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Aerodynamic Optimization Design and Calculation of a
Large-Scale Horizontal Axis Wind Turbine with Pitch
Regulation Based on Particle Swarm Optimization
Algorithm
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Abstract: The complicated wake vortex aerodynamic model, which is based on limited blade numbers and
variable circulation along blade axis, and the PSO algorithm were used in aerodynamic optimization design
and calculation of a large-scale horizontal axis wind turbine (HAWT) with pitch regulation, and correspond-
ing mathematical models also were established. A 1.5SMW HAWT with pitch regulation, as an example, was
designed and calculated As well. The results show that the method put forward in this paper is feasible and
helpful to in aerodynamic optimization design and calculation of a HAWT with pitch regulation.
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Figure 1. Chart of the pitch adjusting control
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Figure 2. Aerodynamic vortex model of wind rotor
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Figure 3. Calculation models
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Figured. Flow chart of the optimization program
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Table 1. The results of optimal design
F 1. MEFHER

Highe ZHRAL ) sEiE, EE
T 31. 0726 4. 2966 s509
8. 75 252023 4. 1311 s509
10.5 19. T126 3. 9657 s509
12. 25 15. 0336 3. 8002 Sa09
14 11. 5415 3. B43T s509
15.75 §.9332 3. 4693 S509
17.5 6. 9309 3. 3035 s509
19. 25 5. 4600 3. 1354 S509
21 4. 22E3 2.9729 =309
2273 3.17TBE 2. 8074 s509
24.5 2. 2610 2. 6420 S509
26. 23 1. 4387 2. 4765 s509
28 0. 6332 2. 3110 s509
29.73 0. 0234 2. 1456 =309
31.5 —0. B335 1.9801 s509
33.25 -1.3373 1.8147 S509
35 —-1. 9606 1. 6492 s509
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Table 2. The design results with the pitch regulation
F 2. RIERTRIHTRER

FLIEC ms) Bl ..y Cp =3 FIEW FICH
3 10,0073 03826 04083  £0.5310 & 6819
4 —9.1104 0. 3520 0. 4551 53,102 1T. 164
=1 —3. 0320 0. 3730 0. 4914 103, a0 25. 953
=] —B. 5501 0. 4077 0. SB36 Z07. 55 47 526
T —5. 4000 a. 4280 0. 6200 345 04 T1.611
=] -4, 1773 . 4522 0.7149 545,75 107. 85
=] —3. 0162 . 4379 0. 6542 TSZ2. 48 124.491
10 —-1. 7223 0. 4293 0. 624z 1io11.9 147.131
11 —0. 5344 0. 4085 0. 5614 12TB. 3 18012
1z 0. 0000 0.5980  ©0.5411 1210 183, BT
13 1. 0346 0. 3130 0. 3937 1B21.0 156. 54
14 2.4591 0. 2506 0. 3044 1B21.0 140. 63
15 4. 1025 0. 20355 0. 2475 1621.0 125. 7T
16 B. 0488 a. 1679 0. 1978 1621.0 119. 36
17 T. 4095 01400  ©0.1841  1E21.0 111. 78
15 5. 9561 o.1179 0.1379 1B21.0 105. 32
19 9. T264 . 1003 01174 1621.0 o3, a0
z0 11. 7140 0. 0SB0 0. 1010 1621.0 9523
21 12 5137 0. 0743 0. 0s7TT 1621.0 a1 165
22 13. 8915 0. 0646 0. 07TeT 1B21.0 87,505
23 15. 0BZ6 0. 0sBs 0. 0&TE 1B21.0 1. 294
24 16. 3922 0. 0497 0. 0800 1621.0 51, 164
25 17. 4809 0. 0440 0. 0557 1621.0 T9.113
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Figure 5. Curve : the pitch regulation of blade
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Figure 6. Curve: power coefficient and power
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Figure 7. Curve: the axial force coefficient and axial force
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