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WindSim AS

VECTOR AS; CFD consulting
Oil & Gas

Wind Energy

I Wind resource assessment, Norwegian Wind Atlas

I Micro-siting

WindSim, PC software for simulation of local wind fields
VECTOR AS was divided in two companies

I WindSim AS; Sale, support and development of WindSim
I VECTOR AS; Consulting

WindSim office: Jarlsg, 3124 Tgnsberg, Norway



AR

LN

wind

When the terrain gets rough

AEP T lower than estimated

Wind farm owners frequently experience that the annual
energy production (AEP) from their wind farms are lower than
the estimated production.

This serious problem is now addressed by the wind energy
sector world wide.

CFD simulations are used to get more accurate simulation
results.

What are the important lessons learned, what parameters
affect the quality of results?
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AEP variation within a wind farm

Simple terrain - Denmark

Complex terrain - Norway
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Simple terrain

Location: Torrild, Denmark, simple terrain

Wind farm: 15 Bonus 150 kW turbines with 30 meters hub height,
height variation within the wind farm is 6 meters

Climatology: February to October 2000, measurement height 30

e meters, mean wind speed 5.6 m/s
o 10 Models: Nesting, 20x20 km into 2x2 km with resolution 20x20
meters, number of cells is 200 000

.

Digital terrain model with elevation in meters. Left side 20x20 km
model, right side 2x2 km model with a 20x20 meters grid resolution
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Simpleterrain T Resources

Wind resource map at 30 meters height

There is no simple coincidence between high wind speed areas and high
altitude areas. Simulations shows that areas west of the wind farm
display the best wind conditions. This area has terrain gradients
perpendicular to the main wind directions, giving significant speed-ups.
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Simpleterrain i AEP
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The difference in energy output between the various turbines is 25%.
Wake effects is not included.
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Simpleterrain i Optimization

Alternative locations
along the grey lines
would according to
simulation give a 10%
increase in AEP

Wind resource map at 30 meters height

Paper: Gravdahl A.R., Rorgemoen S., Thogersen M.,
Power prediction and siting - When the terrain gets
rough, The World Wind Energy Conference and
Exhibition, Berlin, 2002.
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Complex terrain i AEP

Location: Norway, complex terrain

Wind farm: 2 MW turbines with 80 meters hub height, height
variation within the wind farm is in the order of 100
meters.
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Digital terrain model with elevation (m). Annual energy production based on
simulations, AEP (MWhly)

The production varies between 8468 and 4356 MWh/y according to
the simulations. The difference in energy output between the various
turbines is in the order of 100%.
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AEP variation within a wind farm

Summary:

Large variations within a wind farm in both simple and
complex terrain.

Next:

Parameter sensitivities
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AEP 1 Estimation procedure

rrars s

Pre-processing Post-processing

Increase the power

Clirnatology Resources

Simulations

Processing
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Terraln conversion

Conversion from contour lines to a regular grid will smooth
the grid.
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Original elevation contour lines Elevation contour lines after conversionto a
regular grid with 30x30meters resolution
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Simulation method

The method is based on the solution of the Reynolds Averaged

‘:’_'.'-’3"., g Navier-Stokes equations, given in standard notation by:
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Solving the non-linear transport equations for mass, momentum and
optionally also the energy makes the method suitable for simulations
in both complex terrain, and in situations with complex local
climatology.

e . . . =

Transport of the turbulent kinetic energy in an idealized 2D sinusoidal
terrain, illustrating the development of a turbulent boundary layer.
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Linear versus non-linear methods

Streamlines over 2D ridge Upstream speed-up, (speed hill top)/(speed inlet)

with average slope angle of
5.7,11.3 and 21.8 degrees.

Paper:

Ishihara T., Yamaguchi A. and Fujino Y., A Nonlinear
model for predictions of turbulent flow over steep terrain,
The World Wind Energy Conference and Exhibition,

Berlin, 2002.



