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Plan

• Pourquoi s’intéresser au non-hydrostatique compressible ?

• Systèmes d’équations compressibles

• Analyse des ondes



Why trying to solve the non-hydrostatic compressible
set of equations ?



Computational reasons: pressure solution

(pseudo)-compressible approach



Computational reasons: barotropic/baroclinic coupling

Physically, we can expect that non-hydrostatic processes have to be
integrated with a time step at most equal to the one of surface waves

In a non-hydrostatic incompressible approach,              has to be corrected both by the barotropic velocity
and by the pressure correction

It prevents the accurate simulation of surface non-hydrostatic waves

2D

3D

Ondes rapides (barotropes liées à la surface libre),      Ondes lentes (baroclines, liées à la stratification)
Ratio autour de 60
-> séparation barotrope/barocline

Split explicit approach

Split-explicit approach



Solving the compressible set of equations



Pseudo-compressibility approach



Pseudo-compressibility and implicit schemes

Bien meilleur conditionnement



Pseudo-compressibility approach

The barotropic and acoustic waves are integrated with the same (small) time step

3D fast

3D slow



Use of the (Non Boussinesq) compressible solutions

• Extreme atmospheric events
e.g. Airburst generated tsunamis

• Steric effect
• Tsunamis detection
• Sound waves ?

Compressibility effects on linear waves (Auclair et al, 2020)



Linear waves in a free surface, stratified and compressible 
ocean

Linearized equations
and boundary conditions

with (flat) bottom and surface conditions:



Linear waves in a free surface, stratified and compressible 
ocean



Linear waves in a free surface, stratified and compressible 
ocean

Limiting cases



Constant Brunt Väisälä case

Profil vertical
- Oscillatoire si kz réel
- Exponential si kz imaginaire pur



Relations de dispersion

Nombres caractéristiques : 

Stratification Compressibilité

Inner dispersion relation

Boundary dispersion relation



Inner dispersion relation



Inner and boundary dispersion relations

Baroclinic modes

Acoustic modes



Long waves

Barotropic mode Surface wave

Approx ondes longues (SW)

Approx ondes courtes NH



Linear waves in a free surface, stratified and compressible 
ocean

Solutions analytiques :



Interactions potentielles dans le cadre du 
défi SURF

• Autres techniques de pseudo-compressibilité

• Modélisation des ondes sonores (modélisation directe et problèmes inverses 
(quel modèle pour quel problème inverse ?)

• Conditions aux limites couplage nonhydrostatique / hydrostatique

• Etude des familles d’ondes dans un cadre plus complexe


