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Improve Wind-Field Modelling to Increase the Engineering SIEMENS
Integrity of Wind Turbines

s External wind conditions affect structural loading, durability, and
operation of wind turbines. Efficient grid control requires forecast of
power production and fluctuation.

s Current standard (IEC 61400) for normal turbulence modeling of
wind fields is based on Gaussian statistics.

s Observed turbulent wind fields are highly non-Gaussian.
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Turbulence = Energy Cascade SIEMENS
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Classic Scaling
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Kolmogorov phenomenology:
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Scaling in Practice not Satisfactory SIEMENS
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Good Scaling of Energy Dissipation n-point SIEMENS
Correlation
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Stochastic Energy Cascade Modelling SIEMENS

hierarchy of scales: L-L/A-- S LIN - LIXN =n

random multiplication: ¢ = ¢, lg,--"q;"'q, = GXP(zjlnqj)
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Test I: Three-Point Correlations SIEMENS
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Test Il: Breakup Coefficients
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Test lll: Markov Picture
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D,(x,1) = lim —— (In"(AM,(A))] x, )
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Next Step: Modelling the Velocity Field SIEMENS
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Standard (IEC 61400) Modelling of SIEMENS
Turbulent Wind Fields

Jakob Mann model (Prob. Engng, Mech. 13 (1998),

269-282)
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Standard vs. Real Wind Traces:
Gaussian vs. Non-Gaussian

distributions of velocity increments

(standard normal turbulence model)
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(observed atmospheric boundary layer)
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Au,(x) = u(x+1)—u(x)

p(Au)
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Standard vs. Real Wind Traces:
Non-Intermittent vs. Intermittent

volatility of velocity increments

(standard normal turbulence model)
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Au(x)* = [u(x+Ax)—u(x)]2

(observed atmospheric boundary layer)
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Multifractal Extension SIEMENS
of Standard Normal Turbulence Modelling

standard normal turbulence model

E ( k) =C L5/3/( 1+ L2 k2>5/6 multifractal cascade process
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SIEMENS
Wind Traces: Standard - Real - Multifractal
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SIEMENS
Wind Gust Clustering: Standard - Real - Multifractal

correlation length = 30m,

correlation time = 5sec

length of rotor blade = 40m,
resonance frequency = 0.5Hz
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More Multifractal Modelling:
from Wind Traces to Wind Fields
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Conclusion & Outlook

# Cascade captures properties of turbulence well
# Realistic turbulence modelling of wind fields
# Developed method is very general

# Future efforts
= on-site wind-data calibration
=2 extreme value statistics
= wind-turbine interaction modelling
2 meander modelling
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