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Wind speed

3 – 6 – 9 m/s



Wind conditions
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Wind speed measured at the harbour of 
Gothenburg, Sweden
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Higher up more wind and more power

Different rotor positions of a three-blade turbine. The 
tower shadow and the wind gradient, both contribute to 

power fluctuations
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Wind shear

𝑤𝑤ℎ𝑢𝑢𝑢𝑢 is the average at hub height
𝑤𝑤𝑎𝑎𝑎𝑎𝑎𝑎 is the average wind speed at anemometer height 
ℎℎ𝑢𝑢𝑢𝑢 is the hub height
ℎ𝑎𝑎𝑎𝑎𝑎𝑎 is the anemometer height
𝛼𝛼 is the wind shear exponent



Energi  ti l l förs
från gradientvinden

Störd
vindprofil

Delvis
återbildad

Energi  bortförs
genom markfriktion

Energi  bortförs
via kraftnätet

Hur mycket

Delning D turbindiametrar

Gradient Wind decreases Wind reforms         
of the wind due to turbine

Energy decreases        Energy to the grid      How much left?        
due to land friction

5 to 10 rotor diameters



Shadow effects



Lillgrund vindpark utanför Malmö



Produced wind power / month



Weibull distribution

Vindhast ighet

Procent  av året  summerat

(m/ s)

minimum (1957) 6,1 m/ s (C=2,69)
medel (1955-1957)  7 ,6 m/ s (C=2,01)
maximum (1975) 8 ,8 m/ s (C=2,24)

M e d i a n v i n d

Wind speed (m/s)

Procent of the year

Median wind

�𝑤𝑤 is the average wind speed
C is the scale factor
𝑘𝑘 is the shape factor 𝐾𝐾 > 1



Power of the wind
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Α=Α=Ρ ρρ

ρ = air density[kg/m3]
V = air velocity[m/s]
A = rotor disk area[m2]
m = mass of the air

  Ý m = ρΑV

Vm Α= ρ
Mass flow rate



Wind energy distribution

𝑤𝑤 is the wind speed
T is the hours per year

Effekt
Energi distribution



Wind power density 



Power from the wind
turbine

Where
Cp = power coefficient
A  =  Swept area
V  =  Wind speed
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𝜌𝜌 = 𝑎𝑎𝑎𝑎𝑎𝑎 density
For new wind turbines
Cp is 0.4 – 0.5

Cpmax by teori is 0.593



5 6 7 8 9 10 11 12 Månad

Medelef f ekt

V indst y rka

Månadsvärde
/  årsvärde

0,80

1,00

1,20

1,40

Average value

month

Wind speed

Power    



Wind turbine parts

Nacelle height

Total height Rotor area

Rotordiameter

Tower

Fundation

Nacelle

Rotor



Typical wind power nacelle



Power coefficient  and power curves
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black = stall control, 
Red = pitch control



For pitch control



Konstant     och       Variabelt     varvtal
utan          och med frekvensomriktare



Operation 
of a 

variable 
speed 
wind 

turbine
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Optimal 
speed 
and 

power 
for max 

λ
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Optimal mode



constant
speed 
and 

power 
increases 

and 
no max λ
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Middel mode



Rated 
speed

rated 
power

no max λ

start
pitching 
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Rated mode



Limitations of wind power

• Pitch control
turn the blades

• Stall control
Ridged blades,
turbulence limit the power

• Active  stall
the pitch angle can be 
adjusted

• At emergency stop will 
the blades turn

• At emergency stop will 
the outer part of the blades 
turn

• At emergency stop will 
the blades turn



Control
Pitch                     Stall



Stall control
Force from turbine     laminar flow         stalled condition



Axial- and rotationsforces = Thrust and Torque

L=Lift
D=DragWind speed

Rotation direction

Lift forceRotationforce
R=RL-RD

Axialforce
A=AL+AD

Diskplan





Thrust and Torque





Assignment Wind 2
Wind turbine control and  𝑇𝑇 = 𝑓𝑓(𝑛𝑛)
T = Turbine torque as a function of turbine speed at 
optimal operation.

𝑃𝑃𝑚𝑚𝑎𝑎𝑚𝑚ℎ =
1
2
𝜌𝜌 ∙ 𝐶𝐶𝑝𝑝 ∙ 𝐴𝐴 ∙ 𝑎𝑎𝑤𝑤3

𝜔𝜔 =
2𝜋𝜋𝑛𝑛
60

𝑃𝑃𝑚𝑚𝑎𝑎𝑚𝑚ℎ = 𝑇𝑇 ∙ 𝜔𝜔
𝑎𝑎𝑡𝑡𝑎𝑎𝑝𝑝 = 𝑎𝑎 ∙ 𝜔𝜔

𝜆𝜆 =
𝑎𝑎𝑡𝑡𝑎𝑎𝑝𝑝
𝑎𝑎𝑤𝑤



Operation of the wind turbine
Hours in a year: 8760 100% of the year

Operation hours: 8000 91% of the year (at 4-25 m/s)

Equivalent Rated Power hours: 2500 29% of the year
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Accessibility =
Part of the operation hours that the 
wind turbine is in operation (Sweden)

2009: 95,8%
2010: 95,5%Hours in a year

Operation hours

Equivalent Rated Power hours



Size and weight

Blade
Length: 45-107 m
Weight: ca 7-30 ton



Size and weight
Nacelle Vestas
Weight: 70 ton
Size: 10*3*4 m

Nacelle Enercon
Weight: 120 ton



Vestas



Vestas
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