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Non-dimensional Parameters 
Ratios of terms, or times or lengths, or… 

Focus here on time scales 

 τΩ = 1/(2Ω)
τU = L/U

 τν = L2/ν
τκ = L2/κ

Non-dimensional Parameters 
Ekman  

Reynolds  

Rossby  

Rayleigh   

Supercriticality 

E = τΩ/τν = ν/(2ΩL2)
Re = τν/τU = UL/ν

Ro = τΩ/τU = U/(2ΩL) = ReE

Ra = τντκ /τ2
U = αgΔTL3/(νκ)

R̃a = Ra/Racrit

Non-dimensional Parameters 
Prandtl  

Convective Rossby  

Nusselt  

Cylinder Aspect Ratio  

Spherical Radius Ratio 

Pr = τκ /τν = ν/κ

RoC ≈ Roℓ = RaE2/Pr

Nu ≈ τκ /τU ≈ (uL/κ)(θ/ΔT)
Γ = D/H
χ = Ri/Ro
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Static solution 
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; 76 rpmE = 6e − 7

ℓ

or ℓ/H ≃ RoC = R̃a
Pr

E1/3ℓ/H ≃ E1/3

Nu ∼ R̃a
3/2

Pr−1/2; Ro ∼ Ro2
C
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Gastine et al. 2015
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Pr = τκ

τν
= ν

κ

-dependent Bulk RC OnsetPr
: Stationary onset 

;  

: Oscillatory onset 

;  

Does turbulence vary with  at ?

Pr > 0.67
RaS ∼ E−4/3 ℓS ∼ E1/3H

Pr < 0.67
RaO ∼ (E/Pr)−4/3 ℓO ∼ (E/Pr)1/3H

Pr R̃a ⋙ 1



Pr = τκ

τν
= ν

κ



Wall Mode Onset
 

First convective mode in  fluids 

 in slender cylinders (Vasil et al. 2025) 

  as  

RaW ∼ E−1

Pr ≳ 1
RaW ∼ Γ−1E−1

→ RaW ∼ E−4/3 Γ ∼ E1/3

Γ = 1/2; Pr = 0.026
Image: J. Abbate

Wall Mode Onset
WM’s oft invade the bulk and generate zonal flows 

When/how can cylindrical experiments be applied 
GAFD systems? 

Can we truncate with fins (Terrien et al. 2023)?  

Why should we want to?: Fluid Physics vs. GAFD



Boundary Conditions 
Uniform

Gastine & Aurnou 2023

Boundary Conditions 
Uniform 

Heterogeneous 

Lonner et al. 2022



Boundary Conditions 
Uniform 

Heterogeneous  

Melting Gastine & Favier 2025 E = 10−3
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Movie: Jerome Noir



Internal Heating

Internal Heating

Bouillaut et al. 2021

Internal Heating

Bouillaut et al. 2021 Putterman et al. 2021



Asymptotics

f (x)

Asymptotic 
regime

Experiments GAFD

Image: J. Abbate



Asymptotics 
How do asymptotically extreme RC systems behave? 

Can laboratory-numerical experiments reach these 
regimes? 
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Reduced Models 
Under what conditions do reduced systems accurately 
model GAFD flows?



Image: J. Abbate Gastine & Aurnou 2023
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