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CFD Analysis of the Mechanical Power and the Wake of a Scaled Wind
Turbine and Its Experimental Validation
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In this study, both mechanical power and the wind speed distribution in the wake of a wind turbine scaled model were
analyzed using a commercial CFD program (Ansys CFX) along with experimental validation. For the simulation, two
different turbulence models including the SST model and the k-¢ model were used. The scaled model was originally
designed and manufactured by the researchers at the Technical University of Munich and was slightly modified for this
research. To experimentally verify the CFD results, tests were performed with the scaled model under the turbulent wind in
a wind tunnel. From the experimental validation, it was found that the k-¢ turbulence model gives a better prediction than
the SST model in the wake results. However, the SST turbulence model showed better prediction than the k-& turbulence
model in the power prediction. The discrepancy between the CFD results and the experimental validation is partially due to
the fact that the blades are deformed at all times and control of pitch in the rated power region but these aspects are not
considered in the simulation. If a transient analysis is performed using LES models, it will more accurately predict the
change of wake with high turbulence intensity.
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D = Rotor Diameter
R = Rotor Radius

P = Electrical Power
V' = Wind Speed

A = Swept Area

C, = Power Coefficient
A = Tip Speed Ratio
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Table 1 Specification of scaled wind turbine

Property Units Value
Number of blade - 3
Rotor diameter m 1.1
Hub height m 0.91
Fine pitch angle degree 0.5
Rated power W 39.8
Rated wind speed m/s 5.5
- o .

Fig. 1 Scaled wind turbine
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Fig. 2 Blade of scaled wind turbine
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(a) Rotor surface mesh

(b) Internal rotor mesh

Fig. 5 Result of rotor mesh

Table 2 Boundary condition for checking y*

Property Units Value
Inlet m/s 5.5
Opening atm 1
Outlet atm 1
Rotating speed rpm 678
Pitch angle degree 0.5
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Fig. 8 Wind tunnel modeling

(a)Wind tunnel surface mesh

(b) Tower, nacelle and interface surface mesh

Near wake

(c) Internal tunnel mesh

Fig. 9 Wind tunnel mesh

Table 3 Boundary condition according to control region

Boundary condition
Below rated Above rated
Pitch angle [degree] 0.5 5.37
Inlet [m/s] 5.07 6.20
Inlet turbulent intensity [%o] 12.0 12.3
Rotor speed [rpm] 611.4 678.0
Side, Top, Bottom No slip wall
Outlet Atmospheric pressure

Fig. 10 Boundary condition
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Corner vane High speed
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/
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Automatic
roughness

Low speed
test section

Fig. 11 Schematic drawing of the KOCED wind tunnel®* (Adapted
from Ref. 23 on the basis of OA)

Table 4 Design criteria for the wind tunnel® (Adapted from Ref. 23
on the basis of OA)

Item Specification

Type Closed circuit vertical circulation
12 x 2.5 x 40 (Low)
5% 2.5 x 20 (High)

0.3-12 (Low)
0.5-30 (High)

Test section
(W xH xL)[m]

Wind speed [m/s]

Turbulence intensity without

wedge [%] <13
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(b) Schematic drawing of the wind turbine wake measurement

Fig. 12 Configuration of the wake measurement setup
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Fig. 13 Wake shape in lateral direction at various downstream
distances (Below rated wind speed)
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Fig. 14 Wake shape in lateral direction at various downstream
distances (Above rated wind speed)
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Table 5 Averaged wind speed ratio within rotor diameter at wind
speed lower than rated wind speed

3.66 D 471D 575D
Exp (a) 0.77 0.78 0.79
SST (b) 0.59 0.61 0.64
k-£(c) 0.61 0.64 0.66
(b-a)/a*100 [%] 233 20.8 16.9
(c-a)/a*100 [%] 20.1 16.8 14.3

Table 6 Averaged wind speed ratio within rotor diameter at wind
speed higher than rated wind speed

3.66 D 471D 575D
Exp 0.81 0.82 0.84
SST 0.76 0.77 0.78
k- &(c) 0.78 0.79 0.80
(b-a)/a*100 [%] 6.17 4.94 3.70
(c-a)/a*100 [%] 3.70 247 123
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Table 7 Mechanical power at below rated wind speed

Electrical power [W] Error [%]
Exp 29.01 -
SST 28.82 0.7
k—¢ 27.5 5

Table 8 Mechanical power at above rated wind speed

Electrical power [W] Error [%)]
Exp 39.64 -
SST 35.92 9.3
k—¢ 33.5 15.5
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Table 9 Mechanical power by cases
Electrical power [W] Error [%]
Case 1 35.92 -
Case 2 35.75 0.5
Case 3 35.72 0.6
Table 10 Number of element by the cases
Case 1 Case 2 Case 3
Rotating 20,403,476 18362,576 18,362,576
domain
Stationary 5,967,244 5967244 5,710,510
domain
Total 26,370,720 24,329,820 24,073,086
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Table 11 Power coefficient (Below rated wind speed)

Cp Error [%]
Exp 0.381 -
SST 0.383 0.5
k—¢ 0.366 -3.9
BEMT 0.408 7.1

Table 12 Power coefficient (Below rated wind speed)

Cp Error [%]
Exp 0.286 -
SST 0.257 -10.1
k—¢ 0.239 -16.4
BEMT 0.339 18.5
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