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External wind conditions affect
structural loading, durability
and operation of wind turbines.

(1) ambient turbulence,
(2) wake turbulence.
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Three types of wind traces
with <u>=10m/sec and 15% turbulence intensity
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SIEMENS
Standard (IEC 61400) ambient turbulence modeling |

E(k) = C/(l +L2k2)5'{6 , u(xort) = zk mnkem
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SIEMENS

Standard ambient turbulence modeling Il
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Multifractal extension
of standard ambient turbulence modeling |

E(k) =C/[1+ 1K)

u(x) = > JE(k)ne™

Au(X) = u(x+Ax) —u(x)

Au(x) = (multifractal(x))1/3 Au(x)
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multifractal energy cascade

Novikov'71
ﬂ(l) AU(I) /I Benzi+Paladin+
Parisi+Vulpiani‘84
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SIEMENS

more multifractal modeling




Multifractal extension SIEMENS

of standard ambient turbulence modeling Il

E(k) =C/f+ L2k )"

u(x) = >  E(k)n.e™
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SIEMENS

Wind traces: standard / real / multifractal
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SIEMENS

Wind gust correlations (onshore)

multifractal fingerprint p

correlation length = 30-50m,
correlation time = 5-10sec

({8 uprd)) (4 u)® )

length of rotor blade = 40-50m
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Wind gust correlations (offshore)
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Wind-turbine interaction |
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Wind-turbine interaction II: SIEMENS
power autocorrelation =» integral length L
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Wind-turbine interaction III: SIEMENS
power-gradient autocorrelation  =» multifractality
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Wind-turbine interaction IV: multifractal fingerpri  nt () SIEMENS
wind-gust correlation  =» power-gradient correlation
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More multifractal modeling: SIEMENS
from wind traces to wind fields

ambient turbulence
= multifractal turbulence

- turbine loads
—> blade design
- new standard
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Wind farm optimization + control

selfish: £, =) max(F(g, f,

cooperative: F,__ = max(zi_ P(op., [
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