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Anne-Laure Dalibard
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Contexte physique
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I Fluide stratifié (densité variable) au dessus d’un plan
incliné ;

I Couplage entre densité et vitesse ;
I Onde interne incidence avec angle critique (β ' γ) ;
I Motivation : mécanisme de concentration de l’énergie

près des fonds océaniques ; activation d’instabilités?
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Observations expérimentales

this is the first case in which the third harmonic has been
observed, and even more importantly, this is the first report
of experimental quantitative measurements.

It is important to notice that the vertical velocity field is
presented in Figs. 5!c" and 5!d", rather than the horizontal
one as in the first two panels. Indeed, as the second and third
harmonics propagation angles are much steeper, the horizon-
tal velocity field is of lower quality.

An alternative possibility to keep the spatial conforma-
tion of the reflection process while distinguishing the differ-
ent harmonics is to consider the specific kinetic energy den-
sity field of each harmonic, which can be deduced from Eq.
!4" as

#E$n!x,y,!" = 1
2 %#u $n

2 + #w$n
2& . !6"

An example is shown in Fig. 6 for the subcritical run 2.
One clearly distinguishes the incident beam impinging on the
slope, and reflected downslope. It is clear that such energy
plots give less contrasted results than the velocity ones as in
Fig. 5. They are nevertheless extremely useful for amplitude
estimates along cross sections of the beam, as discussed
below.

B. Mechanism of wavelength selection

The spectral decomposition presented in the previous
section allows precise wavelength measurements across the
different beams, even in the impact zone. As the reflection

surface is expected to play a key role in wavelength selection
via boundary effects, we have focused our study in the
boundary region along the slope.

In Fig. 7!a", the contour plots of the filtered first har-
monic !incident" and of the third harmonic !emitted" are su-
perimposed in order to show the along-slope wavelength se-
lection. It is clearly visible that the distance between the
emitted phase lines has been strongly reduced compared to
the incident ones. We emphasize that the wavelength selec-
tion mechanism appears to occur along the slope, where the

FIG. 5. !Color" False-color velocity pattern in the vertical !x ,z" plane for the critical run 4 !see Table I". Panel !a" presents the instantaneous horizontal
velocity field u !x ,z , t" while panel !b" shows the phase-averaged velocity #u $1. Panels !c" and !d" show, respectively, the second #w$2 and third #w$3 harmonics
of the vertical velocity, #w$n, in the case of run 4 !see Table I". The two white arrows define the impinging region of the incident beam. In panels !c" and !d",
the rays at the left of this region should thus not be taken into account: they have been generated by the screen. The maximum velocity in panels !a" and !b"
is 2 mm s−1, and in panels !c" and !d", 0.4 mm s−1.

FIG. 6. False-color energy pattern. The specific kinetic energy density of the
first harmonic, #E$1, is shown in the vertical !x ,z" plane for the subcritical
run 2 !see Table I". The maximum value is 5" 10−3 cm2 s−2.
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I Existence d’un angle de réflexion critique ;
I Création d’une deuxième (et d’une troisième) harmonique.
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Contributions des mathématiciennes dans ce domaine

Travail avec Roberta Bianchini (CNR) et Laure Saint-Raymond
(ENS Lyon).
I Justification rigoureuse des observations des physiciens

(angle critique, création d’harmoniques) ;
I Exploration exhaustive de différents régimes de

paramètres ;
I Mise en évidence d’une couche limite (zone de forte

variation près du bord) qui n’avait pas été identifiée.
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Position du problème et motivations
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Motivation : nécessité de modèles mathématiques complexes
(et non linéaires !), raisonnables en temps de calcul, pour
décrire ces interactions, dans différents régimes (eaux
profondes/peu profondes).
Applications :
I Design de coques de bateaux ;
I Aménagement des ports ;
I Récupération de l’énergie des vagues.
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Contributions des mathématiciens dans ce domaine

Tatsuo Iguchi, David Lannes, Guy Métivier, Didier Bresch,
Edoardo Bocchi...
I Proposition et analyse d’un système d’équations pour

décrire l’interaction entre l’objet flottant et le fluide ;
I Dérivation de plusieurs modèles asymptotiques ;
I Développement de codes numériques ;
I Mise en évidence d’effets inattendus (par ex. formation

d’une couche limite dispersive dans certains régimes...)
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Conclusions

I Domaine très riche du point de vue des mathématiques ;
I Interactions nombreuses ;
I Enjeux humains importants.
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