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Development of quasi-static analysis program
for a catenary mooring system using OpenFOAM

Choi, Jun Hyeok

Department of Naval Architecture and Ocean Systems Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Generally, global performance analysis in offshore platforms is calculated
by potential based numerical tools which neglect hydrodynamic viscous
effects. In comparison with potential theory, CFD(Computational Fluid
Dynamics) methods can take into account viscous effects by solving the
Navier-stokes equation using the finite-volume method. For the FVM(Finite
Volume Method) numerical analysis, the Open-source Field Operation and
Manipulation(OpenFOAM) C++ libraries are employed. In this study, in order
to apply CFD for global performance analysis of a hull-mooring coupled
system, we have developed a numerical wave basin to analyze global
performance problem of a floating body with catenary mooring system
under regular wave condition. Mooring system is modeled using catenary
equation and it is solved in quasi-static condition which excludes dynamics
of mooring lines such as inertia and drag effects. To demonstrate the
capability of a numerical basin, the global performance of a barge with 4
mooring lines was simulated under regular wave conditions. The simulation

_Vi_
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results were compared to the measurements from the model tests carried
out in two dimensional wave basin in KMOU(Korea Maritime and Ocean
University) and analysis results from a commercial mooring analysis
program, Orcaflex. The comparison includes wave elevation, motion of the
barge, tension in mooring lines. The study concludes a good agreement
between results from developed CFD-based numerical calculation, model
tests, and commercial software.

KEY WORDS: Hydrodynamics %<8, Mooring system AlF Al2~H=,
Catenary equation &4 w424 Quasi-static =% 234, Viscous effects
A4 &3, Computational Fluid Dynamics A4 <8k, OpenFOAM @ Z3Z,

Wave basin Z3}+=%
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Table 1. Regular wave condition I

Wave amplitude Wave direction Wave period
[cm] [deg] [s]
1.0, 1.2, 14
1.0 0.0
1.6, 1.8, 2.0

Table 2. Regular wave condition II

Wave amplitude Wave direction Wave period
[cm] [deg] [s]
1.0, 1.2, 14
2.0 0.0
1.6, 1.8
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Fig. 5 Computational mesh of domain
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Table 3. Main particulars of barge

Description Magnitude
Length between perpendicular [em] 80.0
Breadth [cm] 15.0
Depth [cm] 14.0
Draught [em] 7.805
Mass [kg] 9.366
Vertical center of gravity [m] -4.596
Vertical center of buoyancy [m] -3.903
Mass radius of inertia around X-axis [kgem?] 116.53
Mass radius of inertia around Y-axis [kgcm?] 2406.0
Mass radius of inertia around Z-axis [kgem?] 2417.9
~ 13 -
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Fig. 7 Barge model front view

Fig. 8 Barge model side view
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Table 4. Main particulars of mooring line

Description Magnitude
Diameter [em] 0.1
Effective diameter [em] 0.18
Mass per length [kg/cm] 0.0012
Submerged weight per length [N/cm] 0.001192
Elasticity [V] 9.366
15 —
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Line 2 Line 3

Line 1 Line 4

Fig. 9 Mooring line shape & Lay-out
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Fig. 16 Static displacement-correlation for Sway
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Fig. 17 Static displacement-correlation for Heave
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Fig. 20 Top view in Orcaflex

Fig. 21 Side view in Orcaflex
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