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THE NUMERICAL INVESTIGATION OF THE RESPONSE OF RISERS INDUCED BY
INTERNAL SOLITARY WAVES BASED ON POTENTIAL FLOW THEORY?

Hu Yingjie * ZouLi*™™? SunZhe* Jin Guoging* Ma Xinyu *
: ( School of Naval Architecture, Dalian University of Technology, Dalian 116024, Liaoning, China)
t ( State Key Laboratory of Structural Analysis for Industrial Equipment, Dalian 116024, Liaoning, China)

Abstract Internal solitary waves are large waves that occur below the ocean surface and are widely present in all sea

areas of the world. The huge wave profile undulations and energy pose a serious threat to marine structures like marine

risers. Analysis of the flow field characteristics in the propagation and evolution process of internal solitary waves and

the dynamic response law of the risers under the action of internal solitary waves are of great significance to the design of

the marine risers. Multi-domain boundary element method is adopted to establish a numerical model to analyse and

calculate the flow field of internal solitary wave based on the nonlinear potential flow theory in stratified fluids in this

paper, and the flow field characteristics of internal solitary wave in real time can be obtained. The Morison equation is

used to calculate the load distribution including inertia force and drag force induced by the internal solitary wave on the

marine risers according to the flow field information calculated using the numerical simulations. The nonlinear potential
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flow calculation model of the internal solitary wave flow field is coupled with the dynamic finite element model to solve
the dynamic response characteristics of the marine riser under the action of the nonlinear internal solitary wave. The
influences of the internal solitary wave parameters, the top tension and the internal fluid densities on the dynamics of the
riser are calculated and discussed. It is found that the displacement in flow direction of the ocean riser increases
significantly as the amplitude of the internal solitary wave increases. The top tension has a significant impact on the

response of the marine risers by changing the value of the geometric stiffness matrix. However, the density of the internal

fluid has little effect on the displacement of the pipeline at flow direction for the weakly restrained risers.

Key words internal solitary waves, marine risers, top tension, boundary element method, stratified fluid
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Table 1 Parameters of the top tension riser

Parameters Value

total length L/m 300
external diameter D/m 0.25

inner diameter d/m 0.2
material density p,/(kg-m™3) 7850

inner fluid density p;/(kg-m™) 800

elasticity modulus £/GPa 210

=2 REPESH

Table 2 Parameters of stratified fluids

Parameters Value
upper fluid depth 4;/m 50
lower fluid depth /,/m 250
upper fluid density p,/(kg-m™) 1025
lower fluid density p,/(kg-m~) 1028
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with different incident amplitudes of internal solitary waves
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Table 3 Parameters of the weakly constrained riser

Parameters Value
total length L/m 300
external diameter D/m 0.25
inner diameter d/m 0.2
material density p,/(kg-m™) 7850
additional weight 7/kN 100
elasticity modulus £/GPa 210

RATE 11 Brs. B A a] A B AT 5 i (¥ A2
RS S AE AR TEAE R WY A, ST RO 1) 6 B BE ) 46 Y
FIRNT B0 s FA) 48 K i e =5 39K

X T IREA 7 Fa A, BT IR B AR A
o P EUA R BE AR A, ARSI 18 T
LR AN [ X 7 3 W R IR PR 2 . AN [ P9 O
PRI S AT T TEARTRAFAE W P 12 s, B
DL, BT PN B U RN 8 2 AR PR 1) AR S
M2 7].

i
750 L
—-100 +
g —150
u —200 +
=250 +
=300 +
el ey e
-5 0 5 10 15 20 25 30 35
x/D
P11 ASIRIE i A ARSI F T 59 29 SRS B AR TR AR AIE
Fig. 11 Characteristics deformation of weakly constrained riser in flow

direction with different incident amplitudes of internal solitary waves
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Fig. 12 Influence of inner fluid densities on displacement of weakly
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