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Validation of Power Coefficient and Wake Analysis
of Scaled Wind Turbine using Commercial CFD Program
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Abstract : A numerical simulation on the wake flow of a wind turbine which is a scaled version of a
multi-megawatt wind turbine has been performed. Two different inlet conditions of averaged wind speed including
one below and one above the rated wind speed were used in the simulation. Steady—state pitch angles of the blade
associated with the two averaged wind speeds were imposed for the simulation. The steady state analysis based
on the Reynolds averaged Navier-Stokes equations with the method of frame motion were used for the simulation
to find the torque of the rotor and the wake field behind the wind turbine. The simulation results were compared
with the results obtained from the wind tunnel testing. From comparisons, it was found that the simulation
results on the turbine power are pretty close to the experimental values. Also, the wake results were relatively
close to the experimental results but there existed some discrepancy in the shape of velocity deficit. The reason
for the discrepancy is considered due to the steady state solution with the frame motion method used in the
simulation. However, the method is considered useful for solutions with much reduced calculation time and
reasonably good accuracy compared to the transient analysis.
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N
Acronautical test seclion:

- Dimensions: 4m x 3.8m ¥
+  Maximum wind speed: 55m/ sec

+  Turbulence intensity <0.1%

* Open-closed est section

Fig. 2 Wind tunnel at Politecnico di milano used for
experimental tests.
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Fig. 1 Scaled Wind turbine: Actual model(left), CAD g de 13 3 I o] AA FHo 3
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Table. 1 Specification of scaled Wind Turbine 1.9m= 7]?—‘#; o & % T2RD (Rotor
8

Diameter)¢! 13.8m, =]+ 2RD(3.8m)°] L, &

Item Description .

Number of blades 3 EE 402 A 6.3RD(12m), 8-+ 12.6RD(24m)
Rotor diameter [m] 1.91 2 9 =10l AAZA] T EH =
Hub height [m] 178 ;ﬂ?% E;;LA o ] 1l ] -(5:'—loi . T
Rated wind speed [m/s] 5.78 o] f&3llA Aol AHAA FFS T4 &
Rated rotor speed [rpm] 381 T2 syt wme AN AAZRAY O

Rated Power [W] 127 B . . i . .
Power regulation Pitch ?:]1 o] " & 95t 3l @| 4 o_:]' = i]ﬂ 34

o (Rotor Rotation Region), ©+7% % < (Near Field
Ao 7= do]E & Ale® 2A3%o] o] Region), €72 %% (Far Field Region) & 3
FEe g 20 AAsAY ojgy M dejem SRR,
of detieo] Sl FEoE, F138m Eol
3.8m, Z°] 36me°]x, HHYFEHS 14m/s°|t}.
i AA7E ol &5t ti7] AT REE

5) Bottasso, C. L., Filippo C., and Vlaho P, Wind tunnel testing
of scaled wind turbine models: Beyond aerodynamics,

Journal of Wind Engineering and Industrial Aerodynamics,
Vol 126, pp.1~10, 2011 Fig. 3 Wind tunnel modeling
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(a) Far-field region

(b) Near—field region

(¢) 1/3 rotor rotation region

(d) Blade surface

Fig. 4 Mesh appearance by regions
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Number of element
1,575,310
1,697,966

13,488,261
16,761,537

Table. 2 Number of element by region
Total

Region
Far region
Near region

Rotation region
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Error(%)
2.10
1.71

0.290

Cp (Exp)
0.477

0.295

Cp (Sim)
0.487

Table. 3 Simulated and measured power coefficients
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