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ABSTRACT As global environmental pollution worsens, wind energy has emerged as a crucial alternative to fossil fuels in the renewable
energy sector. According to the Energy Outlook report by Bloomberg New Energy Finance, wind power is projected to supply over
25% of global electricity by 2050. In South Korea, research on offshore floating wind power systems is actively pursued to address
geographical and spatial constraints. Blade Element Momentum Theory (BEMT) is widely used in the industry for blade design and
aerodynamic performance evaluation. Recent design strategies to improve Annual Energy Production (AEP) focus on increasing blade
length through tip tapering, which enhances aerodynamic efficiency and reduces aerodynamic loads. In this study, a 2.3 MW wind turbine
based on UNISON’s U113 was scaled using similarity laws and analyzed for aerodynamic performance and AEP using Bladed code. To
validate the results, three-dimensional CFD simulations were conducted using ANSYS CFX, a commercial CFD solver. Spanwise
distribution of aerodynamic loads along the blade was evaluated. Unlike previous studies, this research integrates BEMT-based
performance evaluation with 3D CFD validation, thereby enhancing the reliability of the blade design methodology. The results indicate
that the aerodynamic performance predicted by Bladed closely aligns with SCADA data, showing an average deviation of only 2.3%.
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Nomenclature H(v) : annual hours of wind speed v, h

V  : wind speed, m/s f(v) : probability density function of wind speed v

P,(v) : power output at wind speed v, W shape parameter of Weibull distribution

c : scale parameter of Weibull distribution, m/s
1) M.S. Candidate, Department of Mechanical Engineering, r : radial position of blade element, m
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. . C, : lift coefficient
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o tangential induction factor

¢ :relative flow angle, °
6  :pitch angle, °
a  :angle of attack, °

w  :viscosity coefficient
N :number of blades

¢ :chord length, m

R, :rated power of Wind turbine, kW
k  :turbulent kinetic energy, m?/s?

w :specific dissipation rate, 1/s

u :dynamic viscosity, Pa‘s

y, :dynamic viscosity, Pa‘s

p :fluid density, kg/m?

U :velocity vector, m/s

o, :turbulent Prandtl number for

o, :turbulent Prandtl number for

P, :production term of k, m?/s*

B : empirical model constant for model
S.. :mean strain-rate tensor

: kronecker delta

«, :empirical constant for eddy viscosity

SF, : shear function used in SST model

a, :empirical constant used in eddy viscosity formulation

Subscript

AEP :annual energy production

CF : capacity factor

BEMT : blade element momentum theory
CFD : computational fluid method

exp :experimental
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Fig. 1. Blade cross—section airfoil

Table 1. Blade design parameter

Description Value
Number of blade 3
Blade length [m] 55.2
Rotational speed variable

clockwise

Rotational direction . .
! rectt (viewed from upwind)

DU—series

Blade profile
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Table 2. Design parameter

Parameter Value
Rated power [MW] 2.3
Rotor orientation Upwind
Control Variable speed
Rotor, Hub diameter [m] 112.8, 2.4
Hub height [m] 34.6
Blade length [m] 55.2
o | aws
Roctzf” sléle’elza[‘;iin] 6. 15.4
Tip speed ratio 10.63
Target Cp value 0.47
Maximum chord length [m] 2.57
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Fig. 2. Two—dimensional shapes of U113 blades
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Fig. 3. Aerodynamic characteristic
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Table 3. Comparison of shaft power

Contents Bladed data Experimental Error rate
[kw] data [kW] [%]
3 64.253 60.178 6.341
4 160.107 161.084 0.610
b) 312,711 326.034 4.260
6 540,362 561,535 3.918
7 858.076 912,988 6.399
8 1294340 1292.700 0.126
9 1800.780 1696.806 5.773
10 2257.370 2147.661 4.860
1 2300.830 2306,781 0.258
12 2300,830 2310.310 0.412
13 2300,830 2297.376 0.150
14 2300.,830 2305,333 0.195
15 2300.830 2318.700 0.776
16 2300.830 2319.787 0.823
17 2300.830 2318.056 0.748
18 2300.830 2316.659 0.687
19 2300.830 2324.344 1,021
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Table 5. Capacity factor by wind class

Wind class | | Wind class Il | Wind class I

Annual
average wind 10 8.5 7.5
speed [m/s]
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