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Key Words: Chord Length(o]dﬁ_ol) Tip Speed Ratio(\,5%H]), Angle of Atack(¥+S-2}), Power Coefficient
(Cp, =3 A5) Lift Coefficient/Drag Coefficient( C’L/ Cp,&3n])
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Abstract: This study was carried out with two goals. One was the development of a model of a wind turbine blade
airfoil and the other was the application of this folding blade. In general, in large-sized (MW) wind turbines,
damage is prevented because of the use of a pitch control system. On the other hand, pitch control is not
performed in small wind turbines since equipment costs and maintenance costs are high, and therefore, the blade
will cause serious damage. The wind turbine proposed in this study does not require maintenance, and the blades do
not break during high winds because they are folded in accordance with changes in the wind speed. But generators
are not cut-out, while maintaining a constant angle will continue to produce. The focus of this study, the wind
turbine is continued by folding blade system in strong winds and gusts without stopping production.
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Table 1 Flow-chart for optimal blade design

Input data: Cp, C; vs a and Blade num.

Find a for C,;/C, — Max

Determine tip speed ratio ()

Find a, o' satisfying 0Cp/0a =0

Compute solidity(c), Flow angle(¢)

| | | | «—| <«

Compute pitch angle(f) by 0 =¢p—«

Compute ¢/R vs 1/R END
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Table 2 Flow-chart for optimal blade design

Rated power(kW) 3
Number of blades 3
Rated wind speed(m/s) 10
Rotor diameter(m) 3.5
Re.N. 1.0%10%6
Design TSR 6
Air density(kg/m3) 1.225
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Table 3 The numerical results of airfoil

Airfoil (2r(/)I°>,) (;gl;)) (16%1%)

Vr(m/s) 10

C, 0.588
Blade Num. 3
TSR, \, 545=6
D(mm) 3500
RPM 300
Thick. ratio(%) 15 10 8
C(mm) 1682 1186 960
A= %Ad 1.2 45 6.0
o, 0.2296 | 0.0432 |  0.0262
C,(AoA:5 * ) 1.229 0.929 0.865
Cp(A0A:5 ) 0.0094 |  0.0098 |  0.0098
C,/C, 130.7 94.8 88.3
a,d 0.3001,  0.00408
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Fig. 5 CDF analysis
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Table 4 C;/C,, of camber peak due to adjustment

Camber Peak Position=40%(X/C),2%(Y/C)[Z7 A ]

AoA Cl Cd Cl/Cd(1)
3 0.681 0.0082 83.04878

4 0.736 0.0090 81.77778

5 0.785 0.0099 79.29293
Camber Peak Position=30%(X/C),2%(Y/C)[Z=7 %]
AoA Cl cd CICd(2)
3 0.699 0.0078 89.61538

4 0.763 0.0088 86.70455

5 0.819 0.0096 85.31250

Table 5 Optimization of C,/C), due to AoA

Cl/Cd
AoA /R /R /R /R /R

=20% =40% =60% =75% | =100%
3 120.366 | 105.476 | 101.889 | 88.481 79.136
4 125.909 | 108.804 | 105.670 | 90.444 84.607
5 130.745 | 109.109 | 105.660 | 94.796 88.265
6 127.264 | 107.207 | 102.906 | 98.491 | 100.722
7 115.669 | 105.500 | 100.472 | 97.311 93.077

e

Fig. 7 Airfoil CFD result in visualfoil program
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Table 6 Chord, Twist, Thickness ratio for span
R radius Chord Pitch Thick.

(mm) (mm) (B) ratio(%)
0.20 350 168.2 | 14.30 14.6
0.25 438 163.7 | 11.60 14.0
0.30 525 159.2 9.40 13.4
0.35 613 154.7 7.60 12.8
0.40 700 150.2 6.10 12.2
0.45 788 145.7 4.90 11.6
0.50 875 141.1 3.90 11.0
0.55 963 136.6 3.10 10.4
0.60 1,050 132.1 2.40 9.8
0.65 1,138 127.6 1.90 9.2
0.70 1,225 123.1 1.50 8.6
0.75 1,313 118.6 1.20 8.0
0.80 1,400 114.1 0.90 7.4
0.85 1,488 109.6 0.60 6.8
0.90 1,575 105.0 0.40 6.2
0.95 1,663 100.5 0.20 5.6
1.00 1,750 96.0 0.00 5.0
Table 7 Main data of the turbine system
Diameter 35 m
Blade number 3
Design wind speed 10 m/s
A- design 6

Fig. 11 Vortex model of the blade

##3"Ys}o] Table 6 2 Fig. 837 o] 7+ x| xH
@R) FAS 3+ ¥, Hub=%-H Pitching momentE
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RotorE Fig. 11, 122} 79| inclination angle 90°°]
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Fig. 12 Vortex grid behind the turbine blade

Fig. 13 Results of the optimization
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Fig. 14 Folding wind turbine design for CFD
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