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The turbulence along and beneath a free surface
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Abstract: The free-surface dynamics of natural bodies of water determines transport properties at the
global scale, e.g., the uptake of CO2 and the spreading of floating plastics in oceans, rivers, and lakes. Those
properties are not easily predictable even in the seemingly simple case of a flat free surface confining
homogeneous turbulence. In the presence of sizeable surface deformations, the problem is complicated by the
mutual transfer of energy between the bulk flow and gravity-capillary waves. When the latter are driven by
wind shear, the coupling enters a new dimension as the mean flow, waves and turbulence exchange energy
with each other. I will touch upon fundamental aspects of free-surface turbulence, ranging from the case in
which the bulk flow barely deforms the surface; to a condition where it corrugates it dynamically; to the one
in which turbulence is created and modulated by wind and waves on the edge of breaking. Those flows are
investigated with a suite of experimental facilities and leveraging high-resolution imaging. While the
laboratory cannot reproduce full-scale dynamics found in nature, the gained insight can inform novel
strategies for modelling and sensing of the upper ocean.
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