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Aerodynamics

The aerodynamic concepts of wind 
turbines

R. Fadaeinedjad

Weibull Probability Distribution function

c: scale parameter

k: shape parameter
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Wind Speed Distribution

Average Wind Speed

Using:

We have:
and

So:
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Wind Power Classes
Estimates of the wind resource are expressed in wind power 
classes ranging from Class 1 to Class 7, with each class 
representing a range of mean wind power density or equivalent 
mean speed at specified heights above the ground. This map 
does not show Classes 1 and 2 as Class 2 areas are marginal 
and Class 1 areas are unsuitable for utility-scale wind energy 
development.

Standard Wind Class 
Definitions 

50m 
height30 m heightClass

Wind power W/m 2 Wind 
speed
m/s

Wind power W/m 2 Wind 
speed
m/s

0-200 0-5.6 0-160 0-5.1 1 

200-300 5.6-6.4 160-240 5.1-5.9 2 

300-400 6.4-7.0 240-320 5.9-6.5 3 

400-500 7.0-7.5 320-400 6.5-7.0 4 

500-600 7.5-8.0 400-480 7.0-7.4 5 

600-800 8.0-8.8 480-640 7.4-8.2 6 

800-2000 8.8-11.9 640-1600 8.2-11.0 7 
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Aerodynamic Aspects of Wind Energy 
Conversion System

 Tower Wake (Shadow) Effect

 Wind Shears 
 Vertical wind shear

 Horizontal wind shear

 Yaw Error
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Vertical Wind Shear

Source: www.windpower.org
R. Fadaeinedjad
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Changes in speed with height and friction
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Tower Shadow (Wake Effect)
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Horizontal Wind Shear

Top view
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Yaw Error
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Extracted Power
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Aerodynamic Conversion

Source: NREL technical report
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Tip Speed Ratio

ΩR
V

=

ΩR

R

Where,
Ω = rotational speed in radians /sec
R = Rotor Radius
V =   Free Stream Velocity
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Maximum Possible Power 
Coefficient

ΩR
V

=

Where,
Ω = rotational speed in radians /sec
R = Rotor Radius
V =   Free Stream Velocity
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Tip Speed Ratio

 Betz - Without Wake Rotation
 With Wake Rotation
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16
C max,p 

WTs’ efficiencies
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Air Density Variations

With 
elevation:

Or:

Where: r0=1.225 
kg/m3

and
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Aerodynamic Conversion (cont.)

Source: www.windpower.org
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The Lift/Drag Coefficient for 
Aerodynamic forces calculations
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Airfoil Behavior

α = low

α = medium
<10 degrees

α = High
Stall!!
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