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Numerical Simulations of Wind Turbine Wake Interactions
by Using the Supercomputer Version RIAM-COMPACT
- An Application to Offshore Wind Farms -
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Abstract

In this paper, the supercomputer version of RIAM-COMPACT is applied to an offshore wind farm.
In calculations using a virtual offshore wind farm model, we found that when the wind enters from an
oblique direction (15 degrees), there is no significant decrease in the wind speed entering the downstream
wind turbines. Furthermore, in the case of a full-scale offshore wind farm, it was clearly shown that the
trends in the measured data could be reproduced by periodically varying the wind direction within a

horizontal cross section.
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® Tip speed ratio, A = 7.0
® Tip speed = 80m/s

® Rated wind speed = 11.4m/s

@ Rated rotational speed = 12.1rpm
Fig.1 Outline of the utility-scale wind turbine
(NREL 5-MW) targeted in the current study
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Fig. 2 Performance for the NREL 5-MW wind turbine
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Fig.4 Side view of the streamwise(x) velocity component, time—averaged flow field
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(a) Measurement station B (b) Measurement station C (¢c) Measurement station D

Fig.5 Rear view of the streamwise(x) velocity component, time—averaged flow field
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Fig. 6 Comparison of streamwise(x) velocity

component at measurement stations B, C, D
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DESCHRE (tip vortex) MIEAK STV D Z LI
L, JBFTZi g (gap flow) 23HER L 7.

Total number of grid points is about 87.5 million.
(605(x) x 626(y) x 231(z))

29m
NREL 5-MW wind turbine y

Fig. 7 Computational domain, grid, and

resolutions for a virtual offshore wind farm

Flow direction HE T .
(power law velocity profile with #=10) -0.2 U-velocity (U/t,) 12

(a) Streamwise(x) velocity component

Flow direction
(power law velocity profile with /=10) -5.0

Vorticity (w,) 5.0

(b) Streamwise (x) vorticity component
Fig.8 Top view of the instantaneous flow field
for one wind turbine at the hub height (92m)
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(a) Streamwise(x) velocity component

Flow direction
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Vorticity (@) 50
(b) Streamwise(x) vorticity component
Fig.9 Top view of the instantaneous flow field
for 12 wind turbines at the hub height (92m)
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Flow direction
(power law velocity profile with #=10) -0.2 U-velocity (U,) 1.2

(a) Streamwise(x) velocity component

Flow direction
(power law velocity profile with #=10) -5.0

Vorticity (w,) 5.0
(b) Streamwise(x) vorticity component
Fig. 10 Top view of the instantaneous flow field

for 12 wind turbines at the hub height (92m)

Flow direction
(power law velocity profile with N=10) -0.2 U-velocity (U,) 1.2

(a) Streamwise(x) velocity component

Flow direction
(power law velocity profile with #=10) -5.0

Vorticity (w,) 5.0
(b) Streamwise(x) vorticity component
Fig. 11 Top view of the instantaneous flow field

at the hub height (92m) in the case of «= 15.0deg
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Fig. 12 Top view of the stream-wise(x) velocity
component and passive scalar fields,

instantaneous flow field
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Fig. 13 Comparison of the scalar horizontal wind
speeds immediately upstream of the wind turbines
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Galion G4000
scanning lidar

{

12 wind turbines, six Repower 5-MW (#1-6) and
six Areva M5000 5-MW (#7-12)
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Fig. 14 Alpha Ventus Offshore Wind Farm (5-MWX12), Germany s first offshore wind farm
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Fig. 15 Wake measurement area of No. 7 wind turbine
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(a) Instantaneous flow field
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(b) Time—averaged flow field
Fig. 16 Top view of the scalar horizontal wind speed at the hub height (91. 5m)
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Fig. 17 Comparison of the scalar horizontal wind speeds at the hub height(91.5m), No.7 wind turbine
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Fig. 18 Top view of the scalar horizontal wind speeds at the hub height (91. 5m)
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Fig. 19 Distribution of the scalar horizontal wind speeds
on the center line of No.7, No.8, and No.9 wind turbines, hub height (91. 5m)
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