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Design of a 2MW Blade for Wind Turbine and Uni-Directional
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Abstract

The purposes of this study are to evaluate the power performance through CFD analysis and
structural integrity through uni-directional FSI analysis in aerodynamic design and structure design of
wind turbine blade. The blade was designed to generate the power of 2MW under the rated wind
speed of 11 m/s, consisting of NACA 6 series, DU series and FFA series airfoil. The inside section of
the blade was designed into D-spar structure and circular stiffener was placed to reinforce the structural
strength in the part of hub. CFD analysis with the application of transitional turbulence model was
performed to evaluate the power performance of blade according to the change of TSR and 2.024MW
resulted under the condition of rated wind speed. TSR of 9 produced the maximum power coefficient
and in this case, Cp was 0.494. This study applied uni-directional FSI analysis for more precise
evaluation of structural integrity of blade, and the results of fiber failure, inter fiber failure and
eigenvalue buckling analysis were evaluated, respectively. For the evaluation, Puck’s failure criteria was
applied and the result showed that fiber failure and inter fiber failure did not occur under every
possible condition of the analysis. As a result, power performance and structural integrity of 2 MW
blade designed in this study turned out to satisfy the initial design goals.
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Fig. 1 Configuration of 2MW blade framework

and spar structure
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Table 1 Simulation conditions

Item Value
TSR, A 1.94, 434, 5.5, 7.5, 9, 11.5, 16.5
Working fluid Air
Fluid density 1.225 kg/m3
Rotational speed 18.7 rpm

Turbulence transitional turbulence model
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Fig. 2 Computational grid around rotor blade
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Fig. 3 Power coefficient(Cp-TSR)
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(a) suction side
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(b) pressure side

Fig. 5 Turbulence intermittency
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Table 2 Material property
Density
Elastic Constants [MPa] 5
Lg/em’]
El E2 G12 v p
fabric 36300 8760 3480 0.32 1.75
Spar cap
. 33627 12683 4685 0.23 1.75
mixture
random
. 9650 9650 3860 0.3 1.67
material
balsa 2070 2070 140 0.22 0.144
gel coat 2760 2760 1100 0.3 1.23
Density
Strength [MPa] N
[a/cm”]
Xt Xc Yt Yc S12 p
fabric 858 334 | 338 | 933 | 853 1.75
Spar cap
. 916.67|666.67| 52.8 | 142.5 | 77.5 1.75
mixture
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Fig. 7 Analysis results of blade (TSR=16.5)
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Table 3 Fiber failure and inter fiber failure results

Load . Dire- L
Material ) FF IFF Criteria
case ction
45 0.023 0.276 1
fabric -45 0.023 0.276 1
TSR 0 0.041 0.220 1
spar cap
16.5 . 0 0.101 0.141 1
Mixture

0 0.043 | 0.085
fabric -45 0.089 | 0.280
45 0.073 | 0.240
45 0.09 0.738
fabric -45 0.113 0.49
0 0.107 | 0.504

[ S Y (TS Sy

TSR | spar cap
11.5 | Mixture

0 0.184 | 0.217 1

0 0.073 | 0.133
fabric -45 0.095 | 0.738
45 0.101 0.424
45 0.11 0.75
fabric -45 0.12 0.50
0 0.11 0.53

[ S Y (TS Sy

TSR | spar cap
9.0 Mixture

0 0.19 0.22 1

0 0.07 0.13
fabric -45 0.16 0.43
45 0.10 0.48
45 0.14 0.87
fabric -45 0.15 0.62
0 0.13 0.66

[ S Y (S Sy

TSR | spar cap
7.5 Mixture

0 0.24 0.27 1

0 0.09 0.16
fabric -45 0.21 0.49
45 0.12 0.63
45 0.24 0.83
fabric -45 0.23 0.67
0 0.225 | 0.775

S (PSR [FUI (U [ -

TSR | spar cap
1.94 | Mixture

0 0.255 0.356 1

0 0.069 | 0.121 1
fabric -45 0.287 | 0.433
45 0.21 0.82

— | —

At

olo

Table 4 Eigenvalue buckling analysis results

Load case Buckling coefficient
TSR 16.5 6.816
TSR 11.5 4.39
TSR 9.0 3.356
TSR 7.5 2.713
TSR 1.94 4.8191

Mode A

4_ ou ou
oofoo

Fig. 8 Inter Fiber Failure(IFF) model(Puck)
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