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Abstract: 
 

Small wind turbines are in general subjected to low wind speeds. These conditions are 
common in the city of Salinópolis, state of Pará, whose wind potential has been 
studied by Frade (2000), which demonstrated that in this locality the wind speed is 
about 6 m/s. In this work, the computational code proposed by Vaz et al. (2011) is 
used to optimize a turbine blade geometry using the airfoil NACA 654421. Power 
output and other parameters regarding the operating condition of the turbine are also 
performed. Prandtl’s equations are employed to correct the effects of vortices on the 
tip and root of the blade, as well as Glauert's correction to calculate the optimal 
induction factors. The pos-stall correction through Viterna and Corrigan model is 
included in the classical Blade Element Momentum Theory. Hence, it is possible to 
obtain optimized chord and twist angles of the rotor blade, as can be observed in 
Figure 1. The power output as a function of wind speed using the optimized blade is 
shown in Figure 2. Note that at nominal speed, there is an energy production 
exceeding 800 W. When the wind condition is more than 8 m/s, the generated energy 
approaches 1200 W, remaining constant. Thus, the design of a wind turbine to 
generate energy at low wind conditions using Blade Element Momentum Theory is 
very interesting, demonstrating that it is possible to use this type of technology for 
small-scale energy production. 
 

Key-words: Optimized Blade, Blade Element Momentum, Low wind speed, Wind Turbine. 
 

Figure 1 – Optimized blade shape. 



 
Figure 2 – Power generated by the turbine according to the wind speed. 

 
 
 

References: 
 
Frade, L. C. S. (2000). Study of the Wind Energy Potential in the Coastal Area of the 
State of Pará. MSc. Dissertation, Graduate Program in Electrical Engineering, Federal 
University of Pará, Belém, Brazil, 154 p. 
 
Vaz, J. R. P., Pinho, J. T. and Vaz, D. A. T. D. (2011). On a Generalized Formulation 
for the Optimization of Chord and Twist Angle of Wind Blades. ISES Solar World 
Congress, Kassel, Germany. 


