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Interactions between waves and turbulence:  
 experimental approaches and astrophysical applications 

 
In many natural situations, a turbulent fluid zone is located in the vicinity of a stably stratified 
and/or rotating one. This is for example the case of convective and radiative zones of stars, or 
in accretion disks. While the dynamics of the stable zone has long been neglected, it turns out 
that it supports oscillatory motions (gravito-inertial waves) excited by the nearby turbulence. 
These waves carry momentum and energy, thus significantly affect the global dynamics of the 
system. It is therefore essential to understand their generation, their spatial and temporal 
characteristics, their propagation and their nonlinear dynamics. 
We propose to develop an original approach of this problem using laboratory experiments. 
First, we will use the fact that water has its maximum density at about 4°C to study 
simultaneously the convective and oscillatory motions in a Rayleigh-Bénard configuration 
with a bottom boundary at 0°C and a warmer upper boundary. The set-up will be placed on a 
turntable in order to quantify the influence of the Coriolis force. Velocity (PIV) and local 
temperature measurements will be performed. The objectives of this first part will be to 
provide quantitative measurements of energy and momentum transfers between the two zones 
in our model, and to derive generic scaling laws applicable to stellar scales, in collaboration 
with astrophysicists (S. Mathis from CEA in particular). In the second part, we will 
investigate the stability of the stratified Taylor-Couette flow considered here as a model of 
Keplerian flows. The superimposition of stratification, rotation and shear indeed gives rise to 
new instabilities and a wealth of non-linear dynamics long unsuspected, but now subjects of a 
vibrant research. For instance, starting from a first anticyclonic patch emitting waves, the 
breaking of waves around the critical point of the flow could give rise to a new patch of 
vorticity, initiating a cascade that may explain the distribution of planetary embryos in an 
accretion disk and/or its complete destabilization. Combining non-intrusive PIV and synthetic 
schlieren measurements, and progressively introducing the complexities inherent in natural 
situations such as the presence of a non-linear stratification and of non-Boussinesq effects, we 
will precisely quantify these models in real systems at the laboratory scale. The originality of 
our study will be based on this experimental approach and on an on-going collaboration with 
an internationally recognized expert in the field of accretion disks, namely P. Marcus of UC 
Berkeley. 
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