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Introduction

Compared to solitary turbines, wind farms are characterized by interferences due to wake effects
between the wind turbines resulting in power losses in the farm production. As a consequence, wind
farm power losses from wake effects are intrinsic to the functioning of wind farms.

The global power loss of the farm varies with multiples parameters, such as the relative position of
the wind turbines, their spacing, the terrain and the atmospheric turbulence amongst others.
Quantifying the power losses is therefore of great importance to the understanding of the wind
turbines production under wake effects. The processing and analysis of existing data can improve the
comprehension of the operation of already installed farms as well as the new developments in wind
energy.

Approach

Three different single lined wind farms (Farm1, Farm2 and Farm3) were used as test cases for the
wake power losses analysis. The good alignment of the turbines of these farms makes possible the
study of wake interaction when the wind sectors are close to the turbine alighments. The wind farms
are characterized, mainly, by the following parameters: the number of wind turbines N in the farm,
the rotor diameter D and the average non-dimensional spacing S/D between wind turbines, as show
in Table 1.

Number of WT, N Rotor Diameter, D Non-dimensional Spacing,
S/D
Farml 5 70m 2.85
Farm2 3 82m 34
Farm3 4 82m 34

Table 1. Main characteristics of the wind farms

For our study we use SCADA data based on 10 minutes averages for the power of each turbine, the
wind speed and the wind direction. A data analysis program has been specially developed for wind
turbines performance analysis using SCADA data. The program allows its user to obtain information
for a selected wind direction, wind velocity, for a given period of time, for multiple years and for
multiple wind turbines.

In our study we have only selected the data of interest for the wake effect analysis. They correspond
to the recorded data for the wind sector centered on the wind turbine alignment. Different wind



sectors centered on the turbine alignment were considered as well as several peculiar wind speeds,
typically 6, 8 and 10 m/s +/- 0.5m/s.

Main body of abstract

The main objective of our work is to consider the power losses from wake effects in a wind farm. The
power deficit can be characterized by introducing the wind farm efficiency Ew by comparing the
averaged power produced by the farm to the maximum power observed in the farm Pmay as:

o - r_1 Py
YT N Py

where Py is the power of turbine k. Here Ew is calculated for specific wind sectors. When there is no
interaction between turbines as wake effects, EW is by definition equal to 1.

The evolution of the wind farm efficiency Ew (ETA) for Farm1 as a function of the wind direction is
shown in figure 1.

09
0,8
0,7

0,6

EW

0,5
0,4
03
0,2

0,1

-30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30
WIND DIRECTION

Figure 1. Evolution of the wind farm "wake efficiency” EW for Farm1 as a function of the wind direction. The angle is 0
when the wind direction is aligned with the farm alignment. The wind sectors +/-5°, +/-10° and +/-15° are shown.

Different wind sectors are shown in order to test the sensitivity of the arbitrary choice of the wind
sector width on the reported results. Reducing the wind sector width improves the accuracy but it
reduces the number of data. The evolutions of the efficiency Ew for the wind sectors +/-5°, +/-10° and
+/-15° show very similar behaviors. As expected, the efficiency is minimum when the wind is aligned
with the turbines and the deficit is almost symmetrical with respect to the turbine alignment. The
deficit is less important for the wind sectors +/-10° and +/-15° since they provide a coarser
description of wake effects. In the following the wind sector +/-5° is used for discussing wake effects.
The energy produced by the turbines of the cluster are now compared to the energy produced by the
head turbine. For this purpose the power of each turbine is normalized by the power of the head
turbine. The evolution of the corresponding normalized power for the 3 wind farms is shown in



Figure 2. Different wind conditions are reported in each figure: the power losses for all the wind

conditions as well as for three different wind speeds respectively 6, 8 and 10 m/s +/-0.5 m/s.
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Figure 2. Normalized power on the wind turbine cluster of the wind farm Farm1 (top left), Farm3 (top right) and
Farm2 (bottom) for the wind speeds of 6, 8 and 10 +/- 0.5 m/s and for the case where all wind speeds are taken into
account.

There is a clear loss of power for all the turbines located in the wake. The difference is mainly
observed between the head turbine and the second turbine and then the power of the successive

turbines is almost constant. The most deficit occurs for the intermediate wind speed of 8 m/s.

One of the most important parameters in wake effects is the spacing between the wind turbines. We
represent, on the figure 3, the influence of spacing on the power difference between the first and
second wind turbines for six study cases: the 3 wind farms studied and 3 different results found on

the literature.

One can say that the power difference remains constant for a spacing comprised between 3 and 4
diameters. The case of the wind farm Farml presents a normalized power loss that is significantly
superior to those of the other cases. It seems to exist a critical spacing under which the power losses

become even more relevant.
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Figure 3. Evolution of the Normalized Power Losses with the non-dimensional spacing of the wind turbines. Our
results are compared to those found on the literature: [8], [2] and [11].

Finally, we consider the following particular situation. Farm1 has experienced long periods of time
where one of the wind turbines (the 4th on the cluster) was stopped. Choosing only the data
corresponding to that conditions one can use the same type of analysis as before but for this
particular case. The statistical validity of the results is assured by the quantity of available data under
these conditions.

The evolution of the normalized power in the cluster for the 2 study cases (all working wind turbines
and 4th wind turbine stopped), is shown in figure 4.
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Figure 4. Comparison of the normalized power of the cases: (1) all working wind turbines and (2) 4th wind turbine at
a stop.

Comparing the results for both cases one can conclude that the last wind turbine is capable of
recovering 30% of the power production when compared to the normal functioning case. This
observation emphasizes one important question that has been addressed in some recent research
works concerning the optimization of a wind farm production when wake effects are present. In
other work, it seems possible to modulate the wake effect in order to improve the global production.



Conclusions

Our work presents the quantification of wind farm power losses due to wind turbine wake effects for
3 wind farms. We were able to investigate the influence of different parameters of a wind farm on
the wake power losses by representing an efficiency parameter and the normalized power
production of the wind turbine cluster. We investigated the wind sectors impacted by the wake
effects as well as the influence of the wind speed and the wind turbine spacing.

A case of a stopped wind turbine on the cluster shown a recovery in production by the downstream
wind turbine. Even though the global production of the wind farm did not increase, our results tend
to show that an optimization of the wind farm production can be obtained by limiting the wind
turbines production on the cluster.

Learning objectives

Operational wind farm optimization in wake conditions still needs improvement. In this purpose our
goal was to better understand the influence of each parameter using SCADA data in order to identify
conditions where gains in production are attainable.
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