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stability analysis of these three solution branches reveals that they become unstable to
three-dimensional perturbations via Hopf bifurcations in certain regions of parameter
space. In the limit of zero centrifugal force (F — 0), the associated conduction state
is unstable to a succession of bifurcations (both axisymmetric and non-axisymmetric)
over a very short range of R. For sufficiently strong Coriolis force, the primary
instability of the conduction state is a Hopf bifurcation to a wall mode. For small
centrifugal force (when y =1, 0 =7 and £2 =100, the small centrifugal force range
corresponds to F <0.05), F acts as a small imperfection parameter, softening the
bifurcations in the F =0 idealization and producing similar dynamics. In fact, for
R > R¢, and F <0.05, the centrifugal branch ceases to exist, and the two existing
axisymmetric states UB and DB come about from the pitchfork bifurcation at F =0.
Experimental results specifically designed to minimize the centrifugal buoyancy have
typically agreed well with theoretical and numerical results with F =0 that have
incorporated physically realistic boundary conditions (Bodenschatz, Pesch & Ahlers
2000; Sanchez-Alvarez et al. 2005).

For F >0.4, the flow properties change radically: the axisymmetric centrifugal
branch remains linearly stable to three-dimensional perturbations with m at least up
to 10 and for R at least up to 3.5 x 10* (the largest m and R we have investigated
so far); this centrifugally driven axisymmetric LSC is very robust and completely
dominates the convection problem with fast rotation. The UB branch ceases to exist
for F>0.5 and is never stable to three-dimensional perturbations; it is very likely
that this is because the fluid at the sidewall flows against the LSC driven by the
centrifugal force. The fluid flow of the DB branch is very similar to the flow in
the centrifugal branch, except for the presence of a downwelling cold plume on the
cylinder axis. The stability properties of DB for m > 1 (wall modes) are very similar
to the stability properties of CB, as can be seen from comparing figures 9(a) and 9(b).
However, the m =1 perturbation destabilizes the flow, and the DB state is only stable
in a small triangular region in parameter space (see figure 9a). This instability mode
corresponds to a precession of the downwelling cold plume on the cylinder axis.

For moderate Froude numbers, F € (0.05,0.4), the axisymmetric basic states
also become unstable to modes similar to those that the F =0 conduction state
becomes unstable to, but the critical Rayleigh numbers at which instability sets in are
increasingly larger with increasing F. In fact, the CB branch becomes stable to three-
dimensional perturbations with a given m for F sufficiently large in F € (0.05, 0.4).
In this region a sequence of codimension-two bifurcations takes place, that includes
cusp, fold-Hopf and double Hopf bifurcations. These occur in close proximity of
each other in (R, F) parameter space, and one can expect to find complex nonlinear
dynamics nearby.

There are very few systematic experimental studies of the effects of centrifugal
force in rotating convection, although Koschmieder (1993) extensively discusses its
importance in interpreting experimental observations. One very recent exception
is Becker et al. (2006) who have shown through both experiments and numerical
simulation that the centrifugal force has a significant influence on the quantitative
features of domain chaos in large-aspect-ratio rotating convection with relatively
slow rotation (they considered systems with y € (20, 80), £2 € [15, 19] and o =0.88).
They concluded that rotating convection experiments with large aspect ratios will be
severely influenced by centrifugal-force effects.

We find that for y =1, £2 =100 and o =7, the centrifugally driven axisymmetric
LSC dominates the rotating convection problem as the Froude number increases. For
faster rotation (larger £2) in larger-aspect-ratio cylinders, with all else being equal,
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the influence of centrifugal buoyancy can be expected to be even greater, providing
an even stronger quenching of non-axisymmetric disturbances.
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