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Nonlinear coupling characteristics between deep-draft
cylindrical platform and moonpool
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(a. School of Ocean and Civil Engineering; b. State Key Laboratory of Ocean Engineering, Shanghai Jiao Tong University,
Shanghai 200240, China)

Abstract: When the frequency of external wave excitation or that of platform motion approaches the natural
frequency of the moonpool structure, intense resonance phenomena occur within the moonpool. Under such
conditions, both the water inside the moonpool and the platform motion exhibit strong nonlinear
characteristics. Based on computational fluid dynamics (CFD) principles, this study conducts numerical
simulations of a deep-draft cylindrical platform under regular wave action to investigate the influence
mechanisms of incident wave frequency and environmental wave height on the coupled system of platform
motion and moonpool water dynamics. The results indicate that increasing environmental wave height
intensifies nonlinear phenomena in the moonpool water motion, characterized by enhanced resonance peaks
in high-frequency bands and reduced piston-mode resonance peaks. A strong coupling relationship exists
between platform motion and moonpool water dynamics, where both the moonpool resonance phenomena
and platform motion responses demonstrate dual-peak characteristics. As the environmental wave height
increases, the heave response amplitude operator (RAO) amplitude decreases, while the platform’s pitch RAO
amplitude increases.
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Fig.1 Schematic diagram of numerical model
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Fig.2 Schematic diagram of the platform and moonpool model
AR SCHE T H B S 51, AT HE B 23 7 5t IR DX 5 PO DX, 5 R A 8 A DR/ N AR
— B0, WAL AZ ST LS A i o O T ORS WA TR 0z Bl B T W AR R A SRR, 25
ITTC 5T S S5 A E 8L, T i 0 16 X 45 2 0 T A ) T s A 8 Ak B, (RIS o D 1] PR S i A
BT 10 A4S, — AL FE N R B A T 80 AN RTEE, of St A 3 R0 45 JES 58 X S0t 47 9 s o



688 AR 5530 55 5 1

W, TEF R EIEON R T 0.5 BIFTHE T, HEFI I HOR SRS . i TRUEREI KB iz 8, X5
] B DX ) A SR TS N s . AR S 3-8 3 Bz

RLaEnnEy [

...................

K3 pg Il s S
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Fig.8 Spectrum analysis of wave elevation inside moonpool under different environmental wave heights
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Fig.10 Velocity fields at moonpool inlet under resonance with different wave heights (w = 0.419)
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Fig.11 Wave surface responses within moonpool under fixed and moving platform conditions
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