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LMFA, CNRS, École Centrale de Lyon

•
Master Thesis — Internship
Large-scale helical flow generation in the oceans and stars
•
Abstract.– We propose the investigation of the generation of helical motion in a rotating fluid flow, where the
fluid motion is induced by a doubly–diffusive instability, at play in the oceans and in the core of planets and stars.
The flow geometry is an idealized academic representation of natural flows in the presence of chemical composition
(e.g. salinity) and temperature gradients. The emergence of large-scale helical structure from unstable motions in
the oceans and stars will be characterized by means of low dimensional models and numerical simulations.
Description.– As soon as a whirl in a fluid moves parallel to its axis, the associated fluid particles describe a
helical trajectory. The global measure of such movement in a fluid is the helicity, H = hu · ωi, where u(x, t) is the
velocity field, ω(x, t) = ∇ × u the vorticity and the brackets denote a suitable average.
Helicity plays an important role in natural flows. For instance it is crucial for the generation of the Earth’s
magnetic field1 and it is a fundamental property of tornadoes and hurricanes2 . Whereas the role of helicity in these
flows has received considerable attention, the understanding of the generation and sustainment of the helicity in geo–
and astrophysical flows is however still partial. In a previous published study, we considered the case of an unstably
stratified fluid and we showed how in this case spontaneous generation of helical motion appears as soon as the flow
is close to a two-dimensional limit.3
The present project is a natural extension of that investigation where instead of an unstable density stratification
we will consider a specific instability mechanism, the doubly–diffusive instability, which is responsible for certain
classes of unstable motion in stellar and oceanic flows.4 This particular instability develops in flows where both
temperature and salinity increase along the vertical,5 a configuration that arises below the surface of the oceans.
The student, with a formation in either Fluid Mechanics, Physics, or Applied Mathematics, will learn to run and
modify inhouse numerical codes6 which allows to study turbulent flows at high Reynolds number. The output of
these state of the art numerical simulations will be interpreted to shed some light on the interplay of helicity and
turbulence in the presence of background rotation.
Motivated and successful interns will be encouraged to pursue with a PhD project on a related subject.
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Figure 1: Helicity is generated in unstable flows close to the two-dimensional limit. (a) In the case of unstably
statified flow generation of helicity was recently observed and explained.3 (b) An interesting application of these
ideas is the investigation of the same effect in a flow forced by a doubly–diffusive instability.5
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