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Abstract:

Breaking waves play a key role in controlling the exchange of mass, momentum, and energy
between the ocean and the atmosphere. Because wave breaking is a highly non-linear and
transient phenomena, a number of physical processes associated with it are poorly understood and
modeled. In this talk, | will present two topics related to breaking waves. First, through laboratory
experiments in a large-scale wind wave tunnel, and using a custom designed high-speed and high-
resolution inline holographic system, | will characterize the dynamics and statistics of droplets with
diameters ranging from 30 to 4000 micrometers. | will discuss how the droplet velocity and
acceleration statistics can be interpreted as a combination of recently emitted droplets and droplets
being transported by the turbulent boundary layer. This transport can be represented by a transient
transport model for inertial droplets. These results at relatively high wind speed have implications
for the modeling of tropical cyclone intensification. Second, | will discuss the role of surfactants on
breaking waves. While surfactants are common on the ocean surface, and their impact is related to
biological activity and pollution, our fundamental understanding of their effect on breaking waves
and fluxes is limited. We show, through the use of carefully controlled laboratory experiments,
which vary surfactant concentration, and through numerical simulations, that the effects of
surfactants on a plunging breaking wave is controlled by the surface tension gradients. The surface
tension gradients are shown to be caused by surface compression and dilatation during the
focusing of the breaker and induce Marangoni stresses along the wave crest, which significantly
modify the breaking process. Surprisingly, the ambient surface tension of the undisturbed water
surface plays a secondary role.
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