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I) Introduction

» New coastal dynamics morphodynamic model based on
constrainted energy minimization.

» New justification of the cost-function choice

» Model fast, robust that converges really quickly compared
to other models




IT) Presentation of the initial model

1) Numerical model

» Governing equation

w(t — O) = o
vy = —TAd
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d=-v,J

» Cost-function
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IT) Presentation of the initial model

2) Example of simulation with a storm of a few days

Simulation of short storm with bathy linéaire and CFO
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I1T) Improvement axes with the latest model and
objectives

» Try to find a better physics to obtain more realistic results
(location of the sand bar,...)

» Make the code more robust

» Implement new axes on the code (multi-1D, generalization
of hydro models,...)

» Justification of the choice of the cost-function

» Validation of a large number of test cases with experimental
data

» Theoretical development of a way of thinking about
analytical mechanics through a general optimal problem



IIT) Example: trying to improve the model by choos
a cost-function

» Try to find a better physics to obtain more realistic results
(location of the sand bar,...)
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IV) Example: trying to improve the model by choos
cost-function

» Cost-function with kinetic energy: J = | o, En + €Ec

» Cost—function with velocity | = %p g/ O C,H?

» Cost-function with radiation stress S,

» Other cost-function ...

» Extension: A transport term in the descent equation

((t = 0) = v
wt + €PV%; = —TAd
N——

\ transport term

N
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IV) Example: trying to improve the model by choos]

cost-function

» Cost-function with kinetic energy: | = | a, En + Ec

Sand bar position moved ?

Evolution de g a I'iteration 1499 pour un modéle avec et sans frottement
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V) Improvement of the governing equation

1) Adding a time factor
» Initial model » Model with time factor
Y(t=0) =1
n+l _ n _ n ntl — o — dtY Ad”
{wt——TAd 0 Y™ — YTAd Y P —dtTAd

Yy : evolution of the seabed over time [m.s™!]

Y : abrasion of sand [m.s. kg™ /m. kg™ |

A : excitation of the seabed by the water waves
Yo : initial seabed elevation [m]

d = —V,J + constraints : the decent direction [J.m™2 ]
dt : time step [s]



V) Improvement of the governing equation

ea Bed g [m]
=

2) Time step convergence

Convergence at At < 1000 s

Evolution of  as a function of time step At

Strom simulation with différent time step

Evolution of ¢ as a function of time step At

ea Bed g [m]
=

To =28, Hpax =4 m, Tr = 7j




V) Improvement of the governing equation

2) Time step convergence for different sand mobility

At,er = 60 s correspond to 10 000 itérations

error = /S0 — v3)?

Error as a function of time step At (s)
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V) Improvement of the governing equation

3) Discussion

________ Model | Convergence time-step At

Toufan (OptiMorph) At < [500, 1000] s
XBeach ? At < [0.1,1] s
Saint-Venant At <0.2s

» Seems to be very adventageous in terms of physical
complexity

» Need more realistic simulations to conclude (here, time
period Ty =2 s

» Need to do more morphogenic simulations

» Other simulation



VI) Perspectives

» Sanity-check of the code to have realistic simulations (working
with every time periods T,)

» Create a database of realistic simulations
» Implement the multi-1D
» Validation of different type of simulation: 2D, 1D, acretion, ...

» Theoretical development of a way of thinking about analytical
mechanics through a general optimal problem

300 400 500

Différent type of bathymetries to test



Appendix

Paramétres Contraintes
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IV) Justification: choice of the cost-function by the
Newton's Minimal Resistance Problem

Minimize F (z,y,y') = OR Tz dr
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IV) Justification: choice of the cost-function by the
Newton's Minimal Resistance Problem

If in a rare medium, consisting of equal particles freely disposed at equal distances from
each other, a globe and a cylinder described on equal diameter move with equal velocities
in the direction of the axis of the cylinder, (then) the resistance of the globe will be half as
great as that of the cylinder .... I reckon that this proposition will be not without application
in the building ships.

MWL

MWL

Minimizing resistance on the boat (wave, friction) .
< minimizing the resistance of seabed




