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A study of the coalescence process of Kelvin-Helmholtz vortices with 2D-MHD simulation
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Abstract

The Kelvin-Helmholtz instability (KHI) is a hydrodynamic instability exited by the
velocity boundary such as the planet’s magnetospheric boundary, which exists between the
stagnant magnetospheric plasma and the solar wind plasma. Indeed, at the Earth’s
low-latitude magnetospheric boundary, in-situ spacecraft observations have shown the
existence of MHD-scale vortex-like flow patterns which are believed to be produced by the
non-linear development of the KHI. These results strongly indicate that the KH vortex
plays an important role in the local entry of the solar wind plasma across the Earth’s flank
magnetopause.

However, wavelengths of the observed vortices tend to be considerably longer than the
predicted one by the linear theory. While the large-scale development mechanism of the
KH vortex is still under debate, the coalescence process of vortices has been one of the
most important candidates.

In this study, to understand the large-scale coalescence process of vortices, I performed
two-dimensional MHD simulations of the vortex coalescence in the large simulation box
with both periodic and open boundaries. As a result, I found the upper limits in the growth
of the total pressure and in the aspect ratio of vortices. The limits are associated with
slowing of the coalescence process.

I carried out simulation in different system sizes with periodic boundary. When the
simulation box size was four times the wave length of the fast growing mode, high pressure
which was made by initial perturbation reached a limit for the first time. The limit value
didn’t change whenever the box size becomes larger. I carried out in the largest simulation
box in this study with open boundary. I found that there was the same upper limit as the
case in the periodic boundary. For this upper limit, even in the open boundary case, vortices
couldn’t become larger in a shorter period of time than expected. Instead, vortices which
wavelength was several times the predicted one by the linear theory could remain for a long
time. In addition to this, I noted whether the coalescence process of vortices can produce
large-scale vortices as observed at the Earth’s magnetospheric boundary.
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