


























shedding pattern at tU/D =66 as show in Fig. 7(b). At tU/D =66, the separated vortex
structures are oblique to the cylinder due to the predominant travelling wave vibration.
Note that the vortex structures change their oblique directions if the propagation of the
traveling wave flips over (the figure is not shown here).
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Fig. 6 Histograms of the phase difference between the IL and the CF vibrations.

5. CONCLUSIONS

A numerical investigation on the vortex-induced vibration of an isolated cylinder in
cross-flow is carried out. The immersed boundary method is applied to solve the
interaction between the fluid and the flexible cylinder. The structural dynamics is
simulated by using a 3D 2-node cable model. The slender cylinder, with an aspect ratio
of 100, is top tensioned and pin-pin supported. The Reynolds number is 500, the
normalized tension is 170, and the mass ratio is 4.2. A stretched Cartesian mesh with
the smallest grid spacing Ax=Ay=D/32 is adopted for space discretization in the x-y
plane. A uniform mesh with a grid spacing of Az~0.26D is used in the spanwise
discretization. It is found that the IL and CF vibrations show the co-existence of multiple
components. Mode competitions between the 10" and the 11™ modes (IL) and between
the 5™ and 6" mode (CF) are observed. The 2" mode with a very low vibration
frequency dominates the IL vibration and its existence is attributed to the wave group
propagating back and forth along the span. The time-space evolution of the
displacement shows a scenario that the standing and travelling wave patterns
alternately dominate the CF vibration. The spanwise distributions of the time-averaged
and r.m.s. drag and lift coefficients are investigated. C,_, and C_ . show a variation
similar to that of the CF displacement. While, C displays a distribution matching
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the IL displacement’s. Histograms of the x-y motion phase difference are evaluated
from a complete vibration cycle representing the standing or travelling wave pattern. In
the standing wave dominated vibration, the transition from the counter-clockwise to the
clockwise orbit is connected with the CF vibration anti-node. While, the transition from
the clockwise to the counter-clockwise trajectory is associated with the CF vibration
node and the IL vibration anti-node. These switches are smoothed in the travelling
wave governed vibration. Vortex structures behind the cylinder show the interwoven
near-wake pattern when the standing wave pattern dominates, but the oblique near-
wake pattern when the travelling wave pattern prevails.
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(@) Interwoven vortex-shedding pattern

Fig. 7 The vortex-shedding patterns in the near-wake.
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