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Questions

« What Is the driving mechanism of the LSVs?
* How deep are they?

« How are these vortex crystals formed?



Rotating Rayleigh-Bénard Convection (RRBC)
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Criterion on generating L.SVs:
1. Ro<0.4 (fast rotating)

2. Re,>400 (strong turbulence)
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Compressible flow
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Rotation rate

Turbulence

Ro. = Ro

Cyclones ‘

Ro. = Ro,

Anticyclones

Ro < Ro_q
Ro < Ro,,

0.11 cyclone
0.023 anticyclone
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Inference of the depth from the simulations Critical Rosshy numbers:
Ro < Ro,; = 0.11  Cyclone

Ro < Ro., = 0.023 Anticyclone
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GRS-like large-scale anticyclone at low latitude

Simulation at & = 67.5°
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temperature perturbation
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Taylor-Proudman column (LSV is

parallel to the rotational axis) _
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cyclone moves poleward and anticyclones move equatorward



Polar gamma box model

Polar gamma plane
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Simulation
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(Adriani et al. 2018 Nature)
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divergence and vorticity correlation
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stable layer

updraft

unstable layer

Interface

Northern hemisphere 0§ < 0
Southern hemisphere 66 > 0

Cornolis force

Valid in Sun (Gizon & Duvall 2003)



How to maintain the LSVs in the stable layer?

D& = (ﬁh . Vh)w — &5 +p—2Vhp X Vup .
tilting term stretching term baroclinic term
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« Tilting effect dominates in the

convective layer

« Stretching effect dominates in the
radiative layer

e s B

----- tilting term

- — —stretching term
baroclinic term

— net contribution

« \orticity is transferred from
convective layer to radiative layer

horizontal mean value
o
T

0 0.2 0.4 06 0.8 1 Cai 2024 JGR Planets

height z



Challenges In rotating convection theories

* What determines the size of the LSV? How do the LSVs affect mixing,
momentum and energy transportations?

« Shall the theoretical models be different for rapidly and slowly rotating
convection?

* |s it possible to develop a generalized rotating Reynolds stress model?



Thank you for attention!

tcai@must.edu.mo
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