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Abstract

The annual average wind speed in more than 80% of the global area that
can potentially be employed for onshore wind farm development is lower than
7 m/s. Onshore wind farm development has been accomplished in most
regions with excellent wind resource. Based on the increasing need for
onshore wind farm development in low-wind-speed sites owing to the effect
of environmental factors, commercial demand of IEC-Class III wind turbine
has significantly increased among the world’s leading developers and wind
turbine manufacturers of the wind power industry. Thus, aerodynamic design
of a 3SMW wind turbine blade for low-wind-speed sites was performed in this
study. The geometry was optimized to improve AEP (Annual Energy
Production) and minimize the increasing rate of thrust. The performance
analysis result by BEM(Blade Element Momentum) method showed that the
increase of thrust was limited to less than 5% and AEP was greatly enhanced
by 1.89GWh at annual average wind speed of 7 m/s compared to the
reference blade. All analysis results was calculated by using BEM theory. It
has as disadvantage as the prediction accuracy can greatly vary depending on
external input data reliability. also the effect of a complicated 3D flow
occurring at the blade suction side can’'t be considered in the power and load
analysis process as it i1s very simple. Thus, the final performance of the blade
designed by BEM theory must be verified using CFD technique, which can
clearly simulate physical phenomena. Therefore, CFD simulation was
performed. It was confirmed that AEP was increased by 1.36GWh in condition
of average wind speed of 7m./s and the increasing rate of thrust was found

to be 5.1% at the rated wind speed.
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58.0 | 10.2 | 449 7.3 10.3 | 439 4.9 10.4 | 430 2.8
582 | 10.2 | 451 7.8 10.3 | 441 54 104 | 432 3.3
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58.8 | 10.1 | 456 9.0 10.2 | 447 6.9 10.3 | 437 45
59.0 | 10.1 | 458 9.5 10.2 | 449 7.3 10.3 | 439 4.9
59.2 | 10.1 | 460 10.0 10.1 | 451 7.8 10.2 | 441 5.4
59.4 | 10.0 | 462 104 10.1 | 452 8.1 10.2 | 443 59
59.6 | 10.0 | 464 10.9 10.1 | 454 85 10.2 | 445 6.4
59.8 | 10.0 | 466 11.4 10.1 | 456 9.0 10.1 | 447 6.9
60.0 | 10.0 | 467 11.6 10.0 | 458 9.5 10.1 | 449 7.3

30 -



Table 3-3 Blade design specification of low wind speed
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Crid Baseline blade(11.1m/s)

PlkW] Error rate[%] TIkN] Error rate[%]
3e+06 2,755 3.51 420 1.64
4e+06 2,828 0.93 427 0.00
5e+06 2,849 0.20 428 -0.23
7e+06 2,855 0.00 427 0.00
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Fig 4-4 Computational mesh of blade local section

Table 4-2 Comparison of performance results about steady and unsteady state

Grid Baseline blade(11.5m/s)
P[kW] T[kN] Error rate[%]
Steady
5006 3,008 441
Unstead P[kW] T[kN] < 0.20
Y 3,002 440
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Table 4-3 Calculation condition

Baseline blade

Wind speed Rotational speed Density

Case 5
[m/s] [rpm] [kg/m’]

1 35 10.03 1.225
2 5.0 10.03 1.225
3 7.0 10.43 1.225
4 9.0 13.41 1.225
5 11.1 14.3 1.225
6 116 14.3 1.225

Low wind speed blade

Wind speed Rotational speed Density

Case 5
[m/s] [rpm] [kg/m’]

1 3.0 8.46 1.225
2 5.0 8.46 1.225
3 7.0 10.53 1.225
4 9.0 12.1 1.225
5 10.1 12.1 1.225
6 10.7 12.1 1.225
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