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Numerical simulation of three dimensional flows around SW-VAWT
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Abstract

Three dimensional flows around straight wing vertical axis wind turbine
(SW-VAWT) are investigated by numerical simulation. The flow field around one
blade with NACAQ012 aerofoil is analized, although usual turbine has two
blades or more. Incompressible Navier-Stokes equations are solved by the
fractional step method with rotating coordinate system. The number of
computational grid points is 96 X 64 X 64. The third order upwind finite
difference scheme is chosen for the approximation of the non-linear terms. The
torque and power coefficients are computed for various cases of the tip speed
ratio. The effectiveness of the numerical method is shown and fundamental data
for design are obtained.
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Fig. 1 One-blade SW-VAWT
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Tablel1 Calculation condition.

Number of blade 1
Shape of blade NACA0012
Solidity: o =Nc/R 0.2
Tip speed ratio: A =« Rhi. 2.4-8.1
Reynolds number: Re=2cu../ v 4X105

N: number of the blade R: radius of turbine
¢’ aerofoil chord length v : kinetic viscosity of the air
u,,: velocity of uniform flow
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Fig. 2 Schematic figure of the SW-VAWT.
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(a)Around the blade (b)Overview
Fig. 3 Computational grid
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Fig. 4 Change of attack angle.
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8 =10[degl( o =2.7[deg) 6 =36[degl( o =8.6[deg]) 6 =48[deg](«=10.4[deg])
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6 =236[degl(a =-9.0[deg]) 6 =250[degl( a =-10.6ldeg]) 6 =348[degl( o =-2.6[deg])
Fig. 5 Typical pressure and velocity fields (1 =4.7).
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Fig. 4 The effect of tip speed ratio on torque Fig. 5 The effect of tip speed ratio on power
coefficient. ‘. coefficient.
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