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Effect of External Acoustic Excitation on Wake behind a Circular Cylinder
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Abstract

The effect of an external acoustic excitation on the wake structure behind a circular cylinder was
experimentally investigated. The sound wave was excited in the frequency range of the shear layer instability
and two sound pressure levels of 114 and 120dB were used in this study. As a result, the acoustic excitation
modified the wake structure by increasing the velocity fluctuation energy without changing the vortex
shedding frequency. The acoustic excitation enhanced the vortex shedding process and promoted the shear
layer instability. Consequently, the acoustic excitation reduced the length of the vortex formation region and
decreased the base pressure. In addition, the vortex strength of vortices was increased and the width of the
wake was spread out due to the acoustic excitation. When the excitation frequency was identical to the shear
layer instability frequency, the effect of the external flow control on the cylinder wake was maximized. In
addition, with increasing the sound pressure level, the effect of the external acoustic excitation on the wake

structure increased.
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Fig. 1 Schematic diagram of the experimental apparatus
and coordinate system (unit:mm).

£39 A4 Foieg 7|eo R o HAY F
76.2 mm ¢ F#A(SONEX 3= FHAA U}
o] FEAT ANER Wi £te g HJEE
HagA 71, 249 AROZHE FGE A
HER F7) A% Ao} F&A FHEL 92
sHAE o83 AFAE, 25Uy @
Yoz ie At 267} @el wal E4AE
(SPL)7} 6 dB 8 A @tle ZoE o] 43l F
S @ vERYE dvtHos o] EXe 1, 2 dB
Aze ZolR Held Agwel $¥4dtn @ &
Ed, & Ad¥FAE Ao 1 dB AEY Aeld
B

HFEAE 959 FHoRREH FHE WY&
X% X&*3 59 Zoygke] A1 WL Y
&, 283 94F9] Po|YF ZHom HAYHS
t 25 3% £33 =& §TZ52E 100 mm
He $3d Aoy, fEo 48 /HE
v 2¥9Ae 4FERE FAYPFNSE 1 mH
v #2e dXEch 459 AF DL 20 mm
°]i #Hol& 250 mmo|H, YF FH 2344
& FA187] Y3 Stansby®ol| 28] AotE ey
9 ZeE& 4 ddel dXEuh &£ YA
ALRE ARBR HFEUYE S5, 14 ms B KR
A& 7|1 PoE § Hlo|wE2FE 47 Rep=6430
18000 ol At} £87)o] AR £3v Bg iy
7] (Feedback FG601)e A staol 2 HH g 5F7)
(QSC-1400)2 FEAZIZL, ol& AP 29
(JBL 2235H)°] ¥EAA HAA R, & 5
Bef) EUFEESPLE 454 T4 HA4
A2y vlo|T 2 E§ AMg3le] RA T

{3 vt 1003 ges AN e FoA 1}
2 ¥ oA 99 &4 R (scanivalve)s}t Tlo)



S ggadr)7l 43 EH F¥o VA= Aol #¥ A7 605

A2 uliv]E(Fumess FCO-12)Z EAHLH,
HFE AdFE AEHNSHA (DT 2838)& °|&3
o A Hasd & TEvh 45 FRe &
SRTE TSIAF IFA100 FL8 AFEAR AL
f£8to] A}, Lgoirid] o8 fFE 23
Tge sh7x daE HAMH) Hgted ZUR 4
A BETIHR AHEte &8 AR, 7
ZAER 1% 94 ZTZ$HDANTEC 55P1NE
HEHL FXHF HFER XY dH L24E
(DANTEC 55P61)2 24 A0 33 24
¥& DMA(Direct Memory Access)¥4] 2.2 ZHHE
of Y F BAN Y e PR o
Aok AMRHAY RAL NERIH vo]ARE v}
ol el A3t EEAHER WRoA SRR
o} AA 2RLE HFEAANA L LA
Eota] BAE thed Z Kings HAF o83}
o et

E'= A +BU" 1)

4714 AF n& BRHOE ARHT 045
AHg-3t AT

#H X8 @M ZESEE AY JF¥EE KEL
2z} 1.7 Y (effective yaw angle calibration)& ©] &3}
BASATO, B Fgol AR XY 9 T
248 RAAY 42 ¢, =470° ¢, =46.1°9] &
ZHg 7R URich B 4EF FEAEE W
Ho Z7)1LEg 105°CH FUY=R AdHHA &
ANFA SE&Agd SEEP& U2 AR golx
A et

#3477t 43 R viXe & 4
oz zAE7] $3te AM(smoke-wirc) HH O
AHBFEE U=2ms 04 95 FF F5& 7
A #edel, BAY NAYAG #lo]lAdA UL
olA W& YEY Jxo] XIYAA, & AER
AT FHF PG en, FrlH2g o B3
Fo|x e} 7= o)A 7ol &(Nikon F5Z 9%
& #gEgich

3. w3 IW

£ 299 Fay F9& AF TR
Aed B4A Foedz 44717 HEd A
A S|yl g A9 47 9 A5 o
I} APE SYHAD AEAT, %77 gl
A58 Sid FHEEY Hay FAAH T
£y ohg Hrh

U,(w/s) | Re, | fi(Hz) | f(Hz) | £/
2 2570 | 22 152 7
5 6430 | 53 543 10
14 | 18000 | 135 | 2000 | 15

Q71N stf& Fagdd @ Add ¥ T4
&) B gE/A)T Hlol M AP Rep)He] ABUAE
BloorV7} A|QEe AABH A (E/A, = 0.1xRe) T 2
AL et

Fig. 2 € AFEREE U2 mis oA Ay
o A 54 AFE JHANY JAAR HAFa
Ao}, ojd fFo JE A7) FHFE
=152 Hz ©] 3, #UHE& SPL = 120dB ©|t}. 7]
A B2E, f%o7d o8] PAEYe FREol
Az o o|Fde AYHIds doj7t AA
Zagigon, BRZ ozl wat SEfFo|
ER FARAA R Ak 2R £HA7)7)
AdE A7 gE BSET BY HX Al FR
o] Eo] =L && & 7+ Uk

&goi7le] o syPgIge wstd A
7] 918 19 g4 Z2eRg 45 FF A%
& ue} ) FAFIEA FfT WP FEAEE
AR PG digtd M2 e 9t

(a) Without acoustic excitation(AE) control

(b) With acoustic excitation(AE) control
(f/f,=7, SPL = 120dB)
Fig. 2 Flow visualization using smoke-wire method at
Re,=2570.



Gos

2 Aogo| AMEEHL glov, B drdMe s
& T 207 B FR5da FRE W
o] 2% HFAHEe] HUE e HNR 9
B9 HAZ HFolFPtm

Fig. 33 4& MZ & 2749 HYolgzs =
Aol &¥o7e] wE YA FgY QA5 v
we e g Vel ok 9714 AR 9
oT 4 &7|9 fFof wE Aejad ebd
o} HolwZReer AEglo] F¥AZ QA o
Y999 Aol HolAi lon, U3 wEy
o Adigte 2718n Utk oY Age £
UZE7d S EeR Bt AA Jelhgen, &
Bo7]e] FuLrl Aded: @A FTuigel 43
e Ao Hodgd JhHch 28 %oy
Furrt Add B Foep & 390 3
€ ZA4d} fFAe A} =F A Jeta
At SHAdFgo] Aetd HorR Faj4o £
AZlM 7A 3A Fre AGLE &9
Yamanaka & Adachi®®] |7 7s} F YA n
At $H dolyx49] FgE AWM, golw
247} B2 Rep = 6430 2 A97F & dolgzxsg
ZFU Rep = 18000 ZH-4-o] wls) &8edy] 77}
A el

-0.1 o

L
=
[
2]
S

fo'D)e-{XfD]
& &
- .
o A
5
h, i
ul

F

}

BT T 14
fefly
(a) Re,= 6430

o~
i

=
=

HAE oldg

1.30

X)) HXm)

Fig. 3 Length variations of the vortex formation region.
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Fig. 4 Variations of the base pressure.
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Fig. 5 Comparisons of the surface pressure distribution.
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