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Abstract In deep-sea mining, vibrations can be induced when the lifting risers subject to ocean

1) EXERRSESTE (12132018, 52394254, 12202455) FIRRIELES A (XDA22040304) &5
2) BIWEE: AR MRA, TEMNEEETEREIZME. Enail: zhoujf@imech. ac. cn



waves and currents, and these vibrations have an impact on the lifting efficiency and ores motion
transported inside the risers. Here, by using the governing equation for motion of a spherical particle
and the soft sphere collision model, the particle movement in a riser with upward flow and
oscillating in the lateral direction is investigated. Validations are conducted based on comparisons
of our data with numerical and experimental results. Then, the motion of a single particle in the
vibrating riser is explored, considering the effects of the frequency and amplitude of the riser
vibrations, the density ratio of the particle to the fluid, and the diameter ratio of the particle to the
riser. It is found that the average of the vertical velocity of the particle decreases with the vibrational
frequency and amplitude of the riser, density ratio and diameter ratio increasing. In addition, without
the occurrence of collision between the particle and riser wall, as the vibrational frequency and
amplitude, density ratio and diameter ratio increase, the amplitude of relative lateral velocity
between the particle and riser in the vibrational direction, the phase difference between the particle
velocity and riser velocity as well as the fluctuation amplitude of the vertical velocity shows an
increasing trend. Compared to the absence of collisions, a sharp increase in the fluctuation amplitude
of the particle vertical velocity can be caused by the collision between the particle and riser wall. In
addition, an increase of the density and diameter ratios can lead to the early appearance of collision
between the particle and the riser wall, making collisions more likely to occur, while the effects of
the density ratio and diameter ratio on the lateral velocity and vertical velocity can be decreased.

Key words deep-sea mining, riser vibration, upward flow, particle motion, particle-wall collision
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Fig.1 Sketch of the deep-sea mining system.
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Fig.2 Schematic representation of the model of a collision between the particle and the riser wall
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Table 1 Vibrational parameters of the oscillating riser

Vibrational
frequency 0.05 0.06 0.07 0.075 0.10 0.15 0.20
f/(U/D)
0.4 0.3 0.25 0.25 0.25 0.25 0.25
0.5 0.4 0.3 0.3 0.3 0.3 0.3
Vibrational 0.6 0.5 0.4 0.4 0.4 0.4 0.4
amplitude 0.7 0.6 0.5 0.5 0.5 0.5 0.5
An/D 0.8 0.7 0.6 0.6 0.6 0.6 0.6
0.9 0.8 0.7 0.7 0.7 0.7 0.7
1.0 0.9 0.8 0.8 0.8 0.8 0.8
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1.25 1.0 0.9 0.9 0.9 0.9 0.9

1.5 1.25 1.0 1.0 1.0 1.0 1.0
1.75 1.5 1.25 1.25 1.25 1.25 1.25
2.0 1.75 1.5 1.5 1.5 1.5 1.5
3.0 2.0 1.75 1.75 1.75 1.75 1.75
4.0 2.5 2.0 2.0 2.0 2.0 2.0
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Fig.20 Time history of vertical velocity of the particle with various diameter ratios
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