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Critical velocity for onset of vortex-induced vibration of a near-wall

cylinder
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Abstract: The vortex-induced vibration (VIV) of the cylinder is a typical fluid-solid coupling
problem. The VIV of a submarine pipeline is usually affected by the wall surface of the seabed,
and exhibits a different amplitude and frequency response than the wall free cylinder. In this
study, in conjunction with a large-scale wave-flow flume, a device for VIV of a cylinder with
micro structural damping has been developed. Based on the dimensional analysis theory, a series
of flume model tests were carried out. The influence of the gap-to-diameter ratio (e/D) on the
critical velocity for the onset of VIV of the near-wall cylinder is studied by synchronously
measuring the VIV displacement time history and the flow field variation. A specially designed
PIV flow field measurement system which can sweep laser sheets from bottom to top was used to
capture the flow field characteristics of the fixed cylinder and vortex-induced vibration cylinder
under different e/D conditions. The results show that when ¢/D=0.4, the wall effect of on wake
vortex shedding is usually negligible; as e/D decreases, suppressing effects of bottom wall on the
wake vortex shedding behind the cylinder increases gradually. When the frequency is locked
during the VIV triggering stage, both amplitude and frequency of the cylinder vibration jump.
The amplitude jump value decreases with the decrease of e¢/D, and the frequency jump value
increases with the decrease of e/D. The critical velocity for the onset of VIV of the cylinder
exhibits a decreasing trend with the decrease of e¢/D. For larger gap-to-diameter ratio ¢/D=0.8,
the reduced velocity of the onset of VIV is approximately 4.0. For spanning scenarios with a low
gap-to-diameter ¢/D = 0.6, the VIV may be initiated for reduced velocity between 2.0 and 4.0.

Key words: Vortex-induced vibration of a cylinder; Near-wall effect; Lock-in; PIV
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