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Dissipation Rate of Turbulent Kinetic Energy in Diel Vertical Migrations:
Comparison of ANSYS Fluent Model to Measurements

Cayla Dean (1), Alexander Soloviev (1,2), Amy Hirons (1), Tamara Frank (1), and Jon Wood (3)

(1) Nova Southeastern University Oceanographic Center, Dania Beach, FL, USA, (2) University of Miami Rosenstiel School
or Marine and Atmospheric Science, Miami, FL, USA, (3) Ocean Data Technologies, Inc., Marstons Mills, MA, USA

Recent studies suggest that diel vertical migrations of zooplankton may have an impact on ocean mixing, though
details are not completely clear. A strong sound scattering layer of zooplankton undergoing diel vertical migrations
was observed in Saanich Inlet, British Colombia, Canada by Kunze et al. (2006). In this study, a shipboard 200-
kHz echosounder was used to track vertical motion of the sound scattering layer, and microstructure profiles were
collected to observe turbulence. An increase of dissipation rate of turbulent kinetic energy by four to five orders of
magnitude was measured during diel vertical migrations of zooplankton in one case (but not observed during other
cases). A strong sound scattering layer undergoing diel vertical migration was also observed in the Straits of Florida
via a bottom mounted acoustic Doppler current profiler at 244 m isobath. A 3-D non-hydrostatic computational
fluid dynamics model with Lagrangian particle injections (a proxy for migrating zooplankton) via a discrete phase
model was used to simulate the effect of diel vertical migrations on the turbulence for both Saanich Inlet and
the Straits of Florida. The model was initialized with idealized (but based on observation) density and velocity
profiles. Particles, with buoyancy adjusted to serve as a proxy for vertically swimming zooplankton, were injected
to simulate diel vertical migration cycles. Results of models run with extreme concentrations of particles showed an
increase in dissipation rate of turbulent kinetic energy of approximately five orders of magnitude over background
turbulence during migration of particles in both Saanich Inlet and the Straits of Florida cases (though direct relation
of the turbulence produced by buoyant particles and swimming organisms isn’t straightforward). This increase was
quantitatively consistent, with turbulence measurements by Kunze et al. (2006). When 10 times fewer particles
were injected into the model, the effect on dissipation rate of turbulent kinetic energy was an order of magnitude
smaller than that from the extreme concentration. At a concentration of particles 100 times smaller than the extreme
concentration, there was no longer an observable effect. In the Straits of Florida, direct turbulence measurements
were not available to make a quantitative comparison. However, a small, but statistically significant decrease in
northward current velocity profiles during migration times were observed after averaging these profiles over 11
months. A small decrease of current velocity connected to the vertical migrations of particles was reproduced
in the Straits of Florida model case. The deviations in the velocity profiles can be explained by the increase in
turbulent mixing during vertical migration periods.
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