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About me

● 3rd year PhD @ CEA

● With Bérengère Dubrulle     &   Sebastien Fromang

● PhD: “Can we simulate the climate on a laptop ?”



Let’s do a fluid simulation



The climate is like a cat
Large scales of interest

● GCM: L~ 6000km

Relevant scale for viscosity

● Kolmogorov scale Eta ~ 1mm (water)

N=(L/eta)^3 >> 1 !!



How to deal with small scales ?
● Statistical extrapolations (ex. multifractal)

Brochet 2020

● Variable size grid

Jablonowski 2004
ECMWF

Collins 2013
InTech

● Parametrization



How to deal with small scales ?
● Direct numerical simulations: ??

○ Natural lead: use Fourier space



Shell models

● Isotropic

● Algebra determined by conservation 
laws

Gloaguen 1985
Physica 17D

Non-linear 
terms



New framework: log lattices

Campolina 2020

● 1D: same as shell models

● 2D, 3D: resolved in k-space

Mathematical problems:
● Conserve triadic interactions k=p+q

● Keep the symmetries of the NS equation



The Rayleigh-Bénard system



Rayleigh-Bénard: Heat transfer scaling
How does heat transfer scale with Pr, Ra ?

Still an open 
question!



Rayleigh-Bénard: comparison

450 CPU hours / point
~100Mb / Snapshot
C@Supercalculator

8 CPU hours / point
~50Mb RAM, ~2Mb/Snapshot

Cython@My laptop

“Ultimate Regime” 



Going further ?

● Rotating / Quasi-Geostrophic flows (beta-plane)
● Reversible Navier-Stokes (-> G. Costa)
● Thermal noise in NS near the Kolmogorov scale
● Singularity strip in Euler/NS3D (-> Q. Pikeroen)
● Impact of the grid scaling
● Anisotropy
● Inverse Fourier visualization
● Shear (-> C. Campolina)
● Non-periodic BC
● CFL condition
● Comparison with DNS/LES


