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HYSTERESIS IN VORTEX-INDUCED VIBRATIONS OF A NEAR-WALL CYLINDER %
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Abstract The vortex-induced vibration (VIV) of a cylinder is a typical fluid-solid coupling problem. Previous investi-
gations on VIV responses were mainly made under increasing-velocity flow and wall-free conditions. Nevertheless, the
natural flow always features with alternately increasing or decreasing velocities, so that the VIV response of a near-wall
cylinder holds different characteristics from that of a wall-free cylinder. In this study, a VIV device for a cylinder with low
structural damping was designed and constructed in conjunction with a flume. Based on dimensional analyses, a serie
of flume model tests were carried out to investigate the critical velocities for the initiation and the cease of VIV (i.e., the
upper critical and lower critical reduced velocities) of a near-wall cylinder under the action of increasing-velocity and
decreasing-velocity flows, respectively. To examine wall-proximifgcets on the VIV hysteresis, synchronous measure-
ments were made for the time-variation of vibration displacement and the corresponding flow fields around the cylinder.
Meanwhile, a specially designed PIV system with bottom-up laser scanning was employed to capture the flow field char-

2019-10-220(f, 2019-11-12% 1, 2019-11-18 4 i & K.
1) R EREALG T (11825205) 1 [ERFEZ B i 1 2 S B HL L i (B 25) (XDB22030000)7t ).
2) AR, WFSUOY, EHERES S 1 SRl AN 0 (RS M-I RA B/E ). E-mail: fpgao@imech.ac.cn
LA xR, mtd . ATHE AT A IR B R N ) 224, 2019, 51(6): 1630-1640
Liu Jun, Gao Fuping. Hysteresis in vortex-induced vibrations of a near-wall cylir@einese Journal of Theoretical and Applied
Mechanics, 2019, 51(6): 1630-1640




% 6 1] R AREE I HE AT (AT S B FR AR A 1631

acteristics.Experimental observations indicate that the critical velocity for the initiation of VIV of a near-wall cylinder
decreases with the decrease of gap-to-diameter ratio. The lower-critical reduced velocity for the cease of VIV under
decreasing-velocity conditions is however much smaller than the upper-critical value for the initiation of VIV under
increasing-velocity conditions. The deviation of the upper-critical reduced velocity from the lower-critical one is used
for quantitative characterization of the hysteresis in VIVs, which increases approximately linearly with the decrease of
gap-to-diameter ratio. Moreover, it was found that such VIV hysteresis is always accompanied with the jump of vibration

amplitude, whose value decreases nonlinearly with the decrease of gap-to-diameter ratio.

Key words vortex-induced vibration, near-wall cylinder, hysteresis effect, critical reduced velocity
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Fig.6 Variations of vibration frequency with reduced velocity both
showing increasing and decreasing velocities
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