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Abstract. In this study the onset of stress-free Boussinesq thermal convection in rotating
spherical shells with aspect ratio 7 = rinmer/Touter = 0.9, Prandtl numbers Pr € [107*,107'],
and Taylor numbers Ta € [10*,10'?] is considered. We focus on the form of the convective cell
pattern that develops, and on its time scales, since this may have observational consequences
for thermonuclear burning and the development of burst oscillations in the exploding oceans of
accreting neutron stars (Watts (2012)).
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1. Introduction

Compressible convection can develop during thermonuclear flashes in the accreted
oceans of white dwarfs and neutron stars, as well as in main sequence stars and Asymp-
totic Giant Branch stars. These convective regions may be formed by very thin (ipner >
0.87outer) layers of Helium or Hydrogen which are subject to the influence of strong tem-
perature gradients and rotation. From nuclear physics theory the physical properties,
such as kinematic viscosity or thermal conductivity, can be estimated and may give rise
to very low Prandtl and large Taylor numbers. This parameter regime, in combination
with very thin spherical shells, makes the study of convection extremely challenging,
even in the incompressible case (Boussinesq). The latter, is the focus of this poster based
on Garcia, Chambers & Watts (2017).

2. The model

A spherical shell rotating about its axis of symmetry with uniform angular veloc-
ity, subject to radial gravity and to a temperature gradient, is considered. We use the
same non-dimensional Boussinesq formulation of the Navier-Stokes problem as in Chan-
drasekhar (1981). The system is SO(2) x Zj-equivariant and the parameters are the
Rayleigh number Ra, the Prandtl number Pr, the Taylor number Ta, and the radius
ratio ) (see Garcia, Sdnchez & Net (2008)). Stress-free perfect thermally conducting
boundaries are imposed.

The study of the onset of convection (see Garcia, Sdnchez & Net (2008)) requires
finding the critical parameters (Rayleigh number, Ra., drifting frequency, w., and the
azimuthal wave number m,) and this reduces to find leading eigenvalues by means of an
iterative (Arnoldi) method.

3. Results

By varying Pr and Ta the critical parameters are obtained and the transitions among
spiralling columnar (SC), equatorially attached (EA) and equatorially antisymmetric/
symmetric polar (AP/SP) modes are computed and traced in the (Ta,Pr) space (see
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Figure 1. (a) Transitions between the different types of preferred modes. (b) Detail of (a)
showing the triple point. The dashed line marks the transition between nondominant EA and

SC modes.
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Figure 2. First row: Spherical sections of the kinetic energy density v?/2 for the preferred
modes of convection. Gray scale is not quantitative: White/Dark (Red/blue online) means
most/less energetic fluid, respectively. Second row: Meridional sections of the azimuthal ve-
locity v,. White/Dark (Red/blue online) means positive/negative v, , respectively (gray (green
online) is for zero). From left to right AP mode (Pr = 107, Ta = 10%,m, = 18), SP mode
(Pr = 2 x 107%,Ta = 10%,m, = 23,), EA mode (Pr = 107%,Ta = 10%,m, = 33), SP mode
(Pr=10"",Ta = 10%,m, = 78), and AP mode (Pr =3 x 1072, Ta = 10'°, m. = 156).

Fig. 1 and Fig. 2). At the lowest Pr values, polar modes become the only ones that are
preferred and Ra. becomes nearly constant suggesting the zero-Prandtl-limit is not far.
The transition between AP/SP and EA modes takes place at Prp /gy = 0.68Ta~"2? and
the EA modes are superseded by SC at Prga sc = 1.67Ta~"2 but only for Ta < 2.8 x10°.
At larger Ta and moderate Pr we have found two additional transitions not previously
described. One is between EA and AP/SP modes and the other is between AP/SP and
SC modes taking place at larger Pr. The two transition curves intercept at (Taz, Pry) =
(2.8 x 10°,2.12 x 0~2) giving rise to a triple-point bifurcation (the dark gray point (red
online) of Fig. 1) where the AP/SP, EA and SC modes are dominant and have very
different |w.| and m.. When nonlinearities are included, a rich variety of chaotic dynamics,
characterised by different physical mechanisms, may be expected almost at the onset.
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