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Numerical Analysis of Wind Turbine Scale Effect by Using
Computational Fluid Dynamics

Young Min Park, Byeong—-Hee Chang

Numerical analysis of wind turbine scale effect was performed by using commercial CFD code, Fluent, For the
numerical analysis of wind turbine, the three dimensional Navier-Stokes solver with various turbulence models was tested. As a
turbulence mode, the realizable k—e turbulence model was selected for the simulation of wind turbines. To validate the present
method, performance of NREL {Naticnal Renewable Energy Laboratory) Phase VI wind turbine model was analyzed and
compared with its wind tunnel test and blind test data. Using the present method, numerical simulations for various size of wind
tunnel models were carried out and characteristics were analyzed in detail. For wind tunnel test model, the size of nacelle may
not be scaled down precisely because of available motor. The effect of nacelle size was also computed and analyzed though
CFD simulation. The present results showed the good correlations in pre—stall region but much to be improved in post-stall
region, In 2006 and 2007, the performance and the scale effect of standard wind turbine model will be tested in KARIKorea
Aerospace Research Institute) LSWT{Low Speed Wind Tunnel) and the present results will be validated with the wind tunnel data,
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Fig 1. Trends of wind turbine size
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—Number of blades : 2

—Rotor Type: Teetering Type

-Blade Diameter : 10.058m

—Design Speed : 72 rpm

~Cut-in and Cut—out speed : 6 m/s ,25m/s
—~Power regulation : Stall

—-Rated Power : 19.8 Kw

—Rotating Direction : CCW viewed from upwind
~Used Airfoil : S809 airfoil
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Fig. 2 Blade surface mesh distribution of
NREL Phase VI wind turbine.
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Fig. 3 NREL Phase VI wind turbine blade and periodic boundary

Fig 4. Vortices convection from turbine blade
at the periodic boundary.
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Fig 5. Shaft torque characteristics for various turbulence model.
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Fig 6. Shaft torque comparisons with blind test results.
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Fig 7. Bending moment comparisons with blind test results.
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Fig 8. Torque and thrust coefficient comparison for various model
scales. (NREL Phase VI, V=10m/s, TSR=3.74)
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Table 1 Shaft torque variations for various nacelle sizes.

Model Necelle  |Shaft Torque | Relative Shat | Variation
Size Size (/D) | (Newtor) | Torque (%) %
Full Scal No Nacelle 1434 100.0 -
ut ocale 0085 1433 999 -007
(D=10m)
0208 1416 987 126
No Nacelle 236 1000 -
Model Scale =4 1o 236 1000 008
(D=1.2m)
0208 232 984 161
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Table 2 Comparisons of NREL and KARI wind tunnel tests

NREL Phase IV KARI
Blade (Diameter=D) 2(10m) 2(1.2m)
Nacelle Width(d) 0.85m 0.185m
dmn 0.085 0.150
Velocity 5-hole@5-Span
Measurement (34,51,67,84,91%)
Blade Pressure pressure hole & p-ducer -
Region of Interest Post Stall Validation/ Scale Effect
Bending Moment Pressure Integration Strain gauge
Win Tunnel 25:\'&8?/%%;%) 4m xléén?l&‘é%)
RPM(M,,) 72mpm{0.11) 600rpm(0.11)
Wind Speed 6mis~25m/s 6m/s~25m/s
(TSR ,A) (6.2~1.5) 6.2~15)
Clean Blades,
Transition Clean Blades Tripped Biades,
Extended Blades
Table 29141%= NREL Phase VI F&E{H19] Z£EA18 7} 3
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