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We develop a method for direct numerical simulation of aeroacoustic sound. We apply Immersed Boundary Method
(IBM) and Weighted Essentially Non-Oscillatory (WENO) Schemes to the compressible Navier-Stokes equations and
Euler equations. We investigate the validity of IBM and WENO for compressible flow and inviscid flow by direct
numerical simulation of aeroacoustic sound generated from the two-dimensional flow past a cylinder by comparing the
result with by Body Fitted Coordinate (BFC) method and prediction by Curle’s equation of acoustic analogies. The
results by IBM and WENO show that sound waves are generated from cylinder and are in good agreement with those

obtained by the BFC method and Curle’s equation.
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Fig. 1 Immersed Boundary Method.
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Fig. 5 Schematic diagram of the flow model.

€ 00001 \\\
o

% 29 MMERAEANFEL VRO L

A04-1
0.0002 Frp—
270 ——

Ap
o

0.0001 /\ | a | /\\ ™\ //“ \
00001 f \/

0002
250 260 270 280 290 300 310 320 330 340 350
t

(@) r = 80,8 = 90°,270°

0.0001

45
315
s /
-0.0001 \ / \/ \//
-0.0002
250 260 270 280 290 300 310 320 330 340 350
t
(b) = 80,0 = 45°,315°
0.0002 T
225
00001 | / - . /\ ;‘,' \ /\ \ . Y
-0.0001
250 260 270 280 290 300 310 320 330 340 350
t
(©) r = 80,6 = 135°,225°
Fig. 6 Time histories of the pressure fluctuation.
0.001 %
270
2

1e-005
10 100

r
Fig. 7 Decay of fluctuation pressure waves.

Copyright © 2015 by JSFM



0.00015 v v
IBM
BFC

0.0001

5e-005

Ap

0

-5e-005

-0.0001

-0.00015 - ‘ ‘ - ‘ - ‘ ‘
250 260 270 280 290 300 310 320 330 340 350

t
(@) r = 80,6 = 90°
0.00015 - -
IBM

BFC
0.0001

5e-005

Ap

0

-5e-005

-0.0001

-0.00015 s : . -
250 260 270 280 290 300 310 320 330 340 350

t
(b) r =80,0 = 270°
Fig. 8 Time histories of the pressure fluctuation.

0.0001

8e-005

6e-005

4e-005

2e-005

Prms

0
20005 [ o
4e-005
6e-005

8e-005

0.0001
0.0001 5e-005 0 5e-005 0.0001

Prms
Fig. 9Polar plots of the root mean square of the fluctuation pressure.
(*:IBM,@:BFC)

4. AEMISRERET DIREOENT
4. 1 RRESRE

HDIABSEEZ T, 2 IRJT Buler AR, FIREZIE
W B IR OTIVORT 21T 5. Rz s LB L O
ZEOE L, y JiIaNCHET eifinel & Fig.10 O X 9 (CHeE$5. #IIS
PRI DRI ONLIE & 2T Table2 1Z7R T, FHAEREERIXH
FEOERD 100 5L 75, SYEERIIMAREOERL , Fibgirh
DFHc, , BEEp, CHEXRITHLL, HEy=14, 77 MUK
Pr=0.74, #EEITH. MxtO~ v BT OHELORKR
EERAWTRRS)D X H ik

U,
M = X (25)
Co

5 29 MBERAENFEL VRO L
A04-1

perfect matched layer

y

HARsRE | cylinder

= AR vortex pair

Fig. 10 Computational domain

Table 2 Initial condition.
FTATE D 4
el e H 0.5xm
ez r 01X

4. 2 FEEH

K180 3 1760 X 1760, FHEMENT—50 < x < 50,
—50 <y <50&9%. FHARE IR O S RIEAK
LD LD BIEAFE TR, TIRSEEORARSER T,
FrRIANMET-ZER L, ZOIMAOSRER T, 1%
5. #E-OfEE & #FiE% Table3 1 d. FERIZIANE
At = 0.005 &35,

Table 3 Computational grid parameters.

ik sl e T
L S oz ° m=mpy=on
HR :gg i ; i Eg Ax = Ay =016

4.3 EEER

M = 02085 OMMEEEOMRES A Fig 11 \ORT. ifiktiZ
NENREDEA 2380 L C y HR~HIT LT D Z AR T
5. Flz, M = 02050 I%% Fig12 (T, IRk
FEABRT DB, MO LRI EAMERET o842 T
D ENHERTE D,

W2, ~ v M =01, M =02, M=0308505E%
1TV, GO F 2 EREIICHET 572017, Figs (R LIc#]
B (r, 0) = (80, £90)ZH1F 2 ESZEBHORERS % Fig13 1R
T A HMFED HlE PRSI TR L T D 2 &
DHESTE 5.

EBIT, BHHLE(r, 0) = (80,490°)2k1) B/E1EBOIRIED
< o UM A Fig14 |79, Fig14 2> BEEOIRIEA < » N
BUEAFIEM 2505 Z L DB T 5.

Copyright © 2015 by JSFM



£ 20 MEERAENED VDRI IL

A04-1
0.7145
0.7144
0.7143
0.7142
0.7141
0.714

-40-30-20-10 O 10 20 30 40

X X
@) t = 60
4 0.7145
2 0.7144
- 0.7143
0.7142
2
0.7141
-4
0.714
4 2 0 2 4 40-30 20-10 0 10 20 30 40
X
(b) t =160 () t =80

B

N

>0

40
30 0.7145
o 0.7144
10
3. 0 0.7143
g -10 0.7142
E -20
0.7141
-30
40 0.714

-40-30-20-10 0 10 20 30 40

X X
(© t =100

0.7145
0.7144
0.7143
0.7142
0.7141
0.714

-40-30-20-10 0 10 20 30 40

X X
(d) t =100 (d t =120
Fig. 11 Instantaneous vorticity field. Fig. 12 Instantaneous pressure field.

7 Copyright © 2015 by JSFM



5e-005
4e-005 270
3e-005
2e-005
1e-005
0
-1e-005
-2e-005
-3e-005
-4¢-005

-5e-005
100 110 120 130 140 150 160 170 180 190 200 210 220

t

(@ M=0.1,r=80,8=90°270°

Ap

0.0003
90

270
0.0002 |

0.0001 |

Ap
o

-0.0001 ¢
-0.0002 |

-0.0003 : : : :
70 80 90 100 110 120 130

t

(b) M =0.2,7r=80,6 =90°,270°

0.001
920
0.0008 270
0.0006
0.0004
0.0002

\p
o

-0.0002
-0.0004
-0.0006
-0.0008

-0.001

60 70 80 90 100
t

(c) M =0.3,r=80,8 =90°270°
Fig. 13 Time histories of the pressure fluctuation.
0.01 Lo
i 90 e

M25

0.001 |

Ap
ne

0.0001 |

1e-005 — - — —
0.1 1
M
Fig. 14 Fluctuation pressure waves.

4. 3 Cule DRKIZ& BFRIDLLE

O A2 EEANCRHET 2 729012, BURG,0) =
(80, +90°)\Z831F DS IERFIZ, Curle DU L 5 Tl & bl L
7okES% Fig 15, Fig 16, Fig 17 (TR$. [X72°5 DNS OFtERER
& Curle ORIZ LD THIE ORNZZDEERH D HOO, WEIE
FTETHLTHY, FHEEROTE BRI IR SN

Ap

Ap

Ap

Ap

% 29 RIBIERENFE L VRO L
A04-1
5e-005 - - 1
DNS
4e-005 curle
3e-005
2e-005
1e-005

-1e-005
-2e-005
-3e-005
-4e-005
-5e-005

100 110 120 130 140 150 160 170 180 190 200 210 220
t

(@) r = 80,6 = 90°

5e-005 | NS —
4e-005 | curle
3e-005 |
2e-005 |
1e-005 +
0!
-1e-005 |
-2e-005
-3e-005 |
-4e-005 |
-5e-00!

5
100 110 120 130 140 150 160 170 180 180 200 210 220
t

(b) r =80,0 = 270°
Fig. 15 Time histories of the pressure fluctuation.( M = 0.1)
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5. #&5

AWFFETIE, HDALEEREE WENO s e -3 5E
B2 AWTHENBIAET D= AN AT LI O &1T 7.
ZORER, LITORES .

(1) AFFFEOFETIEC LY, 2RIt Navier-Stokes A7
=, M ORET IO R AN AT ERZ D &
IZEE L7z, BFC IZXk DR LR L, EaEp7e SN
Boni.

(2) ABFEORFEFECLY, 2¥%T Euler HEEAAMEE, MFE
OIS HIE AR D Z LITHEH LT-. Curle DU &
HPHIE L, BRI LIS DT,
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