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Numerical Analysis of Unsteady Flow through a Horizontal Axis Wind Turbine Blade by a Vortex Method
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Recently, the present authors have developed a vortex method for two and three-dimensional analyses of viscous
unsteady flows, aiming at the application of it toward various engineering problems.  On the other hand, the flow in
turbomachinery is known to be a complicated three-dimensional and unsteady vortex flow, and further development
of numerica methods for reasonable prediction of the complex and unsteady flow is expected for improvement of
reliability in design of turbomachinery. In this study, in order to investigate the applicability of the advanced three-
dimensiona vortex method to turbomachinery, numerical simulation of unsteady flow around a Horizonta Axis
Wind Turbine (HAWT) was carried, and reasonable results were obtained. As typical results of the simulation, an
instantaneous flow pattern represented by discrete vortices, pressure contours on the blade surface and the
relationship between the output power and the tip speed ratio of the turbine blade are shown in this paper.
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Fig.6 Shape of blade section
Profile MEL 012 (no-taper)
Blade number | N=1
Span length B/R=0.7
Cut-off radius | Rcut/R=0.3
Aspectratio | Ar=b/c=8.0
Twistangle | q=4.8 15.2[deg]
(@) MELO12
Profile NACAQ012 (no-taper)
Blade number | N=1or 2
Span length B/R=0.7
Cut-off radius | Rcut/R=0.3
Aspectratio | Ar=b/c=5.25
Twist angle 0=(y,+6.0)-6.67" (r/R) [deg]  (0.3<r/R<0.9)
ip,=0.0[ded] (0.9<r/R<1.0)

(b) NACA0012
Table.1 Specification for wind turbine blade

Rotational radius of the bladetip | R

Chord length of the blade section | ¢

Angular velocity W

Tip velocity V=RW

Tip speed ratio | =RWU,

Period of one rotor revolution To=2pR/(RW)
Timeinterval DtV/IR=T,/200
Reynolds number Re=VR/n=1.0 10°

Table.2 Cadlculation conditions
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Fig.7 Aerodynamic force acting on the element of rotor blade
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Fig.9 Time histories of power and axial drag coefficients (I =8)
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Fig.10 Pressure distributions on the blade (I =4, T/T,=3.0)
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Fig.11 Pressure distributions on the blade (I =8, T/T,=3.0)
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Fig.12 Pressure distributions on the blade (I =14, T/T,=3.0)
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Fig.13 Spanwise distribution of circumferentia force coefficient
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Fig.14 Spanwise distribution of axia drag coefficient
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Fig.23 Time histories of power and axia drag coefficients (I =6)
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