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Study on shape of tip end of circular cylinder blades wind turbine driven by longitudinal vortex
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In this study, we considered that the shape factor of each part of the wind turbine affects the lift force acting on the
circular cylinder blade by the longitudinal vortex, and examined a method for easily approximating the relationship

between these combined factors. In order to propose a blade shape that increases lift in a cylindrical blade wind turbine

driven by a longitudinal vortex, the effect of each form factor was confirmed by experiments and numerical analysis. We

verified the application to the optimization method by modeling the effect of each form factor. As a result, the multivariate

linear regression was insufficient in predicting the optimal blade shape, and the interaction of each factor of the circular
cylinder blade wind turbine could be expressed by using the response surface methodology.
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Fig. 1 Numerical Domains

Fig.2 Experimental equipment
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Table 1 Experimental conditions.

Test section size [m] 0.32X0.32X1.0
Wind velocity U [m/s] 10
Cylinder diameter d [m] 0.02
Cylinder length / [m] 0.06
Width of ring-plate ' [m] 0.02
Gap ratios/d  [-] 0.35
Number of blades Ny 2

Table 2 Numerical setup.
Test section [m] ¢ 60d X30d
Analysis method Steady RANS
Turbulent model SSTk-w
y+ 0.8
Velocity ratio 4 0.1,02,03,04
Density p [kg/m’] 1.205
Viscosity u [Pas] 1.82X107
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Table 3 Numerical condition.
-2.378 -1.000 0.000 1.000 2.378
U m/s 2.865 7.000 10.000 13.000 17.135
V m/s 1.432 3.500 5.000 6.500 8.568

dm 0.008 0.015 0.020 0.025 0.032
sm 0.005 0.006 0.007 0.008 0.009
wm 0.008 0.015 0.020 0.025 0.032
Lm 0.012 0.040 0.060 0.080 0.108
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Fig3 Lift for each velocity ratio in steady analysis.
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Table 4 Factor for each parameter
X U \ d L S w
beta -0.000284 0.0073459 -1.067498 0.4498059 -0.042619 -0.807205
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Fig.5 Comparison of CFD and regression predictions.
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Fig.6 Response surface of lift force for each parameter.
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