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Abstract: With the development of the shipbuilding industry, the scale of ships continues to increase, and the natural frequency of
ships decreases accordingly. Ultra large ships are also more prone to elastic and flutter in general sea conditions. Therefore,
accurately estimating the hydroelasticity response is of great significance for ship design and navigation safety. This article uses a
two-way coupling method based on CFD-MBD to numerically simulate the motion and hydroelasticity response of an ultra large
container ship in waves. The calculation of the flow field is carried out using the open-source program OpenFOAM, and the
structural part is calculated using the open-source multi-body dynamics calculation program MBDyn. The flow field and structural
information are exchanged through PreCICE. By comparing the numerical results with experimental data, the feasibility of this
coupling method is validated. A comparative analysis of hydroelasticity response in different wave conditions is conducted, providing
reference for predicting the hydroelasticity response of ships. It was found that the container ship reached its maximum wave bending
moment in the middle of the ship while sailing in a wavelength to length ratio of 1.
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Fig.1 Example of a three-node beam element geometry
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Table 1 Main properties of ship
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Fig.2 Framework of FSI approach
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Fig.3 (Color online) Lines and geometry of ship
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Table 2 Regular wave parameters

HE/(m/s)  PEE/m A Lpp WkK/m  EEHR
0.845 1 0.102 0.8 6.2528 3.56
0.845 1 0.102 0.9 7.034 4 3.32
0.845 1 0.102 1.0 7.816 0 3.11
0.845 1 0.102 1.1 8.597 6 2.94
0.845 1 0.102 1.2 93792 2.79
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Fig.4 (Color online) Computational domain schematic diagram
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Fig.5 (Color online) Mesh schematic diagram
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Table 3 Longitudinal distribution of vertical bending stiffness

e BN A LA R

I/cm* Dxt/(mmxmm)
1-3 243.3 89x%5.0
3-5 398.2 102%5.5
5-13 521.2 114%5.0
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Table 4 Longitudinal distribution of mass
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Fig.7 (Color online) Modal shape of the ship beam in the
2-node and 3-node order
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Table 5 Natural frequency of the ship beam in the 2-node and
3-node order

WIGEINR/Mz  BEHPEWER/Mz  RE/ %
P 3.823 3.840 28 0.45
= 8.575 8.47597 -1.15

bl GRS i /kg
0 1 58.79
1 2 79.46
2 3 102.73
3 4 104.44
4 5 107.57
5 6 144.35
6 7 149.14
7 8 112.00
8 9 148.12
9 10 131.31
10 11 148.31
11 12 110.21
12 13 197.37
13 14 98.61
14 15 130.22
15 16 85.48
16 17 109.23
17 18 69.59
18 19 47.47
19 20 26.65
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Table 6 Mesh numbers of three sets of grids

XA A X /% 107
HH A 210
S A 407
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Fig.6 (Color online) Arrangement of ship beam
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Fig.8 (Color online) Time series of motions among three mesh
densities
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Fig.9 (Color online) Time series of VBM at amidship
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Fig.10 (Color online) The water phenomenon captured with
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Fig.11 (Color online) Comparison of time series of heave and
pitch motions
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