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Computational analysis of aeroacoustic noise generated by rotating tire (Re=100,000)
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The acoustic wave generated from a rotating tire is analyzed by a large-eddy simulation (LES) of a three-
dimensional compressible Navier-Stokes equations. The Reynolds number is based on the diameter of the tire
and the rotating speed, and set to 1.0 x 10°. The rotating speed is set to Ma= 0.1, and the ground moves with
the corresponding speed. In this paper, the following topics are focused and discussed: 1) Three-dimensional
fine vortex structures appear near the surface of the rotating tire and its contact area on the ground. 2) The
characteristic acoustic wave is extracted in a high-frequency domain (around 1000Hz). 3) POD is conducted to

detect the source of the characteristic acoustic wave.
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1: Acoustic waves and fine vortex structures around
a rotating tire (Re=10°)
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(a) Side view (b) Perspective view

2: Computational models of a rotating tire and mov-
ing ground are shown. The grey colored regions indicate
moving surfaces, and the red arrows show the direction
in which the tire and ground move.
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(a) Perspective view (b) Front view

C

(c) Side view (d) Zoom view

3: Computational grids are shown. The tire grids
are colored black, and the background grids are colored
red. (a), (b) and (c¢) show every 10 to 20 grid lines. (d)
shows actual grid lines.

- : Solved on tire grid
- : Solved on background grid

4: The interpolated regions are shown. Red region
is solved on the tire grid and interpolated to the back-
ground one. Blue region is solved on the background
grid and interpolated to the tire one.
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(b) Top view
5: Instantaneous flow field: pressure distribution
around the rotating tire is shown.
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(b) Top view

6: Instantaneous flow field: isosurfaces of second in-
variant of a velocity gradient tensor are colored grey.
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(a) OASPL

(b) St = 3.2 (172 [Hz])

(c) St =6.4 (345 [Hz))

(d) St = 12.8 (690 [Hz])

(e) St =25.6 (1380 [Hz))

7: Sound pressure level in the perspective view (oc-

tave band filtered one).
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(a) OASPL

(b) St =3.2 (172 [Hz])

T —

(c) St = 6.4 (345 [Hz))

(d) St =12.8 (690 [Hz])

(e) St =25.6 (1380 [Hz])

8: Sound pressure level on the vertical plane at a
distance of 10 cm from the wheel (octave band filtered
one).
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(a) OASPL

(b) St = 3.2 (172 [Hz])

(c) St = 6.4 (345 [Hz))

(d) St = 12.8 (690 [Hz])

(e) St =25.6 (1380 [Hz))

9: Sound pressure level on the ground (octave band

filtered one).
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(a) Power ratio for POD modes at St = 2.56
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(¢) 2nd mode

10: POD modes at St = 2.56 (138[Hz]) are shown,
where POD is conducted on the ground. Top, middle
and bottom figures show the real part, amplitude and
phase of each mode, respectively. (a) shows the power
ratio for each mode. (b) shows the first mode, and (c)
shows the second one.
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(a) Power ratio for POD modes at St = 12.8

11: POD modes at St = 12.8 (694[Hz]) are shown,
where POD is conducted on the ground. Top, middle
and bottom figures show the real part, amplitude and
phase of each mode, respectively. (a) shows the power
ratio for each mode. (b) shows the first mode, and (c)
shows the second one.
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(a) Power ratio for POD modes at St = 25.6

12: POD modes at St = 25.6 (1380[Hz]) are shown,
where POD is conducted on the ground. Top, middle
and bottom figures show the real part, amplitude and
phase of each mode, respectively. (a) shows the power
ratio for each mode. (b) shows the first mode, and (c)
shows the second one.
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