
Landau week 2023, June 27 Sergey Vergeles Coherent geostrophic vortices 1

Sergey Vergeles
with

Parfenyev Vladimir, Igor Kolokolov, Leon Ogorodnikov, 
Ivan Vointsev, 

Alexander Levchenko, Sergey Filatov, Daniil Tumachev

Landau Institute for Theoretical Physics

Institute of Solid State Physics

Under support of RScF grant No. 23-72-30006

Theoretical description of coherent geostrophic vortices and 
comparison with experiment



Flow of fluid which fast rotates as a whole
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Navier-Stokes equation for rotating flouid
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(Seshasayanan & Alexakis, JFM 2018)
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Geostrophic flow
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Inertial waves

Guilhem et.al., PoF 24 p.014105 (2012)



Experimental setup
Cubic meter rotates 

with angular 
velocity 

up to 1 Hz
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Experimental observation of column vortices (Taylor columns)
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• Cyclone radial profile

• McEwan, A. D. (1976) Nature;     

• Hopfinger, E. J., Browand, F. K., & Gagne, Y. (1982). JFM.

• The velocity field division onto quasi-2D and 3D flows

• Ruppert-Felsot, Praud, Sharon & Swinney (2005) PRE;  

• Campagne, Gallet, Moisy & Cortet (2015) PRE

• Cyclone-anticyclone asymmetry

• Gallet, Campagne, Cortet & Moisy (2014) PoF

• Boffetta, Toselli, Manfrin, & Musacchio (2021). J.Turbulence (decaying turbulence)

• Formation of Taylor columns, interaction of quasi-2D and 3D sectors of flow

• Brunet, Gallet, & Cortet (2020) PRL

• Brons, Thomas, & Pothérat (2020) JFM

• Review of recent experiments

• Godeferd, & Moisy (2015) Appl.Mech.Rev.



Rotation 0.72 Hz 𝝎 = 𝝏𝒙𝑼
𝒚 − 𝝏𝒚𝑼

𝒙 Rotation 0.125 Hz
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Geostrophic flow in a closed volume
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Cyclone in a closed vessel
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Interaction between geostrophic flow 
and inertia waves
theory
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Wave refraction in a geostrophic vortex flow
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Kolokolov et.al., PRF 5, 034604 (2020)
Gallet, JFM 783, 412 (2015)
Gelash et.al., JFM 831 p. 128 (2017)



Wave absorption by a geostrophic vortex flow
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Kolokolov et.al., PRF 5, 034604 (2020)
Gallet, JFM 783, 412 (2015)
Gelash et.al., JFM 831 p. 128 (2017)



Wave influence on the geostrophic flow
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Equation for the mean flow
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Moderate rotation 
speed, 0.12 Hz

The velocity profile U(r) has a 
plato (red curve)



Fast 0.7 Hz vs. moderate rotation 0.12 Hz
theory
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Fast rotation speed, 
0.7 Hz

Vortices are isolated, that is 
full circulation associated 
with a vortex is small



Scales
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Wave generation by a localized source

Landau week 2023, June 27 Sergey Vergeles Coherent geostrophic vortices 20



Wave absorption by geostrophic flow

Landau week 2023, June 27 Sergey Vergeles Coherent geostrophic vortices 21

r

energy flux toward
vortex
center

𝝋mean flow U

momentum flux

𝒓 = 𝒓∗



Two regimes of vortex motion

Landau week 2023, June 27 Sergey Vergeles Coherent geostrophic vortices 22

Number of vortices

Rossby micronumber

𝑅𝑜𝑚 =
𝜔𝑚𝑎𝑥

2Ω



Transition governed by Rossby macro number

𝑅𝑜𝑀 =
𝑈𝑟𝑚𝑐
2Ω 𝐿𝑓

Transition at 𝑅𝑜𝑀
∗ = 0.1

Above transition, at 𝑅𝑜𝑀 > 𝑅𝑜𝑀
∗ , 

waves are absorbed by vortices, 
Below it, at at 𝑅𝑜𝑀 < 𝑅𝑜𝑀

∗ , the 
effectiveness of the absorption is 
suppressed.
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Reynolds macro number

𝑅𝑒𝑀 =
𝑈𝑟𝑚𝑐 𝐿𝑓

𝜈

𝜈 is kinematic viscosity

Landau week 2023, June 27 Sergey Vergeles Coherent geostrophic vortices 24



Extremely slow rotation 0.06 Hz
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One large anti-cyclone
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Almost all waves travel 
no further than r = 15 cm
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Results:
1. Different regimes of geostrophic turbulence is observed in experiment

2. Developed theory provides explanation for the source of the difference between the 
regimes

3. Current theory does not explain sharp transition between the regimes
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Thank you for your attention!
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