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Abstract

Wind buffeting noise as popular problem exists in the vehicle driving process when windows
opened. In this paper, the characteristics of sunroof buffeting noise are studied by LBM-LES simu-
lation. The sunroof buffeting noise under conditions of different speeds, different opening size and
different combined opening pattern of sunroof and side-window is simulated and analyzed. The
results demonstrate that the most obvious phenomenon of sunroof buffeting occurs at the speed
which Helmholtz resonance arises. The buffeting noise increases with the increase of sunroof
opening size. The mechanism of sunroof buffeting is that the periodic pressure fluctuation of the
cabin is caused by periodic vortex shedding in the shear layer of sunroof opening. The “aeration
effect” does not exist when the left-front side window and sunroof are opened. Because of the di-
rect action of fluid, in the direction perpendicular to the open window, the buffeting noise in-
creases from the window to the inside.
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Figure 1. Vehicle model
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Figure 2. Computational domain model
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Figure 3. Initial particle distribution in computational domain
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Figure 4. Particle independence verification
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Figure 5. Variation of peak sound pressure and frequency with different velocity
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Figure 6. Sound pressure spectrogram of each monitoring point at 25 m/s
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Figure 7. Variation of peak sound pressure and frequency with different openings
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Figure 8. Fluctuation pressure in driver’s right ear in a period
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Figure 9. Static pressure distribution clouds of passenger chamber
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Figure 10. Variation of peak sound pressure and frequency with different combined opening pattern of left-front
side window and sunroof
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Figure 11. Variation of peak sound pressure and frequency with different combined opening pattern of left-rear
side window and sunroof
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