
A PBL-Turbulence Problem?

Courtesy NOAA
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Maximum azimuthal wind
speed (Emanuel, 2004)



Before Bonnie

After Bonnie
... .

.
.. ..

SST Variations,
Ocean Mixing
and Biology

Shuyi Chen,
RSMAS



Before Bonnie

After Bonnie
... .

.
.. ..

SST Variations,
Ocean Mixing
and Biology

Shuyi Chen,
RSMAS



ATMOSPHERIC BOUNDARY LAYER
SIMULATION AND SUBGRID-SCALE DYNAMICS

1. An Introduction to Outdoor LES

2. Observations and SGS Model Equations

3. LES Applications

Peter P. Sullivan

National Center for Atmospheric Research



“VIRTUAL” TURBULENCE,

EVIDENCE FROM DIRECT NUMERICAL SIMULATION

… NO EMPIRICISM
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EVOLUTION OF ENSTROPHY IN AN X-Y PLANE

steady periodic quasi-periodic turbulent



“ … We know what the PBL equations are …

let’s just use DNS?”

LIDAR OBSERVATIONS OF PBL DIURNAL EVOLUTION,
COURTESY SHANE MAYOR NCAR







“ … 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 …”







TURBULENCE ENERGY CASCADE CONCEPTS

Re

As Re increases the extent of the
(universal) inertial subrange
expands (Pope, 2000)



TURBULENCE ENERGY CASCADE CONCEPTS

LARGESMALL

Resolved scales



FILTERING IN THE INERTIAL RANGE

sharp filter cutoff

spectrum

subgrid-scale energy
resolved-scale
energy









SIMPLE (CHEAP)
FILTERING EXAMPLE
…



Data in the atmospheric surface layer









RANS limit





Algebra !



Production

Buoyancy

Transport

Model of viscous
dissipation





In (2) we’ll show how the eddy viscosity Smagorinsky model
follows from SGS flux equations and test it against outdoor
observations

In (2) we’ll also examine ``Terra Incognita” (Wyngaard,2004)
when the filter width ~ O(L)

In (3) we’ll perform a grid convergence test of the PBL equations
using the above TKE model





z
FLOW OVER A ROUGH BOUNDARY

At a rough boundary all the flux is subgrid
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Mesh aspect ratio



convective stable

First gridpoint
off the surface





Langmuir circulations and stochastic
wave breaking in the OBL Non-equilibrium winds and waves

Idealized terrain

Stable boundary layers zi/L ~ 1.2

PBL driven by time
varying geostrophic
winds










