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On the Feasibility of Freak Waves Formation within the Harbor Due to the Presence
of Infra-Gravity Waves of Bound Mode Underlying the Ever-Present Swells
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Abstract : We carry out the numerical simulation to test a hypothesis that freak waves can be triggered by the infra-
gravity waves of bound mode underlying the ever-present swells and its constructive interaction with swells using
the Tool Box called the ihFoam that has its roots on the OpenFoam, and Bi-spectrum. Numerical simulation is
implemented for the SamChcuk LNG Plant where freak waves have been reported in front of the private wharf
during its construction phase due to the uncompleted northern breakwater. Infra-gravity waves of bound mode is
generated using the difference wave-wave interaction between the local wind waves of 7 s and a swell of 11.4 s
based on the Bi-spectrum. For the sake of comparison, numerical simulation for infra-gravity waves of free mode is
also carried out. Numerical results show that stem waves along the private wharf for SamChcuk LNG Plant can be
triggered by the infra-gravity waves of bound mode coming from the north, which eventually leads to freak waves
when encounters the reflected waves from the south jetty.

Keywords : infra-gravity waves of bound mode, Bi-spectrum, ihFoam, RANS (Reynolds Averaged Navier-Stokes
equation), VOF (Volume Of Fraction), stem waves
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Fig. 1. A diagram in wave number, frequency space illustrating the
four components that satisfy the resonance condition in Eq.
(3), where the dispersion relation, @ = ./gh , is represented
by rumpet shaped surface in three-dimensional spaces fol-
lowing Phillips (1977).
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Table 1. List of wave conditions used in the numerical simulation and its corresponding prototype value

H&T Numerical model Prototype Scale
=335, H,=05m 7,=705s, H,=3.5m
Random waves H&T Tm 51s,H,=05m T,=114s" H 35m™
T,=8.0s, H,=0.1 m —1815 H 0.5m /5
Cnoidal waves H&T 7,=8.0s, H,=09m T,=18.1s, H,=4.5m
Linear waves H&T T,=8.0s, H,=09m T,=18.1s, H,=4.5m

" Denotes local wind waves, ~ denotes swells,  denotes infra gravity waves of bound mode, " denotes a significant wave height, and sub-
script p and m denotes a prototype and numerical simulation model, respectively.
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(e) t, =78.7s [t,=175.95] (f) t,, = 86.62s [t,=193.65]

(2) t, =95.83s [t,=214.25]

Fig. 7. Sequential snapshots of numerically simulated free water surface displacements using infra-gravity waves of bound mode.
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Fig. 8. Sampled time series of numerically simulated free water
surface measured at Gauge 101~Gauge 409.
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Fig. 9. Comparison of maximum wave heights measured at Gauge
101~Gauge 404.
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Table 3. List of amplifying ratio [H/H,] for N

01 02 03 04
Gauge 1 1.56 1.43 1.30 1.16
Gauge 2 1.61 1.47 1.33 1.24
Gauge 3 2.11 1.89 1.65 1.47
Gauge 4 1.42 1.25 1.08 0.96

Table 4. List of amplifying ratio [H/H,] for NE

01 02 03 04
Gauge 1 1.51 1.33 1.21 1.09
Gauge 2 1.55 141 1.28 1.20
Gauge 3 1.84 1.73 1.60 1.55
Gauge 4 1.45 1.35 1.22 1.043
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Table 5. List of amplifying ratio [H/H,] for N
01 03 05 07 09

Gauge 1 0.47 0.37 0.31 0.32 0.29
Gauge 2 0.29 0.25 0.19 0.19 0.24
Gauge 3 0.49 0.49 0.49 0.45 0.42
Gauge 4 0.79 0.80 0.78 0.70 0.57
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