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What is penetrative convection?

Our previous works in local slab geometries
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What is penetrative convection?
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Key parameter governing the penetration: Pe = — where x = K/pc,

X



Our former local 2-D DN'S using the Stein & Nordlund code
(R003 & 2005)
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¥’ monatomic perfect gas under constant gravity

v’ BCs: horizontal=periodic; vertical=stress-free for velocity/cst
temperature at the top/cst flux at the bottom

¥’ numerics: 6th-order compact finite differences and 3th-order in time
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Example of a 2-D DNS: fluxes, entropy and penetration
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Detecting g-modes using the anelastic subspace
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The turning to global simulations

We want to solve the dynamics of the whole star

Spherical harmonics codes star-in-a-box codes
(e.g. ASH) (e.g. Pencil code)

center = no pb
highly parallelizable (linear scalability)
non-linear termes (v.V) = no pb

~half of the grid points are lost
non-spectral precision
boundary conditions are quite problematic
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Our first global star-in-a-box
penetration convection Wit m |

-4/ / as in a slab: 2 superposed polytropic layers (radiation below
_convect @m) + 1 cooling zone at d e sunrf ace
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The hydrostatic equilibrium gives the analytic gravity profile:
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The astrophysical context
Our simplified model
The linear stability analysis
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The astrophysical context: the Cepheids instability
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What is the influence of the convection onto the growth rate of a
mode when the convective turnover timescale = mode period?
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pulsation. uf, 1n order o convert neat of any Hin -
the star, or some part of it, must behave as an engine in the
fh{-'lﬂt'}d". rmamical sense : tb:*.t 18 to say, it must take i m heat when

it is at a higher temperature than the average and give out heat
at a lower temperature—just the opposite to what usually happens
in natural conditions. An apparent exception to this rule must

. vy during the
ulsation, variations of the tr. ansp I.I:"l.-_hE"ir W iu- h governs the flow

of heat, mirht cause the engine to be {e d in the required manuer.

‘Normal way’
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Fig. 1. 5cheme comresponding to our model. Gravity is pointing down-
ward, contrary to the vertical coordinate. The iblue) curve represents
the radiative conductivity profile that we are going to discuss further
whereas large (red) arrow expresses the radiative flux entering in the
bottom of the laver.
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Fig. 2. Influence of hollow parameters on the conductivity profile: am-
plitude A (a), width e (b) and slope o (¢) for a constant Ty = 3.5.
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The linear stability analysis (Gastine & Dintrans 2007)
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Fig. 3. a) three different conductivity’s hollow: Ty, = 3.1 (dashed
red line). Thymp = 2.3 (solid green line) and Tpyyp = 1.9 (dotted blue
line), with A = 70%, ¢ = 0.4 and o = 7; b) corresponding equilibrium
temperatures: ¢) equilibrium densities; d) and equilibrium parameters

A, = Byr,). dIC [ dz.




Fundamcntal mode with W= 9.23 and T = 5.34 » 1077
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Fig.4. Example of unstable eigenfunctions (R, u., #) solutions of the

system (34). for Tyypp = 2.3, € = 0.4 and o = 7 (the equilibrium setup
is the one displayed by a solid green line in Fig. 3).

We compute the whole spectrum (QZ
solver) or a given eigenvalue/eigenvector
(iterative Arnoldi-Chebyshev solver)
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Fig. 7. Instability strip given by isocontour in growth rate 7 of the fun- Thump
damental mode for different values of Thump and Kpjp expressed in % of
Kmax- The three crosses correspond to the three particular computations Fig. 9. Instability strip given by isocontour in growth rate 7 of the fun-
done in Fig. 3 and 6 for Thymp = 1.9, Thump = 2.3 and Tymp = 3.1. damental mode for different values of Thump and e.




Work Integral

&
=
o
3
8+]
c
3

Fig. 10. a) coeflicient ¥ as introduced in Eq. (19) plotted over the en
tire box. The green hatched zone superimposed represents the locatio
where we have W ~ 1. b) the real part of numerator of the work in
tegral as given in Eq. (39) plotted for three different equilibrium mod
els (Thump = 1.9 in dotted blue line, Thymp = 2.3 in solid green line
and Thymp = 3.1 in dashed red line) corresponding to those studied i
Fig. 4 and in Fig. 6. The case with a constant radiative conductivity
(o(Th) = Kpax is superimposed as a dot-dashed black line. ¢) corre
sponding radiative conductivity profiles. d) corresponding equilibriun
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The physical criterion
for instability:
V=1




Fig. 11. Lefi: entirely radiative model which we have discussed in
this article. Right: the (blue) curve emphasises the conductivity profile
whereas small (red) rolls denote a convective zone close to the surface.
The large (red) arrow expresses the radiative flux coming from the bot-
tom of our layer.




The big problem: the radiative diffusion

The most favorable setups lead to X = ;ICL ~ 1] at the surface
p

Why? Because of the condition ¥ = Scelo=am |

One needs to deal implicitly the radiative diffusion term






- matrix A of size N2x N2 quite heavy to invert
~ using SOR or conjuguate gradient methods
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erator-splitting approach:
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Rosenbrock splitting:
(I - £L)a= AT+ K,

(I_%Jy)ﬁ:a

7otk = R

Now the final question is: where should we put this

implicit stuff in the code?

Our try: the explicit physics become a source term after

the rk _2n call in run.f90
Tn—l—l _n

explicit explicit

dt
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= two ways to do that...
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Second way
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And the winner is...




