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Software Development for the Performance Evaluation and Blade Design
of a Pitch-Controlled HAWT based on BEMT
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ABSTRACT

The purpose of this study is to develop a software for the performance evaluation and blade design of a pitch-controlled
HAWT using BEMT(Blade Element Momentum Theory) with Prandtl’s tip loss. The HERACLES V2.0 software consist of three
major part ; basic blade design, aerodynamic coefficient mapping and performance calculation including stall or pitch control
option. A IMW wind turbine blade was designed at the rated wind speed(12m/s) composing five different airfoils such as
FFA-W-301, DU91-W250, DU93-W-210, NACA 63418 and NACA 63415 from hub to tip. The mechanical power predicted
by BEMT at the rated wind speed is about 1.27MW. Also, CFD analysis was performed to confirm the validity of the BEMT

results. The comparison results show good agreement about the error of 6.5% in rated mechanical power.
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les 2.0 Offshore Wind Turbine Blade Design Software.
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Fig. 2 Aerodynamic coefficient mapping GUI

Heracles 2.0 : Offshore Wind Turbine Blade Design Software
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Table 1 Specification of 1MW rotor blade

Mu R[mm] THETA Chord[mm] Airfoil type Re
0.25 6810 14.99 254451 FFA-W3-301 3.70 X 10°
03 8180 1235 24445 FFA-W3-301 413 X 10°
0.35 9540 10.32 234449 FFA-W3-301 453 X 10°
04 10900 874 224448 DU91-W2-250 489 X 10°
045 12260 747 214448 DU91-W2-250 5.20 X 10°
05 13630 6.43 204447 DU93-W2-210 547 X 10°
0.55 14990 5.56 194446 DU93-W2-210 570 X 10°
0.6 16350 4.84 184445 DU93-W2-210 5.87 X 10°
0.65 17710 421 174444 DU93-W2-210 6.00 X 10°
0.7 19080 3.67 164444 NACAB3(2)-418 6.07 X 10°
0.75 20440 32 154443 NACAG3(2)-418 61X 10°
08 21800 277 144442 NACAB3(2)-418 6.07 X 10°
0.85 23160 2.36 134441 NACAGB3(2)-418 6.00 X 10°
0.9 24530 1.94 12444 NACAB3(2)-415 5.87 X 10%
0.95 25890 143 1144.39 NACAB3(2)-415 5.69 X 10°
1 27250 0.54 1044.39 NACAGB3(2)-415 546 X 10°
200 ———FFA-W-301 (X-foil,Re=4.12x10°)
180 ——— DU-91-W2-250 (X-foil Re=5.05x10")
160 —— DU-93.W210 (X-foil,Re=5.76x10)
N\ NACAG63(2)-418 (X-foil Re=6.06x10%)
140 ——— NACAG63(2)-415 (X-foil Re=5.67x10°)
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Fig. 5 Comparison of ratio of lift to drag for five different airfoils
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