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 why wind energy ? 
• environment issue CO2 
• finite ressources  
• costs - wind cheapest way
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energy resources 

Do you know how much fossil energy we consume worldwide?

IEA :  worldwide daily 85 million barrel oil  
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energy resources - oil

IEA :  worldwide daily 85 million barrel oil   

truck with 35.000 litre volume 

 

Aral - BP  „Alles super“
no problem?
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oil consumption

energy consumption

every day 

85 million barrel oil per day 

- 400 000 trucks > 7000km ( > 4000 Miles)
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motivation

energy consumption

every day 

85 million barrel oil per day 

- 400 000 trucks > 7000km ( > 4000 Miles)

natural production rate

3- WEC



Center for Wind Energy Research

Nancy 2018

1st part

general comments on wind energy



Center for Wind Energy Research

Nancy 2018

modern wind turbines

power from wind

Pwind =
1
2
�Au3

Ewind =
1
2
mu2

Pwind = Ėwind

=
1
2
ṁu2

ṁ = ⇢V̇

= ⇢A · u

for u = 12 m/s Pwind = 1kW/m2

WEC
PWEC = cP

1
2
�Au3 cP  0.59 Betz- Joukowsky  limit
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modern wind turbines

size 

R = 63m

S = 80m
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modern wind turbines

area = 12469 m2  area = 12469 m2

cP  0.59

Pwind  12MW

PWEC ⇡ 5� 6MW

R = 63m

PWEC = cp · Pwind
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modern wind turbines

WEC  >5MW

area = 12469 m2

3,7 MW

typical engine of a train 



Center for Wind Energy Research

Nancy 2018

power output of wind turbines

⇢

cut in

cut out

ratedz }| {
������

measured power curve
rated power defines the turbine size
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story of success

wind energy cheapest one  

best C02 balance (return time <1 a) 

• one of the best energy return on energy invested ERoEI - relation 

installation Germany:3 GW/a    world:50 GW / a 



Center for Wind Energy Research

Nancy 2018

offshore activities

2015 new 2.3 GW offshore / 3,5 GW onshore 
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leader in wind energy?

new total total
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who like wind energy
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cost of energy
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are there any problems?  - Failure statistics

P. Tavner et.al EWAE 2011

water power plant: Saalach (DB)
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content

general comments on wind energy 

working conditions for wind turbines 

• wind conditions

who knows fluid dynamics ?
who knows Navier Stokes equation ?
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wind measurements and data analysis

wind conditions after IEC 

• measurement at hub height in front of a turbine

measured time series
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• 10 min Mittelwerte

~
 1

0 
m

/s

wind measurements and data analysis

characterization after IEC norm 
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Boundary-Layer Meteorology 108 (2003)

τ = 4 sP(uτσ
−1)

u⌧ = u(t + ⌧)� u(t)

statistics of gusts

wind fluctuations can be  
measured by velocity increments
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Boundary-Layer Meteorology 108 (2003)

τ = 4 sP(uτσ
−1)
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º 106

Boundary-Layer Meteorology 108 (2003)

τ = 4 sP(uτσ
−1)

1/3000 years

1/day

Prob(uø > 6æ) º 10°4

Prob(uø > 6æ) º 10°10

statistics of gusts



Center for Wind Energy Research

Nancy 2018

general comments on wind energy 

working conditions for wind turbines 

claim - need to understand turbulence

content - 3rd part
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who knows fluid dynamics ?
who knows Navier Stokes equation ?
who knows the solution of  the Navier Stokes equation ?

content - 3rd part
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Turbulence one of 7 millennium problems
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@

@x
u(x) = limr!0

urz }| {
u(x + r)� u(x)

r

= limr!0
ur

r

velocity increment

limr!0 ur

have to understand

Turbulence one of 7 millennium problems
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Boundary-Layer Meteorology 108 (2003)

τ = 4 sP(uτσ
−1)
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L

r2

η

r1

L     

homogeneous isotropic turbulence  -- hiT

ur = u(x + r)� u(x)

η
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r

r - depend of velocity increments:

- cascade and  statistics of increments 

A.N. Kolomogorov
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fluctuations on small scales are more violent than on large scales
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claim - need to understand turbulence

Wind characterization   —-  

- wind has intermittent statistics - not taken into account by IEC norm 

- wind turbine is a small scale structure - strong intermittency 
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claim - need to understand turbulence

Wind characterization   —-  

impact on turbine 

- blade aerodynamics 

- power output 

but turbine is large
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dynamics of power conversion

PWT =
1
2
cp(�) ⇢ u3

wind · A
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time series of power production
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modern wind turbines

working condition 

area = 12469 m2
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increment statistics of power fluctuations

τ= 1s           Wind (farm)
τ=10s,         Wind (farm)
τ=1000s,     Wind (farm)
Guassian PDF
τ=1s            Wind (single)
τ=10s,         Wind (single)
τ=1000s,     Wind (single)

(b) (b)

P(
X τ

)

Xτ/στ
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Wind 

highly intermittent  and turbulent power dynamics from wind turbines and wind farms
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Windpark power dynamics
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reproduction of wind fields with active grid
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Facility WindLab 
— 

Wind tunnel with active grid



© ForWind*contact: michael.hoelling@uni-oldenburg.de43

Exp - Big wind tunnel
• 3m x 3m outlet
• open and closed test section
• 30m measurement section
• about 32m/s max. vel. in 

open
• about 41m/s max. vel. in 

closed configuration

mailto:michael.hoelling@uni-oldenburg.de
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Exp - Active grid in big wind tunnel

mailto:michael.hoelling@uni-oldenburg.de
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wind physics is challenging and 
makes fun


