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ABSTRACT

This paper describes the numerical analysis of effect of geometric variation on the straight-bladed vertical axis wind turbine.

Geometry variation is performed with pockets on the blades. The results presented in this numerical analysis show the general

flow pattern of near the bladed, and azimuth angle variation on stating torque value. It is shown that the pockets makes torque

higher about 80%
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Fig. 1 Exterior form of Darrieus blades
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Fig. 2 Model Geometry for Numerical analysis

Table 1 Analysis case and Mesh information

Case Number of grid | Mesh size H] oL
N-1 8,636,472
)
No |N-2| 8275866 39124 0, 30, 60,
0.00625~0.4 | 9002 W73}l
pocket | N-3 8,367,603 4
N-4 7,999,373
P-1| 17183231
P2 | 17870281 1§91} 0, 30, 60,
Pocket 0.003125~0.4 | 9002 W7 &}o]
P-3| 178491 A
P-4 | 18533539
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Fig. 3 Basic concept of wind turbine blade element
top * drag, lift and tangential force
bottom : angle of attack
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F,= Lift Force ©)
F, = Tangential Force

= —(F, Cos+ F, Sing) )
T, = Starting Torue (4)
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R: 0.75m (Roter diameter)
AzimuthAngle: 0[rad)

a: Angle of Attack

A Tip speedratio

B PitchAngle ~ 8°
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Fig. 4 AOA variation of VAWT

Fig. 5 Grid system for Numerical analysis
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Fig. 6 Convergence status

Fig. 7 Flow patterns around blade ($=330°)
Top : No pocket
Bottem : pocket
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Table 2 Analysis results of blade force

0] Drag Lift NEEA
0 0213383 | -1.236399022 | -0.16003725
30 1.8953549 | —2.20460927 | -0.404340643
60 45816779 | -2.41997164 | -0.135061525
90 391549371 | -0.14874079 | 0.111555593
120 34433118 1.3520249 | 0.413075993
pocket | 150 1.3046298 1.90873238 0.13160727
180 0.3708735 | -0.98907644 | 0.278155125
210 1.63573023 | -1.26702858 | 0.587302232
240 28317693 | -0.90391881 | 0.476078859
270 456862251 0.77067612 0.57800709
300 2.20963447 1.61110554 | 0.217830818
330 0.8407276 21468143 |  0.258986768
0] Drag Lift NEEA
0 0.2286479 | -1.417130099 | -0.171485925
30 1.87728606 | -2.38607741 | -0.324554035
60 433457175 | —1.94465426 | -0.362374413
90 4.804023748 0.35850275 | —0.268877063
120 358059205 | 1718571137 | 0226478447
no pocket | 150 1.61134182 353098995 | -0.277524019
180 029327573 | -1.888540571 |  0.219956798
210 240834111 | -2.86443307 |  0.490425795
240 | 2.852437438 | 091974187 | 0472274171
270 | 4.399024413 06576683 | 0.493251225
300 2.13020474 1.609401 | 0.246509836
330 1.20200814 2.90876501 0.31005969
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Fig. 8 Flow patterns around blade
No pocket ($=30°)
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Fig. 9 Pressure distribution around blade
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Fig. 10 Case torque for analysis case
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Fig. 11 Starting torque with azimuth angle
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