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Aerodynamic and Structural Design of A High Efficiency Small

Scale Composite Vertical Axis Wind Turbine Blade
Chang-duk Gong*, Ha-Seung Lee* and In-Kweon Kim**

ABSTRACT

Recently, the wind energy has been widely used as a renewable energy resource due to
lack and environmental issues of the mostly used fossil fuel. This work is to develop a
500W class blade design of vertical axis wind turbine system which will be applicable to
relatively low speed region like Korea and for the domestic use. For this wind turbine a
high efficiency and low noise turbine blade was designed with the proposing aerodynamic
design procedure, and a light composite structure blade.  Structural analyses were
performed using the Finite Element Method and fatigue life of the designed blade is
estimated. Finally, in order to check its performance, the manufactured blade was tested by
using truck and the results of test was good with respect to its analysis result.
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Table 1. System requirement

Vertical Axis Wind Turbine

Type System

Rated power 500 W

Rated wind speed | 8 m/s
Cut-out wind

speed 20 m/s
Maximum  survival

wind speed 5 m/s
Planned fatigue

lifetime 20 year

275(To  be determine the

Number of blades optimal value)
Rated rotor speed [100~500 rpm

Direction of rotation |Anticlockwise

To be determine the optimal
airfoil for Rated wind speed

To be determine the optimal
rotor diameter for Rated wind
speed

Blade airfoil

Rotor diameter

Blade material Glass/epoxy composite

Manufacturing Lay-up molding




760 3% - ol

LY ol= 4, £8YE(Solidity), SlAEY, =]/
17 8] o tlsl parameter studyS T3t
Hzd FE A4S 2A s A dge
%8 gHlo 2¥AFE o33 Zo] F9 A

2P be

i e WP
/ Ci—5wrdzdd (1)
-aY o Vi

293 AAA 287 A7H 29 gge 4
2 Bad AN & 5 A

be +H p2n
P=Mw=—— / Ciqrwdfdz (2
2nd _ydy

P, =n,P ®)

A7 Cp : EHASF, p - S

Hy i 5 94, 1, - AfF 55 &5, b
BHol= A, ¢ BHolE A9l H: B4
ol=o] ¥ol/2, C : AAY AF, W, : o]

E 5T, v AEE, r; FEEWY 9, ¢
1
EpWUQ, dz : EHol= n
B&olth

Table 2= A|H¥Z<A F
i 9a Fig. 12 3 &
o] WHals B4 A

A 29

B
)
o
=~
()
20
N

£
)
)
2
fo
ox
ofo
Hy
[
o

°] ANSYS CEXE o] &3}
Y 7] Wi &
I 1 9o ggoA=
E AAz7Ao=Z HE3tY
=}

SRl =

AReE F

Table 2. Aerodynamic design result
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Fig. 2. Aerodynamic configuration of
designed blade and Stream line
distribution for fluid flow analysis
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Table 3. Load cases for structural design

Rated power 500W

Rated speed 8m/s Load case Case 1| Case 2 | Case 3
Rated RPM 168 Reference

Number of blades 5 wind speed 8m/S 20m/S 550m/8
Radius 0.9m Gust condition | without with

Blade length 2.56m . storm
Blade chord length 0.27m (+20m/s, £40°) gust gust

Airfoil NACA0018 Rotational speed | 167rpm | 353rpm stop
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Fig. 4. Stress contour on blade illustrated
by FEM analysis

Table 5. Stress analysis results of small
VAWT blade
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QAN g 3o mEH o} GAH & 37 Analysis result
Max. stress Ten. | 124| 944 259
Table 4. Structural analysis result [MPal Comp. | 21.1| 928
[(0/90)/+45/(0/30)2l, Max, stress |1on- | 004, 03 09
Spar 351 failure criterion | Comp. | 0.11| 05
Skin [i45/ir45/i45/(?/3;)/i45/i45/i45] Tsai-Wu failure criteria | 0.23| 0.78
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Fig. 6. Result of load spectrum
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Fig. 8. Static strength test loads simulated
by three—point loading method

Fig. 9. Static test of the prototype blade

Table 7. Comparison between the static
analysis results and the test

results
Analysis
[tem Test results
results
Max. displacement
P 54 mm 51 mm
at blade center
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