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A PBL Turbulence Problem?

Courtesy NOAA



CD  Donelan etal, 2004
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“ … We know what the exact equations for the
Planetary Boundary Layer are … let’s just use DNS?”

LIDAR OBSERVATIONS OF PBL DIURNAL EVOLUTION,
COURTESY SHANE MAYOR NCAR

DIRECT NUMERICAL SIMULATIONS OF STRATIFIED
KELVIN-HELMHOLTZ FLOW, COURTESY JOSEPH
WERNE, CORA





Pope, p. 348



“ … DNS is mighty useful, however we
don’t have enough IBM SP’s to get to a
PBL Reynolds number and resolve all
scales of a rough wall … We need
something else …”



See Tom Lund discussion later for details!

HOW DO WE GET TO OUTDOOR LES
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Data in the atmospheric surface layer









RANS limit





z
FLOW OVER A ROUGH BOUNDARY

At a rough boundary all the flux is subgrid
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Can we use targeted observations to
provide insight as to the nature of SGS
motions in high Re PBLs?





HATS CONFIGURATIONS
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``2D plane of turbulence”

AN EXAMPLE OF LATERAL (Y) FILTERING
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AN EXAMPLE OF LATERAL (Y) FILTERING
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Sonic array





Isotropic

HATS
ARRAYS



Isotropic

HATS
ARRAYS



OHATS FIELD CAMPAIGN

ASIT

Laser altimeters

18 CSATS

275 hours ``12 days of data”
analyzed
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Considerable Algebra !



Isotropic production

Anisotropic deviatoric productionPressure destruction



Rotta model
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Smagorinsky (eddy
viscosity) model

Steady-state rate equations



WHAT ABOUT SCALARS?



Isotropic production

Anisotropic productionPressure destruction
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Eddy viscosity model







``Terra Incognita”, Wyngaard (2004)

Where is your
``LES” ?












