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Introduction @GUEE?S&E‘AW 2022

What causes freak wave formation ? What do we know about NED ?

1. Geometrical focusing 1. Key features of non-equilibrium sea-state
* Non-Gaussian, Non-linear

« Higher freak wave probability

» Rapid spectral evolution

2. Space-time focusing
3. Modulational instability

4. Non-equilibrium dynamics
2. Parametric investigation of NED
» Relative water depth

What is Non-equilibrium dynamics (NED) ? ° Steepness
«  Wave direction

[ * Bottom profile
g I:ﬁﬁiﬁm Non-equilibrium New “equilibrium P
q sea-state state” -
state” 3. Theoretical development
: »  Deterministic theory (Li et al. 2021)
MMV '\ » Stochastic theory (Mendes et al. 2021)
> The new equilibrium state and the
<_>Depth Dynamics change equilibration process have not yet been studied.
change
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Whispers3D: a fully nonlinear and dispersive potential model @GUE??S&E‘QW 2022

Assumptions Formulation of Zakharov
1. Incompressible fluid; FSBCs reformulated using #(x, t) and d(x, ) = p(x,z= n(x, t), 1)
2. Inviscid and irrotational flow; e o
_ Ne + VanVie — w(1 + (Vu1)*) = 0, Dirichlet-to-Neumann
3. Continuous water column;
4. Impermeable bottom. be+gn + % (th3)2 — §w2(1 + (7am)?) = 0, (DtN) problem

with w : vertical velocity at the free surface ¢,(x, z = 5(x, t), t) ;
Governing equations of potential theory

2 2
b, + (Vnd)” + ¢ = —gn | Freesurface boundary Validation with experiments in Trulsen et al. 2020, JFM
2 conditions (FSBCs)

Deeper region Shallower region

Run T, (s) 7~
hi (m) p1 Hm, (m) € Uri ha (m) p2 Hpy (m) € Ursy
3 1.1 33 053 185 0.025 0.031 0.0049 0.11 0.64 0.025 0.052 0.1918

TABLE 1. Key parameters of the experimental case reported as Run 3 in Trulsen et al. (2020).

I | A A

q ........................
b, + TuhTup = 0 L .

Bottom boundary condition (BBC) Wavemaker x=-1.6m x=0m  x=l6m x=32m

Laplace eq.: A¢p + ¢p,, = 0
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Whispers3D: Validation in simulating NED
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Results are published in Zhang and Benoit 2021, JFM
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Whispers3D: Validation in simulating NED EGUSsiemy 2022
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Wavemaker x=-16m x=0m x=16m x=32m Results are published in Zhang and Benoit 2021, JFM
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Set-up of the simulations: Long shallower region @GUEE?S&E‘QW 2022

Incident irregular waves (JONSWAP spectrum)

Summary of wave field parameters, in S| units.

relative water depth & = kyh
Case H I Deeper/shallower area steepness ¢ m kg,

N

Ursell number U, = ¢/p°

7 € Ur

a. =20
1 0.030 103.6 1.85/0.64 0.037/0.062 0.0058/0.232 o2 = (1 = (?) = mo
2 For all cases, T,=11s, y =33, deeper region depth
h, = 0.53 m, shallower region depth A, =0.11 m.
New bathymetry with extended shallower region
NWave L
|
; : - 0 h,=0.11m !
Relaxatlon_ zonel h;=0.53m | | % IRelaxation zone
generation | | Y, 1:3.81 ! I absorption
i i ! ! ! ;_
-2.7m -1.6m x=0m 100m (~100 L,) [103.6 m
extension
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Results and interpretation: Statistical parameter evolution (EGUEE?S&E‘QW 2022
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0.5H S e - ] scale;
0 “:""I I | | |
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0 H | | | | (b) 2. Steady Kurtosis < 3 in
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Results are published in Zhang et al. 2022, Coastal. Eng.
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Results and interpretation: Spectral parameter evolution

(ESUsr, 2022
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= .‘:..i,.,__: ____________ - —_— happens in the long
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Results are published in Zhang et al. 2022, Coastal. Eng.
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Results and interpretation: Wave height distribution (EGUE??S&E‘AW 2022

Short scale results: NED results in enhanced freak wave probability
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Conclusion @GUE??S&E‘QW 2022

> The NED takes effects in two spatial scales, a short scale O(L,) and a relatively long scale O(10~10% L ).
» In the short scale, strong modulation of statistical parameters, freak wave probability is intensified;
» In the long scale, the spectral shape undergoes significant broadening, freak wave probability is suppressed;

» The knowledge of the “scales” of the NED would help for the design of coastal structures.
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