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The turbulent bubble breakup cascade in breaking 
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Breaking waves entrain air beneath the ocean surface and produce bubbles of a broad range of
sizes. These waves are generated naturally and by seafaring vessels. Air entrainment and bubble
generation have significant impact on the transfer of air and moisture between the atmosphere and
ocean, and thus the weather and climate. A primary mechanism for the generation of bubbles is
the turbulent breakup cascade. A necessary condition for the presence of a cascade is locality in
the transfer of air from large to small bubble sizes. In other words, the statistics of bubble breakup
at intermediate sizes should be largely independent of very large and very small bubbles. In this
talk, I discuss the parallels we identified between the turbulent energy and bubble breakup
cascades, as well as our technical definition of locality. In addition, I describe how we used
numerical simulations along with novel algorithms to establish the presence of locality in turbulent
bubble breakup in breaking waves. The proposed theoretical framework and numerical algorithms
form a toolbox for detailed analysis of two-phase simulations. In addition, locality in the mass
transfer dynamics simplifies the development of subgrid-scale models for large eddy simulation of
turbulent breakup in two-phase flows. I conclude the talk by discussing the possibilities created by
such a statistical framework in general flow analysis and modeling.
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