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Direct Simulation of Flow Noise by the Lattice Boltzmann Method Based on Finite
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Abstract

In this study, 2D computations of the Aeolian tones for some obstacles (circular cylinder, square cylinder
and NACAOO012 airfoil) are simulated. First of all, we calculate the flow noise generated by a uniform flow
around a two-dimensional circular cylinder at Re=150 are simulated by applying the finite difference lattice
Boltzmann method (FDLBM). The third-order-accurate up-wind scheme (UTOPIA) is used for the spatial
derivatives, and the second-order-accurate Runge-Kutta scheme is applied for the time marching. The results
show that we successively capture very small acoustic pressure fluctuation with the same frequency of the
Karman vortex street compared with the pressure fluctuation around a circular cylinder. The propagation
velocity of the acoustic waves shows that the points of peak pressure are biased upstream due to the Doppler
effect in the uniform flow. For the downstream, on the other hand, it is faster. To investigate the effect of the
lattice dependence, furthermore, simulations of the Aeolian tones at the low Reynolds number radiated by a
square cylinder and a NACAO0O012 airfoil with a blunt trailing edge at high incidence are also investigated.

1. M E

Hatr)ee dHog Qg FLEL TS )
A foll wet FAHEZAE, 53 Lgoz ofr|H
A oldrY vSy @ IS THAA
HAok &, FAEA] #HT gEe ug& wF
FE71H, AT ANTIY WAE W, dEsex
717159 HE 9 f{A77] To2FH HAsh=
5425 (flow noise)> FH<t, FTHtofollA Fa
g TAE giFEa glow, 1 dAdRlolt A
Ao diste] W d4lo] FEHD = AA

T guam AAgzaey
E-mail : kang88@gaechuk.gsnu.ac.kr
TEL : (055)640-3064 FAX : (055)640-3128

g st 7 Al AR ey

olt}. olgt AL A HAN
oF  EAS zhgel o3t Ay
(aerodynamic sounds)®] AGEZA FTA o=
Ao} 3t TAEo] ®womn, o W g MWalt
ozl 2dol ol FAEHA & T AT
5 TR ot

aRAm, AT ol A B9 HekHal
e gl £AANE ool FEASS A
HHoR AW A% ATEE B o)%

o1AaL itk

o] &3l FEAeS AFYoR AMeEe A=
= U F R FAagd Bttt 90 @ o]
% < M=l B A7 A

804



2003

(m,k)=(2,2)

(m,k)=(2,1)

(mk)=(1,1) (1,2) (1,3)
i

(a)

fFAZA Y AAAR] HFbE AAste] 59 o
g =94 IeesE (BE, £ 2 dUAhS
Tohe M ES WA FREASH O RA, 7]E
o] Navier-Stokes WAAS A5 %

FAAMTHET]= A b8 54ES AL 9

.

upepA], Aol A= oy g ARl 7%
& AAE=TY (FDLBM)S =918 2 2k¢ 4
FrAl REE A 8ote] dy A¥y FHoA A
3t 542 (Aeolian tone)o] LA WAUSFS
shelstilth. ob&el freise AAEdEs A

Z

Q’ o =

E3t7] $sk WH o 24, A Reynolds 5~ &5 2%F
= HAuAFAE o] &3 25 (square cylinder) %
NACA0012 & AR&3te]l &3o] A4S 3etstid

3 AT AAHE =T o] 7] E2 Q)
442 (Bhatnager-Gross-

TS FEHEA O 22
FHE

ot or, ¢ or, (1 )

) _i[ff (t0)= 1 (0r)]

A7IM £ = HAFIRETSF (

distribution function)& YEF™, ¢ 1 timestep
A JA7E F g 2Ed wjzbA] A= AL
of s, AWt ow TAAILSA T B
L=

local equilibrium

200

%
500K RRIEK
O SRR
SIS SSEKS
S 558 SRS
S5

100 bocd
00200658
LR

S

y/d

-100

%50

(b)

Fig. 2 Schematic diagram of the flow field (a) and computational mesh for flow past a circular

cylinder (b)
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Fig. 3 Time averaged pressure coefficient Cp
at M=0.2, 0.25, 0.3 and DNS
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Fig. 4 Lift force acting on the cylinder (a) and
time history of the sound pressure (b). M=0.2,
Re=150. Arrows indicate at T=127.
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Fig. 5 Time propagation of a vorticity field.
M=0.2, Re=150. (a) T=127. (b) T=132.
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Fig. 6 Contours of sound pressure at three different Mach numbers. T=132. Re=150. Solid lines: positive,

dotted: negative.
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Fig. 7 Calculation mesh

Fig. 8 Acoustic pressure distribution around
square cylinder for M=0.3, Re=200 at T=142.
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Fig. 9 Contours sound pressure past a
NACAO0012 airfoil at 14 deg angle of attack.
T=156, Re=200, M=0.2
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Fig. 10 Vorticity contours for a two-dimensional
flow past a NACAO0012 airfoil at 14 deg angle of
attack. T=156, Re=200.
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