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There is a (close) analogy[1] between the classical Rayleigh Bénard convection flow and the classical
Taylor-Couette flow between two concentric cylinders driven at different angular rotation rates. This
analogy is nevertheless strongly affected when the fluid between the two cylinders is stably stratified
in the axial (vertical) direction. If the fluid is initially linearly stratified, for certain flow parameters
such stratified Taylor-Couette flow is known to be prone to the so-called ‘strato-rotational instability’
(SRI), even when the unstratified flow is (centrifugally) stable. At finite amplitude, the SRI develops
into helical structures[2], growing due to resonance between boundary trapped inertia-gravity waves.
Conversely, when the flow is centrifugally unstable (with the inner cylinder rotating at some angular
rotation rate Ω, and the outer cylinder fixed) at sufficiently high rotation rates, layers spontaneously
form in an initially linearly stratified flow, with turbulent motions ensuring the relatively deep ‘lay-
ers’ are well-mixed, and separated by apparently robust ‘interfaces’ of substantially higher density
gradient[4]. Interestingly, the buoyancy flux through these layers matches the equivalent flux through
a two-layer stratification, independently of the height or number of layers [4].
As originally reported by Oglethorpe in her PhD thesis, in two layer flows with a single interface,
such interfaces actually support m = 1, inherently nonlinear perturbations with characteristic period
∼ 10π/Ω. They are the Boussinesq stratified interfacial internal gravity wave analogues of the pre-
viously observed surface gravity-wave ‘instability’ at the free surface in highly turbulent unstratified
Taylor-Couette flow[3]. Such structures also appear on the multiple interfaces which arise sponta-
neously in initially linearly stratified flows, with a characteristic phase-shift between neighbouring
interfaces, as shown in the shadowgraph time-series figure below. This characteristic ‘snake-skin’
pattern is due perhaps to a coupling between the turbulently forced m = 1 interfacial wave perturba-
tions with helical ‘SRI-like’ modes. Through the use of PIV and LIF measurements, we characterise
the growth, maintenance, and mixing of momentum or mass by these coherent perturbations.
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Figure 1: Time-series of a vertical shadowgraph of an initially linearly stratified Taylor-Couette flow.
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