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Wind speed

A drag type wind turbine
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Lift force

Drag force

Motion

Relative wind Wind

α

Horizontal Axis Vertical Axis
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T3U 

P A Vw = × × ×
1

2

3ρ
       � �

Pw = ����.�	��
TEU�

V = �������'���  �������� � � � � � � � �
A =� l8O��p8' 

ρ =� �	/�",�KP 
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λ
ω

=
×R

V � � � � � � TFU � �  

λ = �������'�<��<q
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R = Q��	����;�  

ω = �	�������'. 
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TGU 

P C P

P C A V

turbine p w

turbine p

= ×

= × × × ×

( )

( )

λ

λ ρ
1

2

3

� � �
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Wind Turbine

Electrical Load Power

Electrical Losses
Mechanical Losses

Stored Energy

Wind Power Before The Turbine Wind Power After The Turbine

�
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�
TcU�

P P P Pe Peturbine inertia friction loss out= + + + �
�  

Peloss = "*��+*,��.�	����^��  
Peout = �.�	�"���R�"*��+*,�  

Pturbine = 2
��	��['	��&���r��:+'��.�	� 
Pinertia = &���&�
Rt�"�@����e�!� 
Pfriction = o�*8W����^�� 
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TdU�

C A V t J
d t

dt
t D t Pe Pep loss out( ) ( )

( )
( ) ( )λ

ρ ω
ω ω× × × = + × + +

2

3 2
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Generator
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Electrical Losses
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