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Numerical Simulation of Roll Vortices under High Wind Conditions

Roll vortices, also known as large eddies, are common in the atmospheric planetary boundary layer
(PBL). They contribute significantly to the vertical transfer of momentum and heat. Roll vortices
have been observed by satellites, radars, and aircrafts in cold-air outbreaks over the ocean. Recent
observations have shown roll vortices in the boundary layer of tropical cyclones. Yet very little is
known about their formation, temporary and spatial scales and the impact on the momentum and
heat fluxes under extremely high wind conditions.

High-resolution, 3-D large eddy simulation (LES) models can be used to simulate roll vortices. But
3-D LES models require significant computer resources and thus have limited utility. Observations
have shown that the along-roll scale of roll vortices (~100 km) is much longer than the cross-roll scale
and vertical height (~2-4 km). Therefore roll vortices can be approximately treated as 2-D features.
We have developed a 2-D model for simulating convective motions (roll vortices) in the boundary
layer coupled with a larger scale model for the background flow. Our approach follows the idea of
superpameterization which was introduced recently for explicit simulation of clouds in atmospheric
general circulation models. The model explicitly calculates a two-way interaction of the background
flow and the convective motions. The results of numerical experiments show that roll vortices obtained
in our 2-D model have similar characteristic as those obtained in 3-D LES models and have similar
momentum and heat flux vertical profiles. The existence of roll vortices enhances vertical mixing
throughout the boundary layer and increases the surface wind speed. The sub-grid scale turbulence is
only important near the sea surface and the top of the boundary layer where the vertical wind shear
is significant.
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