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Suppression and Characteristics of Flow-Induced Vibration
of Elastically Supported Two Circular Cylinders
in Side-by-Side Arrangement

Sangil KIM** Kazunori TAKAI, Hiroshi SAKAMOTO,
Hiroyuki HANIU and Soichiro SUZUKI

*SVBL, Kitami Institute of Technology,
165 Koen-cho, Kitami-shi, Hokkaido, 090-8507 Japan

This experimental study is about suppression of flow-induced vibration with flexible sheet and
characteristics of flow-induced vibration of elastically supported two circular cylinders in side-by-
side arrangement. In particular, the characteristics of flow-induced vibration of the two cylinders are
investigated with changing flow speed at each spacing ratio L/D (L: space between two cylinders,
D : diameter of cylinder). Flow patterns around the vibrating two cylinders are also investigated by
flow visualization with reproducing the state of elastically supported vibration accurately in forced
vibration apparatus. It is clarified that characteristics of flow-induced vibration of two cylinders are
changed with switching flow passing through the two cylinders. The method to suppress the flow-
induced vibration of a single cylinder by attaching flexible sheet®” is also tested for two cylinders
side-by-side arrangement. As a result, suppression effect by attaching the flexible sheet on the two
circular cylinders in side-by-side arrangement is confirmed.
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Fig.1 Experimental arrangement and definitions of symbols.
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Fig.2 Picture of test cylinder attached flexible sheet and
definitions of symbols.
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Fig.3 View of forced-vibration experimental apparatus
for flow visualization.
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Fig.5 Classification of vibration mode of flow-induced
vibration of two circular cylinders.

ERENENENOME TR bDERD. ELT
BREYSF— U IVIZ2.1 SL/D 3.2 O & &Z, BMPE
& 0BT NS ORETHE CIRENREL, 2 DN
TG B LI RIERR R IREMER R T b O TH
2.

5 (XAEFIERS XAtz 2 PR RELS B iRE D
REMRIBOR K a, /D % 2 FHEDRIRL/D TE LD
72D ThH5. FDOEZIT4 SOWREEY &7 — 3%
B3 /D ORERERL TS, S5 Alam H®
12X BWFEF ST 2 FFEOEERRZ ST 5258
IRt C,, DAL, BARFHEC RV HIRBIHRIE D5
KER L OEG MR E R LTS, K5 LS
2 FIREDREING L/D DEAGIC R B IREHRIE DR ED
TAUIEEGERE OB L E L<FHELTWD Z &
s, Fiz Alam HIX L/D<1.7 (2B CIFFIESSI &
N2 2 FREDRNCIIAA v F o7 7m—nRsEL, W
TNOOMEOHFTHNIMED Z LI k> T, HF
ORI O L 912, 2 FFEOH AN T = —
7 (Narrow wake: Mode ‘NW*) &JEW\NT =—7 (Wide
wake: Mode ‘W) DSFEIRENZAGVED Y 7003 IR
FTHZEEFEL TS, 207202 FFEZIL0.9 =
L/D < 1.7 OFFIZITRE < Bie 2 2 SOZEHE )
R C, BB TV, RBIRIZST 2 IRIEO
BKita,, /D bRERC 2 FIRETENENRR HIRIEZ
RLTWA. LIzds>TRI4(c) D& H120.9 <L/D <
2.1 OFFADHEEMERINIZ VT 2 FIFEICHRIES B2
BIFEMEIRA RIS 50, 2 FEORDAA vF
77a—|2k B2 D0OF— RO x—2JEETH

@ m /
Region I
L/D=0.1 <>r\\J§D

®)
Region II ; —
L/D=0.4 - \)\

Mode 'NW’

© 60 /4
Region 11 i @
L/D=1.3 ~

—_Mode 'Wm

@ aR609)
Region IV .
L/D=3.1 61215@ ©

Fig.6 Visualized flow patterns and schematic diagrams
around two cylinders in each vibration region.



AW FUECT &t BPESCRF 2 FIRE O Wi 73R B D I & IS F 341

DEEZLND.

4.2 BEVSEETORHEDRHEE N6 3%
TREMEIRI 1T 2 2 AATEIOFR &7 — 2 OFg L
BHRER E 2R ERLIZHDOTHD. F2K7
IIBERIBT DEBEE DAY VG EE LD
TRLELDTHD. LUFIIERERRRIC ST S8,
Bt & DOBERERHT D 2 FIHEICHEER T DU 1HRE D A
H = XMTDNTEET S,

FPIREGES 113, 2 FEOWTh S BERPANC
RCKE SRR U, CIRNBEIRBLL, TR
BIRIE b BRI TREW. ZhUdRI6(a) D &
5122 FREDRIEISFER B =iz 2 FEDR % 3&
WAL, 2 SOMBEENENDOIMDS
I BE LT AT TRE S EBE ENY, 21
HR—E Uiz & 5 lalith F — Lo T B 728
ThH5DH. ZOLH2 MHTI—E LIRE L 22572
W, P> L OWBHEESIT NS <20, HIHRE)
DOFRBT HREFERIRE b, T ILBT 5
L/D=0.1 DX 512, REFOMEZIHRO AT L
SARHMOIEEIERD & D & X TARY fLe—7
BORYKEL 2o TRY, HIEEEFHE T 2HE
b RENWEEZBND.

OXTHEBERI T, 2 FEOW TS BT
BRI LAV, ZOEETTIERI6(b) DL HIc2 M
HOMBEIETRE LAY, 2 FFEOMZ @R L7k
NRNTIDFREDHFU I RENAR D AA v F
T 7a—RNRETHIE - L iRoTVS, ZD
MAHRRRCAA v F 77 a—0nE LI5S, A
SMUA ST < B T2 B ANTB DRI % XA
WRAEET, 2 AREOWTIORIRIZHY X 570
N ABFNIERL SRV, LTeds-» T 7 12k 5

93Hz

L/D=2.6, Ur=5.31

/D=1, Ur=5.31

Energy [mV]

Frequency [Hz]

Fig.7 Spectral analysis of vortex behind vibrating
cylinders at each vibration region.

L/D=0.4 DX 51T, HRIIIEB LAY MLre—
7R, DS AHNTERR S 72 V2,
2 AREDOWTIUS IR HREIDIFEEL L7220
TREMERIT TN, 2 FIAEAMRE§ HIEREE U O
BIBIERE U CH D03, REHRIBORKEL LOED &
EOBRBETOEN 2 FECTRARZ O L5, ZOWRE
FEHIZBOTHRI6(c) DL HIZ, 2 FEFEOFIUCA
AvFrr7a—nREL, 2 HEOMZ@ER L2
IO oMEORIRm AT L 7eoTa. L
2 LAPR OSREIREISE M2~ T 2 FAEDORIRAAY V-
W, 2 FHEORIZE-> Tid < B L 7o g AKTBIE A PR
DR TENTNEE L3V, 2 BfECEEhThIC
Y X 5220 FIAERR S TWNA. T2 LA
A v F 77 a—BTROMAEOHICRm AT L -
T, 2 HEEO%RIIIsN T =—2 (Mode ‘NW’) &
RV =—2 (Mode ‘WW) HBIERREND. ZDY = —
7 DIEOENT L -T2 FFEDORERIBIIR 25 b D
E72%, BT = —7 BRI N ARIOMHEK 6(¢)
D&, BIEESAERSF O E ZATER I
D728, MEOFIARERRE S HHTIbDEEX
b5, —F, BN =—27 MK S BRI
F I DBV & & A THRIGESTER S D120
MFEDFESHRED NS BBRT D bDLEXDND.
F72X7 28D L/D=1.0 DX HIZ, EAREHLE R
T BRI ARY M E—27 BFEEL, JERED
BB S TS Z L5,

Tandem Side-by-side

Stagger

T T T T T T
[a - A Test Cyl.1in Side by side
g a  Test Cyl.2in Side by side

e
[ XXX ]
fo 0°
o

o

o e
BRI

--..'l° L1 ]
________________________ Y L bt L0 L
o
Up-Cyl. in Tandem

Down-Cyl. in Tandem
Up-Cyl. in Stagger
Down-Cyl. in Stagger
r  lemm=--- Single Cyl.

" 1 i 1

0 2 3
LD

Fig.8 Reduced velocity U when the one and two
cylinders begin the flow-induced vibration for
various arrangement.

A N X O

Boong °

Ur
W

S —= N W S
T
omoe



342 AFIECH & N e BT 2 FIRE OB IRED DM L B

B\ HIRBHEIRIVIY, BRPRE L 0 BT/ NSV
TR CHIRENREEL, 2 AW L BEMAE LI
EERRREER AR, ZAudRe(d) DL Hic2 [
FEDRIBEOEN =8, FFHERE NI5R A RIE
T LR, FNFUHIMST L-AE L LTIk
AN~ AFNETRR T Bt & e TV D, £K7
WZBIT 3 L/D=2.6 DX 512, FED SOk E
VIR EOEA BRI R U7 B el L7 A
7 M E—ZE2FLTEY, BRI X okhn
7 RTINS SIS Z EbnD. LsL, 2
DSBS IRBY A B LG S 728, FiiREhn
FEH Uiasd HHABNOE U 1RO Z R L0 B/
SIpfEE IR TND.

4.3 FHIEEBIOREFEEE U, 8132 M
FEAEFIES, <V EWVES (K VIEVEEE o =25°
a 2 FFEDHRLEFEAIRE FRARTAE) BX
ONEF B S 7556 ORI & BRSO THA
TRENDSFEE Lheb DHEFOH U, A2 FIREORHIRL/D ©
FEDIHLDOTHD. HioETHEDT-DIZEIME
DFENHRLTND, T 2 TRAREORBEOHE

0.25 ———— T
r L/D=0.1
0.20 - —%—No control Cyl. 1 -
L ——No control Cyl.2 |
015k —a—Controlled Cyl. 1 |
Q ) —=e— Controlled Cyl. 2
\ L
S 0.10
0.05
0 o
(a) Region 1
0.15 L e ) B e s
r L/D=1.7 ]
—a—No control Cyl. 1 |
3 s« ——No control Cyl. 2
0.1 —a— Controlled Cyl. 1
i cyl.2
S
0.05
0’. | n 1 "W« .I;
00 45 50 55 60 65 725

Ur
(c) Region 111

1L, FEOHRERE (RMS &) 2SHHERO2 % Lk
DREIERoTEEXLE LTS, K8DEIHIZ, 2H
FENCHO RSN FEE T D ERE U 13 L/D 22.0 123
WT, WM OBFIOSEA b B PFEOIRB R
JEGHE & RIREEDE L A2 573, L/D < 2.0 128\ Cid2 M
FEOBIFNZ LT, TNENIRIIRENEE LA 5
BEFHEN R > TN D, BEFEFIS L O VEWED
FIDSA TR IRED R B Uiksh A MBI ROEY, Bl
FHED U =4.95 LY KRERMETHY, BMPAELY b
EEE CRARENRE Lisd 5. £-05IEFNCE
FHIRENER T D L/D < 0.2 1238\ Th B L 0
EEGE CHEIRERE S 5. Lo LIFFIEFNC BT
DHHREMEIRITGD 0.9 < L/D < 2.1 OSATEMAFEL Y
b/ NSRBI CTHOREN S RBL LIGHD T D, L
720352 FEDEFID S B, 0.9 <L/D <2.1 DEAH:
TWHESN S AV HEE, ORI T RE)
MR DPEFHI I D/ NN &0 D, RIES)
EHWIHE LT WERETHD Z Ehbnsd.

4.4 JLFPTIL— M & BRNIREIIMF
KO IIFEELOY [Zh - TSN 7 LT L

0.15 T T T T T

L/D=0.4
—— No control Cyl. 1
—>— No control Cyl. 2
1.1
1.2

0.10|- —a— Controlled Cy
—se— Controlled Cy

S
0.05 7
Olbloa—ooaate aoserde o o
y n 1 n 1 1 n + vl
o 6 9 12 25
Ur
(b) Region 11
0‘15 T T T T T T T T T T
L/D=2.1
—— No control Cyl. 1 1
——%—No control Cyl. 2
0.10+ ~——*— Controlled Cyl. 1 -
Controlled Cyl. 2
Q |
3
0.05+ b
0 V7 1 1 1 s 1 i

N | " /
0 45 50 55 60 65 25
Ur
(d) Region IV

Fig.9 Characteristics of flow-induced vibration of two cylinders flexible sheets are attached in side by side arrangement

at each region.
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