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Fig. 1 Moonpool structure andcoordinate system of Spar platform
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Table 1 The parameters of the Spar platform
Project Measurement
Working Depth 1652m

Total Length 169. 16m

Diameter of Hard Tank 32.31 m
Draft 153.924 m

Center of Gravity from Keel 90.39 m

Central Well 15.85 x 15.85 m?
Length of Hard Tank 68.88 m

®2 RibARERINEFME (rad/s)
Table 2 Natural sloshing frequencies of the water
inside the moonpool (rad/s)
(0,1) (1,1) (0,2) (1,2) (2,2)
Numerical Solution 1.3944 1.6583 1.9720 2.0852 2.3451

Analytical Solution 1.4001 1.6714 2.0024 2.1260 2.4208
Error % 0.41% 0.78% 1.52% 1.92% 3.12%

R3 F-MEHBREERSY
Table 3 The model parameters of

the first orderequivalent pendulum

Mass of Length of
Pendulum(kg) Pendulum(m) Suspension Point (m)

Coordinates of

Numerical

. 1.0357 x 10° 5.0041 [0,0,21.7744]
Solution
Analytical

Al 0074 x 100 5.0452 [0,0,21.7773]
Solution

R4 EURERSY

Table 4 The parameters of the equivalent mass

Moment of Inertia of

Mass (kg) Position(m)

Barycenter (kg - m?)
(1.9042 x10°,1.9042 x 10°,
8.5802 x 107)

1.1405 x 107 [0,0, -3.0460]
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Table 5 The model parameters of the first

orderequivalent pendulum with different draft

Liquid Level of Mass of Length of Coordinates of

Moonpool(m) Pendulum (kg) Pendulum (m) Suspension Point (m)

50.644  1.0351 x10°  5.0041 [0,0,20.2742]
51.644  1.0353 x10°  5.0041 [0,0,20.7753]
52.644  1.0354 x10°  5.0041 [0,0,21.2770]
53.644  1.0357 x10°  5.0041 [0,0,21.7744 ]
54.644  1.0358 x10°  5.0041 [0,0,22.2762]
55.644 1.0360 x 10°  5.0041 [0,0,22.7783]
56. 644 1.0361 x10°  5.0041 [0,0,23.2769]
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STUDYON THE EQUIVALENT MECHANICS MODEL AND
MODEL PARAMETERS OF SLOSHING MOTION OF
WATER INSIDE THE MOONPOOL OF A SPAR PLATFORM

Liu Ligin'"  Man Jinshuang' Zhou Bin’> Zhang Ruoyu'
. State Key Laboratory o raulic Engineering Simulation and Safety, Tianjin University, Tianjin ,China
(1. State Key Lab y of Hydraulic Engineering Simulati d Safety, Tianjin University, Tianjin 300072, China)
(2. CNOOC Energy Technology & Services-0il Production Services CO,TEDA, 300457 ,China)

Abstract This paper studied the equivalent mechanics model of sloshing motion of water inside the moonpool of
a deep sea Spar platform, and the model parameters were calculated. The dynamic equations of water inside the
moonpool were derived based on the potential flow theory. The equivalent pendulum models of the sloshing mo-
tions of water inside the moonpool were established. ANSYS software was used to set up model and mesh, and the
Matlab software was used to carry out the numerical calculation. The Galerkin method was used to solve the natu-
ral frequencies, modal functions and discrete solutions of the potential function of the sloshing motions, and the
model parameters of the equivalent pendulum were calculated. The validity of the calculating method was verified
by comparing the numerical simulation results with the analytical results. The parameter library of the equivalent
mechanics model was established considering the different water heights of the moonpool. This lays the foundation

for studying the coupling motions between the platform and water inside the moonpool.

Key words spar platform, moonpool, finite element, equivalent mechanics model
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