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Un schéma volume fini en une éetape, tout regime, equilibre
et entropique pour la dynamique des gas avec gravite.
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Summary

- Why do we need all-regime well-balanced numerical methods to study
convection ?

- The new solver as a algorithmic simplification of an existing method*




Star’s structure: the convective zone

adiative

Zone




Thermally driven hydrodynamical convection




Physical problem: Condition for the convection instability In
star’s atmospheres

Under which conditions on the vertical profiles (temperature, pressure etc.. ) will the
onvective motion start after we apply a perturbation ?

Two approaches to compare and cross validate:

-Analytical: Using the linear stability analysis of Tremblin et al. 2019

-> Encapsulates most known convective instabilities and predicts new ones,
2. Easi Jo.exena lo.aoalional DRySIcs Luiti L




Physical problem: Condition for the convection instability in star’s
atmospheres. Importance of the well-balanced property

— Not Well balanced Well balanced

perturbed




Physical problem: Condition for the convection instability in star’s
atmospheres. Importance of the well-balanced property

Not Well balanced Well balanced

perturbea




ummary

- Why do we need all-regime well-balanced numerical methods to study
convection ?

- The new solver as a algorithmic simplification of an existing method*




All Regime and/or Well balanced methods -some previous works-

-J. M. Greenberg et al. Analysis and approximation of conservation laws with source terms.
-L. Gosse. A well-balanced flux-vector splitting scheme designed for hyperbolic systems of conservation laws with source terms.

-F. Bouchut. Nonlinear stability of finite volume methods for hyperbolic conservation laws and well-balanced schemes for sources.

-P. Chandrashekar et al. A second order well-balanced finite volume scheme for Euler equations with gravity.




Euler’s equations for fluid dynamics

p +0(pu) =0,
PE) + 0 upE + Pu) = pug,

Desired properties of a numerical method.:




The splitted acoustic/transport solver of Chalons et al. 2016

Acoustic system Ac Transport system T
t,0+,08x1/i= tp+uaxp=0
Apu) + puo,u + o,p = pg pu) + uo,(pu) =

(PE) + pEou + 0 (pu) = pug (PE) + ud (pE) =




The splitted acoustic/transport solver of Chalons et al. 2016

reads:
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Our new method:

reads:




Our new method, advantages
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- Easy to implement (Easy to plug in a tflux based finite volume code
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Numerical results, Sod’s shock tube (stable)
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Numerical results, Atmosphere at rest (Well-Balanced)

—Solver: All regime well balanced
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—Solver: HLLC
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Numerical results, Rayleigh-Taylor inst. (All-Regime)
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Numerical results, Gresho Vortex (All-Regime)
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Why does it works? -Relaxation and Flux splitting-

tp + ax(pu) =
t(pu) + ax(upu + H) = pax¢
(pE) + 0 (upE + 1lu) = — puo ¢
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pA(p — 1)

~Pressure system




Why does it works? -The averaging interpretation-




Why does it works ? -time consistency-




Why does it works ? -stability of the Advection flux udpate-
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Why does it works ? -stability of the Advection flux update-

Vb e {u,EILT} bl =a, b, +a, b"+ ay b, convex combination

Since (Y, E,u) - s(J,e(E, u)) is concave:




Why does it works ? -stability of the “ressure flux update-

Exact same steps as in Chalons et al. 2016 provide:
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Why does it works ? -stability of the full scheme-
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Why does it works ? -stability of the full scheme-

Full entropy inequality:
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Conclusion-perspectives

- The procedure was also applied successfully to splitted Lagrange-projection methods for
other systems; -ldeal MHD, M1 model for radiative transfer. Should also work for shallow-
water equations and the 5 equations two phases flow model.

- The flux-based update we obtained was successfully plugged in existing MUSCL and
MOOD based codes,

*Implicit/explicit approach for the low Mach CFL issue should be straightforward,
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Why does it works ? -stability of the advection step-
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Why does it works ? -stability of the Pressure step-

Exact same steps as in Chalons et al. 2016 provide:
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Why does it works ? -stability of the full scheme- simplifier
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Why does it works ? -stability of the full scheme- simplifier
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