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Stratification Effects on Wind Resource Assessment in Complex Terrain
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Abstract

The atmospheric boundary layer is often characterized by vertical variations of air density. In
density stratified layers such as the surface inversion layer that is frequently observed at nighttime, the air
density decreases with height. In stably stratified conditions, negative buoyancy forces are present. As a
result, when air flows over simple or complex topographies in stably stratified conditions, wave and other
fluid phenomena emerge that are not observed in neutrally stratified conditions. In this report, we
performed numerical simulations considering various atmospheric stability conditions for small-scale
topography. Based on the obtained simulation results, we visualize the flow field and introduce drastic
changes in the flow patterns. Furthermore, the effect of stable stratification on the evaluation of power

generation is shown for typical complex terrain.
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-0.5 Non-Dimensional ~ 1.35
U-velocity (U/U;,)

(a) Neutrally stratified condition, Ri = 0.0

-0.5 Non-Dimensional ~ 1.35
U-velocity (U/Uy)

(b) Unstably stratified condition, Ri = -1.0

(c) Stably stratified condition, Ri =+1.0
Fig.2 Spatial distribution of instantaneous U-velocity component for the steep hill with a =2.0

under various atmospheric stability conditions. Here, the arrows in the figure indicate the direction of flow.

Vol.45, No.1 HARJAS) T3V ¥ — 24 3
- 3 N



(a) Neutrally stratified condition, Ri = 0.0

(b) Stably stratified condition, Ri = +1.0

Fig.3 Spatial distribution of instantaneous U-velocity component for the steep hill with a=10.0

under various atmospheric stability conditions. Here, the arrows in the figure indicate the direction of flow.
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Fig.4 Topographical conditions around the location of the wind turbines.

Here, the arrows in the figure indicate the direction of flow.

(a) Neutrally stratified condition, Ri = 0.0

(b) Stably stratified condition, Ri = +1.0

Fig.5 Instantaneous flow field including the No.l and No.2 wind turbines
and the spatial distribution of instantaneous U-velocity.

Here, the arrows in the figure indicate the direction of flow.
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(a) Neutrally stratified condition, Ri = 0.0

U-velocity (U/Uy,)

(b) Stably stratified condition, Ri=+1.0
Fig.6 Time-averaged flow field including the No.1 and No.2 wind turbines

and the spatial distribution of instantaneous U-velocity. Here, the arrows in the figure indicate the direction of flow.
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Fig.7 Profiles of time-averaged wind speed at No.1 and No.2 wind turbines.
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Fig.8 Wind speed ratio of wind turbine hub height (78m) to virtual met mast with a height of 50m.

Here, the arrows in the figure indicate the direction of flow.
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Fig.9 Annual wind speed distribution, 50m virtual met mast.
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Fig.10 2MW wind turbine power curve.
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Fig.11 Comparison of capacity factors.
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(b) Stably stratified condition, Ri = +1.0

Fig.12 Instantaneous flow field including the CFD porous disk wake model

and the spatial distribution of instantaneous U-velocity. Here, the arrows in the figure indicate the direction of flow.
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