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Convective Overshoot in Stellar Interior
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In stellar interiors, the turbulent thermal convection transports matters and energy,
and dominates the structure and evolution of stars. The convective overshoot, which results
from the non-local convective transport from the convection zone to the radiative zone, is
one of the most uncertain and difficult factors in stellar physics at present.

The classical method for studying the convective overshoot is the non-local mixing-
length theory (NMLT). However, the NMLT bases on phenomenological assumptions, and
leads to contradictions, thus the NMLT was criticized in literature. At present, the helio-
seismic studies have shown that the NMLT cannot satisfy the helioseismic requirements,
and have pointed out that only the turbulent convection models (TCMs) can be accepted.

In the first part of this thesis, models and derivations of both the NMLT and the TCM
were introduced. In the second part, i.e., the work part, the studies on the TCM (theoretical
analysis and applications), and the development of a new model of the convective overshoot
mixing were described in detail.

In the work of theoretical analysis on the TCM, the approximate solution and the
asymptotic solution were obtained based on some assumptions. The structure of the over-
shoot region was discussed. In a large space of the free parameters, the approximate/
asymptotic solutions are in good agreement with the numerical results. We found an im-
portant result that the scale of the overshoot region in which the thermal energy transport
is effective is 1 HK (HK is the scale height of turbulence kinetic energy), which does not
depend on the free parameters of the TCM.

We applied the TCM and a simple overshoot mixing model in three cases. In the solar
case, it was found that the temperature gradient in the overshoot region is in agreement with
the helioseismic requirements, and the profiles of the solar lithium abundance, sound speed,
and density of the solar models are also improved. In the low-mass stars of open clusters
Hyades, Praesepe, NGC6633, NGC752, NGC3680, and M67, using the model and parameter
same to the solar case to deal with the convective envelope overshoot mixing, the lithium
abundances on the surface of the stellar models were consistent with the observations. In the
case of the binary HY Vir, the same model and parameter also make the radii and effective
temperatures of HY Vir stars with convective cores be consistent with the observations.

Based on the implications of the above results, we found that the simple overshoot
mixing model may need to be improved significantly. Motivated by those implications, we
established a new model of the overshoot mixing based on the fluid dynamic equations, and
worked out the diffusion coefficient of convective mixing. The diffusion coefficient shows
different behaviors in convection zone and overshoot region. In the overshoot region, the
buoyancy does negative works on flows, thus the fluid flows around the equilibrium location,
which leads to a small scale and low efficiency of overshoot mixing. The physical properties
are significantly different from the classical NMLT, and consistent with the helioseismic
studies and numerical simulations. The new model was tested in stellar evolution, and its
parameter was calibrated.



