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Numerical Simulation of Aerodynamics Sound by Finite Difference Lattice Boltzmann Method

o0 0O0,0000,0657-80100000000000 1-1, tutahara@mech.kobe-u.ac.jp

o OO

O,0000,0657-80100000000000 1-1,kurita@mi-1.mech.kobe-u.ac.jp

oOd O,0000,0657-80100000000000 1-1kataoka@mech.kobe-u.ac.jp
Michihisa TSUTAHARA, Graduate School of Science and Technology ,Kobe Univ, Nada ,K obe,657-8501
Makoto KURITA, Graduate School of Science and Technology ,Kobe Univ, Nada ,K obe,657-8501
Takeshi KATAOKA, Graduate School of Science and Technology ,Kaobe Univ, Nada ,K obe,657-8501

We study the numerical simulation of the aerodynamics sound generated by a uniform flow over a two dimensional
circular cylinder by finite difference lattice Boltzmann method (FDLBM). We use the compressible fluid model of
LBM, and use the two-order-accurate Runge-Kutta scheme for time marching, the third-order-accurate up-winding
scheme for spatial derivation, in discritization of the lattice BGK equation. We succeed in capturing vary small
acoustic pressure fluctuation with same frequency of the Karman vortex street compared with the pressure fluctuation

around acircular cylinder.
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Fig.1 Distribution of particles in 2D21V model
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Fig.2 Simulation model
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Fig.3 Streamlines of the flow (Re=200. M=0.2, t=130.)
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Fig.4 Pressure coefficient Cp
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Fig.5 Time variation of maximum and minimum pressure
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(a) t=130. (b) t=133.

Fig.6 Acoustic pressure distribution (Re=200. M=0.2)

oboobooono s=o0asbo20 000bOO0ObDOOOOOODO
gboooooboobooboboboboboooboobooon
gbobooooooobobobobooobooooobooao
oobooobooooobobooobobbooobboooo
oobooobooooobobooobobbooobboooo
gbobobooooo
O0r0000000000OFg8OOOOOOOOOO
obOr000000OO0DOO0ODOOOOOOD0O0D0OO0 t=130.00
00 t=1310000 t=132000000000000000

Copyright © 2001 by JSCFD



" L " " L "
950 160 170 150 160 170
Time Time
(@ 6 =147.6° ,212.4° (b) 8 =90° ,270°

10 [ B
oL 4

w1 i

" L "
150 160 170
Time
(c) 8 =57.6° ,302.4°
Fig.7 Time variation of acoustic pressure
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Fig.8 Propagation of acoustic pressure

10"0000000000000000000000000
Or000O0r200000000000000000000
0000000000000 00D0000D0D00oonoon
000D 10000000000Ar00D0000O0O0OO
9=00° OODDOO0O0DODDOOO0O0ODODOO0OODDOO0

[
|
[ p i
- Ty | L
i l:_-::—'\-\.w—-'"' - | _\__“:h.;nl—.--—\.
| , {
NG = ||
L, iy |
; [ | [
T e | | . fA— - |

(a) M=0.3162 (e=0.2) (b) M=0.1414 (e=1.0)
Fig.9 Acoustic pressure distribution
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Fig.10 Propagation of acoustic pressureat 6 =90°
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Fig.11 Numerical results of speed of sound
in 2 dimension fluid
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Fig.12 Time variation of acoustic pressureat 6 =90°
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Fig.13 Scaling of acoustic pressure by Mach number
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Fig.14 Mean acoustic pressure
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(c) M=0.1414
Fig.15 Pressure given by subtracting the mean pressure
from the acoustic pressure
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