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The Mixing Length Theory

Prandtl (1925); Vitense (1952)
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The Mixing Length Theory

Prandtl (1925); Vitense (1952)
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The Mixing Length Theory + Overshootin

Prandtl (1925; Vitense (1952)
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The Kuhfuss Turbulent Convection Model

Kuhfuss (1986, 1987)

e Reynolds averaged Navier-Stokes equations

1 —5 second order of the velocity fluctuations

—U

w 9 — turbulent kinetic energy

) T correlation of velocity and entropy fluctuations
= uSs — convective flux

P — _g’2 second order of the entropy fluctuations
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The Kuhfuss Turbulent Convection Model

Kuhfuss (1986, 1987)

=> non-local and time dependent
3-equation model

e equations for:
o turbulent kinetic energy implemented in GARSTEC

o convective flux (Schlattl and Weiss, 2008)
o second order entropy fluctuations

1-equation model
0s

e diffusion approximation for the convective flux  Feonv o
e one equation left: turbulent kinetic energy r
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The Kuhfuss 3-equation model

Kuhfuss (1986, 1987); Kupka et al. (2022); Ahlborn et al. (2022)

Buoyancy terms

potential terms
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+ modification by Kupka et al. & Ahlborn et al. 2022: Including the dissipation by buoyancy waves
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The Kuhfuss 1-equation model

Downgradient
approximation
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Convective Cores
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Is the Kuhfuss TCM also applicable in convective envelopes?
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Standard Solar Models
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The sound speed profile

Braun et al. (2024)

helioseismic measurement:
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The location of the convective boundary

Braun et al. (2024)

MLT 1-eq. Measurement
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What kind of temp. gradient do we expect?
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Why should the 3-equation model be better?

Viad — V
1-equation model V-V = rad ad The 1-equation model does not model
1 + pepasAw the temperature stratification well
krad

due to the diffusion approximation  F_ ., —?
r
H
3-equation model V=V, — iOH
krad

convective flux variable,
full equation is solved

Unfortunately: No success yet in calculating a solar model with the 3-equation model — work in progress
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3-equation model for cores

Ahlborn et al. (2022)

core overshooting region of a 5 M, model
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Convective shells in A-type stars

e A-type stars: 1.9Msun
1.55
o Teff: 7,300 to 10,000 K — Beg  weew mit == 1leq
o Stellar masses: 1.4 to 2.1 Msun 1.50 -
o Two thin convective shells: 145 ]
lonization zones of H and He Il
1.40 -
0]
<
0.5 i -1 1.351
! g
041 1.30 1
g 02| 1.20 1
= Vaq
0.1
- vrad 1.15 T T T ~ T T T T T
I Vimodel 400 3.98 3.96 394 392 390 3.88 3.86 3.84
5.0 48 46 44 4.2 4.0 log Tes/K

log(T/K)

Teresa A. M. Braun Stellar Convection: Modelling, Theory and Observations; Nordita, September 2024



MLT & the 1-equation model
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The 3-equation model
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Comparison to other work
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The Kuhfuss TCM

e Two versions:
o T-equation version: gives a temperature profile like penetrative convection
o 3-equation version: Subadiabatic region within the Schwarzschild radius
e For convective cores: good results from both versions
e For convective envelopes:

o Sun: 1-eq: convective envelope is too deep; change to radiative temperature gradient seems
too sharp
3-eq: work in progress
o A-type stars: First successes in calculating a full 3-equation stellar model

e Processes lacking in the model: Anisotropy, rotation, ...
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