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Experiments on vortex-induced vibration of a circular cylinder in wind tunnel
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Abstract: A wind tunnel test is conducted with a low mass ratio cylinder as the research
object. The maximum displacement response characteristics in vortex-induced vibration (VIV)
are investigated in the test. Focusing on the problem that it is hard to reduce mass ratio in
traditional experiments on vortex-induced vibration of a circular cylinder in wind tunnel, we
propose a new supporting system using spring and tension wire, which can reduce the equivalent
mass ratio effectively. The equivalent mass ratio is reduced to 20.4 from the order of 1X10%. The
displacement time domain responses of the cylinder under different conditions are measured in the
experiment. It is found that the maximal structural displacement response of the cylinder with
high Reynolds number exhibits an initial branch and a low amplitude branch. Besides, the two
branches switch over each other randomly in a certain range of wind speed. This behaviour
indicates that two branches can exist simultaneously. When the initial branch transits to a low
amplitude branch, the increase of the phase angle is about 5 cycles ahead of the decrease of the
amplitude. However, when the low amplitude branch transits to the initial branch, the decrease
of the phase angle is only 1 cycle ahead of the increase of the amplitude. The above results show
that there is a transition region between the two branches. There are two metastable branches of
maximum displacement response simultaneously in the transition region, and the low amplitude
branches are relatively stable.
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Fig.2 Structure of the cylinder used in test
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Fig.3 Schematic of equipment installation
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Table 1 Related parameters of cylindrical model

H#% D/mm 120.1
JEK I/mm 400.2
R m /g 113.2
LT m 20.4
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Table 2 Experimental calibration results
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Fig.4 Response of maximum displacement to reduced velocity

M 4 qIFR W, S U =4.15 B, P46 H B
B EER LR, 4.15<<U " <<7.01 B}, B 5 37 0
DAL 1 185 T, 85 ) e DK A7 % i A< 252 184 0 T ) i A
RN G A8 [ AT A0 22 LR PR R TE 0.98 Bt . X 4
Wi 25 4 Vel X T 18 K T G R ) i KA RS R R T £ R
HWIAG 533 . B 5(b) 45 T SR () 46 4 S 45 48 r
& B Saf e 7 i1 4. T LA Ot B 23 g 57 % el 7 4 1 5
SR 315 W g A B — R R E 45 A8 [ AT AR

WE 4 frs,7.01<<U " <<7.73 B, 5 KA Wi 1
S A3, Horh— > 53 3 I RA B i 10 K
X 7 TR AT Ul KUER T B0 46 43 35 93— A4 S R A
B i) JO7 58 /0 o T g 7 98 R T e R A B8 T 7 R A —
LR ARIE A 2. 7.01<<U " <<7.73 B, A4 K 7E
A R O 2% 8 mT [W) B A2 A . B4 R AR A B BEBIL Y
PG . FATHE XA P ek KU DX (] BR R 4 X, A
B 4 R DL 70 B 46 DX PN 5 48 i) S AT 484 X5 1 A
A3 32 HLWAS 3 3w B A3 R AP FEBRAE . BI5 (o) %
Hh T TR ) B B DX PN 5 A A6 B 1 RT3 7 L T LAY B
Hu RIS RS TR AETE TG A e B 43 3



= 13

1038

71

¥ O M % 36 %

FA
&4

Kl 4w, U™ >7.73 B f5e KA A% Wi oy 3 A1 D 4 =2
A ELBE U 1 15 32 W I AT 5 45 A4) mieg by AT 23y AF 7 0
BETH 0.98 ZHAEN 1.08 £ . B S(DHIT
ST F VR S S 55 A4 A7 s Bsf gl 10, W DL S )
IV S A =

0.1
0
-0.1

06F  U*=3.73 (u=Tm/s)

04+ 02

oo

02F 205

0
-0.2
-0.4 F

-0.6

410 4.15 420 425

//mm

6 8 10
t/s
(a) YRR X

U*=6.66 (u=12.5m/s)

2 4 6 8 10
t/s

(b) B3 32

U*=7.20 (u=13.5m/s)

//mm
=)

=N
S

2 4 ts 6 8 10

(o) FediIX

U*=8.26 (u=15.5m/s)

1 1 L J

4 is 6 8 10
() fE ) 32
B 5 AL P AT B R g e R

Fig.5 Time domain response of displacement in test A
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