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Response Analysis of Deep Ocean Risers to Vortex-Shedding
by Numerical Analysis
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Abstract

A deep-ocean mining riser pipe is subjected to floating vessel motion as well as
environmental forces arising from currents and waves. The dynamic analysis is carried out
for a deep-ocean mining riser pipe by using a finite element method. The vortex shedding
which excites risers in a direction perpendicular to the flow and induces transverse
response is considered. It is demonstrated that transverse displacements due to vortex
shedding is greatly increased in lock-in regions. The result of this study is compared with

other results having good agreements.
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Fig. 1 Some examples of slender marine structures
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Table 1 Basic data of riser model

Pipe outside diameter, m 0.4064
Pipe inside diameter, m 0.3746
Thickness of buoyancy 0.1016
Young's modulus, N/m? 2.1x 10"
Sea water density, kg/m® 1025
Mud density, kg/m® 1432.0
Total weight of 1524m , N 390995
Depth, m 9144
Top tension, N 13x10°
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Table 2 Natural frequency and period of model

and current velocity at Lock-in
region{top tension= 13x 10°N)

Natural period | Natural frequency 1y ot lock-in| 1
(T=sec) ( fp=cyde/sec) | (m/sec) 4
14.649 0.068264 0.23 556
7.3145 0.13672 0.463 556
4.868 0.2054 0.723 556
3.6455 0.2743 0.929 556
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Table 3 Vortex shedding comparison data

Vortex
U curent | shedding v
(my'sec) | frequency 7
(cycle/sec)
015 004429 36
02 005906 | 48
0.225 0.0664 54 | Near Ist lock-in region.
023 0.0679 556 | Lock-in for 1st mode.
0.235 006939 | 565 | Near st lock-in region.
025 007382 | 60
03 0.0886 72
045 01329 10.8 | Near2nd lock-in region.
0.463 0.13671 11.1 | Lock-in for 2nd mode.
05 0.1476 12
0.723 0.21348 17.3 | Lock-in for 3rd mode.
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Fig. 2 The displacement configuration of rmser

according to current velocity
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