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Numerical Simulation of Edge Tone by Finite Difference Lattice
Boltzmann Model with Internal Degree of Freedom

Ho-Keun Kang? - Eun-Ra Kim* and Se-Kyung Oh**

Abstract 1 A lattice BGK model based on a finite difference scheme with an internal
degree of freedom is employed and it is shown that a diatomic gas such as air is
successfully simulated. In a weak compressive wave problem and Coutte flow, the
validity and characteristics of the applied model are examined. With the model,
furthermore, we present a 2-dimensional edge tones to predict the frequency
characteristics of discrete oscillations of a jet-edge feedback cycle by the FDLB model
(I.D.F FDLBM) in which any specific heat ratio ¥ can be chosen freely. The jet is
chosen long enough in order to guaranteed the parabolic velocity profile of a jet at the
outlet, and the edges have of an angle of ¢=23" and 20°. A sinuous instability wave

with real frequency resulting from periodic oscillation of the jet around the edge is
propagated on the upper and lower of wedge.

Key words : Finite difference lattice Boltzmann model(RH @Ej2~E825 2d FDLBM),
Edge tone(s)A &), Specific heat ratio(81€4]), Internal degree of freedom (i
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Fig. 1 Sound wave simulation with a minute
pressure difference
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Fig. 2 Propagation of expansion wave and
compression wave with internal degree of
freedom (=14, 1.0, 4p=1.0 x10™")

7l MEe), Al AojNE w9 WA
ol Aw&Es FDLBMS #7e) maldae] &

e

& 0 o)g&x9 MR ATk o, yAgo
29 fA¢ Aty 7 g &4
zko] g uhe] At ME gy =148 A
st WRoldal & 0.2 ~1.07bA ¥stA AT
Weke] ARDA e Ax=0.0019 744 &,
77 Are 44=0.0002&8 2R3 6. &5
B AL TE AN G w9} 7o) drh

Atxut=1.001 Hol Azt 9ol HnpAg
ZFH Hripetth, B9 ojatzbyel gl
oA 2](4)e] A7He 2233 % ¢ Runge Kutta
H}-lﬁ.g_
Fig. 2—; H]"ﬂﬂl 1.4, ﬂ%%ow?ﬂ e=1.09
FolM ARARE JeERL Utk ZFEAAE
BT, AdSAE gt MLL g3 o
Bol Aty glor], Fue) moFolt dHEE
of olZ7} glo] F& s ArdA Aol 713}
e Ag ¢ Fb U #H9 gEx e
1.0x10 "E HAAPe o ¢FEz 2% x
olz7} WA, FFAE 1.0x10
9L Wl A7} Fig. 391 vehd k. ko)

WEo

1O W

n A

> R

)
=S
.

—-13
o8 AHA

(932)

rlo

[<107%) T
l - dt )(IIFQ -
—di xnt=1.0

’ x-coordinate
Fig. 3 Deviation of expansion wave and
compression wave with internal degree of
freedom (=14, 1.0, 4~1.0 x10™)

of of

theoretical and numerical ( y=1.4)

Table 1 Comparisons sound speed
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Fig. 7 Time variations of acoustic at three
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