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Motivation
• Limitations of the current 1D modelling of turbulence in stars

• Closures for approximated or neglected physics 
• what do we actually neglect? 

RANS analysis
• Theory: Reynolds and Favrian decomposition

- https://github.com/mmicromegas/ransX/tree/master/DOCS

- adiabatic convection in HSE

Challenging Observations

https://github.com/mmicromegas/ransX/tree/master/DOCS


ransX framework (no rotation, no magnetic f.)
• https://github.com/mmicromegas/ransX

• Transport/Flux/Variance equations for evolution of density, momenta, 
kinetic/internal/total energy, temperature, enthalpy, pressure

• Transport/Flux/Variance equations for evolution of chemical composition

• Hydrodynamic stellar structure equations (3 versions)

- general

- simplified (based on flux evolution equations)

- simplified (for adiabatic flow in HSE)
* all of them well validated with our oxygen-neon burning simulation

* for more details see https://github.com/mmicromegas/ransX/tree/master/DOCS/RANDOM

https://github.com/mmicromegas/ransX
https://github.com/mmicromegas/ransX/tree/master/DOCS/RANDOM


Code comparison project (stable-unstable)

PROMPI code, fine-volume method, PPM, 256^3 run, Mach numbers around 0.01, Reynolds number 10^3, 
Rayleigh number 10^7



Continuity Equation

- time-dependent background state, compressibility effects (stars are gas, gas is compressible, solids are incompressible), non-local 
transport of density turbulent field are important parts of underlying physics of stellar turbulence.



Transport Equation for Chemical Elements

- model(1) is downgradient approximation for passive 
scalar flux of incompressible and homogeneous flow



Heating Due to Kinetic Energy Dissipation

unknown physics?



Width of the mixing layer (convection zone)

- overshooting? - turbulent entrainment? - something else, can RANS help?

Stellar evolution calculations are 1D and will remain so in near future. So, how can we get the width of convection 
zones in 1D stars right? 

(Meakin et al., 2006)

t ~ 200 s t ~ 1500 s

It is essential, because stars do not retain its initial composition in atmosphere, but are often enriched by mixing from below



Width of the mixing layer

Second-order moment closures (diffusion-like)



In the future, it can get worse.

- we have good spectra for only 0.001% of all stars in galaxy

Karin Lindt, yesterday

>> there is a good chance, that in time the number of observable 
peculiarities will increase significantly

>> and, of coarse, stars rotate and have magnetic fields

>> more models for unknown physics


