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Abstract : The flow noise generated by hull appendages is directly related to the performance of the sonar in terms of self-noise and induces a
secondary noise source through interaction with the propeller and rudder. Thus, the noise in the near field should be analyzed accurately. However, the
acoustic analogy method is an indirect method that is not used to simulate the propagation of an acoustic signal directly, therefore, diffraction, reflection,
and scattering characteristics cannot be considered, and near-field analysis is limited. In this study, the propagation process of flow noise in water was
directly simulated by using the lattice Boltzmann method. The lattice Boltzmann method could be used to analyze flow noise by simulating the collision
and streaming processes of molecules, and it is suitable for noise analysis because of its compressibility, low dissipation rate, and low dispersion rate
characteristics. The flow noise source was derived using Reynolds-averaged Navier-Stokes equations for the hull appendages, and the propagation process
of the flow noise was directly simulated using the lattice Boltzmann method by applying the developed flow-acoustic boundary conditions. The derived
results were compared with Ffowcs Williams-Hawkings results and hydrodynamic pressure results based on the receiver location to verify the usefulness

of the lattice Boltzmann method within the near-field range in comparison with other techniques.

Key Words : Lattice Boltzmann Method, Hull Appendages, Flow Noise, Flow-Acoustic Boundary Condition, Hybrid Method

1. M 2 B HEE 96 Aw 4N o SEUALST B
Ad TAS Asek A, g4 2 Aeaa 2L e

Az gn g wg, dPsl He FEPALS o AT FERALS0l Aael FFRAAA D ozl
o Fa4el Fobda stk FANIFIMOE FF 4 Fo FA900% FEehr] il 43 Al Fa ad
Aoz QAL AN MG FERAEE 7

* First Author : yeosj0191@snu.ackr, 02-880-7331 8 8Rlo == JAIFS s o HA sk 7AF A

¥ Corresponding Author : jhs@jnu.ackr, 061-659-7156

- 742 -



W o

T

=

o B

I

R

A
2 H(low-dissipative) ZF

3t
A e

EICEY
oo B
XOH#OWJ
o o
<2 g
L»oo/..\
I =
ojn 5
Ml,_x._.s
O
o op A
H gy
X = oK
_/_#JH_L
qu R o
TeE
<
4% w
5§ < o
.WE%
BN
i
@o#adﬂ_
CCG S
oo N~ T+
AT
N o %
we Ko
T oW E
o#uo_ﬂ
i@.ﬂn
Do
Yo 2 5
<Oy
TN
= 4
ﬂowi_.
= __ dpo
ﬂuawuot
of 4 o
T % @l
=22
ojf

)
eWﬂWMM
=" 5
N T T

}ATF Marié et

S

=
=

T

il

—_
"o

e
NI
!
X

_
o

gol AAY Fo 3

wK

Mo

ol A Ad )<}

ojn

CrdicEs

KR
=

% a1 It} Casalino et al.(2014; 2018)

&7 A7)

=
E4

2 vj)

el 717t

=
=

ok
H

o 5 4L TR A

FE dRes Wil F9e

¢}

&}

2ol A

2ol ol8) Vet

LEEK

L
L

7HAIAL 9at, o]

o
=

Aol gt

3

yol 54

3} olm

)

T}, Seol et al.(2005)

X

o

==
"o

Al
ol

A FEis

2

Ay 3| =i
e R

3|
T

= A
= 1

(Ffowcs Williams-Hawkings equation) 7]%+2] Formulation 1A

ol

&

RANS(Reynolds-averaged Navier-Stokes) 5. 2-S o]

L
L

2018)

Gl

ol

-

Ao 2 EFA 7199

e,

el

cel

X
=

R

=
=

N

M %

oA A Zrtel]

el

o
& (hydrodynamic pressure) 2 3}

3l
o}
H

Ao}
A&

ojn

o2& =
el Al <
°] fET

H71 o

S

wK
~
~d
N on

2 op]

o] 7ol

&9

4

FAIRE & A 7]

S

o
ol

!

1]
(@]
0
=
n
al
g
o &
<° @
B O
=)
o))
3z
¥ g
R
Ll
ey
< R
~
|
7 X
:Io% N
o ol
R X
=
ojn )
0
i
=
L o
@ %
~ M

A7)

2006). =38k

)

= =1F W4 A)(Boltzmann equation)< 7] A &%

ko, Azbel] e}

el function)”7}

(particle distribution

o
=

~

)
BiH

3

(streaming)S WHE-

= =
S =

(collision) 2}

&

e A &

7] (Lattice Boltzmann Method)

B/ AN
oy
B
N ofy
me %o
o] -
BK on
oy 4
Ao TK

M

Q)

+g. vf+F€.’L‘ * vff

af
ot

=
-
[e) e}
o fFEsie

=
L.

o)
o] 19903t H-¢ 7]

- 743 -



Ao AWe 717 YRS sERYS A
ZE2NR(Q)S BARYE f(z,61) S YRR EFFE, 714
QA7 B4 Akt B ARl A A AL
4% e wahul,

(mesoscopic) T oA F53 A

T} ge o AP £
Az} B=ut 7|He ow Aa54d
7

gt 5= I tH(Chen et al., 1992).

JAHE P Bol mEE wed gu FE Qu
o] ol% A8l $Wol tAshe, AE) Lol wAw
(Bhatnagar et al., 1954).
ST EALI+ AN = £(2.0) = (£, (@.0) [ (x.0)
3

7 43} AlZk(relaxation time)S 5581, fi'% Wag B =g
XA AAEIL = FHEE

function) S 53t} 4](3)2 BGK T EX
Z=uk Hpg 2l o 2 [BM-BGK ®dolgtx 3t} LBM-BGK X
g2 oibstd &&= WEHZ Y ARE o]&d Folvt
7hsstth 2 Aol A 23k el 979 & = E(D2QY)
2 7% AxprE A8E 0o Fig 13 2ot AR} el
o] X1 97 e] EHEE = A4)9t k.

3F=(equilibrium distribution
do] Hg¥ Az =

&=clcos((i—1)7/2),sin ((i—1)7/2)) for i=1,2,3.
&=clcos((2i+1)n/4),sin ((2i+1)7/4)) for i =5,6,7,8
§=0 ()
o] 7] A, C_A%B’M/Atwwi AILBNL AAA7], AtLBM%
ER] 2wl F7)0) &gt}
M P —vl*/2¢
’(M)—We ’ ©)

O]'tq L
]*C(U)J _]'O](v =§fu) 4 olH )
71 A 7k 73 e ol 91% o JYAEEZTFIE FAS
Zo oMt AAE Y= B
v & sk *—}(S)h o|xtstE o] YA 7] wiE
o AH 731*0“ gt 4= gl wEhA D2QY AALRde
d3to] AlTFAAE 2o 2ol

1>
==
N

fomorr o o<y

> 2R

2_
2
o

ol

~
(98}
~

ojxtstE

- - - -

2
. UJF?(&:' w’l——=usu

27

S u *] ©

1/9, i=1,2,3,4
7] A w, ={1/36, i=5,6,7.8
4/9, i=9

p:’_Ef'i, :Eﬁq ™

pu—Eff Eff”’ ®)

i=1

p=pc; ©)

- 744 -



B M T

g
i
<

q
!
~
=
N
o

7} 22" TH(Yu et al,, 2005). A=}

27

N

dr

i
R
ol

0

~O
1o
oF

7 7l (Absorbing Boundary Condition, ABC)&

o
=]

2 (p)y 4

o}
H

ol
3
=2
-

X

=
B
o

veel

X

9t 22 o3 71A

N
SiH

o

el
H

FaL, o] 2] o] A
o] t}(Najafi-Yazdi and Mongeau, 2012). Z A} =1k 7] A

o
rveel

ATt

a3t gol 7E # %

L

& FAxzd

ol

)

(13)

L

L

RGRE

9

&tth. olu] &7 (CFD)

<)

8

hoi
=<

Azl

v

ol

71 (LBM)

NF

o}
1

o JJ

B8 BRI =R (At )y

Al
Aol A

il
i

ToR oF

Mo ol

7_]1— 7_]1—

L
L

-
=
BiH] s

| 2,

)

T

A At 91

N

o=o0,(6/D)*3} 22 Jel& Yehla, o, 6, D
AT, AA A<}

<
i=]

22t opp

21104
34 (Maximum Frequency, MF)E
MF =

ol

12

e

7FA] 2l QUth(Kam et al., 2007).

[e)

=

E
=

L
L

st

i<

Aegg AA

(Bres et al., 2009)

al

gis

wK

T
ojn
olm

Bl

. 212)F &

=
213
=

0.1)olA Z3PE et

NASA CFDVAL2004 Workshop©l 4]

R

o)
Ao

(¢}

]

O]
Z79 4 346m/s (M

3.1 2% ALE BY RS
o avE

(1D

C()AtCFD/G

)/12

MF

%

|

AZppy = )‘min/ 12

=

Ao

N

2]

_
o

= Zo](C) 420 mm, = 710 mm

™

&l

9

9] end plateol] 2

3

gl

1 STAR-CCM+ ver 13.06& ©] &

RS

oA span W

i=4

% 9] end plate”} A4 4] ¥ 1 TH(Naughton et al., 2006).
o

[e)

=2

<

] A&

)

i
- 745 -

al,

371 9

<)

1l 2

3

=

[e)

=

=

[e)

=

| Aol

ol o
=

FAIZE 27

pud

k)
R 2" (spline interpolation)

1

[e)
RS

g}

gt} o] 2

<)

=i
=



oA -

ool
X
Mo

Table 1. Solver Settings and test condition for CFD

Star-ccmt ver 13.06

RANS Reynolds Stress Turbulence
Elliptic Blending

Turbulence model

Time solver Unsteady, second order implicit
Scheme COUPLED
Gradient Hybrid Gauss-LSQ
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Density 997.561 kg/m®

Dynamic viscosity 8.887E-4 Pa » s
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Fig. 3. Pressure coefficient distribution along the bottom wall.
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Fig. 4. Skin friction coefficient distribution along the bottom wall.
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Absorbing Boundary Condition
LEM Acoustic domain

Receiver 2
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Fig. 8. X-velocity distributions of acoustic and CFD domain.

Y velocity distributions of LEM domain
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Fig. 9. Y-velocity distributions of acoustic and CFD domain.
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Fig. 10. Comparison of flow noise analysis result at receiver 1.

Results of Flow Noise Analysis at Receiver 2
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Fig. 11. Comparison of flow noise analysis result at receiver 2.

Table 3. Comparison of SPL at 1" peak frequency

Sound pressure level at 1* peak frequency (dB ref 1 Pa)

Hydrodynamic

prosaure LBM FW-H
Receiver 1 117.0 117.3 110.2
Receiver 2 106.4 114.1 98.4
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