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DARRIEUS WIND TURBINE WITH CONSTANT POWER AND SPEED, USING THE SERVO-CONTROL OF THE BUOYANT BLADES INCIDENT ANGLE

V. BENCHE
, V. B. UNGUREANU*
Abstract: The paper presents an applied short study concerning the possibility to realise constant speed and power in a proposed interval of wind velocity for a three blade wind turbine with vertical axle, (Darrieus). It is adopted an aerofoil NACA 23015 with known lows of variation of aerodynamic coefficients Cz(i) and Cx(i) (i being the angle of incidence of the profile). There are obtained the analytic low for the servo-control of the incidence angle of blades, which assure the constant power and speed, independent of the wind velocity.

Keywords: Darrieus wind turbine, coefficient of the power, specific velocity.

1.  Introduction
It is presented an applied summary study, concerning the possibility to obtain a constant power at a constant speed in an interval of wind variation 
[image: image1.wmf][

]

11

,

6

Î

¥

v

 m/s, with a vertical axle wind turbine Darrieus, presented in figure 1.

The wind rotor with vertical axle and variable incidence due to a rotary axle that pass through the pressure centre C of the profile considered in the figure 2, is fast and has a specific velocity (ratio between the blade velocity 
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In the case of the fast wind turbine with rigid blades the power of the machine having the diameter
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The valorisable upstream input power is:
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, being the air density, and S - the surface described by the blades.

The coefficient of the power (efficiency) is:
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and the coefficient of the moment:
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2. Example of application

It is considered a model (prototype) with a rotor having tree parabolic blades (
[image: image12.wmf]1

=

R

h

) and a symmetric profile NACA 0012, developing a power of N = 1 kW at a speed velocity of 
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. From the characteristic of moment it is established that the operation is optimal for the speed of n = 215 rot/min.

It is established [1] that for a rotor carefully made:
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and
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from that there are calculated 
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From the dimensionless characteristic of the power presented in figure 3 there are obtained 
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From the definition of 
[image: image21.wmf]l

 is obtained 
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It is calculated: 
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Studies realised by the NRC Laboratory from Ottawa by Jacques Templin showed that 
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 is in connection with the solidity through the expression (correspondent to the maximum power):
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from that results the geometric cord 
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. From the characteristic of the profile results the thickness
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The characteristics of the rotor Darrieus can be plotted for various wind velocities from the diagram 
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. (J. Templin) presented in figure 3, corresponding to the factor of solidity:
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It is considered the optimal incidence 
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. In the case of the profile NACA 23015 the variation of the aerodynamic coefficients function of the angle of incidence, for 
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and
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Results for the optimal value: 
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For 
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The speed of the electric generator 
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[image: image42.wmf]97

.

6

215

1500

=

.

The characteristics of the rotor Darrieus for the two recommended limits (
[image: image43.wmf]5

.

4

=

l

 and 
[image: image44.wmf]7

=

l

) are obtained based on the diagram of J. Templin from figure 3 in this way:
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It is desirable that the analysed turbine Darrieus can assure constant values for magnitudes: power 
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, with a servo control of the incidence angle of blades.

Tab. 1.
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There are obtained the below equations:
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with: a = 2.0336508, b = -0.31677987, c = -0.1287439, d = -3.0882902.10-3 and the regression coefficient: r = 0.99992196;
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with: a = 1.5029701, b = -0.24413697, c = -0.11183028, d = -6.1105986.10-3 and the regression coefficient r = 0.999916;
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with:  a = 4.4466379,  b = -1.0424284,  c = -0.14559  and  the  regression  coefficient  r = 0.9998622.

The nominal regime (optimal) is obtained for 
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Results of the calculus are presented in table 2 and figure 4.

 









Table 2
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4. Conclusions

The diagram presented in figure 4 show a high variation of the incidence angle for wind velocity values between 7 and 7.5 m/s. The optimal regime is obtained for the wind velocity of 7.5 m/s .

For speeds below 7 m/s is recommended the utilisation of slowly turbines, with action (Savonius, for example); for 
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 that represents a meaningful wind energetic potential, with an energy flow density 
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 we recommend the implementation of modern high power axial wind turbine with horizontal axle, with three blades, for example Nordic - 1MW, Enercon E66 - 1.5 MW, VESTAS V 63 - 1,5 MW and all, [3], [4]. Thus, the algorithm for the incidence angle of blades calculus is the same.
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Turbină de vânt Darrieus echiputere-echituraţie prin servocomanda unghiului de incidenţă al palelor portante

Rezumat: Lucrarea prezintă un studiu sumar, aplicat, privind realizarea unei eoliene tripale cu ax vertical, de tip Darrieus, cu putere şi turaţie constante într-un diapazon propus de variaţie a vitezei vântului. Se adoptă un profil portant NACA 23015 cu legi de variaţie a coeficienţilor aerodinamici Cz(i) şi Cx(i), (i fiind unghiul de incidenţă al profilulu). S-a obţinut legea analitică pentru servocomanda unghiului de incidenţă al palelor care aasigură putere şi turaţie constante, indiferent de viteza vântului. 

Cuvinte cheie: Turbină eoliană Darrieus, coeficient de putere, viteză specifică.
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Fig. 1. The vertical axle wind turbine Darrieus
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Fig. 2. The profile of the blade
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Fig. 3. The diagram  � EMBED Equation.3  ���
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Fig. 4. The incidence angle of blades and aerodynamic coefficients function of wind velocity diagram
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