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Gulf of Tehuantepec, U ~ [20 – 25] m/s Courtesy Ken Melville



HIGH RESOLUTION AIR-SEA 
INTERACTION: U ~ 15 m/s courtesy T. 
Hristov



An example of waveAn example of wave--current interaction, foam lines in the Great Salt Lake, current interaction, foam lines in the Great Salt Lake, 
courtesy S. courtesy S. MonismithMonismith

LANGMUIR CIRCULATIONS (I. Langmuir, 1938)

Wave propagation 
direction



Langmuir circulations in Monterey Bay courtesy Luc Lenain



Photograph from the research vessel Knorr in winds ranging from 60 to 100 knots 
and 30-40 foot tall waves on an expedition to the Irminger Sea in October 2007. 
(Photo by Kjetil Vage, Woods Hole Oceanographic Institution)

LANGMUIR CIRCULATIONS IN HIGH WINDS?LANGMUIR CIRCULATIONS IN HIGH WINDS?



SPIRALS ON THE SEA

Photograph of a cyclonic spiral-eddy street o the coast of the Egyptian/Libyan 
border. Eddy radii are 5 km, and scum convergence lines are 100s m wide. 
The street con guration suggests a recent vortex roll-up from an unstable 
submesoscale front or wake. (Scully-Power, 1986), courtesy J. McWilliams.
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Used as many 16,384 processors on Cray XT4





PRESSURE 
FLUCTUATIONS IN XZ 

PLANES NEAR THE 
WATER SURFACE 
(note different scales)



RESOLVED MOMEMTUM FLUX NEAR WATER SURFACE

note different scales







LES OF OBLs DRIVEN BY HURRICANE FRANCES

Idealized hurricane winds

COLD WAKE
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VERTICAL VELOCITY FIELD AS 
FUNCTION OF DEPTH

VORTEX FORCE NO VORTEX FORCE



DO LES STATISTICS CONVERGE WITH 
MESH REFINEMENT?



Local time Noon8 am

Courtesy Shane Mayor

Daytime Convective BL



Momentum

Scalar

TKE



DO LES STATISTICS CONVERGE WITH MESH 
REFINEMENT?



Dissipation

Large eddy 
Reynolds number

DO LES STATISTICS CONVERGE WITH MESH REFINEMENT?





No SGS 
skewness! 



Where is the filter scale in 
your simulation?



MODELING IN THE ``Terra Incognita” (Wyngaard,2004)

Where is the filter 
scale in your 
simulation? 

Deterministic                                                  Stochastic

~ 1-D PBL                                                    ~ Smagorinsky
Scale sensitive parameterizations

See also Blair Perot, 2009







Isotropic production

Anisotropic production
Pressure destruction
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Eddy viscosity 
model

Rotta model



Eddy viscosity model



C=0.3 (Hatlee & 
Wyngaard, 2006)

Anisotropic model





HORIZONTAL ARRAY TURBULENCE 
STUDY (HATS)
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Measure of scale separation



Isotropic production

Anisotropic deviatoric productionPressure destruction



Rotta model
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RANS Ideal LES

Measure of scale separation







K. Hanley PhD thesis 
2008, U. Reading

Equilibrium  ~ 
0.83

Non-equilibrium 
winds and waves



LES OF CONVECTIVE PBL, 4096 CPUS, 
10243 GRIDPOINTS



VERTICAL VELOCITY NEAR WATER SURFACE

note different scales
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PRESSURE FIELD IN TURBULENT FLOW OVER 
ROUGH 2D BUMPS

RANS MODEL 
(Taylor etal, 1998)
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Flow 
separation

PRESSURE CONTOURS AND FLOW VECTORS

smooth

rough



FORM DRAG FOR SMOOTH AND ROUGH BUMPS
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VF

No VF TKE budget term

Grant (2009)
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HATS

OHATS

HORIZONTAL ARRAY TURBULENCE STUDY



HATS OHATS

HORIZONTAL ARRAY TURBULENCE STUDY



LOW LEVEL FLIGHT IN HURRICANE ISABEL Courtesy M. Black
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