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What is SOWFA?

A The Simulator for On/Offshore Wind Farm Applications (SOWFA)
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Mesoscale weather modéling Microscale/wind plant scale largeddy Turbine system/structural
(WRF) simulation (LES) (OpenFOAM) dynamics (FAST)

A Meant for understanding:
o Atmospheric stability affects on wakes, power production, and mechanical loads
o Wakewake interaction, wake meandering
o Advanced control strategies

A Available at http://wind.nrel.gov/designcodes/simulators/sowfa/
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What is SOWFA?

Actuator line turbine
aerodynamics models
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Use of SOWFA: Power Production

Simulation of 4&urbine Lillgrund wind plant [1]

Top view of contours of instantaneous velocity normalized by freestream
speed at hub height (black lines represent turbine rotors)
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Use of SOWFA: Power Production

Simulation of 48&urbine Lillgrund wind plant [1]
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Use of SOWFA: Mechanical Loads

Simulation of two turbines subject to four different atmospheric inflows: neutral and unste

each with low and high surface roughn¢2s3]

Instantaneous isosurfaces
in atmospheric boundary
layer viewed from above
Blue: low speed structures
Red: updrafts
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Limitations of SOWFA

A Could not handle complex terrain
o Wall shear stress model

A Unsure about simulation of stable

stratification
o Our custom subgridcale (SGS) model
iImplementation limited solver to standard

Smagorinskynodel; could not use OpenFOAM
standard SGS models
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Outline

. The Stably Stratified Atmospheric Boundary Layer
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Uniqueness of the Stable Atmospheric Boundary Layer

A The stable atmospheric boundary layer (ABL)
o Cooling of air at lower surface
o Positive vertical gradient of potential temperature
o Common at night, warm air over cool water

o Characterized by:
¢ Low/intermittent turbulence
¢ Strong vertical wind speed and direction shear
¢ Formation of a lowevel jet

o Known to be particularly damaging to turbines
¢ See the work of Neil Kelley of NREL [4]
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Uniqueness of the Stable Atmospheric Boundary Layel
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SubgridScale Modeling

A Smaller scales and low/intermittent turbulence make stable
atmospheric boundary layer LES sensitive to SGS model

o SGS model has larger role than in neutral/unstable atmospheric
boundary layer LES

A Simpler models like standard Smagorinsky or e@guation SGS
Kinetic energy models:

o Are only dissipative (largéo smaltlscale energy flow)
o Include an SGS stress linearly related strain
o/ 2y Ul AY Giadzyl 6t S¢ Y2RSt O2yadly

A However, the following is true:
o Backscatter is important (smatb largescale energy flow)
o Inregions of strong shear, SGS stresses become anisotropic
o ldeal model constant value is problespecific
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SubgridScale Modeling

A Modified SGS Models

o United Kingdom Met Office Smagorinsky model [8]
¢ Sensitized to flux Richardson number

¢ Backscatter through random number accelerations and
fluxes

o Oneequation anisotropic [9]
¢/ 2YUlFAYya Yy GAA20NRLIRE FI OU
¢ Reduces dissipation near surface in high shear

o Nonlinear oneequation [10]
¢ Anisotropy through nonlinear stress/strain relationship
¢ Accounts for backscatter
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SubgridScale Modeling

A Dynamic SGS Models
caz2zRSt RSUSNNYAYSA Y2RSt a0z
and testfiltered flow
o Model constants vary in space/time causing instability, so
averaging is necessary
¢ Over homogeneous directions (plane in flat ABL)

¢ Backward along streamline (Lagrangian)
¢ About cell/grid point of interest (local)

Resolved Testfiltered
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SubgridScale Modeling

A Dynamic SGS Models

o Two variants:

¢ Scaleinvariant

A Assumes the ideal model constant is the same at the resolved
and testfiltered scale

A Found to be under dissipative in ABL applications

¢ Scaledependent [11,12,13]

A Assumes the ideal model constant is a function of filter width
A Better level of dissipation

o Lagrangiaraveraged scalendependent (LASI)
dynamic Smagorinsky model [14]

¢ Included in OpenFOAM
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Stable Stratification Test Case

Global Energy and Water Cycle Experiment Atmospheric Boundary Layer
Study (GABLS) model intercomparison case [15]

Flat terrain

400 m #00m A00 m

642 (6.25 m) and 128(3.125 m) cells
Initial temperature profile constant up to 100 m, capped by inversion
Surface cooling rate 0.25 K/hr
Periodic

Geostrophic wind 8 m/s

73 N latitude

Z,0.1m

SGS models
o Standard Smagorinsky
o LASI dynamic Smagorinsky
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Results

Standard Smagorinsky
results in general
agreement with GABLS
intercomparison

results

LASI dynamic
Smagorinksy greatly
overpredicts height of
low-level jett
increasing resolution
causes lower jet

Standard Smagorinsky
results for total wind
turning angle in
agreement with GABLS
intercomparison

LASI dynamic
Smagorinsky
overpredicts total
turning angle
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