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 Abstract 

In a large wind farm (arrays of wind turbines), wind turbine wake can cause power deficits or/and 
additional fatigue in turbine stands in wake region. In this study, several wake simulations were 
performed to obtain the characteristics of wind profiles in wind turbine wakes. These information can 
be used for design of wind farm. In this year, we focused on the effect of the properties of natural wind, 
such as wind shear and wind fluctuation. 

 

 Reasons for using of JSS2 

In order to resolve the detail structure of wind turbine wake, computational domain should extends to 
about 10 rotor diameters downwind. On the other hand,  to resolve the fluctuations from rotational 
blades, grid scales need to be the order of chord length of blade tips. As a result, it is necessary to put 
large computational grid which has high grid resolution. Thanks to JSS2, such simulations of high 
computational cost can be performed. 

 

 Achievements of the Year 

In this year, two inflow conditions were generated to model the characteristics of natural wind. One of 
them is the atmospheric boundary layer (ABL) conditon whose inflow speed varies with height above 
ground (wind shear), and the other is atmospheric turbulence condition whose inflow has specified 
fluctuations. By using such conditions, we investigated effects of natural wind on the wind speeds in 
wake regions. As the results of the velocity deficit in wake region, the effect of wind shear is not strong 
in far-wake region. On the other hand, the atmospheric turbulence condition accelerates the recovery of 
wind speed by causing dynamic mixing of tip vortices. 

CFD analysis of wind turbine wake 

JAXA Supercomputer System Annual Report April 2017-March 2018



 

 
Fig.1 wake simulation by using ABL condition 

 

 

Fig.2 Contour of wind speeds ( upper : uniform condition  lower: ABL condition) 
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Fig.3 Isosurface of vorticity ( upper : turbulence condition  lower : uniform condition) 

 

 

Fig.4 Transition of averaged wind speed in wake region 
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 Usage of JSS2 

 Computational Information 
 
 
 

 
 
 
 Resources Used 

Fraction of Usage in Total Resources*1 (%): 0.75 
 

Details 
Computing Resources 

System Name Amount of Core Time (core x hours) Fraction of Usage*2 (%) 
SORA-MA 561,986.58 0.08 
SORA-PP 1,028,549.46 12.88 
SORA-LM 0.09 0.00 
SORA-TPP 0.00 0.00 

 
File System Resources 

File System Name Storage assigned(GiB) Fraction of Usage*2 (%) 
/home 096.56 0.07 
/data 10,986.33 0.20 
/ltmp 2,197.27 0.17 

 
Archiver Resources 

Archiver System Name Storage used(TiB) Fraction of Usage*2 (%) 
J-SPACE 0.00 0.00 

 
*1 Fraction of Usage in Total Resources: Weighted average of three resource types (computing, file system, 

and archiver) 
*2 Fraction of Usage: Percentage of usage relative to each resource used in one year

Parallelization Methods MPI 
Thread Parallelization Methods OpenMP 
Number of Processes 2 - 8 
Elapsed Time per Case 1,000.00 hours 
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