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Abstract

The drag-type vertical axis wind turbine is widely used in low wind speed areas such as cities and
villages due to its superior performance in complex wind environments and wind direction inde-
pendent. In order to improve the wind energy utilization rate of the drag-type vertical axis wind
turbine, this paper innovatively proposes a Savonius wind turbine based on NACA airfoil profile,
and uses unsteady numerical simulation and airfoil parameterization to study the influence of key
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design parameters on the aerodynamic and flow characteristics of the wind turbine. The unsteady
numerical simulation is carried out to study the influence of design parameters on the perfor-
mance of the wind turbine. The results show that the blade profile of Savonius rotor based on NACA
airfoil can not only effectively improve the power coefficient of the wind turbine, but also broaden
the working and operation range. The wind turbine with 3040 blade profile achieves the best power
coefficient 0.2357, which is 7.68% higher than the traditional Savonius wind turbine. At the same
time, the blade profile based on NACA airfoil can effectively change the flow field around the wind
turbine, increase the driving pressure difference of the wind turbine, reduce the size of shedding
vortex, and thus improve the power output of the wind turbine.
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Figure 1. 2D schematic of the Savonius wind turbine
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Figure 2. The blade profiles of the wind turbine
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Table 1. Parameters and names of designed blade profiles
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" 40% 50% 60%
60% 6040 6050 6060
50% 5040 5050 5060
40% 4040 4050 4060
30% 3040 3050 3060
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Figure 3. Computational domains and boundary conditions
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Figure 4. The validation of the turbulence model
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Figure 5. The effects of different camber values on the power coefficient of the wind turbine
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Figure 6. The effects of different camber positions on the power coefficient of the wind turbine
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Figure 7. The polar diagram of dynamic torque coefficient
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Figure 8. Streamlines of the wind turbines
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Figure 9. The distribution of pressure on the surface of Savonius and 3040 wind turbines, advanced blade (a);
and returning blades (b) at 8 = 30°
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