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Introduction

Definition of Unstable and Stable Atmospheric Conditions Methodoloqgy of Study and Wind Farm Description it o
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Stable Atmospheric Condition: | - T
After the sun sets, the earth’s surface is allowed to cool and the W'réCGI It:arbm De§crt|pt|on A south and B -orth
atmosphere reaches a buoyantly stable condition where there is i urbines in two rows (A south an +Horth) l/w

little vertical movement and higher wind shear is observed. - A str!ng 29 turb_lnes
- B string 41 turbines

- Approximately 16 months of production data

Results of Day and Night Average Power vs. Wind Speed comparison

During Northerly Winds
(A string is waked)

In this section, the average normalized power productsa function of windspeedfor the A

and B strings are comparehliring stable and unstable conditions during southerly winds. The
top set of plots shows the comparison during daytime hours and the second set of plots shows

the nighttime comparison. The bottom plot presents the difference between the downwind and f
upwind strings as a function of wind speed.
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¥.During southerly winds, the B string is in the wake of the A Y.Conversely, during northerly winds, the A string is in the
string therefore the average power of the A string is expected to wake of the B string therefore the average power of the B
be higher than the B string. string is expected to be higher than the A string.
¥The difference between the average power of the A and B string Y.Similarly, the difference between the average power of the
IS significantly larger at night (i.e. during stable conditions). two strings is significantly larger during stable conditions.
¥.During southerly winds, the average ratioetween night and ¥.During northerly winds, the average ratibetween night
daywake losses = 2.059n other words, the wake losses at and daywake losses 2.49.

night are approximately double the wake losses during the day.

Summary and Next Steps

¥2Power production data from an operating wind farm was analyzed to
examine the difference in wake losses that occur during stable versu:
unstable atmospheric conditions.

¥ The average power produced by the northern string was compared t¢

3) The percent error in AEP was then calculated for a range of average wake lossé
(3.0% to 9.0%). The results of the analysis are shown in the table and plot below.

¥4 The error in the AEP estimation increased the average power produced by the southern string during northerly gad
Error in AEP Estimate vs. Average Wake Loss with average wake loss. southerly wind directions and during daytime and nighttime condition
0% e Y, With an average wake loss of 3%, the error ¥4 The average ratio between night and day wake losses ranged from 285

01% **************** **************** AEP ranged fror0.17% to 0.02%. to 2.49.
o w e e soe  eoe oo 7/a\With an average wake loss of 9%, the error ¥ The impact on AEP estimation was analyzed at 6 different sites acros
: range increased te0.53% to 0.07%. the U.S
< % The error in AEP was largest at sites with 3, Th . n : . d with hiah "
significantly different diurnal wind speed 2The error In the AEP estimation increased with higher average wake
% ef = distributions such as the site in California . losses. | |
Y4 At sites with an average wake loss of 9%, the error in the AEP estimd@on
— e o fweneeldeton X ranged from -0.53% to +0.07%
/L S f = Oklahoma  ——Fast Coast 1 ——Fast Coast 2 ¥, The next step Is to determine the most appropriate way to incorporats
diurnal wake losses due to changes in atmospheric stability into our

wake loss models.




