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Numerical Analysis of Separation Bubble on an Airfoil for Wind Turbines
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In order to understand and predict the low Reynolds number phenomena observed on wind turbine blades, especially
formation of separation bubbles, the flow fields around an airfoil for wind turbines are numerically analyzed. The
results show a discontinuity in the pressure coefficient distribution around the airfoil. This discontinuity captures the
formation of a separation bubble at a certain location, which shows good agreements with experimental results. From
visualization of flow fields, the mechanism of separation bubbles is recognized as follows: after vortexes formation
and growth in the separated boundary layer, the vortexes distortion and transition to 3-dimensionality follow, then the

flow field becomes fully turbulent.
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3 Figure 1 MELO12, The computational grid
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Figure 2 MELO12, Re=2x10°, a=4°; Pressure coefficient around
the airfoil
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Figure 3 MELO012, Re=2x10°, 0=4°; Velocity Profile
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Table 1 MELO012, Re=2x10°, 0=4°; Time averaged C;,Cqand C,

Case C Cq (From Cy Cn
pressure)
Experiment 0.922 0.015 -0.115
QUICK 0.931 0.020 0.025 | -0.123
LES 0.918 0.016 0.021 | -0.116

MELO12,
Re=2x10°,
0=4°

(a) Particle simulation from LES result

MEL002:
Re=1.3x10°,
0=4°

(18)

(b) Flow visualization from laser light sheet technique
Figure 4 Flow patterns

Figure 5 MEL012, Re=2x10°, a=4°; Distribution of v, normalized
by vd v, v
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Table 2 M-FO71, Re=2x10°, 0=10°; Time averaged C, and Cq

Cin
O G O
pressure)
Experiment 1.305 0.024 -0.063
2-D. comput. 1.370 1.400 0.032 0.494 | -0.097
3-D. comput. 1.401 1.403 0.025 0.029 | -0.092
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Figure 6 M-F071, Re=2x10°, a=10°; Pressure coefficient around
the airfoil
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Figure 7 M-F071, Re=2x10° , 0=10°; Power spectrum of pressure
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Figure 8 M-F071, Re=2x10°, a=10° ; Surface plots of
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