down-pantograph
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Fig. 21 Noise at far field monitoring points
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Fig. 23 Comparison of total sound pressure level at different monitoring points along the moving direction

396



WhAK DT A A 32 M B M R R A A

(1]

(2]

(3]

(4]

(a) X-Y P A

90°

120° 60°
100

1001

= - B5(RE)
— M5 (RAT+HRRR)

R ST Z) ‘

& 24

100

100]

90°

120° 60°

< - JHE(3E9)
— - 5 (RViE)
— NE(RHT+HRRE)

ZHRSHERBEFEARTEEIEE Y

Fig. 24 Directivity of the noise induced by different noise sources in different planes
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