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Influence of pitch diameter protruding structure on
interference noise of tandem double cylinders
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Abstract: In order to explore the noise reduction effect and noise reduction law of the periodic pitch
diameter protruding structure on the interference noise of the tandem double cylinders bluff body, noise
reduction experiments of tandem double cylinders were carried out in the 0.55 mx0.4 m anechoic wind
tunnel. Eight kinds of periodic pitch diameter protruding structures with different parameters were
designed, and the noise reduction effects of pitch diameter periodic protruding structure on the interference
noise of the tandem double cylinders were tested at four incoming flow velocities (Reynolds number
0.4x10°>—1.6x10°). Experiment results showed that, the tone peak noise can be reduced or even be
completely suppressed by the periodic pitch diameter protruding structure. The maximum peak noise
reduction can reach nearly 30 dB, and the maximum overall sound pressure level noise reduction can reach
18.1 dB. Under different working conditions, different structures had different noise suppression capability

and there was an optimal value for each working condition. Generally speaking, periodic pitch diameter
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protruding structure with protruding height of (0.1D0~0.15D), protruding space of 0.5D has the best noise

reduction effect across a wide working condition range. The introduction of periodic pitch diameter

protruding structure not only changed the peak characteristic frequency and vortex shedding frequency of

tandem double cylinders, but also suppressed the generation of Karman vortex street.

Keywords: turbulent interference noise; pitch diameter protruding structure;

tandem double cylinder; peak noise; vortex shedding frequency
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Fig.2 Schematic diagram of the periodic pitch diameter pro-

truding structure of the cylinder
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Table 1 Design parameters of pitch diameter

protruding structure

w3 b D Dy Amm S
1 Baseline 30 30.0 0 0
2 A1.5S89 30 31.5 0.05sD 03D
3 A3S9 30 33.0 0.1D 03D
4 A4.5S89 30 34.5 0.15D 03D
5 A6S9 30 36.0 02D 03D
6 A1289 30 42.0 04D 03D
7 A384.5 30 33.0 0.1D  0.15D
8 A3S6 30 33.0 0.1D  0.2D
9 A3S15 30 33.0 0.1D  0.5D
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Fig. 3 Background noise of anechoic wind tunnel
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Fig. 7 Influence of different protruding heights on the interference noise of tandem double cylinders
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Fig. 8 Influence of different protruding heights on the interference noise reduction of tandem double cylinders
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Z IR IPRB Sy, L BAE R K, - (G i
B 5 (5 A b 2R 0 BE B, AO K T AR AR A% 7 2% 22 8] (14
J S, p S B, co . B 125 T ok
it T Up=60 m/s B C6F I /9 B 7 30 Re=1.2x
10°), AS[a] ™ 2 B 2 H06F 75 1 S5 A8 Ak 1 52 ) 43
BT Fh AT, M A G B A A A K A
P (S1=0.15~0.2) 5503 N, LI [ A 7 S04 57 0y
IRELSt=0.169 Z= A7}, W 7 55 e ) ik s ™ i
JE A 04D K2 ; A 0.1D~0.15D 48 5t 5 1 %
55, AR — B, XA 7 R A RUR A R R )
DA MR 7 300 2 S ) 2 i A
2.3.2 PTAR Y R G5 R [ BE T I R R 1 5 )

P 13 hy AN [] ok 9 1 J R A8 T R AT R S X
ER B BUIG AT T  Wge 75 0 i 7y 52 i, G v T R 2 4
FIE A 3 mm, B 0.1D, AR, 18 A F] K
TR ASTS, BE A R A AR N, R ) AR

25 LN A3S4.5 /NI FEZE R, Bl A R TR B L T
B A, MR R S, A AR MR
B3 s T LB A ™ R [ B Y 28 T A K, B R g
Jy R s, E AR LR . A 13(a) |
13(b) A LA H: £ 20, 40 m/s Hedk R, i
TE) S 2652 /I P T o 245 ) e 45 B I 1 A i I
R S AV T S8 B3 A, S /0N O 1L %) 2 o B 5 IR s
H Rl R BE 38 K, W/ o YR TR | B
WEEOE RS, R 13(c) | B 13(d) AT, AR
T 2%, A 7] 2 85 o kS (] B85 % v sy 40 B B (Sr=
0.2~ 1.2.) W 75 417 i 2550 SR 30 Y 0 553

L 14 A ) o i BE RS R iR R S 2
BT 556 Mt 1) S RN 0, 5 O o A R E S O
LY, BB AN ] ™ 2 (] 2550, 0TI A0k B o4 M
M 5K, T v R A B e R AR B, HLAS T
RS TR BE M t BEAS ORAE N AR, 136 B 1Y i i) R AR



168 o= s ¥ M 538 %
20
120 ¢
/5/6\
15 A——& A
110 ¢
10+
S 100} g
\)3 '45 5t u 1
90 —A— Baseline+Baseline < P T
—=— A1.5S9+Baseline 4
—=— A3S89+Baseline ol —4-U=20 m/s, Re~0.4x10° \
80 | A4.5S9+Baseline Uy=40 m/s, Re=0.8x10°
—— A6S9+Baseline ——U,=60 m/s, Rex~1.2x10°
INESS b-pm 0= A1289+Baseline ~5 1 ——U=80 m/s, Re=1.6x10°
20 40 60 80 0.05 0.10 0.15 0.20 1.40
Uy/(m/s) AID
(a) B SR
‘ = 11 i 1o R 1 SR R R e M i
o 7 11 R S A P T
30 ﬁ; 5595_?}; Ba?¢11ne g Fig. 11  Overall sound pressure level noise reduction of
—_—— aseline
A4.589+Baseline different protruding height parameter structures
—— A6S9+Baseline A
- —— A12S9+Baseline /
% ¢ 6 (8t=0.169)
g i —— Baseline+Baseline
2 S=0.169 i — = Al1.589+Baseline
10} T i - - - A3S9+Baseline
i A4.589+Baseline
? 4r ----A6S9+Baseline
s IR A12S9+Baseline
or 3 , i
l]g % La- !
L L L 12016 020 0.24)
-1 0 1 2 3 4 5 6 1 &2r AID :
101g(Uy/Usep) g Fa R
(b) B R AME @ VE
0 R
P10 AR g 1 R AU B A 7 R b
RUTHE 9K & 0.10 0.15 020 025 030
Fig. 10 Relationship between the overall sound pressure level of St
tandem double cylinders with different protruding heights and 12 R A ER A R 7 a2 s A
the incoming flow velocity (U,=60 m/s, Re=~1.2x10°)
Fig. 12 Variation of sound power of tandem double
B EESEMBEAEES . L . .
®3 AREOESEHENBEER cylinders with different protruding heights
Table 3 Overall sound pressure level of different (UO:60 m/s, Re=1.2x10%)
protruding height parameter structures
- FE A RE 7958, (ELAS [ Aot ) B 2 T AR
LOE\S B NED > L= RSy N) S >
2ty - RIS T ERA BUF PR MRASCR o B A Ok It 12 119 3
Uy=20 m/s U=40 m/s U;~60 m/s U,=80 m/s N e . R
el baddine 8955 10780 11996 11413 Y A, P T A R MR R e A B Y AR A
aseline-Baseline . . . .
A AR A P MR 1 B S
A1.589-Baseline 8777 9273 10352 11059 :El-f\ SHERACR ﬁﬂﬁi’ I SRR,
j=% X TIN YU I 75 i HH § H
A3S9-Baseline 75.34 91.41 102.50 110.22 Gl P P SRR /I, [ IRAOR B A S, R B o
[ g s } EL 2% <
A4.5S89-Baseline  75.04 90.80 101.91 109.27 [ B 5K, MR et I, D 2R PRI
== I I 52 Kt drs b E] R 4
A6S9-Baseline 74.51 94.46 105.44 110.24 FPAE—sE ERYE. HUR S RN L RS
S Sh 925 by AT =5 0 <
A12S9-Baseline 8970  99.99  113.87 12046 1 (1 A3S4.5) 3o e UL 3 FE 1 22 e SRk R FE R

AT e R AT B e 7 R AT, A Ok e
F14y i 7 0 o Dt U R SR B A A
M R[5k 28.5 dB A2 AT, T e A BB g g vl ik
15dB £ 47 .

15 IR YRR S R, 5520 XS HE B
FERAG PR A 45 R . ok I B 20 mvs BT
H L A ] 0, Bl R R PR (R B S ARG K,

K U R TR B 80 my/s (X i Y B 147 2K Re=1.6%10°)
B, R P R 2 T R e i o [ A, B AL
SR SREDE, T S5 (A3S15) TERT ) Y S i i
0 FELR A T A B W S S e 7, U AR R I
T 40, 60 m/s T OUIRAT, & 0707 A A e 2
R MR A8 R 357 L e I J

16 4 AN [a] ™ 2 Ja] 5 S A4 53 50 0050 A% B A
FEZ 5 AT B AR OC R o 4 B TR B e ]



1 FRPREF: 1A ™ i 2548 % H3 ) B[R AT 1 5 R 75 A 5% ) 169
(0.169) (0.337)(0.493) 100 (0.169) (0.493)
! — Baseline+Baseline : — Baseline+Baseline
80 - A3S4.5+Baseline A3S84.5+Baseline
- - - A3S6+Baseline T ﬁgggigase%me
—-- A3S9+Baseline 80 - aseline
it --=- A3S15+Baseline “omA3815+Bascline
~ | ') ~~ — B
g 60 / il -~ Background g H :ac g
g 5 ’ 2 w0l |
J4aof 3 5 i
§ 40
20} 5
L : : 20 - — :
0.1 0.2 0.4 0.8 1.2 0.1 0.2 0.4 0.8 1.2
St St
(a) Uy=20 m/s, Re=0.4x10? (b) Uy=40 m/s, Re=0.8x10°
120 (0.169) (0.169)
! — Baseline+Baseline / — Baseline+Baseline
A3S4.5+Baseline 100 | ; A3S4.5+Baseline
~ - - - A3S6+Baseline A - - - A3S6+Baseline
—- - A3S9+Baseline H —-- A3S9+Baseline
— ---- A3S15+Baseline —_ ---- A3S15+Baseline
g 30 L --- Background g 80 -~ Background
m % m i
N 7 : ¥ N
= w7 : 8 =
RPN HEER \‘*M 3 60
R et WY § LY
40 *J"N..L,,J\, 40
0.1 02 0.4 08 12 0.1 02 0.4 08 12
St St
(c) U=60 m/s, Re=1.2x10? (d) U,=80 m/s, Re=1.6x10°
13 ™[] X £ 1 OB A 0 M 7 AR ) 5
Fig. 13 Influence of protruding spaces on the interference noise spectrum of tandem double cylinders
30 : 30 :
A3S4.5+Baseline Iz A3S4.5+Baseline
- - - A3S6+Baseline n - - - A3S6+Baseline
20 + .ﬁ — - - A3S9+Baseline 20 + ;«i — - - A3S9+Baseline
p‘ ---- A3S15+Baseline A a& ---- /J\A3SIS+Baseline
5 £ § s 7 .
= 10}f i3 A T 10F 4 A X o
3 AR g NemeNey @ | A S ,-,«rm“/ yoltwe
= = | T o = SN SRl
Z 0 _,_-\_,__f_,__,____,_,‘_tt—_ ________________________________ & 0 - f £
3 \ { 3 \
10| b -10} 1
N
=20 : L L -20 . i .
0.1 0.2 0.4 0.8 1.2 0.1 0.2 0.4 0.8 1.2
St St
(a) Uy=20 m/s, Re=0.4x10° (b) Uy=40 m/s, Re=0.8x10°
30 20
A A3S4.5+Baseline A3S4.5+Baseline
I - - - A3S6+Baseline A - - - A3S6+Baseline
20l .‘\ — = A3S9+Baseline ok f\. — = A3S9+Baseline
] ---- A3S15+Baseline AR ---- A3S15+Bascline
N ) N n i
= i) i = '
g 10} ~/ -X 5;
5 RET 5
[ -10}
-10 L 4 L -20 L 4 L
0.1 0.2 0.4 0.8 1.2 0.1 0.2 0.4 0.8 1.2
St St

() Uy=60 m/s, Re~1.2x10?

(d) Uy=80 m/s, Re=1.6x10°

Pl 14 (" ) B R 1 XS8R0 A M P A ) 2

Fig. 14 Influence of protroding spaces on the interference noise reduction of tandem double cylinders



170 o= 3 % %38 4%

40°

Baseline+Baseline y Baseline+Baseline &

A3S4.5+Baseline A3S4.5+Baseline

A3S6+Baseline \/ - A3S6+Baseline
--- A3S9+Baseline I A3S9+Baseline
A3S15+Baseline ~=- A3S15+Baseline >
65 85

(a) U=20 m/s, Rex~0.4x10° (b) Uy=40 m/s, Re=0.8x10°

90°

100° 80°

e il 7‘“7 400
St e 120

BaselinetBaselin
A3S4.5+Baseline
- A3S6+Baseline
- A3S9+Baseline
= A3S15+Baseline

.- Baseline+Baseline
A3S4.5+Baseline
- A3S6+Baseline
- A3S9+Baseline
= A3S15+Baseline

(c) U=60 m/s, Re=1.2x10° (d) Uy=80 m/s, Re=1.6x10°

P15 A IR] R 6 £ 370 ORI S A A W 7 A P e i e ek 43 A
Fig. 15 Overall sound pressure directivity distribution of the far-field radiated noise of tandem double cylinders with

different protruding spaces

130 —a— Baseline+Baseline
‘ a0k A3S4.5+Baseline J
120 b —— A3S6+Baseline L7
ST —=— A389+Baseline iy
—s— A3S15+Baseline
110t 30+
= g
g 1001 e jﬂ 20t
~ 90t A
—a— Baseline+Baseline 10F
A3S4.5+Baseline 2
80 —a— A3S6+Bascline P
s —— A3S9+Baseline |
2 _4T7_-_ A3S15+Baseline or .
[ i i . i i i .
20 20 0 20 0 1 2 3 4 5 6 7
10lg (U/U.,p)
Uy/(m/s) '8 (/U
(a) E.\;H_‘ig& (b) )é\;'a Eﬁ%ﬁ

PEl 16 N[ ™ ] B A 3 ) WU B A 7 P S R TR BE Y DG R
Fig. 16 Relationship between the overall sound pressure level of tandem double cylinders with different protruding spaces and the

incoming flow velocity



513

P 25 A SE AR RE I/ N R B R, BEE ER A1 L
(58 : L2A B wig 76 R ) A0 (R A = 34 W s 114 75 1) 3R AT 3 30
L5 F Y 6 RITIIE H .

F A NG S BT 90007 v fi {4
7 £ (Mic6) i B 75 IR E . Ml & S8 —
BF, i o R () B Y 3G R, R R R et B 2
R s DR G 35 T, A3S15 S5 HAH 1L
LA ] B 2 B8 K R, 6T 0 1 75 ) il e
F1HcAE, 78 60 m/s i [
HWE,

Al ik 17.54 dB, M54

R4 AEOEBEEEENEEER
Table 4 Overall sound pressure level value of different

protruding space structures

L,,,/dB
Uy=20 m/s U=40 m/s U;=60 m/s U,;=80 m/s

45k

Baseline-Baseline ~ 89.55 107.80
A3S4.5-Baseline  73.25 95.98

119.96 114.16
114.90 119.05
A3S6-Baseline 73.19 95.38 104.66 110.73
A3S9-Baseline 75.34 91.41 102.50 110.22

A3S15-Baseline 76.31 91.39 102.42 109.85

P17 SRy AS Tl oy i ] B8 05 ) ) P 0 [ e
10, TESE VR HEEE A 40, 60, 80 m/s |, (" [F] i
TR, R M et R R 5 A f A B Ry 20 my/s (IR B ity
B0, ™ ] P /N RO R G 8] 18 AN
[ei] 17 A 1] B 485 #40 ( U,=60 m/s ) %if 75 By 58 A5 4k, 1) 5%
i) 437, T P Bt o ot A T B 2 50 16, e s
SFERE I UES , XA B BE ) B, 5 1A 13(c)
A8 AR — 2

20
15+ :>(A
—
m 10+
=z
3 : f
ot —A— =20 m/s, Re=0.4x10°
U=40 m/s, Re=0.8x10°
—— U,=60 m/s, Re=1.2x10°
=51 —o—= Uy=80 m/s, Re=1.6x10°
4.5 6.0 9.0 15.0

S

17 AR (A B A5 HE 14 P TR R
Fig. 17 Overall sound pressure level noise reduction of

different protruding space structures

TFRPEAE: 1942 My 45 A8 XoF ER 4 0L BB 1 9 MR 7R 1) 52 ) 171
6 (5t=0.169)
i — Baseline+Baseline
H A3S4.5+Baseline
=5 5¢0.16 i - - - A3S6+Baseline
L4t : —-- A3S9+Baseline
L S g ---- A3S15+Baseline
= Byt
S &/
8 2+%012 016 020 024"
o St g
5 Nl \(
wnn 1
v\l
0f—— R FEHET RERENAT
Y .
0.10 0.15 0.20 0.25 0.30

St

P18 ORIA MR IR S5 A 1 ER A1) B AT 7 ) AR A
(U=60 ns, Re=1.2x10%)
Fig. 18 Variation of sound power of tandem double cylinders
with different protruding space structures

(U=60 m/s, Re~1.2x10°)
3 & i

BT 7R 2E I KU PR ST T 19 428 ™ e 25 4 % 3
BRI A 95 M 75 A I e T, 43 AT HOB S A2 Ak
e by W 7 R AR, SRR TS [RD K 3 AN
FWECTOURET, AR S E0k N 45 4 %t 51 5]
XSG 0 1 75 )5 i A

1) SZU 25 R, W5 A 8] BE A 3.7D Y
FWRLIGN - pE M A, HO6F I 1) 4l 25 43 34 (§1=0.169)
5 B[R A B AR FF 1 ($=0.192) 45 BT A [R), 1B &

T W P A T IR 35 R I S 4, SR AR 2L,
L i % o Ok 9 ol S e M

2) A e v 5 B U A A A Rk W ) B
WM PR T, (RS 5 ATE—ERE -
AT DAY 55 L 2 57 4 00 o) B A B A A T 0 B e A
(PR WA M . R A] TR, S 280
G R o PR (B MR 7 DA R 45 T ST 8 e R ) ) B
MR B ) AN TR] , o o DA o M it W] SR O 30 dB, B
JE 2% e M it f 55 1T 36 18,1 dB.

3) FE R Y S B B T P, A S8
Iy S 45 R RE 8 AR B TE T I SRR A L DY (S1=0.1~
1.4) X 53 B X5 AT T M 7 A 45 oA B S ) 990 i 3K
o WA TEUECE R, ok i Bk B 80 m/s i
(X N7 FE AL Re=1.6x10°), X s A B (S1=0.2~
1.4) M g 5 SR 055

4) ™ A o R [ N A T R S
(ln A12S9. A3S4.5), H A ¥5 M 75 SR R 9000 ok
i AL Y BB FE AR . AE R [P — g B
oy % ) R B O A R R e N R T A



172 o= 3

A=

i 538 %

TE A (4=0.1D~0.15D) ; 24 "8 &5 i — E I,
{552 e 3 N (A= 071 QIR Y Ve 3 Sl AL B o4 |21 R 1
AN, LREMUR Y, R 2, B T R R
o1y 7 ) P A R M s SR e, R R R,
M A7 e AR _EBR{E (S=0.5D 2 47) -

AR SCAIR AR I B BB A B S i 454
M B IR RS Z SN G RRXN T
W 75 ) 52 MR KL, IR A WL AT i T i — 2P TR A
WFIE o ASCHYSEBG 45 T LUK 5 T e ka2
. VR AR AR TR AR — 2 0 R S R
AR

CESd ¥

[1] PRASANTH T K, MITTAL S. Vortex-induced vibration of two
circular cylinders at low Reynolds number[J]. Journal of Fluids and
Structures, 2009, 25(4): 731-741.

FhE D, S0 £ 1, B A, S5 IR BT 02K ER o) B A Y i
R 3 0], 4% 3 TREESE AR, 2021, 34(2): 283-291.

DU Xiaoqing, WU Weiwei, ZHAO Yan, et al. Vortex-induced vi-
bration of two types of tandem circular cylinders at low Reynolds
number[J]. Journal of Vibration Engineering, 2021, 34(2): 283-291.
(in Chinese)

BRI, B R Ar, SRR, SF LRI T AR AR 80U AL 28 S
g 743 ) (A DA 0], T I R 2 2 4l 2009, 32(8): 943-949.
ZHAO Liangju, YANG Nangi, WU Duo, et al. Aeroacoustics nu-

merical simulation of flow past tow-dimensional two circular cylin-

(2]

[31]

ders in Tandem arrangements[J]. Journal of Chongqing University,
2009, 32(8): 943-949. (in Chinese)

PAPAIOANNOU G V, YUE D K P, TRIANTAFYLLOU M 8§, et
al. Three-dimensionality effects in flow around two tandem cylin-
ders[J]. Journal of Fluid Mechanics, 2006, 558: 387-413.

XU, X, WP, A = 4 e 9 BRI AR 80 S i K
PR I]. T B B 2 41, 2008, 29(3): 403-406.

LIU Min, LIU Fei, HU Yatao, et al. Aerodynamics and aeroacous-

[4]

[5

—

tics numerical simulation of flow past two circular cylinders in tan-
dem arrangements[J]. Journal of Engineering Thermophysics, 2008,
29(3): 403-406. (in Chinese)

CHEN W L, XIN D B, XU F, et al. Suppression of vortex-induced
vibration of a circular cylinder using suction-based flow control[J].
Journal of Fluids and Structures, 2013, 42(10): 25-39.

BOWER W, KIBENS V. An overview of active flow control appli-
cations at the Boeing company[R]. AIAA-2004-2624, 2004.
PATEL M, CAIN A. Numerical simulation of flow control tech-
niques for separation control[R]. AIAA-2002-668, 2002.

NATI G, KOTSONIS M, GHAEMI S, et al. Control of vortex
shedding from a blunt trailing edge using plasma actuators[J]. Ex-
perimental Thermal and Fluid Science, 2013, 46: 199-210.

SILVA G P G DA, EGUEA J P, CROCE J A G, et al. Slat aerody-
namic noise reduction using dielectric barrier discharge plasma ac-
tuators[J]. Aerospace Science and Technology, 2020, 97: 105642.1-
105642.11.

FOSHAT S. Numerical investigation of the effects of plasma actua-

[6]

(7]

[8]

[9]

(10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

(19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

(27]

tor on separated laminar flows past an incident plate under ground
effect[J]. Aerospace Science and Technology, 2020, 98: 105646.1-
105646.10.

ZHU H, HAO W, LI C, et al. Application of flow control strategy
of blowing, synthetic and plasma jet actuators in vertical axis wind
turbines[J]. Aerospace Science and Technology, 2019, 88: 468-480.
FLINOIS T L B, COLONIUS T. Optimal control of circular cylin-
der wakes using long control horizons[J]. Physics of Fluids, 2015,
27(8): 1-22.

B, B, R AR, B 2 LA B AR R 3 S 0 B
e[, 25 B S 2 24, 2017, 35(2): 265-270.

WEI Zheng, XIA Chao, YUAN Haidong, et al. Experimental study
on the wake of a circular cylinder with porous layer coating[J].
Journal of Aerodynamics, 2017, 35(2): 265-270. (in Chinese)

LIU F, GUO H, HU T, et al. Experimental investigation on the
aeroacoustics of circular cylinders covered with metal foam[R].
ATAA-2019-2715, 2019.

ARCONDOULIS E, LIU Y, LI Z, et al. Structured porous material
design for passive flow and noise control of cylinders in uniform
flow[J]. Materials, 2019, 12(18): 2905.1-2905.16.
BULATHSINGHALA D, WANG Z, GURSUL 1. Modified near-
wakes of axisymmetric cylinders with slanted base[J]. Aerospace
Science and Technology, 2019, 86: 351-363.

BERNICKE P, AKKERMANS R A D, ANANTHAN V B, et al. A
zonal noise prediction method for trailing-edge noise with a porous
model[J]. International Journal of Heat and Fluid Flow, 2019, 80:
108469.1-108469.11.

ZDRAVKOVICH M M. The effects of interference be-tween circu-
lar cylinders in cross flow[J]. Journal of Fluids and Structures,
1987, 1(2): 239-261.

GEYER T F, SARRADIJ E. Circular cylinders with soft porous cov-
er for flow noise reduction[J]. Experiments in Fluids, 2016, 57(3):
30-45.

SHI L, WANG W Q, ZHANG C C, et al. The effect of bionic v-
ring surface on the aerodynamic noise of a circular cylinder[R]. Ap-
plied Mechanics and Materials, 2014, 461: 751-762.
HUTCHESON F V, BROOKS T F. Noise radiation from single and
multiple rod configurations[J]. International Journal of Aeroacous-
tics, 2012, 11(3/4): 291-333.

LI L, LIU P, XING Y, et al. Experimental investigation on the
noise reduction method of helical cables for a circular cylinder and
tandem cylinders[J]. Applied Acoustics, 2019, 152: 79-87.
TR, sk A, KB8BG8 AL KU R Y R R I AT 5T ().
P& 30 5 whik, 2020, 39(23): 52-57.

SHEN Guohui, ZHANG Yang, ZHENG Chong. Denoising mea-
sures against aeolian noise of smooth circular cylinders[J]. Journal
of Vibration and Shock, 2020, 39(23): 52-57. (in Chinese)
PARUCHURI C, SUBRAMANIAN N, JOSEPH P, et al. Broad-
band noise reduction through leading edge serrations on realistic
aero-foils[R]. AIAA-2015-2202, 2015.

ASGHAR A, PEREZ R E, JANSEN P W, et al. Application of
leading-edge tubercles to enhance propeller performance[J]. AIAA
Journal, 2020, 58(11): 4659-4671.

REVELL J D, PRYDZ R A, HAYS A P. Experimental study of
aerodynamic noise vs drag relationships for circular cylinders[J].
AIAA Journal, 1997, 16(9): 889-897.

(¥t TR AR)


https://doi.org/10.16385/j.cnki.issn.1004-4523.2021.02.008
https://doi.org/10.16385/j.cnki.issn.1004-4523.2021.02.008
https://doi.org/10.11835/j.issn.1000-582X.2009.08.016
https://doi.org/10.11835/j.issn.1000-582X.2009.08.016
https://doi.org/10.1017/S0022112006000139
https://doi.org/10.3321/j.issn:0253-231X.2008.03.011
https://doi.org/10.3321/j.issn:0253-231X.2008.03.011
https://doi.org/10.1016/j.expthermflusci.2012.12.012
https://doi.org/10.1016/j.expthermflusci.2012.12.012
https://doi.org/10.1016/j.ast.2019.03.022
https://doi.org/10.1016/j.ast.2019.01.022
https://doi.org/10.1016/j.ast.2019.01.022
https://doi.org/10.1016/j.ijheatfluidflow.2019.108469
https://doi.org/10.1016/S0889-9746(87)90355-0
https://doi.org/10.1007/s00348-016-2119-7
https://doi.org/10.1016/j.apacoust.2019.03.027
https://doi.org/10.13465/j.cnki.jvs.2020.23.008
https://doi.org/10.13465/j.cnki.jvs.2020.23.008
https://doi.org/10.13465/j.cnki.jvs.2020.23.008
https://doi.org/10.2514/1.J058740
https://doi.org/10.2514/1.J058740
https://doi.org/10.16385/j.cnki.issn.1004-4523.2021.02.008
https://doi.org/10.16385/j.cnki.issn.1004-4523.2021.02.008
https://doi.org/10.11835/j.issn.1000-582X.2009.08.016
https://doi.org/10.11835/j.issn.1000-582X.2009.08.016
https://doi.org/10.1017/S0022112006000139
https://doi.org/10.3321/j.issn:0253-231X.2008.03.011
https://doi.org/10.3321/j.issn:0253-231X.2008.03.011
https://doi.org/10.1016/j.expthermflusci.2012.12.012
https://doi.org/10.1016/j.expthermflusci.2012.12.012
https://doi.org/10.1016/j.ast.2019.03.022
https://doi.org/10.1016/j.ast.2019.01.022
https://doi.org/10.1016/j.ast.2019.01.022
https://doi.org/10.1016/j.ijheatfluidflow.2019.108469
https://doi.org/10.1016/S0889-9746(87)90355-0
https://doi.org/10.1007/s00348-016-2119-7
https://doi.org/10.1016/j.apacoust.2019.03.027
https://doi.org/10.13465/j.cnki.jvs.2020.23.008
https://doi.org/10.13465/j.cnki.jvs.2020.23.008
https://doi.org/10.13465/j.cnki.jvs.2020.23.008
https://doi.org/10.2514/1.J058740
https://doi.org/10.2514/1.J058740
https://doi.org/10.16385/j.cnki.issn.1004-4523.2021.02.008
https://doi.org/10.16385/j.cnki.issn.1004-4523.2021.02.008
https://doi.org/10.11835/j.issn.1000-582X.2009.08.016
https://doi.org/10.11835/j.issn.1000-582X.2009.08.016
https://doi.org/10.1017/S0022112006000139
https://doi.org/10.3321/j.issn:0253-231X.2008.03.011
https://doi.org/10.3321/j.issn:0253-231X.2008.03.011
https://doi.org/10.1016/j.expthermflusci.2012.12.012
https://doi.org/10.1016/j.expthermflusci.2012.12.012
https://doi.org/10.1016/j.ast.2019.03.022
https://doi.org/10.1016/j.ast.2019.01.022
https://doi.org/10.1016/j.ast.2019.01.022
https://doi.org/10.1016/j.ijheatfluidflow.2019.108469
https://doi.org/10.1016/S0889-9746(87)90355-0
https://doi.org/10.1007/s00348-016-2119-7
https://doi.org/10.1016/j.apacoust.2019.03.027
https://doi.org/10.13465/j.cnki.jvs.2020.23.008
https://doi.org/10.13465/j.cnki.jvs.2020.23.008
https://doi.org/10.13465/j.cnki.jvs.2020.23.008
https://doi.org/10.2514/1.J058740
https://doi.org/10.2514/1.J058740
https://doi.org/10.16385/j.cnki.issn.1004-4523.2021.02.008
https://doi.org/10.16385/j.cnki.issn.1004-4523.2021.02.008
https://doi.org/10.11835/j.issn.1000-582X.2009.08.016
https://doi.org/10.11835/j.issn.1000-582X.2009.08.016
https://doi.org/10.1017/S0022112006000139
https://doi.org/10.3321/j.issn:0253-231X.2008.03.011
https://doi.org/10.3321/j.issn:0253-231X.2008.03.011
https://doi.org/10.1016/j.expthermflusci.2012.12.012
https://doi.org/10.1016/j.expthermflusci.2012.12.012
https://doi.org/10.1016/j.ast.2019.03.022
https://doi.org/10.1016/j.ast.2019.01.022
https://doi.org/10.1016/j.ast.2019.01.022
https://doi.org/10.1016/j.ijheatfluidflow.2019.108469
https://doi.org/10.1016/S0889-9746(87)90355-0
https://doi.org/10.1007/s00348-016-2119-7
https://doi.org/10.1016/j.apacoust.2019.03.027
https://doi.org/10.13465/j.cnki.jvs.2020.23.008
https://doi.org/10.13465/j.cnki.jvs.2020.23.008
https://doi.org/10.13465/j.cnki.jvs.2020.23.008
https://doi.org/10.2514/1.J058740
https://doi.org/10.2514/1.J058740
https://doi.org/10.1016/j.ast.2019.03.022
https://doi.org/10.1016/j.ast.2019.01.022
https://doi.org/10.1016/j.ast.2019.01.022
https://doi.org/10.1016/j.ijheatfluidflow.2019.108469
https://doi.org/10.1016/S0889-9746(87)90355-0
https://doi.org/10.1007/s00348-016-2119-7
https://doi.org/10.1016/j.apacoust.2019.03.027
https://doi.org/10.13465/j.cnki.jvs.2020.23.008
https://doi.org/10.13465/j.cnki.jvs.2020.23.008
https://doi.org/10.13465/j.cnki.jvs.2020.23.008
https://doi.org/10.2514/1.J058740
https://doi.org/10.2514/1.J058740

	1 风洞装置及测量方法
	1.1 实验环境及模型安装
	1.2 周期性节径凸起圆柱杆件
	1.3 实验状态及测量设备

	2 实验结果与分析
	2.1 实验数据处理方法
	2.2 基准圆柱干涉噪声频谱特征
	2.3 节径凸起结构对干涉噪声特性影响
	2.3.1 节径凸起结构高度对噪声特性的影响
	2.3.2 节径凸起结构间距对噪声特性的影响


	3 结　论
	参考文献

