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Numerical simulation of noise induced by flow around
a cylinder at different Reynolds number

LONG Shuang-li', NIE Hong', XU Xin’
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Abstract: The hybrid method based on large eddy simulation and acoustic analogy is used to predict two-dimensional far
field noise induced by flow around a cylinder at different Reynolds number. The simulation results are in agreement with
experimental data. Based on the prediction results, the characteristic of the acoustic field, the effect of flow oscillation on
noise levels and the noise radiation are studied; the noise reduction methods are searched. The results validate that the
overall sound pressure level of the receiver increases with the increase of Reynolds number; the oscillation law of the
flow has influence on the sound pressure level; the noise radiation directivity is similar to the radiation directivity of a
dipole source; reducing Reynolds number or unsteady force induced by detached eddy can reduce the noise induced by
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flow around a cylinder.
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Table 1 Reynolds number and inlet velocity

T Re u /(ms™)
1 50000 38.4
2 60000 46.1
3 70000 53.8
4 80000 61.5
5 90000 69.2
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Fig.1 Two-dimensional model of flow around a cylinder

SNSRI
N
AR

N

P2 A A A A
Fig.2 Grid of around the cylinder

R VAT 2 R B IR A B I T 2
JAPEAZAGI, WA v SRS
12 EENSHENX

R FE K T 0 28 BB ) 2 5000 3l 5 O (1)
AN(2)o Sy i JR B 58 5 i T i M % 3 ) FG
NizH, & 3N EG).

__h
" 0.5pu’D 1
F,
C=—2
= 05pu’D @
f.D
St=""— ©)

L, Fo By il A2 T IR ) p ol
WIS s w, MRS D WM ER: f,
i TE A
1.3 FIHHELER
A SR AT LK) 25 R DA s 5 SR
X, Wk 2. 3 frax. MEE 2 f1 3 AfLLE H,
#*2 BEHMEHNREH CAEEMRIEER

Table 2 Comparison between simulative and experimental

results of C;

Re CUiFf  Cu9dME W%
50000 1.20 1.25 4.00
60000 1.23 1.25 1.60
70000 1.22 1.25 2.40
80000 1.22 1.25 2.40

90000 1.23 1.26 2.38
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Table 3 Comparison between simulative and experimental
results of St

Re [ StUiEAE St S BEZE Y%
50000 405 0.200 0.190 5.23
60000 605  0.249 0.194 28.35
70000 554 0.196 0.198 1.01
80000 660  0.204 0.200 2.00
90000 750  0.206 0.202 1.98
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Fig.4 Spectrums at 3 testing points for different Reynolds number
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Table 4 Overall sound pressure level at different testing points
for different Reynolds number

Re K75 R g/dB
AT 1 AT 2 A3 WA 4
50000 100.77 89.45 94.48 83.21
60000 105.22 93.95 98.62 87.37
70000 108.93 97.70 102.42 91.18
80000 112.61 101.40 106.22 94.98
90000 115.72 104.52 109.37 98.14

Re S5 2/dB
WS WS 6 W 7 WA 8
50000 100.65 89.38 94.25 83.14
60000 105.18 93.90 98.53 87.46
70000 109.11 97.88 102.29 91.20
80000 112.36 101.14 106.01 94.94
90000 115.71 104.52 109.27 98.21
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Table 5 Comparison between f; and f;

Re fo fs R 2%
50000 404 405 0.24
60000 606 605 0.17
70000 555 554 0.18
80000 657 660 0.46
90000 758 750 1.07

0.1 1 10
120 F T
100 F — Re=50000

7 4% /dB
(@)
()

1

—— Re=60000

7 4% /dB
(@)
()

——— Re=70000 |

—
V]
S

LEGELEGE I 20 B | L B B A

—
ArNXO
(=l
j T T
Ll il s N Foi1y il

120 —— Re=80000

FEEZ/dB RS /dB
o
()

D
(=)
T T I

e ——
' —— Re=90000

£ 100
X 80
60 |
40 [ B o
0.1 1 10
e JRHL
Bl 5 75 B TR IS AR B AR fe il 2k
Fig.5 Variation of sound pressure level with St
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Table 6 Comparison between St)and St
Re Sto St RZE
50000 0.200 0.200 0.00
60000 0.249 0.249 0.00
70000 0.196 0.196 0.00
80000 0.202 0.204 0.98
90000 0.208 0.206 0.97
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2.2.4 PHARMEFEAR

M AL SR S AR R
Yo MRS 328 37 Wt 7 18) 5% W) AR (63 A S 00 < 20 e 7 1
BRSTRAVE AT, FEW L RO EORIE AL, ATRLR
IR @ A2 AR AR S Bl e A e (1) BRI
2 Re,  RIE/N KU (1038 2 B /N AT (1 LA o
(2) P AR I8 A 2w A 4 e ot v 7 A 1 I 5 3 Tk 3
730 T LIE I A B AE R Ji T 22 28 PR Jes 40t 4 o el 4
B K70 1, T R AR S s ksl o

3 45 i

AR SR R s BT 7 58 LU AT &5 45 1) T VR
U AL SR A M BEAT . I S
SEAW) B o IR TN A R TS, T LA 2 .
L ol U KR I 3 7 4% 0 B e ) P s 2
Ky B BIFERAL, IR RS POk 7R 515



116 Vi

7N 2011 4F

(RN P NP = W D) A N A N B ]
Wi g5 R S RS WA IR G A DG, I HAE W
ITREZ e S e UL Vs = N 1) 2 v R kL St i)
FESF R ) S AR AR T PR R AR AL AR BT R
195 = RV NP = % e S B T et = AR T
A2 AR E Wk Bl ) B g PR B 7
5 % % @

[1]1 Becker S, kaltenbacher M, Ali I. Aeroacoustic investigation of the

flow around cylinder geometries - a benchmark test case[C]// 13th

ATAA/CEAS Aeroacoustics conference (28th ATAA Aeroacous-

tics Conference). Italy: AIAA Inc, 2007. 1-14.
AIAA-2007-3511.

[2] Catalalano P, Wang M, Iaccarino G. Numerical simulation of the

Rome,

flow around a circular cylinder at high reynolds numbers[J]. Inter-
national Journal of Heat and Fluid Flow, 2003, 24(4): 463-469.

(3]

(4]

(3]

(el

(7

(8]

Revell J D, Roland A P, Hays P A. Experimental study of airframe
noise vs. drag relationship for circular cylinders[R]. Lockheed Re-
port LR28074, 1977. NASA Contract NAS1-14403.

WANG Z K, Djambazov G. LAI C. H. Numerical simulation of
flow-induced cavity noise in self-sustained oscillations[J]. Compu-
ting and Visualization in Science, 2007, 10(1): 123-134.

Inoue O, Hatakeyama N. Sound generation by a two-dimensional
circular cylinder in an uniform flow[J]. Journal of Fluid Mechan-
ics, 2002, 471(1): 285-314.

Schliching H. Boundary-layer Theory[M]. New York: Mcgraw-hill
Book Company, 1979.

LUO K H, LAI H. A hybrid LES-acoustic analogy method for
computational aeroacoustics[M]. London: Springer Netherlands,
2006.

Lyrintzis A S. Surface integral methods in computational aero-
acoustics: from the (CFD) near-field to the (Acoustic) far-field[J].
International Journal of Aeroacoustics, 2003, 2(2): 95-128.



