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Scale Effect Corrections of NREL Phase VI Wind Turbine by Using
Computational Fluid Dynamics

Young Min Park* Byeong-Hee Chang

The present paper describes the scale effect correction methods for scaled NREL Phase VI wind turbines by using CFD{computational fluid
dynamics}. For the carrections of wind turbine scale effect, various researches on the helicopter rator scale effect were investigated and the feasibility study of the
methods was performed to carrect wind turbine scale effect. The present paper also introduces scale effect correction methods based on two dimensional lift slope.
In order to test the present method, performance analyses of NREL Phase Vi wind turbines under various scale conditions were carried out and new correction
method was applied. Granting that the new correction method is valid only above Reynolds No. 100,000, it showed reasonable agreement between model and full

scale wind turbines in the linear torque region.
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Re : Reynolds number based on local chord length(c)
Nomenclature and local relative velocity(V)

K : scale effect correction coefficient

g ?:f;f&ggg?;ﬁ;ﬁﬁ;gn airfoil chord line K. :scale effect correction coefficient for chord
‘L . o extension method.

gfgﬁ)ﬁgiig;m slope of 2D airfoil K, : scale effect correction coefficient for velocity

r : radial position of turbine blade correction method

dr : radial length of blade segment

C, : power coefficient

Cy: thrust coefficient :

R : radius of turbine blades SUbSCI'lpt

L lift full : full scale for real-life size

D : drag model : model scale for wind tunnel test

T : torque

V : relative velocity at the blade section
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Fig 1. Result of scale effect correction for 40% BO-105 helicopter
rotor by chord extension method(3). (8x6m: full-scale, 40x80ft:
40% scale)
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Fig 2. Result of scale effect correction for 16% S-76 helicopter
rotor by coefficient correction method(4).
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Table 1. Wind tunnel tests of scaled V-22 prop rotors{5).
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Fig 3. Resutt of scale effect correction for scaled V-22 proprotor by
coefficient correction method(5].

Fig 4. Lift characteristics of S-809 airfoil under various Reynolds
No. condition.
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Table 2. Geometric information of scaled NREL Phase VI wind
turbine model(same tip speed ratio)

Scale |1600% | 800% | 400% | 100% | 50% | 12% | 6%

Rm) | 805 | 402 | 201 | 50 25 06 0.3

RPM | 45 9 18 72 144 | 600 | 1,200

chord | e | 384 | 192 | 048 | 024 | 0088 | 0029
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Fig 5. Comparison of relative shaft torques for scaled NREL Phase
VI wind turbine model.
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