Turbulence and nuclear reactions
in 3D hydrodynamics simulations
of massive stars
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The evolution of massive stars is affected by uncertainties linked to multi-dimensional processes.
3D hydrodynamics models can reproduce realistic 3D processes in stellar interiors, improving the
knowledge and theory used for 1D stellar evolution models.

Structure evolution diagram of a 1D stellar evolution model
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Prescriptions from 3D
hydrodynamics can be used for
1D models. What is the impact on
the stellar structure? How does
the initial 1D model change?

Including entrainment is an
important step toward realistic
stellar modelling, affecting stellar
evolution, nucleosynthesis and
supernova theory.

Entrainment rate versus bulk Richardson number from 3D
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We computed a set of 3D
hydrodynamics
simulations of a neon-

burning shell ina 15 M
star with the PROMPI
code. The simulations

follow the box-in-a-star

approach.

Convection is driven by
the energy released by

nuclear reactions involving
160’ ZONe, 24I\/Ig, ZSSi.

The entrainment rate can
be parametrized as a
function of the bulk
Richardson number:

E =v,/v.,s = A-Rig"

We estimate the value of
parameters A = 0.30,
n =0.96, and compare

them to previous studies of

different stellar phases.
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Cross section of the 2°Ne mass fraction in the 3D model
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The mixing near the
convective boundaries
entrains material from the
stable regions into the
convective zone, that grows
with time. This phenomenon
is known as entrainment.

The growth rate of the
convective zone depends on
the boundary properties.

Time evolution of-tomic mass in 3D
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Watch the movie! Useful links



