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LARGE EDDY SIMULATION OF AIR-SEA INTERACTION UNDER THE
INFLUENCE OF TOPOGRAPHY AND WIND SPEED

YE Can, CHENG Ze-Yi, GAO Yu, SONG Jin-Bao, LI Shuang
(Ocean College, Zhejiang University, Zhoushan 316021, China)

Abstract When water flows through ocean terrain, vertical mixing and a large amount of turbulent may occur due to
water flow instability. Aiming at the issue that the traditional air-sea coupling model lacks of discussing the impact of
ocean topography and wind speed on air-sea interaction on turbulent scale, the Parallelized Large Eddy Simulation Model
(PALM) was used to introduce an ideal cube topography under background wind field of 5 m/s. The impact of topography
was simulated under three wind speeds of 5, 10, and 15 m/s. In the simulation, the side length of the cube was 1L and the
height was 3L of which the height above water surface was 1L, and the ratio of L and water depth H was 1/2. The impact of
wind speed on small-scale air-sea interactions was discussed. Results show that topography could weaken the downwind
velocity in the atmosphere, enhances the crosswind velocity, and affect the altitude range of 0~5L, while the impact on the
vertical direction is small. Under no-topography conditions, the turbulent vertical eddy viscosity coefficient K, reached the
maximum value of 0.024 m?/s at —0.3L water depth without topography, while the maximum value of 0.16 m*/s at —0.8L
with topography. The presence of topography enhanced the mixing of the upper ocean and increased the maximum value of
K., by one order of magnitude. As the wind speed increases, all the net heat flux, freshwater flux, and buoyancy flux in the
ocean and atmosphere increased accordingly. At near the sea surface level, the values of the three fluxes under 5 m/s and 10
m/s wind speeds are similar, while at 15 m/s, the net heat flux and freshwater flux increased by two times compared to the
former, and the buoyancy flux increased by nearly three times, indicating that strong winds could intensify the exchange of
various fluxes at the sea surface. In addition, the turbulent kinetic energy budget in the mixed layer of the ocean responded
to the changes of wind speed. The shear term, the Stokes shear term, and the dissipation term increased with the wind speed
increase. The variation was significant in the region of —0.2L~0, and the values of shear term, transmission term, pressure
term and dissipation term reached the maximum near the sea surface. Meanwhile, the dissipation term was balanced by the
transfer term and shear term. As the wind speed increased, the depth at which K, reached its maximum value was —0.8L in
overall.

Key words large eddy simulation; topography and wind speed; air-sea flux; turbulent kinetic energy budget



