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Recurrent	  long-‐lived	  an8cyclonic	  pancake	  vor8ces:	  	  
in	  atmospheres,	  oceans,	  proto-‐planetary	  disks…	  
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f	  ≈	  1.4	  10-‐4	  rad/s,	  N	  ≈	  0.016	  rad/s	   f	  ≈	  8	  10-‐5	  rad/s,	  N	  ≈	  0.003	  rad/s	  
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Parameters	  

•  Rota8ng	  table:	  f	  =	  1	  to	  7	  rad/s	  
•  Linearly	  stra8fied	  salty	  water:	  N	  =	  0.6	  to	  2.4	  rad/s	  

Ro =
V
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Ωv

2Ω

Rossby	  number	  

Ini8al	  condi8on	  
Ωv(0) = −Ω Ro(0) = −0.5

An	  experimental	  study	  
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Brief	  injec8on:	  	  

freely-‐decaying	  vortex	  
Decay	  of	  Ro	  

An	  experimental	  study:	  injec8on	  methods	  

Con8nuous	  injec8on:	  	  

sustained	  vortex	  
Ro	  remains	  high	  
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Ocean	  Meddies	  

Papenberg	  et	  al.,	  2011	  

Vor8ces	  in	  a	  rota8ng	  stra8fied	  flow	  that	  are	  big	  enough	  to	  sense	  the	  Coriolis	  force	  

Jupiter’s	  Great	  Red	  Spot	  

NASA/JPL	  

Vor8ces	  in	  PPD	  
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Law	  for	  the	  aspect	  ra8o	  of	  vor8ces	  in	  
rota8ng	  stra8fied	  fluids	  
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Laboratory	  vor:ces	  
	  	  	  	  	  	  	  freely-‐decaying	  
	  	  	  	  sustained	  
	  	  	  	  Bush&Woods	  (JFM,1999)	  

Meddies	  
	  	  	  	  Ceres	  
	  	  	  	  Hyperion	  
	  	  	  	  Encelade	  
	  	  	  	  Sharon	  
	  	  	  	  Bobby	  

Jovian	  vor:ces	  
	  	  	  	  Oval	  BA	  
	  	  	  	  Great	  Red	  Spot	  
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•  free	  decay	  
•  f	  =	  6.8	  rad/s	  
•  N	  =	  1.6	  rad/s	  
•  Nc	  =	  0	  rad/s	  

Self-‐similar	  shape	  at	  low	  Rossby	  number	  
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•  Shape	  and	  aspect	  ra:o	  
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From	  a	  simple	  model	  of	  	  a	  homogeneous	  vortex	  in	  solid-‐body	  
rota8on:	  

with	  
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Cyclo-‐geostrophic	  equilibrium	  

V	  =	  87	  mL	  
Ro	  =	  -‐0.45	  
V	  =	  107	  mL	  
Ro	  =	  -‐0.4	  
V	  =	  127	  mL	  
Ro	  =	  -‐0.35	  
V	  =	  147	  mL	  
Ro	  =	  -‐0.3	  
V	  =	  167	  mL	  
Ro	  =	  -‐0.25	  
V	  =	  187	  mL	  
Ro	  =	  -‐0.25	  

•  con8nuous	  injec8on	  Q	  =	  10	  mL/min	  

•  f	  =	  6.8	  rad/s	  

•  N	  =	  1.6	  rad/s	  

•  Nc	  =	  0	  rad/s	  

Self-‐similar	  shape	  at	  high	  Rossby	  number	  
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Applica8on	  to	  vor8ces	  in	  PPD	  
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From	  a	  linear	  to	  a	  Gaussian	  stra8fica8on:	  
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•  Self-‐similar	  shape	  

•  Vor8ces	  split	  above	  and	  below	  the	  
mid-‐plane	  

+	  effect	  of	  shear:	  

favours	  an8cyclones	  

ellip8c	  shape	  
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Energy	  conserva8on	  law	  	  
of	  a	  freely-‐decaying	  vortex	  
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Laboratory	  vortex	  with	  
f=6.8	  rad/s	  and	  N=1.6rad/s	  
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Time	  evolu8on	  
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Laboratory	  vor8ces	  life8me	  

Meddies	  life8me	  

more	  than	  2	  years…	  



Modeling	  and	  life8me	  

Influence	  of	  stra8fica8on	  

maximum	  density	  anomaly	  (Nc=0	  rad/s)	  
no	  density	  anomaly	  (Nc-‐>N)	  
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Experimental	  results	  	  
vs	  analy8cal	  solu8on	  
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PIV	  
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solu8on	  of	  the	  thermal-‐wind	  equa8on:	  
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Influence	  of	  rota8on	  

rota8on	  of	  the	  background	  (f=2	  rad/s)	  
no	  rota8on	  of	  the	  background	  (f=0	  rad/s)	  
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Life8me	  
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•  Life:me	  

•  Layering	  

•  Density	  anomaly	  

•  Restoring	  Coriolis	  force	  

+	  effect	  of	  shear	  

Vor8ces	  in	  PPD	  -‐and	  GRS-‐	  (sustained	  vor8ces)	  

sustaining	  torque	  



Layering	  phenomenon	  of	  sustained	  vor8ces	  

f	  =	  2.7	  rad/s,	  N	  =	  2.2	  rad/s	  
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Experimental	  inves8ga8on	  

Numerical	  inves8ga8on	  
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McIntyre’s	  double-‐diffusive	  instability	  

Double-‐diffusive	  instabili8es	  of	  salty	  water	  

McIntyre’s	  intability,	  1970	  

compe88on	  between	  two	  diffusive	  phenomena,	  one	  much	  faster	  than	  the	  other	  

Pr =
ν

α
=

viscous diffusion rate
thermal diffusion rate

≈ 7

σ =
ν

D
=

viscous diffusion rate
molecular diffusion rate

≈ 700

σ

Pr
=

α

D
=

thermal diffusion rate
molecular diffusion rate

≈ 100

Oriane	  Aubert	  –	  Instabili-es	  and	  Structures	  in	  Proto-‐Planetary	  Discs	  –	  19/09/2012	  

•  Shape	  and	  aspect	  ra:o	  

•  Why	  an:cyclones?	  

•  Life:me	  

•  Layering	  

Applica8on	  to	  vor8ces	  in	  PPD?	  



Oriane	  AUBERT	  –	  Du	  laboratoire	  à	  la	  Grande	  tâche	  rouge	  de	  Jupiter	  !	  

Conclusions	  and	  work	  in	  progress	  
Vor8ces	  in	  rota8ng	  stra8fied	  fluids	  

•  Shape	  and	  aspect	  ra:o	  

•  Why	  an:cyclones?	  

•  Life:me	  

•  Layering	  

•  Self-‐similar	  shape	  

•  Experimental	  study	  of	  (superstra8fied)	  cyclones	  
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Reservoirs	  of	  energy	  (density	  anomaly)	  	  

and	  restoring	  Coriolis	  force	  

•  Systema8c	  experimental	  study	  

•  Applica8on	  to	  Meddies	  

McIntyre’s	  double-‐diffusive	  instability	  
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