2003

HY AW $59 FY 28 A4

M AT

2 o

1S A% 45-2F 29 7Y

Al

=*
o (LI

A Hydrodynamic-Acoustic Splitting Method for Aeroacoustic Noise
Prediction of Wall-bounded Shear Flow
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Abstract

Aeolian tone generation from a two dimensional circular cylinder is numerically investigated via
direct numerical simulation and hydrodynamic-acoustic splitting method. All governing equation are
spatially discretized with the sixth-order compact scheme and fourth-order Runge-Kutta method to avoid
excessive numerical dissipations and dispersions of acoustic quantities. Comparisons of two results show
that the previous splitting method can not accurately predict the aeroacoustic noise of wall bounded
shear flow. In this study, a perturbation viscous term and a new energy equation have been developed.
This modified splitting method accurately predicts aeroacoustic noise from wall-bounded shear flow. The
present results agree very well with the direct numerical simulation solution.

2 S-3FSH(computational aero-acoustics) Ol A
gl AREHYE 3 AAE o] E(acoustic

analogy)©ll

|

(compact noise source)ol] 9] Ao
(radlatlon) ik atia=s Zi &l
7 dellMel &

A
h=]
% A 2 AT J/\} 2 2Fek(scattering) &

_1

T 2edsta gstg
E-mail : jhseo@korea.ac.kr
TEL : (02)926-3818 FAX : (02)926-9290

* ugdistul 7] Ag et

o AiAer ddelort st v Ag &
AEol vFstA AAHL loen ols A% A
AEE SFeA s ZeAo] TUHL
Atk HFE g Ag EA9 e g5
FETE AR ZAekY] SRS A58 s
2o A" A BAF WH(direct  acoustic

g

-1 H
ofgt & % ok, AW A wAF Py
A 7ol AFEA A& Hojof &b, W
Fo| ANE WL = wHol Uk of
olHES =E3A Hardin & Pope[l]&
A mAb P AT RS wgEy

A%k 5
(compressible perturbation) A2 g
sk 7] W (splitting method)S  A|SHsFSI T} o]

1e gidon vat g3 Wi £5

(
A

numerical simulation; DaNS)o| 7} 2 3%}3t
Ko
H

ko do N 8 ) o

ol o fB N 2 ol ol mx ok pob

(incompressible  flow)

Of
-
2
)

E



2003

el

)

(free shear

1o

(4)
(5)
(6)

potp

p:

o] o] o]

A glomdl, ¥ FgelAe] 44§53} ol

’U/Z-:

Ui+ u/
p=P+p

Ak f5

¥y

w7 EAA 7=
(wall-bounded shear flow)ol] <]

o5

@_

9

T w
g W
- o
e <
jrvzel
Ho HMo
oE =
T g
iﬁ &
[l
o m
= Z
T T
ol
T
7
" ool -
,%M
o) o-
o WA
o 7w
mm Xy =W
% Gy
Fo 0%
xR
> T
=
T
o of o
o T
o
%! o
o KU
= By
T
o W o
=
2T
S _ T
o« Bl o
N =0
wrw%x
T B ofn

(7

(@}
Il
|
RS
A= T 3
<z o
X mro bl
~
X o_e —
olp =
T
£ = Tor
(] B
= ™ SR
oy W g
AL
lare) ;oo ,_Ir‘”
mo op W
Ho pk
ook
~d EC
I+
e
o o
I
W <
T 7
wOR N

e
o
Q
IT
;&
CO
M R
T
% o
Ho
ofnl of
70
o)
%0 EL
~
Iz
T
Zx
ﬂmo
ww
iz =
00
o
o
ny
°F
T o

el
op

4
)l

—
fite)

o

Al AL, A (4)-(6)

Mol

2%
o W5 2

3

A

A

i

3t

Fed el

S

(1)-2) ol Y

Al
(D-®)2) 4& WMol ol

=
=

il

.
o

o
ofp
;oo

0

KH

W A thet ol tehlle] At

il

00

on

oF
)
=

(9)

0

(Puil‘" PIUi)

0
ox;
d(pu+ p'U;

o
ot

Bl
o0
Ir

==
[ITe)

0

(u;(pu + p'U;))

(10)

) ¢

ot

<r

FX
o

0

2.1 X|af

oz,

op’

(po U)+

+

ol

o
o7

712 # 9 3bd) Shen & Soreson©] A

i

0
<

4] Navier-Stokes

op
Yy
ol
<

(1)

(D

0

d(pu;) _
or;

9
ot +

ol

A-S;’-l'

Ay

22 0|

(2)

Oz

op | Ory
Oz, +

0 (P“z‘uj)
Oz,

8([’“7:)
ot

o =
ﬂﬂq
N
ufmmg
T X 5
=M=
5 W

i
R
~ i)
;OLMﬂ‘l
i
CHN

qur?
o =)

»A
uuuﬂwm.m
o) T oo
o
A= or
T R el

s
froaleli =0
ojm pjw

E

D
S
L
Ry (<o)
~e
=
o
Il
Y
+| =
oS
Z
o
IT
NS
S|

2061



2003

drolof gt ol &
2 AFdAE BE A A 7t
sto] 62t A& A
ol4kst  Eglew, AIZE AHFol= 449
Rung-kutta WS AF&3FSich =3 H2 /-3
2HEHS v A AXA ] A 89S wd Ty E

F ke dEE flel7l kel Gaitoned (6]l
Aers 102k 2o T3 THHYS A&t

L
-

A

ZA

23 &8
oA e SR AL 9 A ACNA
WAL o] oA @il HutEo] Ytk gk
Ab AAIZASE, Freund[10]7} Akt W E
(buffer-zone) B B ¢ A A xS A &3t o] 4
Az Wy o del o
(artificial velocity)2} 1%
(artificial damping term)< o &I}t
A HRAbE o] Eoje A Al T FA
T WTE doke #goeZ {4 A7
Agol Mz i w37} gesi

Mic

convection

o
T

o
RS
[e)

(kinematic boundary condition)S %1t}

)

18

x
ox Jjt o2

3
X

o W
12
’
o
o
o2

ot
o

o Mo rle

P,L‘
3%
=
i
b
rlr
o
Y
il
23
o,

N o2l

Wk
%201 7§e] AAE ARG
e < A AR W

(Reynolds number)7}, Rep =200 <!
FEA v, M, =03 2 4

%,

2 ok o & 2 )
o
fru
[\e]
e
=
1o
b
_|>i,

2
2

0

[y

BN
)

2062

(=) o5
T2

3. 7|

=13=5!

PN HiE

o

3.1 & 2

=~

DAL

0jo

ol

Ho o

2(1)-(3)9] ¥5A Navier-Stokes
A ste] A-GedA A s
T BEAL Stk AedS YERY

i
B>

ol o glo
R

£

I A > o)

I

o

pS
’B\
I
3

|
=
fl
o,
o
o
32
o
o

1 o Yehd3dHh Fig.

Hob o
o lo 1r

AdE L dE&

Aol =&t
Curle 2] A9} H|

Fig. 1 Instantaneous acoustic field(DaNS).

0.002

0.001

-0.001

-0.002— ! 1 ! R SRR WA N

Fig. 2 Pressure wave along the x=0 line.



2003

0.001

0.0005

-0.0005

-0.00;1’00‘

PRI BTSSR B RR S RAFRRT
350 400 450 500

ta.,/D

Fig. 3 Time history of pressure wave at r= 60D

Fig. 4 Directivity patterns of SPL at = 60D
(—:DaNS, ---:Curle).

Curle 219 Z5-od& Hd 5 (mean flow)©]
aH A &Z7] v =& & (doppler effect)
of o F A7t kzre] zpolE Holu}, A
Al AFE 54 SF¥9Y A7 2 dA st
I ASEE AT Ak

iR E
dlo ii ﬂ; .
Ea)
o o
=g
POURC
o

oz oo
ol
e

o]

o rt
ox
rlo

el
©
= m
@ G
Bl oo

9 W
oz > 2 dy 30 = i o to ox o

B=)
H1
&

2063

0.002

0.001f

-0.001

. n R BRI W N}
-0.002 50 %0

Fig. 6 Comparison of pressure wave at x=0 line.

0.001

0.0005

-0.0005

PRI BRI BAVRNTRNTES S TR
450 500 550 600

ta.,/D
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Fig. 9 Instantaneous acoustic field(Present).
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