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ROTATING FLOW ANALYSIS AROUND A HAWT ROTOR BLADE USING RANS EQUATIONS

T.S. Kim,' C. Lee,2 C.H. Son’ and C.Y. Joh™

The Reynolds-Averaged Navier-Stokes(RANS) analysis of the 3-D steady flow around the NREL Phase VI
horizontal axis wind turbine(HAWT) rotor was performed. The CFD analysis results were compared with experimental
data at several different wind speeds. The present CFD model shows good agreements with the experiments both at
low wind speed which formed well-attache flow mostly on the upper surface of the blade, and at high wind speed
which blade surface flow completely separated. However, some discrepancy occurs at the relatively high wind speeds
where mixed attached and separated flow formed on the suction surface of the blade. It seems that the discrepancy is
related to the onset of stall phenomena and consequently separation prediction capability of the current turbulence
model. It is also found that strong span-wise flow occurs in stalled area due to the centrifugal force generated by
rotation of the turbine rotor and it prevents abrupt reduction of normal force for higher wind speed than the designed

value.
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Fig. 1 Geometry of the NREL Phase VI rotor blade (Dotted lines
represents 5 spanwise pressure-tab positions)
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Table 1 Operational conditions for NREL Phase VI turbine

run # wirzg;?)eed mpm dke;/sny VISC(l)SIty " (tip ;peed

(kg/ms) ratio)
1 7.0 71.9 1.246 1.769 5.41
2 10.0 72.1 1.246 1.769 3.80
3 13.0 72.1 1.227 1.781 2.92
4 15.1 72.1 1.224 1.784 2.52
5 20.1 72.0 1.221 1.786 1.89
6 25.1 72.1 1.220 1.785 1.51
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Fig. 3 Overall view of boundary mesh
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Fig. 4 Surface mesh on inner cylinder, blade surface and periodic
boundaries
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Fig. 5 Pressure distributions for the wind speed 7 m/s
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Fig. 6 Pressure distributions for the wind speed 10 m/s
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(c) wind speed 20 m/s

Fig. 8 Surface streamlines on the suction surface of the blade
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Fig. 9 Spanwise distribution of normal and tangential force
coefficients; for measurements, + one standard deviations
are shown
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