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Direct Simulation of Acoustic Sound by the Finite Difference Lattice Boltzmann

Key

Method
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Abstract

In this research, the simulation method for acoustic sounds by a uniform flow around a two-dimens
ional circular cylinder by using the finite difference lattice Boltzmann model is explained. To begin with,

we examine the boundary condition which determined with the distribution function fl.(o) concerni

ng with density, velocity and internal energy at boundary node. Very small acoustic pressure fluctu
ation, with same frequency as that of Karman vortex street, is compared with the pressure fluctuati
on around a circular cylinder. The acoustic sound’s propagation velocity shows that acoustic approa
ching the upstream, due to the Doppler effect in the uniform flow, slowly propagated. For the do
wnstream, on the other hand, it quickly propagates. It is also apparently the size of sound pressure
was proportional to the central distance r''? of the circular cylinder. The lattice BGK model for

compressible fluids is shown to be one of powerful tool for simulation of gas flows.

719 Yzlg W So=2RE WASE fAL0]
Jl=dE FaRopo| A FQE AR UFHI glon, wt
Aol Qo Azt Aol tlale] Arier wAlo|
c: YA H&
R T I A=
Oy = -
¢, el S GAle HAG % B Al BA A
e: YA of o3& WA= TEH S dTE FEHoRE:
o dAbe] g ujg- FAo] EHow olE - Ay - FAIHY TS
A dstAHT. FAAY A2 =AY
Aol 93] WA= Ay, A4 FHAA]
1. A 2 Ao v G 5o o3 A= Aol Utk =
A AEAS A7 E HEEEY O(10HR =
e 1% WESFEV|ToY uAdT ALk of nlg|st= Aol wkslA], FAQ HAAY 5
o3 FAASS YFEEY 0(10°~10%)A E
T aagea A8 sen Hlglely] o] FAHow olgd FAASS
E-mail : kang88@gaechuk.gsnu.ac.kr A5l 7] ¢ v-$- o] tH(Hardin and Lamkin, 1984;
. TEL:(055)640-3064 FAX :(055)640-3128 Lele, 1997).
73 dstal 7 Al E - a8 AL A ddy gEY fAS
k%
@ el gt 717 - AR Eo & Ao ANy A3 FAAMN ol
AFE B ol FolAw glov, St F

1827



2003

ki3

o]
2R

A2 A XHDNS)ol 2]
o] A%l

17

&g A 5
(Hosoya et al., 2000; Inoue, 2001).
shae] W, m Aste] 1y
ofgt =7} A H At
B AFoM e HE 74 55

o] el olgE  ARAAEEUY
Difference Lattice Boltzmann Method, FDLBM)(Cao et
al., 1997; Seta et al., 1999; Kang et al., 2002)2 ©] &3}
of, BE& Yt BA FAZLE B} 2
219l FAlS(Aeolian tone)o] G| AlAFS- d5HS

&

oo LN

ol

kvl

it

2. O|ZsHA
A A A =R o] 7] 27 ¥ = o]4kst BGK
17 2] (Bhatnagar et al., 1954)2 U3 42 £%
X f(x,1) & ol &3 P EA
of (x,t of (x,t
o) | ) .
ot ox,
oF o}, B3 FEALMNS agEr] e e,
AA FEALAA S AFAE —1/¢ = HEA
7|H v 2ol xdEH
1 0
Q, =—;[fi(x 0)- 1" (x1)] @)
A7 0% FAPFRIFFE U, ¢
= 1 BYagolA YA FY G H O =
@ W Aee Adel e, dudow
GAA RS A et BRI
shE, ALk P R AR bS5 S &
Ao sk, AT u ot dsHAT P E o] &3t
o o2 BGK Aol 2 343e F71ahe,
of. (t.r of,(tx) Ac, ©
( ) ; ( ) —[fl(t,l')—fm)(f,l‘):l
o o ¢

3)
of o] WA Eo H47F Ark(Kang et al. 2002).
aYeR, JAAsst st dAle oE3
Fiams

y=%pe(¢—A) 0

=, Q909 AFAE A EORA, A

1828

Table 1 Input parameters in coutte flow

Reynolds Re=100.0
Density p,=1.0
Internal energy e, = 0.5
Length of plates L =40.0
Upper moving plate’s U, =0.02

velocity
Lattice number

]max ><‘]max = 5X41

At=0.5
A=0.5

Time increment

Constant coefficient
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Fig. 1 Velocity of coquette flow near the bottom wall
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Fig. 2 Velocity of coquette flow near the bottom wall
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Fig. 3 Velocity of coquette flow near the bottom wall
with non-equilibrium function as well as an
imaginary wall

N

ol N

AQF}O‘Q

N

-

%2,

e o 1 1L T 41 o

5

A,
4]
Kl
A9l

ol ¢] &

ot | nlo

—~

<

U

Homhe Adrit 35

1829

> o

me
o

k1
o

=

N
=~

m
ol

N
2

R

-

oo

o

1IN
rlo

N o
N

_

(A e

(

oUE

o
£y

ro
%
o
i
4

)

Pk

oy

A A el A
Fgth o7 A,
ik ‘ﬂ'é‘ﬂE%(Pomtsot and Lele, 1992), 7
WSl 7Hee] shuhe] Axbile AA sl

omM, AAFANME N-S
Sk glem, o At
ATt O]ESH_Q]_Q] H] s o]
’k7} . °]8t, o¥

Tﬂwﬁ WA s

ol

=

T &
9Jz4 og 3

(X,J/)Z(xl,xz)
U,,0) & Fig. 4 %} o] HA
o)

o,

2)=

>,

32

y X<

Fig. 4 Schematic diagram of flow



2003

0 | 90 | 180
0 [deg]

Fig. 5 Comparison of pressure coefficient Cp between
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Fig. 7 Propagation of acoustic pressure at @ = 90°
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Fig. 9 Time variation of acoustic pressure at each
direction

5. 2 B
AR AAE =] 2 A d - fA Bas o
stel, 2 Akel 915 919 EEFoRNH T
T AASE Aol sl
A, AR B REI el HE IS

F7hek RS AgEte] Bk N-s WAAS v
O]—t 7474]17401 QE% /‘\_j_lxg—s}oq, nl=s uhel
A 3}

o] 2 xwl PR R
o g3t
AF F99 Feus

o
oo
)

B ATE 2002 % T e 21 AFlell o)k
ALE R om, A Xl%cﬂl A=Y

il

P

Mo
ok

(1) Bhatnagar, P.L., Gross, E.P. and Krook, M., 1954,
“A Model for Collision Processes in Gases. 1. Small
Amplitude Processes in Charged and Neutral One-
Component Systems,” Phys. Rev.,, Vol. 94, pp.
511~525.

(2) Cao, N., Chen, S., Jin, S. and Martinez, D., 1997,
“Physical Symmetry and Lattice Symmetry in the
Lattice Boltzmann Method,” Physical Review E, Vol.
55, R21~R24.

(3) Hardin, J.C. and Lamkin, S.L., 1984, “Aecroacoustic
Computation of Cylinder Wake Flow,” AIAA Journal,
Vol. 22, pp. 51~57.

(4) Hosoya, H., Hatakeyama, N., Shoji, H. and Inoue,
0., 2000, “Direct Numerical Simulation of Sound
Generated by the Flow around a Circular Cylinder,”
14™ JSCFD, A09-1.

(5) Inoue, O., 2001, “Direct Numerical Simulation of
Sound,” Japan Society of Fluid Mechanics., Vol. 20, pp.
187~195.

(6) Kang, H.K, Tsutahara, M., Ro, K.D, Son, K.P. and
Lee, Y.H., 2002, “Computations of Two-dimensional
Compressible Waves by the Finite Difference Lattice
Boltzmann Method,” The Fifth JSME-KSME
Engineering Conference, CD-ROM OS1-3.

(7) Kang, HK., Ro, K.D, Son, Y.T. and Lee, Y.H., 2002,
“Numerical Analysis of Aerodynamics Sound Using
Finite Difference Lattice Boltzmann Method,”
Proceedings of the KAMES 2002 Joint Symposium A,
pp. 2033~2038.

(8) Lele, S.K., 1997, “Computational Aero-acoustic : a
review,” ATAA paper, 97-0018.

(9) Pointsot, T. and Lele, S.K., 1992, “Boundary
Conditions for Direct Simulation of Compressible
Viscous Flows,” Journal of Computational Physics,
101, pp. 104~129.

(10)Seta, T., Kono, K., Martinez, D. and Chen, S., 1999,
“Lattice Bolt zmann Scheme for Simulating Two-
Phase Flows,” JSME, B, 65-634, pp. 1955~1963.

1832



	INDEX
	제1발표장
	제2발표장
	제3발표장
	제4발표장
	제5발표장
	제6발표장
	제7발표장
	제8발표장
	제9발표장




