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Abstract  Different from the traditional marine riser, the vertical lifting pipeline in the deep-sea mining system can be
regarded as a flexible cantilever riser with an unconstrained bottom end. Likewise, problems in terms of vortex-induced
vibrations (VIVs) and flexible deformations can be encountered during operation. In this paper, a quasi-three-dimensional
time-domain numerical model coupled with the discrete vortex method (DVM) and finite element method (FEM) is
employed in the time domain. Systematic simulations have been carried out to investigate the VIVs of a cantilever riser
under different current speeds. The results indicate that, for a cantilever riser, the transverse vibration mode number rises

with increasing the reduced velocity. In a certain range of reduced velocities, the dominant vibration modes remain

2021-12-20 ki, 2022-03-29 5, 2022-03-30 M4k K.
1) 5K ARBLEHAr (52071056, 52171295) R ASRHIL 4% 5 (DUT20GF107) %2 Bh5i H .
2) RN, FH%, FEWERTT ) AEAR S TR e A . WV LRI Rk ) )%, E-mail: lizou@dlut.edu.cn
SIREEC: SRR, AR, 5338, PME, 0l SRR AR e B SO AT iR Al 70 A, ) 22244, 2022, 54(6): 1741-1754
Jin Guoqing, Zou Li, Zong Zhi, Sun Zhe, Wang Hao. Analysis of vortex-induced vibration for a cantilever riser in a deep-sea mining
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unchanged. When the modal transition occurs, the corresponding vibration amplitudes can abruptly drop. However, when
the new high-order mode is excited, vibration amplitudes of the riser again gradually increase with increasing the
incoming velocities. In the same vibration mode, the root-mean-squared values for the bottom displacements of the riser
linearly rise with the reduced velocities. When vibration mode changes, a jump phenomenon for the dominant vibration
frequencies can be observed. Especially, the present work discusses the vibration responses of the cantilever riser in the
three-order dominant mode. It can be found that the unconstrained bottom end of the riser exhibits relatively large
vibration energy. The standing wave characteristics of the vibration amplitudes gradually enhance with the increase of the
reduced velocities. The VIV response characteristics of a two-ends hinged riser and a cantilever riser are compared in this
investigation, both of which exhibit the same variation tendency in terms of amplitude and dominant vibration frequency.

Key words cantilever riser, vortex-induced vibration, uniform flow, reduced velocity, discrete vortex method, finite
element method
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Table 1 Parameters of a flexible riser®>#!]
Parameters Values Units
length 7, 9.63 m
external diameter p 0.02 m
internal diameter d 0.0191 m
mass per unit length m 0.7 kg
mass ratio m* 2.23 -
aspect ratio L/D 481.5 -
Young modulus £ 102.5 GPa
top tension Ty 817 N
structural damping ratio & 0.003 -
current speed o 0.42,0.84 m/s
Reynolds number Re 8400, 16800 -
fluid density p 1000 kg/m?
kinematic viscosity v 1x10°° m?/s
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Fig. 3 RMS amplitudes of the transverse displacements for the riser
models with various element numbers
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