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Investigation of wake characteristics in turbulence of stable atmospheric
boundary layer

Jisung Na~ and Seungchul Ko~ and Joon Sang Lee’

Abstract In this study, we investigate the wake characteristics in two cases which are laminar inflow
and turbulent inflow. To solve the flow with wind turbines and its wake, we use large eddy simulation
(LES) technique with actuator line method (ALM) and turbulent inflow of Turbsim. Turbulent inflow
which contains the characteristic of the stable atmospheric boundary layer is used. We perform the
quantitative analysis of velocity deficit and turbulence intensity in two cases. Time series of velocity
deficit at the first, the second column in two cases are compared to observe the performance of wind
turbine. The performance in the first column in laminar inflow is overestimated compared to that in
turbulent inflow. And we observe that wake in the case with turbulent inflow drive to the span-wise
direction and wake recovery in turbulent inflow is more effective. In quadrant analysis of Reynolds
stress, the ejection and the sweep motion in turbulent inflow case are bigger than those in laminar
inflow case.
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Fig. 1. Vertical profiles of velocities in stable
atmospheric boundary layer. (a) 3D vertical
profile and wind hodograph. (b) Comparison
between velocities in this study and those in
previous SBL study for validation
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Fig. 2. Contours of stream-wise velocity in two
cases. Upper panel and lower panel are about
laminar inflow and LLJ turbulent inflow,
respectively.
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Fig. 3. Time series of velocity deficit at first,
second column in two cases. t* represent the large
eddy turnover time.
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Fig. 4. Vertical profiles of quadrant components
of Reynold stress in two cases. Ejection motion
and sweep motion mean upward mixing and
downward mixing, respectively.
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