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A Study on the Design and Computational Fluid Dynamics Analysis
of 2.5MW Blade

Seul-Ki Yeom

Korea Research Institute for Defense Technology Planning and Advancement
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Abstract In South Korea, interest in alternative resources is increasing as they are depleted from a
long-term perspective with limited resources. Research and systems for wind energy are being
implemented as new and renewable energy. Wind energy is continuously being developed from a small
size such as the 10-kW class to large offshore wind power generators of the 20-MW class. For the design
of wind turbine blades, aerodynamic design has been studied through blade element moment theory,
vertical and horizontal axis blade design, aerodynamic performance verification through wind tests, and
systematic analysis through GH Bladed. In this study, an airfoil series applied to an NREL 5-MW wind
power generator system was selected, and a 2.5-MW horizontal axis wind power generator was designed.
For the basic design of the blade, blade element moment theory was applied, and each cord length and
twist angle were set through the blade length and rated rotational speed. The airfoil was constructed
according to the thickness distribution by applying the DU series and NACAG64-618. After designing one
wing of the blade with the CATIA 3D program, computational fluid analysis was conducted through the
ANSYS Fluent program. The entire flow field was applied with viscous incompressible Navier-Stokes
equations, and the Spalart-Allmaras turbulence model was applied in a normal state. In order to reduce
the time for flow analysis, it was conducted through multiple reference frames (MRFs), which consider
blade rotation using different coordinate systems. Through this analysis technique, the value of the
entire blade was derived with one blade value. As a result, the output was about 2.6 MW at a rated
rotation speed of 12.17 rpm. It was confirmed that the rated output was reached through each element.
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Fig. 1. Airfoil shape of wind turbine blade
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Table 1. Main design parameters

Section Spec.
Rated power 2.5MW
Design wind velocity 10m/s
Cut-in wind velocity 3m/s
Cut-out wind velocity 25m/s
Blade radius 47.096m
Blade number 3
Rated rotational speed 12.17rpm
Tip speed ratio 6
Rotor orientation Upwind
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Table 2. Wind turbine design flow chart

r/R Radius Chord length Twist angle Airfoil
0 0 2.50 25.00 Cylinder
0.05 2.37 2.50 25.00 DU40_A17
0.10 4.75 3.44 25.00 DU40_A17
0.20 9.50 5.13 23.85 DU40_A17
0.30 14.21 3.67 17.44 DU35_A17
0.40 18.99 3.07 13.75 DU30_A17
0.50 23.74 2.70 11.34 DU25_A17
0.60 28.49 2.45 9.64 DU25_A17
0.66 30.86 2.37 8.99 DU25_A17
0.71 33.24 2.29 8.36 DU21_A17
0.81 37.99 2.14 7.31 NACAG4_618
0.91 42.73 1.91 6.27 NACAG4_618
1.00 47.10 1.50 5.24 NACAG4_618
3. CFD #3si
y 3.1 ofiMAx & AAxXA
Rated power. =
T peca ratio Wind turbine AFoNA= AAE 2.5MWE $H= Zddr]

Rotor diameter, power calculation
Rated rotstional spead

v

Blade flow factor
calculation

v

Blade airfol

N —No# Recalculation
calculation

Yes
v

Airfoil distribution
selection and shape
designifor CATIA)

es
v

Blade verification
(for ANSYS Fluent)

Blade design
complete

Fig. 2. Wind turbine design flow chart
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Fig. 3. Computational domain and boundary condition
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Where, @ angular velocity, R blade radius, Ve
inflow velocity

Table 3. Wind turbine design flow chart

Vi [m/s] Siz;aéi[?;l;l] Tip speed ratio
Case 1 5 3 2.959128952
Case 2 5 5 4.931881587
Case 3 5 7 6.904634222
Case 4 5 9 8.877386857
Case 5 5 10 9.863763174
Case 6 5 11 10.85013949
Case 7 5 12.17 12.00419978
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Fig. 4. Surface streamlines for rotational speed of
12.17rpm
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