[

o=g DOL: http://dx.doi.org/10.5293/kfma.2015.18.2.014
O Original Paper ISSN (Print): 2287-9706

FAST, GH Bladed CFD7I“"% 0|23t 5MW SHAMZZE{HI
AlAH HAlstE=2 s A Hw
4715k - AsS§ T - AN - UL

Design Load Case Analysis and Comparison for a 5 MW Offwhore Wind
Turbine Using FAST, GH Bladed and CFD Method

Ki-Ha Kim’, Dong-Hyun Kim™, Young-Seob Kwak’, Su-Hyun Kim™

Key Words : Offshore Wind Turbine(3)-53 8 E]2]), Design Load Cases(¥7|3}579]=), Blade Element Momentum Theory(E&]o/=
LAEHY o]E), Computational Fluid Dynamics(E<H7-7 % 8]

ABSTRACT

Design lifetime of a wind turbine is required to be at least 20 years. The most important step to ensure the deign is to
evaluate the loads on the wind turbine as accurately as possible. In this study, extreme design load of a offshore wind turbine
using Garrad Hassan (GH) Bladed and National Renewable Energy Laboratory (NREL) FAST codes are calculated considering
structural dynamic loads. These wind turbine aeroelastic analysis codes are high efficiency for the rapid numerical analysis
scheme. But, these codes are mainly based on the mathematical and semi-empirical theories such as unsteady blade element
momentum (UBEM) theory, generalized dynamic wake (GDW), dynamic inflow model, dynamic stall model, and tower
influence model. Thus, advanced CFD-dynamic coupling method is also applied to conduct cross verification with FAST and
GH Bladed codes. If the unsteady characteristics of wind condition are strong, such as extreme design wind condition, it is
possible to occur the error in analysis results. The NREL 5 MW offshore wind turbine model as a benchmark case is practically
considered for the comparison of calculated designed loads. Computational analyses for typical design load conditions such as
normal turbulence model (NTM), normal wind profile (NWP), extreme operation gust (EOG), and extreme direction change
(EDC) have been conducted and those results are quantitatively compared with each other. It is importantly shown that there

are somewhat differences as maximum amount of 18% among numerical tools depending on the design load cases.
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Fig. 1 Geometric configuration of the 5MW wind turbine model
and definition of blade coordinate system
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Table 1 Design parameters of the NREL 5MW wind turbine

Rating 5 MW
Rotor Orientation, Upwind, 3 Blades
Configuration
Control Variable Speed, Collective Pitch
Drive train High Speed, Multiple-State
Gearbox
Rotor, Hub Diameter 126 m, 3m
Hub Height 90O m
Cut-In, Rated, Cut-out
Wind Speed 3m/s, 11.4m/s, 25m/s
Cut-In, Rated 6.9RPM, 12.1 RPM
Rated Tip Speed 80m/s
Overhang, Shaft Tilt, Precone 5m, 5degrees, 2.5degrees
Rotor Mass 110,000 kg
Nacelle Mass 240,000 kg
Tower Mass 347,000 kg

Coordinate Location of (-02m, 0.0m, 640m)

Overall CM

Fig. 2 Blade element with an annulus ring
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Fig. 3 Unsteady blade element momentum theory algorithm
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Fig. 4 Comparisons of predicted aerodynamic power and thrust for
various wind speeds
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Fig. 5(@) Time history of the hub wind speed magnitude and rotor
speed for the NTM condition (Va,e=11 m/s, 10 min)
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Fig. 6 Comparisons of blade root force and moment between FAST and GH Bladed for different design wind condition
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Fig. 7 Comparisons of blade root force and moment between FAST, GH Bladed and CFD for different design wind condition
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