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Abstract

Since a wind-power generation system uses wind turbine blades to
convert the kinetic energy of wind to drive a generator which in turn
yields electricity, the aerodynamic performance of the wind turbine
blades and the rotor has decisive effect on the cost benefit of the whole
system. The aerodynamic analysis and the optimization of design
parameters for the wind turbine blades are key techniques in the early
stage of the development of a wind-power generation system. It
influences the size selection of connecting mechanisms and the
specification of parts in the design steps that follows. The establishment
of the optimization techniques may also build up domestic ability in
improving the quality and the speed of the development of wind power
generation systems.

Based on the previously established ability of the research group in
managing aerodynamics optimization for two-dimensional airfoils, a
computational procedure and method for aerodynamics optimization
was established in this study for three-dimensional blades and the rotor
of a wind turbine. It is helpful in improving a wind turbine to increase
the percentage of extracting wind energy.

This paper describes the aerodynamics optimization procedure for



three-dimensional blades and the methods. The procedure was applied to
improving a previously studied 25kW wind turbine rotor design. Results
show that the aerodynamic performance of the new three-dimensional

blades has remarkable improvement after optimization.

Keywords: wind turbine, three-dimensional blade, aerodynamics,

optimization, computational methods
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on 27-Nov-2011 at 19:38:35. 3

primary.out

FAST certification Test #01: AWT-27CR2 with many DOFs with fixed
vaw error and steady wind.

Turbine features:
Downwind, two-bladed rotor with teetering hub.

Rigid foundation.
The model has 13 of 22 DOFs active (enabled) at start-

up.

Enabled First flapwise blade mode DOF.

Enabled Second flapwise blade mode DOF.
Enabled Edgewise blade mode DOF.

Enabled Rotor-teeter DOF.

Enabled Drivetrain rotational-flexibility DOF.
Enabled Generator DOF.

Disabled Rotor-furl DOF.

Disabled Tail-furl DOF.

Disabled Yaw DOF.

Enabled First tower fore-aft bending-mode DOF.
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2 SUMT_BFGS_Golden C,/Cq = 165.1388 164.0260
(exterior)
X=(2.5,0.10,0.09,5.871)
3 SUMT_BFGS_Golden C,/Cq = 191.2681 189.8387
(exterior)
X=(2.5,0.08,0.09,5.837)
4 ALM_F-R_Golden C,/Cq = 211.0682 210.6472
X=(2.5,0.06,0.09,4.268)
5 ALM_DFP_Golden C,/Cq4 = 219.8327 219.2145

X=(2.5,0.05,0.09,4.051)
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SUMT _F-R_Golden

(exterior)

Ci/Cq (AVG)= 75.21628
X=(2.0004, 0.12, 0.0589)

SUMT _DFP_Golden

(exterior)

C,/Cq (AVG)= 75.67319
X=(2.5,0.12, 0.0601)

SUMT_BFGS_Golden

(exterior)

Ci/Cq (AVG)= 75.67319
X=(2.5,0.12, 0.0601)

ALM_F-R_Golden

Ci/Cq (AVG)= 74.92503
X= (1.0, 0.12, 0.0578)

ALM_DFP_Golden

C1/Cq (AVG)= 75.04210
X= (0.4678, 0.12, 0.0529)
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ALM_BFGS_Golden

Ci/Cq (AVG)= 75.67319
X=(2.5,0.12, 0.0601)
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L2 21k CICyTIom B i L

Bk vk

Bt (A )

SUMT _F-R_Golden

(exterior)

Ci/Cq (AVG)=73.26115
X=(2.0002, 0.1, 0.0716)

SUMT_DFP_Golden

(exterior)

C1/Cq (AVG)= 73.35052
X= (2.5, 0.1, 0.0726)

SUMT_BFGS_Golden

(exterior)

C1/Cq (AVG)= 73.67590
X=(0.4,0.1, 0.0571)

ALM_F-R_Golden

C1/Cq (AVG)= 73.26437
X= (1.5999, 0.1, 0.0681)

ALM_DFP_Golden

C1/Cq (AVG)= 73.54655
X=(0.4452, 0.1, 0.0501)

ALM_BFGS_Golden

C1/Cq (AVG)= 73.67590
X= (0.4, 0.1, 0.0571)
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B 6 (A A 1)

SUMT_F-R_Golden

(exterior)

C1/Cq (AVG)= 85.1885
X=( 1.0, 0.08, 0.0681)

SUMT_DFP_Golden

(exterior)

C1/Cq (AVG)= 86.6376
X= (2.5, 0.08, 0.09)

SUMT_BFGS_Golden

C1/Cq (AVG)= 86.6376
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(exterior) X= (0.4, 0.08, 0.09)

C1/Cq (AVG)= 85.4588

ALM_F-R_Golden
X=(1.6001, 0.0800, 0.0746)

C1/Cq (AVG)= 86.6376

ALM_DFP_Golden
X=(0.4,0.08, 0.09)

Ci/Cq (AVG)= 86.6376

ALM_BFGS_Golden
X= (0.4, 0.08, 0.09)

%26 Fr a2k FEE2 21Thk CICTmEE T

Bk it B (A S i)
SUMT_F-R_Golden Ci/Cq (AVG)= 97.38091
(exterior) X=(2.0010, 0.0600, 0.0823)
SUMT_DFP_Golden Ci/Cq (AVG)= 97.91554
(exterior) X= (2.5, 0.06, 0.09)
SUMT_BFGS_Golden Ci/Cq (AVG)= 97.91554
(exterior) X= (2.5, 0.06, 0.09)

C1/Cq (AVG)= 97.38091

ALM_F-R_Golden
X=(2.001, 0.06, 0.0823)

Ci/Cq (AVG)=97.91554

ALM_DFP_Golden
X= (2.5, 0.06, 0.09)

C1/Cq (AVG)= 97.91554

ALM_BFGS_Golden
X= (2.5, 0.06, 0.09)

27 $IF AR EeL2 2ith CICy T A i} 1
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SUMT_F-R_Golden
(exterior)

C1/Cq (AVG)= 104.68279
X=(1.2793, 0.05, 0.09)

SUMT_DFP_Golden
(exterior)

Ci/Cq (AVG)= 104.68279
X=(1.2793, 0.05, 0.09)

SUMT_BFGS_Golden
(exterior)

C1/Cq (AVG)= 104.68279
X=(1.2793, 0.05, 0.09)

ALM_F-R_Golden

C1/Cq (AVG)= 104.68279
X=(1.2793, 0.05, 0.09)

ALM_DFP_Golden

C1/Cq (AVG)= 104.68279
X=(1.2793, 0.05, 0.09)

ALM_BFGS_Golden

C1/Cq (AVG)= 104.68279
X=(1.2793, 0.05, 0.09)
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(exterior)
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ALM_BFGS_Golden

C/Cq (AVG)= 75.67319
X= (2.5, 0.12, 0.0601)

C1/Cq (AVG)= 73.67590

X=(0.4,0.1, 0.0571)

5= &5 | SUMT_BFGS_Golden
(exterior)

Ci/Cq (AVG)= 86.6376
X= (0.4, 0.08, 0.09)

SR G SUMT_DFP_Golden
(exterior)

C1/Cq (AVG)= 97.91554
X= (2.5, 0.06, 0.09)

ALM_DFP_Golden

C1/Cq (AVG)= 104.68279
X=(1.2793, 0.05, 0.09)
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Section No.0 No.1 No.2 No.3 No.4 No.5
Location 0.1 0.16 0.35 0.55 0.75 0.95
R/L range 0.08~0.12 | 0.12~0.2 | 0.2~0.5 | 0.5~0.6 | 0.6~0.9 0.9~1

r/ro 2.5 2.5 2.5 2.5 2.5
Thickness/chord 0.12 0.1012 0.08 0.06 0.05
Camber 0.08 0.09 0.09 0.09 0.09
Attack angle circular 6.145 5.871 5.837 4.268 4.051
Ci 1.5656 | 1.6419 | 1.6478 1.5293 1.4512
Cq 0.01047 | 0.01001 | 0.00868 | 0.00728 | 0.00662
Ci/Cqy 149.475 | 164.026 | 189.8387 | 210.6472 | 219.2145

g E iR SR R & 12 m/s > ik 72 rpm -~ b A
L 2 (R) 6.3 m )
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DEVIES TEN 38 & PEL L 57

%10 g Xb g GgzE ot

_ Location | A% | 4% 4 | sTd T KA Chord
Section
(R) ¥t | (deg) | (deg) | (deg) (m)

1 0.16 0.633 38.4 6.1 32.3 1.178
2 0.35 1.385 23.9 5.9 18.0 0.939
3 0.55 2.177 16.4 5.8 10.6 0.742
4 0.75 2.969 12.4 4.3 8.1 0.601
5 0.95 3.760 9.9 4.1 5.9 0.516
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