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JUPITER  

rapid rotation  (11 hours) 

-shallow layer: 2D 

turbulence 

-density stratification + 

rotation -> geostrophic 

turbulence (2D or layerwise 

3D) 

* Potential vorticity 

conservation 

* Energy conservation 

inertial dynamics 



OCEAN CIRCULATION   

infra-red image 
(temperature 

field) 

-coherent jets 

-long-lived vortices 

-bimodal behaviour 

Kuroshio 

But large scales 

quasi-linear: Rossby 

waves 



Statistical mechanics of vorticity 
Onsager (1949), Miller(1990), Robert (1990), Robert and Sommeria (1991) 

2D Euler equations. 

- Conservation of the vorticity for fluid elements (Casimir 
constants) but extreme filamentation. 

- Statistical description by a local pdf:      ( ,r)   

      vorticity value, r position,  local normalisation  ∫ ( ,r) d =1 

 

- Maximisation of a mixing entropy:    S=-∫  ln  d2r  with the 
constraint of energy conservation 

- Energy is purely kinetic but can be expressed in terms of long 
range interactions:  

       Mean field approximation: 

            - =< >       (   smooth) 

            E=∫ <  >dxdy  , with  <  >= ∫ ( ,r)  d

 

 



Dipole vs bar in the doubly-periodic 

domain    Z. Yin, D.C. Montgomery, and                    

H.J.H. Clercx, Phys. Fluids 15, 1937-1953 (2003). 

 

Domain area/patch area=3.8 
Domain area/patch area=100 

~ point vortices 
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Patch vorticity values: 0, +-



Z. Yin, D.C. Montgomery, and 
H.J.H. Clercx  
"Alternative statistical-
mechanical descriptions of 
decaying two-dimensional 
turbulence in terms of 'patches' 
and 'points'" 
Phys. Fluids (2003). 

Numerical test 



Random changes of flow topology 
F. Bouchet and E. Simonet, Phys. Rev. Letters 2008 

- 2D turbulence in a periodic domain 

- Random forcing of vorticity with white noise 

Laboratory experiments: Sommeria(1986), square box 

  Weeks, Tian, Urbach, Ide, Swinney and Ghil (1997), rotating annulus 



Extension to the QG model 
(Bouchet and Sommeria, JFM 2002) 

q = - + /R2 
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Shallow layer, R=Rossby 

radius of deformation 

Energy 

 

Asymmetry 

 

vortex 

 

zonal jets 

Limit of small R, large E: 

coexistence of two 

phases with uniform PV 

(PV staircase) 



Application to the Great Red Spot 

of Jupiter (Bouchet & Sommeria, JFM 2002) 
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  Velocity measured from 

cloud motion (Dowling and 

Ingersoll 1989) 

Prediction: 

-The jet width is of the order of 

the radius of deformation 

-The elongated shape is 

controlled by the deep zonal 

shear flow 

R 



‘Barotropisation’ de tourbillons 

océaniques (Venaille Vallis 2012) 



Intensification sur topographie (Venaille 

Vallis 2012) 



Large-scale organisation of 3D turbulence: 
von Karman flow  





Axisymmetric turbulence statistical mechanics 

Entropy maximisation  -> 

Beltrami  flows 
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Conclusions 

• La mécanique statistique permet de prédire la stabilité et 
l’émergence d’écoulements organisés. 

 

• Régimes inertiels: faible forçage et dissipation 

 

Domaines de validité: 

• Turbulence 2D 

• Turbulence géostrophique (multicouche) 

 

Autres domaines: 

• Turbulence MHD 

• Systèmes gravitationnels (equation de Vlasov) 

• Turbulence axisymétrique ? 

 
             

 

 


