On the evaluation of 3D wave-current models

A-C. Bennis™?, F. Ardhuin®®, T. Odaka*, F. Dumas®

1 - SHOM, 13 rue Chatellier, 29200 Brest
2 - EPOC, Univ. Bordeaux 1, Avenue des facultés, 33405 Talence
3 - IFREMER, Laboratoire d'Océanographie Spatiale, 29280 Plouzané
4 - IFREMER, Ressources Informatiques et Communications, 29280 Plouzané
5 - IFREMER, DYNECO/PHYSED, 29280 Plouzané

Friday 11th June 2010

1/21



Introduction
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Introduction

Configuration

@ Test case from Ardhuin et al,
2008.

@ Simulation of the wave
induced current for a case
without wave breaking.

Distance longshore(n

Figure: Bathymetry
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Introduction

Goals

@ To test if the Mellor's model (JPO '03) is correctly
implemented in coupled model.

@ To test the Mellor's models (JPO '03 and JPO '08) ability to
simulate the 3D oceanic circulation in presence of waves.

@ To test the Ardhuin et al model (OM '08) ability to simulate
the 3D oceanic circulation in presence of waves.
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Mellor 2003 model

Formulation of Mellor's model (JPO '03)

The full set of equations:
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Mellor 2003 model

Formulation of Mellor's model (JPO '03)

Radiation stress tensor (horizontal part):
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Radiation stress tensor (vertical part):
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Mellor 2003 model

Numerical results - Mellor JPO '03
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Figure: Zonal velocity from the coupled model (top panel) and from the

F
temporal integration of D Ua—U (bottom panel), Hs = 1.02m.
X
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Mellor 2003 model

Numerical results - Mellor JPO '03
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Figure: Zonal velocity from coupled model
at the surface and in x = 610m (red, green,
blue lines). Linear tendance given by
temporal integration of constant
acceleration g (black line). Hs = 1.02 m.
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Mellor 2008 model

Formulation of Mellor's model (JPO '08)
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Mellor 2008 model

Numerical results - JPO '08
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Figure: Map of zonal velocity (left panel) and vertical profile of zonal
velocity (right panel) from coupled model with Mellor's Model (Mellor
2008).
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Mellor 2008 model

Numerical results - JPO '08
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Figure: Map of zonal velocity (left panel) and vertical profile of zonal
velocity (right panel) from coupled model with Mellor's Model (Mellor
2008).
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Numerical results - JPO '08

Mellor 2008 model
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Figure: Vertical profiles
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Mellor 2008 model

Conclusions

@ The model of Mellor (JPO '03) is correctly implemented.
@ The Mellor's models (JPO '03 and JPO '08) do not produce

good results for the 3D oceanic circulation in presence of
waves.

13/21



Ardhuin et al 2008 model

Equations

@ To solve the quasi-eulerian velocity with the coupled model
(Ardhuin et al 2008).

Quasi-eulerian velocity: (u,v,w) = (U, V, W) — (Us, Vs, W)

The full set of equations:
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Ardhuin et al 2008 model

Graphic Interface of PALM coupler

Figure: Prepalm map
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Ardhuin et al 2008 model

Zonal velocity and sea surface elevation
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Figure: Comparison of sea surface elevation between the analytical
solution from Longuet-Higgins and the numerical solution from the
coupled model (left panel). Zonal velocity from the coupled model (right
panel).
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Without x-limits

Ardhuin et al 2008 model
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Figure: Zonal velocity from the coupled model without x-limits
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Ardhuin et al 2008 model

Vertical structure

v - 9.1 . e et SHE
TIME : 01-JAN—1901 07:08 DATA SET: results TIE ¢ 01 -AN-1501 07.08 DATA SET: results
100 e
. 0s0-| L
0s0 - 4 L
. 070-| L
00 . 4 L
Yo s " L
e 030-| L
020 - 4 L
e 00| =
o0 m T T T 7 T T T T T
0.0 020 os0 oa0e SLR0AO IOt 3Ot 130 130 14010
LowGuDE M-t
3d zonal velocity (m.s—1) 3d zonal velocity (m.s—1)

Figure: Zonal velocity without x-limits plotted over the water column
(left panel). Vertical profile of zonal velocity (right panel).
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In the future

Outline

In the future
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In the future

In the future

@ To test this new 3D version of coupled model in surf zone.

@ Validation of this new 3D version of coupled model thanks to
data of the ECORS 2008 experiment.

@ To understand the undertow role in the exchange between the
surf zone and the offshore zone: application to the Bay of
Biscay.
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In the future

The End.
Thank you.

Questions?
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