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1. Introduction 
In the Canary Islands it is possible to take advantage of 
the strength of the trade winds, which blow throughout 
the year and especially within the summer months.  The 
work will be based on real data taken from the Agüimes 
(Gran Canaria Island) power station’s control centre.  
 
2. Power Station’s Description  
The Farm is formed by four units Gamesa G47- 660 kW, 
adding a power of 2.64 MW, which have been on-line 
since 2002. 
 The Generators are doubly fed machines (DFM), whose 
speed and power is controlled through IGBT converters 
and PWM (Pulse Width Modulation) electronic control. 
Advantages of the electronic control of the rotor by 
inverter are: 
A.  Active and reactive power control. 
B.  Low harmonics content and minimum   losses. 
C.  Increased efficiency and production. 
D.  Prolonged working life of the turbine. 
 

Power Curve of Wind Turbine 

 
Fig. 1 

 

 
The characteristics of the wind turbine are the following 
ones: 

- Diameter.                       47  m 
- Nominal power.   660  kW 
- Speed turn:                         22,8÷ 30.9  rpm 
- Nominal voltage    690  V 
- Nominal current                  557,9  A 
- Area of sweeping:                       1735  m2 

 
3. Performances of the Plant 
The plant boast a very high capacity factor far above the 
average for other European wind power stations, owing 
to the use of Gamesa wind turbines.  
 

( )
( ) ( ) 100

8760
% ⋅

⋅
=

hKwP
KwhE

FC
n

p  

 
Ep= Energy produced in 1 year   Pn=Turbine nominal Power  
 

 
Table 1 

 
These wind turbines have proven a very high index of 
availability.  
 

Td=time of availability of the  turbine  
Tline=time of availability of the red 
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Table 2 

 
3. Analysis of Real Data  
The power station’s control centre allows for the 
measurement of more important  four wind turbine 
mechanical and electrical parameters :  
From this data, it is possible to track the working 
characteristics of the machines and compare that  with 
the theoretical data: 
 

A. Electrical Power Coefficient  
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Where:                 Pe= Electrical Power 

                            r =1.255 [kg/m3] air density  
                            V= wind speed  
                            D = diameter rotor blade 
 
Cp,elt theoretical has been calculated from the Theoretical 
Power Curve (Fig. 1) according to the equation (3). 
Cp,elt real has been calculate from the real  production 
dates of the Wind Turbine. 
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Fig. 2 
 

B. Mechanical Power Coefficient  
 
From the strip theory[2] has been calculated the 
Mechanical Power Coefficient (eq. 3) and the Torque  
Coefficient (eq. 10). 
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Pm = Mechanical Power 
 
 
 

 
Airstream around the Turbine 

 

 
 

Fig. 3 
 

ak ⋅−= 21              a = induced speed        
Iah ⋅+= 21             Ia = rotational induced speed   

 
Triangle of Speed at the Blade 

 

 
 

Fig. 4 
 
Where:  

 
CL= lift coefficient  
CD= drag coefficient   
 

The curves of CL and CD (Fig. 5) haven been taken from 
Airfoil Naca 63-415 experimental data. 

 

 
Fig. 5 

 

The Fig. 6 shows the mechanical power coefficient 
calculated by strip theory, with the real dates of the wind 
turbine. 
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Fig. 6  
 

λ= tip speed ratio 
R= radius rotor blade 
V = wind speed 

 
C. Torque Coefficient 
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Comparison of the torque coefficient calculated by strip 
theory, with the real torque coefficient (Fig. 7). 
 

 
 

Fig. 7 
 
 

 
The different between the curves could to be due to the 
following factors:  

-strip theory use a criterion of optimal geometry   
shape of the blade  
-coefficients CL and CD are calculated in a wind 
tunnel with different working conditions. 
 
 

D. Characteristic Curves of the Wind Turbine of 
Variable Speed  

 
Adjustment of the Blade Pitch Angle for the Power 

Control 
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Fig. 8 

 
 
 

Behaviour of Tip Speed Ratio and Cp,m in the Variable 
Speed Control 
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Fig. 9 
 

The blade has a maximum power coefficient when the tip 
speed ratio = 7. 
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Fig. 10 
 

The differences between real power curve and theoretical 
power curve (Fig. 10) could to be due to the following 
factors:   
1. shade of the tower   
2. different turbulence owed to the territory   
3. different density of the air   
4. different working conditions    
5. different electrical and mechanical efficiency 

 
E. Weibull Distribution 
 
The parameters of Weibull distribution C y K define the 
wind distribution of the territory. 
 
 
1. Weibull distribution function 
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2. Weibull probability density function 
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Where: K= form factor 
             C= scale factor 

 
Linear regression of wind dates has been used to 
calculate the parameters that define Weibull distribution. 
 

 
 

Fig. 11 
 

 
F. Produced Energy 
 
The energy is calculated by the follow equation: 
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Where: 
 p(v)= polynomial that describes the  power curve taking 
3 working points at time (Fig. 11). 
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Fig. 11 
 
 
The Fig. 12 represents the produced energy by the wind 
turbine, in a year, considering the curve of power of Fig. 
1. 
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Fig. 12 
 
The Fig. 13, it is graphic representation of different 
durability power curves to show the energy difference 
between the theoretical durability power curve and 
durability real power curve. 
 

 
 

 
Fig. 13 

 
The 15 % of Energy is lost due to difference between the 
theoretical power curve and real power curve.   
 
 
 

4. Conclusions 
A series of real parameters of a Wind Park has 
studied and they have been compared with the 
theoretical parameters (separated 3 from the 
paper). The high efficiency of the Wind Park is 
verified with the obtained results. 
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