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CFD analysis about the relation between rotor performance and blade pitch angle
for ultra-large scale wind turbine
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When upsizing wind turbine rotor diameters, the fluctuation of acrodynamic loads on the blade caused by the atmospheric
boundary layer becomes more significant. For suppressing the fluctuation, applying individual pitch control (IPC) on
ultra-large scale wind turbines is proposed. The periodic variation of angle of attack (AoA), which occurs by applying
IPC, is intended to suppress the load fluctuation. Thus, investigations on the effect caused by the difference in AoA is
important. As a first step of this investigation, we executed a CFD analysis of two- and three-bladed 10 MW-class wind
turbines with changing the blade pitch angle. At the designed operational point, the normal force distribution acting on
the blade changes when the blade pitch angle changes. In constant, the tangential force distribution thus the rotor torque
is almost the same. These results suggest that we can reduce the variation of aerodynamic loads without noticeably

decreasing the power.
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Table 1  Specifications for NEDO 10 MW RWT®,

Two-bladed |  Three-bladed
Rotor position [-] Upwind
Rotor diameter [m] 200
Hub height [m] 130
Number of blades [-] 2 3
Rated tip speed [mys] 110 90
Designed tip speed ratio [-] 122 10
Airfoil profiles [-] FFA-W3

P———

Fig. 1 Blade shapes for NEDO 10 MW RWT®
(Upper: three-bladed, Lower: two-bladed).

Fig.2 Three-bladed rotor model used in CFD.
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Table2 Computational grid information.

Analysis domain 10D x 10D x 10D
Refinement region 1.5D x 1.5D x 1.5D
Resolution in the refin t
esolutior e refinethen 1.6¢ x 1.6¢ x 1.6¢
region
Resolution on the blade 0.022¢
Height of the first cell on the -
blade yE
50 M (Two-bladed)
Total number of cell
ot number ot cetls 82 M (Three-bladed)
D =200m
Remarks
¢ =19 m (at//R=0.8)
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Fig.4 Computational grid around the airfoil at /R = 0.8.
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Table3 Numerical analysis conditions.

. . Reynolds-averaged
Governing equations . .
Navier—Stokes equations
Space discretization Cell-centered FVM
Inviscid flux SLAU
Gradient GLSQ
Limiter Hishida’s limiter
Reconstruction u-MUSCL
Turbulence model Spalart-Allmaras
Rotation of wind turbine Moving grids
Time integration LU-SGS
CFL number 1 (local time stepping)

Table4 Analysis cases
(designed A is shown in red).

. . Blade pitch
Tip speed rati
P 10 rate Tip speed [my/s] angle
[deg]
5,6,7,8,9,10.1,
Two-bladed 11,12.2,13, 14, 110 -1,0,1
15,16
4,5,6,7,8.3,9,
Three-bladed 10, 11,12,13, 90 -1,0,1
14,15
Blade pitch angle 6
———— Twist angle §

f Inflow

Rotor Plane

Fig.5 Definition of blade pitch angle.
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Fig.7 Thrust coefficient Cr.

Table5 Percentage differences between Cp in 8 = 0° and that
in 8 =—1° or 1° atthe designed tip speed ratio.

ACp [%] ACp [%]
©=-1) | (0=1)

2 BId —-0.72 —-1.12

3 BIld —-1.35 —1.65

Table6 Percentage differences between Cr in 6 = 0° and that
in 8 =—1° or 1° atthe designed tip speed ratio.

ACr [ ACr [%]
©=-1 ©=1%)
2Bld 5.56 —7.22
3Bl 5.97 —5.59
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Fig.9 Normal force coefficient C,, distributions along the blade in
two-bladed rotor case at 1 = 12.2.
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Fig. 10 Tangential force coefficient C; distributions along the blade
in two-bladed rotor caseat 1 = 12.2.

1.6 r . . .
1 I I I
' | | |
' | | ;
1 I I
12 F-fFAV---1 ' R T
: .
: _____ Y ____ Y _____
o0.8 T . T r
' | | |
1 I I
i | i | —3BId Pitch-1
04 F------- S (S 4--
i | | —3BId Pitch0
1 I I
' | i | —3BId Pitchl
0 1 I I
0 0.2 0.4 0.6 0.8 1

/R

Fig. 11 Normal force coefficient C,, distributions along the blade in
three-bladed rotor caseat 1 = 10.
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Fig. 12 Tangential force coefficient C; distributions along the blade
in three-bladed rotor case at 4 = 10.
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Fig. 13 Normal force coefficient C,, distributions along the blade in
two-bladed rotor caseat 1 = 5.
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Fig. 14 Tangential force coefficient C, distributions along the blade
in two-bladed rotor case at 4 = 5.
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Fig. 15 Normal force coefficient C,, distributions along the blade in
three-bladed rotor case at 1 = 4.
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Fig. 16 Tangential force coefficient C; distributions along the blade
in three-bladed rotor case at 1 = 4.
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Fig. 17 Pressure coefficient contour on the suction side of the blade
in three-bladed rotor case at A = 4.
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Fig. 18 Pressure coefficient contour on the suction side of the blade
in two-bladed rotor caseat A = 5
(Upper: 8 = —1°,Middle: 8 = 0°, Lower: 8 = 1°).
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