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Statistics of extreme waves in coastal waters: LCCE
Large scale experiments and advanced numerical simulations \3(;3

Outline of this presentation:
1. Background and motivations for the study

2. Introduction of the large scale experiments in Tainan Hydraulics Laboratory (THL)
3. Brief introduction of two highly accurate numerical models

4. Data processing and comparison between the measured/simulated results

5. Conclusion and Outlook
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1. Background and motivation

CCE
New year wave (15t January 1995) in Draupner platform L
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- Vital importance for the coastal structures 1, o AN
design and for the ship navigation safety; | | Some existing results |
: : * Trulsen et al. (2012) showed that the presence of a : .
- Theoretically unclear effect of a bottom | | bottom slope will give rise to local maximum of 1
gradient on the statistics of freak waves; I 1 skewness and kurtosis, and also, the freak wave 't
Lo probability; l
» Limited experimental results with irregular : : .
waves propagating over variable bottom; ;| | « Kashima et al. (2014) studied different bottom !
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2. Large scale experiments in THL
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Steepness € = ka

2. Large scale experiments in THL
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3. Highly accurate numerical models

{(ECE

Some key points of the humerical models: 2018

1. Potential formulation: Boussinesq-type model (Bingham et al., 2009) and a

recently” B%Q/élégéﬁlen'?%gd@ﬂﬁspersw Sased'atl YatedandBenoit 2015), both are
fornm%ated fPREHRRDbfRfocity [%gttgrn%le&%ap%%a; +gn=0

on z = n(x)

o ; n(x)
2. Basi@dssamptiorsT 4 "wath

. stam'xdensity p
(incompressible) fluid; (2

non-overturning waves; i

Lateral Laplace equation in I Lateral

3. Hre béhavior of the Boussinesq mideeblis been tested for both slo@?y varying
bottor shape (linear shoaling)&pd-répidtyOvarying bottom (Brégg resonance), see
more details in Bingham et al., (2009); |

4. The béhavior,,of the Whispers3D-modeling approach has been validated for both its

fully nonlinear version (Raoult BeEEMAB6) and its linearized version (Benoit et
al., 2017). ¢, +VhV¢p = 0,0nz = —h(x)
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3. Highly accurate numerical model: Boussinesq

Following Bingham et al. (2009): {QCE
The velocity potential is approximated by a infinite number of Taylor series around 2018
an arbitrary vertical position z = Z(x): Normally Z = 0.5h(x) is chosen

p(x,z,t) =P+ (z—2)pW + % (z—2)2¢@ + -+ nl (z—=2)"p™ + .- (1)
Then the potential could be rewritten as follows: 2 = 2(8x) is assumed here!
¢(x,2,t) = (Jo1 + 8J11VEP* + oz + 8]12V2)W* (2)

The system is solvable together with bottom boundary condition: Finite difference scheme for x
w4+ VhV¢p =0, on z = —h(x) (3)

Finally the model can be integrated in time (4t" order R-K method) using the
Zakharov equation:

Ne + VNV — w2(1 + (Vn)%) = 2V, (4)
e +gn+(V)" — W21+ (V)?) = —2v,, (5)




3. Highly accurate numerical model: Whispers3D

Following Tian and Sato (2008): {QCE

\5018

> First the variable bottom is mapped into a rectangular domain by using a new
vertical variable s(x, z, t):

2z + hiz) —n(z,t)
h(z) +n(z,t) M

» Then the system with potential variable ¢(x,s(x, z,t),t) = ¢(x,z,t) in the
transformed space (x, s) :

s(x,z,t) =

oz T 25000s + (52 + 52)0gs + Sazps = 0 for s € [—1,1], (2)
p(z,1) = &’(ﬂ:) on s = +1, (3)
(h+ ) gy +2(1 + h2)ps =0 on s = —1. (4)
> The spectral approximation is adopted in the vertical: T, (s) is the Chebyshev polynomial
N
oz, s) Z an () Ty (s), (5)
n=>0

» The unknowns are the N; + 1 coefficients a,(x),n = 0,1, ..., Ny, using Galerkin
method to eq.(2), we get N; — 1 equations, together with egs.(3) and (4) is the
linear system that we solve at each time step. Finally the system is stepped
forward in time by using third order SSP-RK3 scheme.




4. Data processing and comparison
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4. Data processing and comparison

CCE
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4. Data processing and comparison
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Data processing and comparison
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Data processing and comparison
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4. Data processing and comparison

Experiment
Rayleigh
Kolpman
CwWD

MER

5th Stokes
Boussinesq

0 5

10 156 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110 115120125130 135 140 145 150 155 160 165 170 175 180 185 190 195 200

CCE

2018

P.13




5. Conclusion and outlook

Experiments with large Ursell number: |
- Second-order nonlinear effect is significant around the end of the slope; :

- Local maximum values for skewness and kurtosis are found around the end of the slope; 1

- No distribution can predict the wave height distribution equally well for all probes; :

|

I

- The wave energy is significantly redistributed over a wide range of frequencies for long-
distance propagation.

g EEN EEE EEE B S B S B EEE S B SEE B S S B BEE B B B B S S B B B B S B BEE B B B B S S B BEE B B S B BEE e B Bae B B e B S e .

: Simulations with numerical models:

I - The agreement with experiment data is generally good for both models;

: - The Boussinesq model can describe the spatial variation of low frequency waves but

I overestimates the energy, whereas Whipers3D behaves better;

: - The Whispers3D overestimates the statistical parameters at some location whereas the
\ Boussinesq model has a better agreement with the experiments;
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5. Conclusion and outlook

&CE
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What’s next:

1.Improve and calibrate the simulation with two models (mainly dissipation);

2. Include wave breaking in both two models;

3. Conduct more simulations to do statistical analysis of freak waves;

4. Bispectral analysis;

5. The distribution of the envelop of the free surface.
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Thank you for your attention
Merci pour votre attention
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