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Structural Integrity through Aerodynamic Analysis and Structural Test for
Small Wind Turbine Composite Blade
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ABSTRACT

This paper deals with the acrodynamic analysis and structural test under estimated loading condition for small composite blade,
which is utilized in dual rotor wind turbine system. Firstly, the front and rear blades of dual rotor wind turbine system were
modeled using reverse engineering method. And using finite volume method, the aerodynamic forces were analyzed at the rated
and cutout wind speed to identify the pressure distribution on blades. And then, the full scale structural tests were conducted
according to load and strength based methodology in IEC 61400-2 to identify the structural integrity of composite blade.
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Table 1 Specification for blade wind turbine

Front blade Rear blade
Rated power 2kW —
Cut-in wind speed 2.5m/s —
Rated wind speed 10m/s —
Cut-out wind speed 25m/s —
Rated rotational speed 225rpm —
Number of blade 3 «
Rotor length 2,750mm 3,350mm
Airfoil Developed —

AL=135mm

L =1000mm

(b) Rear blade attached to a 39°

Fig. 1 Model geometry for aerodynamic analysis

Table 2 Mesh generation

Condition Blade |# of grid(millions)| Mesh size(m)
. o Front blade 13.03
Fixed condition 0.0039~1
Rear blade 993
) | Front blade 2783
[Rotating condition| 0.0078~1
Rear blade 3777

(a) Fixed condition

(b) Rotating condition

Fig. 2 Grid system
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(b) Rotating condition

Fig. 3 Boundary condition
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Fig. 4 Test setup in flapwise condition
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(a) Front blade
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(b) Rear blade

Fig. 5 Pressure distribution at fixed condition and v=25m/s

50,

Aerodynamics Characteristics
" (Fixed Blade)
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(a) Front blade
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Aerodynamics Characteristics
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(b) Rear blade

Fig. 6 Moment curve of fixed condition
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Aerodynamics Characteristics
(Rotating Blade)
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(a) Front blade

| Aerodynamics Characteristics
(Rotating Blade)
—=a— Rear blade_Flapwise (inflow : 10m/s)
—e— Rear blade Edgewise (inflow : 10mv/s)
Rear blade_Flapwise (inflow : 25nvs)
—— Rear blade_Edgewise (inflow : 25mvs)

300+

Momentum [Nm]
5 g

w
S

0 PR IR PR SR NTUN U N BU NN S
04050.60.70.8091.01.11.21.3141.51.6
Distance from center [m]

(b) Rear blade

Fig. 7 Moment curve of rotating condition

Table 3 Maximum moment by blade condition

Condition | Blade & velocity mfﬁfﬁ;em) mfilgei\s?lffin)
Front 10m/s 2.73 242
. Front 25m/s 17.05 14.72
Fixed
Rear 10m/s 483 347
Rear 25m/s 29.34 17.73
Front 10m/s 13.78 16.28
Rotating Front 25m/s 68.17 113.15
Rear 10m/s 36.67 36.64
Rear 25m/s 135.86 163.84
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Table 4 Moment and load applied to the test

Blade Direction | Length(m) | Moment(Nm) | Load(N)
Flapwise 0.545 74.99 137.59

Front blade -
Edgewise 0.545 124.47 228.39
Flapwise 0.737 149.45 202.79

Rear blade -
Edgewise 0.737 180.23 2444

Table 5 Test load for load based method at front blade

Load(N)
Blade % - -
Flapwise Edgewise
40 55.03 91.3
60 82.56 137.03
Front blade
80 110.07 182.71
100 13759 228.39
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Fig. 8 Displacement under load based method
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(c) Edgewise of rear blade

Fig. 9 0-6 curve by Strength based method test
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Table 6 Test load for load based method at rear blade

Load(N)
Blade % - -
Flapwise Edgewise
40 81.11 97.81
60 121.67 146.72
Rear blade
80 162.23 195.63
100 202.79 244.54

Table 7 Comparison with design load and failure load

Name | Direction | Design load(N) |Failure load(N)| %
Flapwise 137.59 5,600.54 4,070.45
Front blade -
Edgewise 228.39 >288.39% -
Flapwise 202.79 2,821.28%% |1,391.23
Rear blade - —
Edgewise 244.54 8,765.90 3,584.64

# 1 Load based method ol &3+ A|&qt =3
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(a) Flapwise of front blade

(b) Edgewise of rear blade

Fig. 10 Fatigue condition
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