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Project OLA: Ocean Layering 
Motivations:  
- understand  how energy is dissipated from geostrophic flow in 
the ocean 
-  understand the role of ‘layering’ and quantify its contribution 
to energy dissipation. 



OLA 
Collaboration LPO (talk by Claire Menesgen) 

with: 
            Ladhyx   (Palaiseau), talk by Paul Billant 
            LEGI   (Grenoble) 
            IRPHE (Marseille), talk by Patrice 

Meunier 
 
Lien Hua: 
 ‘I have learned more about ocean from 

laboratory experiments than from cruises’ 



Vortex production by mechanical 
stirring in a cylinder 



Viscous regime 
Re=100: u=0.3 cm/s, radius L=5 cm (ENS Lyon, G. Bordes) 
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Self-similar solution (viscous) 
Dynamics of pancake-like vortices in a stratified fluid: experiments, 
model and numerical simulations , M. BECKERS , R. VERZICCO , H. J. 
H. CLERCX and G. J. F. VAN HEIJST  

Λ= vortex aspect ratio (thickness/radius) 

R(t)= vortex radius 



Turbulent regime  

Instability +3D turbulence develop, no  steady state 
 
with Coriolis effect: barotropic instability (ring of 
negative vorticity) 
 

Re=5000,  u=1 cm/s, L=0.5 m   



Forcing by injection (anticyclone) 
Hedstrom and Armi (JFM 1988) 
Griffith and Linden (1981) 
 
 

Ω	




Forcing by injection (Coriolis 
platform) 



Bigger vortex 
Two problems:  
§  baroclinic instability (for radius > Rossby radius) 
§  drift by residual motion 



Vertical density profile  

Solid: vortex (r=35 cm) 
 
Dash: background 



Velocity and vorticity (median plane) 



Vorticity 



Potential vorticity determination 

Ertel’s PV 

Cyclogeostrophic 
balance 
Hydrostatic  balance 



Potential vorticity: radial profile 

radius stream function 

PV PV 
time=181 s, z=0 

QG QG 



Baroclinic instability (Ooyama) 

Double-diffusive instability (Mc Intyre, 
1975) Instability expected, but no 

hint observed: 
no significant mixing effect Sc =Schmidt nbre, viscosity/diffusivity 

Baroclinic instability 
(Ooyama 1966) 

Double-diffusive instability 
(Mc Intyre, 1975) 

Richardson number 

Instabilities ? 

(stability) 

experiments: Ri ~ 10 



Conclusions 
 
Ø  No stable state monopole obtained by 

mechanical stirring  at high Re 

Ø  A stable monopole is produced by the 
injection method (rotating case). 

Ø  The q-psi relationship is not monotonic, 
(inconsistent with statistical mechanics 
prediction for balanced flows) 

Ø  The vortex is stable, no layering observed, 
strain by multi-vortex interactions needed ? 

 



New Coriolis platform: construction 

poles for fundations (20 m deep)  
feb. 2012 

fundations platform: may 2012 storage tanks, dec 2012 

building finished, feb.. 2013 concrete molding  jul. 2013 first rotation nov.  2013 

2012 

2013 



New Coriolis platform (June 2014) 



EuHIT :     2013-2016 
 
3 projects planned for the Coriolis  platform 
 

Next dead-line  August 4th 

 
2  EuHIT projects planned in 2015 


