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Development of 100 W Vertical Axis Wind Turbine with Fabric
Blades
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Abstract This paper presents the development of a 100 W Savonius small VAWT (Vertical Axis Wind
Turbine) using fabric blades. The aims were to prevent accidents caused by blade damage using fabric
material and enable low-speed rotation by adopting the Savonius-type rotor, reducing the hazards
associated with rotor rotation. The dimensions of the rotor were determined through the basic design.
Computational Fluid Dynamics (CFD) confirmed the rated power output under rated operating
conditions. In addition, structural analysis was performed for both rated wind speed conditions and
extreme wind speed conditions to assess the structural safety. The safety factors were 30.4 or higher at
rated wind speed conditions and 10.5 at extreme wind speed conditions, confirming the structural
integrity. The CFD results confirmed the power output of 106.8 W. The wind turbine rotor was
manufactured based on the CFD results. Wind tunnel testing was conducted to validate the rotor

performance, and the wind tunnel test results from the improved rotor achieved 107.9 W.
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Where A, is the incoming flow area of the wind
turbine, C, is the power coefficient, 7 is the
power output of the turbine, V, is the design
point of the wind turbine, and 7 denotes the

efficiency of the power conversion.
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Fig. 1. A Power coefficient that depends on Tip-speed
ratio and the type of wind turbine [7]
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Table 1. Design specification of 100 W Savonius type
vertical axis wind turbine

Item Description
Rotor type Savonius
Blade material Fabric
Rated power 100 W
Rated wind speed 12 m/s
Rotor diameter 0.6 m
Rotor height 1.2 m
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Fig. 2. 3-D model of rotor blade and flow field for
the CFD analysis
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Item Description
Analysis type Transient analysis
Time step size Corresponding to 1° rotating angle
Inlet 12 m/s
Outlet Atmospheric pressure
Blade surface No-slip condition
Rotational speed 199.87 RPM
Turbulence model SST model
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Table 2. Grid information

Number of nodes Number of elements 180
H 0
Rotational 13309321 40,740,097 i /\/\ /N
region 2 100 \
Stationary gy \/ \/
. 3,002,859 16,804,879 c
Region

Total 16,312,180 57,544,976 0
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Table 4. Detail information of the Mechanical analysis
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Gravity Wind Rotor s ‘

force speed position 1 q‘ ib
Casel-1 0° «... !D
Casel-2 30° Q! !9
Casel-3 60° ’ '\

— 12 m/s — ‘43 )“

Casel-4 9.8 m/s2 90° >< »
Casel-5 120° ‘
Casel-6 150° AT
Casel 25 m/s 0° Case2 Gravity force Wind pressure

Fig. 8. Boundary
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Fig. 9. Proto-type Fabric rotor(Savonius type)
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Fig. 10. Open-jet type wind tunnel facility and
experimental setup
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Fig. 11. Graph of power output according to each
wind velocity

Table 6. Comparison between wind tunnel results
and CFD results

Rotation Wind Power
Speed Velocity output
[RPM] [m/s] [W1]

CFD 106.8
Experiment 199.87 12 90.8
Improvement 107.9
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