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Study of sea spray and evaporation on turbulent transport in a
marine atmospheric boundary layer

TANG Shuai'’, YANG Zi-xuan’, PAN Ming', SHEN Lian’, DONG Yu-hong'

(Shanghai Institute of Applied Mathematics and Mechanics, Shanghai University, Shanghai 200072, Chin, Email:
dongvh@shu.edu.cn)

(Department of Mechanical Engineering, University of Minnesota, Minneapolis, MN 55414, USA)
Email: shen@umn.edu)

Abstract: Ocean spray consists of small water droplets ejected from the ocean surface following
surface breaking wave event. These drops get transported in the marine atmospheric boundary
layer, in which they exchange momentum and heat with the atmosphere, thereby enhancing the
intensity of tropical cyclones. In this computational framework, the water and air are simulated
on fixed Eulerian grid with the density and viscosity varying with the fluid phase. The air-water
interface is captured accurately using a coupled level-set and volume-of-fluid method. The
generation of droplets is captured by comparing the fluid particle velocity of water and the phase
speed of the wave surface. The trajectories of sea spray droplets are tracked using a Lagrangian
particle-tracking method. Simulation cases with different parameters are performed to study the
effects of wave age and wave steepness. The flow and droplet fields obtained from simulation
provided a detailed physical picture of the problem of interest. The interactions of the droplets
with turbulent airflow including mass, momentum, and energy exchange are investigated also.
We found a balancing mechanism exists in the droplet effects on the turbulent drag coefficient.
For the heat transfer, as droplet mass loading increasing, the total Nusselt number decreases due
to the depression of turbulent heat flux and enhanced negative droplet convective flux.

Key words: Ocean spray; Phase change; Lagrangian particle-tracking; DNS; Air-water interface.
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