Impact of the Nusselt number on the energy distribution among solar convection scales
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Solar convective conundrum: Spectrum
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Numerical
simulations as a tool
to modelize the process
— challenge to reach
realistic solar
parameter regimes

« Actual mismatch between observational results concerning the

large scales contribution I,
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Solar convective conundrum®™ Differential Rotation (DR)
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 Current over-estimation of the large-scale velocities
came when reaching higher degree of turbulence

o Overestimates the Rossby number
— reversal of the differential rotation (DR) profile

Code ASH (Brun et al. 2004)
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Which scales are important for constructing the DR? How can solar models be calibrated ?
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Solar DR calibration / v

« Different solutions are commonly used by the community to recover the solar DR:
Reduced total Luminosity,

n ’ (e.g. Hotta et al. 2014 — L./18)

(see Gilman 77, ,M Advection V Increased thermal cond.
Képyla et al. 22, - R 0 = ~N —_—— (direct impact on scale distrib.

Hotta et al. 22) ‘N’ Coriolis ~ 2QR, of the dynamic)

e‘ \ Increased Rotation rate

J (Emeriau-Viard PhD 2017,
Hotta et al. 2018)

« Recent highlight of magnetic contribution (Hotta et al. 22, 23) :
— needs significant amount of numerical resources
— still needs numerical convergence

« We here follow a controlled path of the parameter space, constraining Ro , L* and Q%
while increasing the Reynolds number Re

3 a
Ro o< v oc \[Leony /v
——— | How much energy does the convection transport?
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Control of the Nusselt numbe’r’ . increasing the radiative flux
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Control of the Nusselt numb.efr’ . large-scales amplitude
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Control of the Nusselt numbe’r’ . Increasing the turbulence degree
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Control of the Nusselt numllgz’r’ . surface imprint of the internal dynamics
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Which scales are important f0r the establishment of the solar DR?

Proxauf (PhD), Noraz 22 (PhD)
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Conclusion & Take home meSsages

1) We are able to reproduce and maintain solar-like differential rotation at high Reynolds number Re, Lo and Q¢
2) Large-scales amplitudes decreased, are still high compare to helio-sismic inversions, but seems to converge,
3) Convective scales injecting energy into DR are larger in solar cases, and more influenced by Coriolis force,

4) Eftect seen on the spectral diagnostic holds for different turbulence degrees (Re) -> but still far from solar regime,

—>  Noraz 2022 (PhD), Noraz et al. (in prep.)
(see also Hotta et al. 2023 review)

 Towards the investigation of magnetic effects

10.01.2024 Q. Noraz - PNST 2024 10



low solar-atmosphere

of the

Toward a better modell

Code : Bifrost

Poster 55

Numerical

coupling

Dynamo & Convection

WP1

|

ica
coupling of the solar atmosphere

d thermo-dynam

Heating an

WP4

e
Q
=
e
=1
—
>
=
=
e
=)
—
o
3
ﬁ
5
=
=10
=

WP2

WholeSun project



)

WP1: Dynamo & Convection
WP2: Magnetic Flux Emergence
WP3: Solar eruptivity, flares and jets

WP4: Heating and thermo-dynamical
coupling of the solar atmosphere

WPS: The Solar-Stellar connection

WPX: New exa-scale global solar code
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Thanks for you attention! Questions?
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