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Abstract— In this study, the Particle Swarm Optimization (PSO) method was employed to optimize the anticipated energy yield of a wind
farm. The architecture of a wind farm, including its location, height, and shadow reduction, is determined using the PSO algorithm
based on the turbine height and rotor diameter. The proposed model presents two potential scenarios for the wind velocity and dispersion
direction originating from a level wind location. The findings indicate that the optimization of the wind farm layout, encompassing factors
such as location, height based on hub and rotor diameter of turbines, and maximum energy output, leads to a reduction in the shadow
effect. This is in contrast to prior methodologies that optimized only one or two elements at a time. The wind farm’s output power was
observed to have a significant increase (ranging between 40% and 98%), despite having the same total number of wind turbines. This
increase was attributed to the utilization of different hub heights and rotor diameters in comparison to the wind farm with different hub
heights and rotor diameters, but the same number of wind turbines.
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1. INTRODUCTION

Worries about climate change resulting from the release of
greenhouse gases into the atmosphere have compelled all nations to
investigate strategies to limit their emissions [1], [2]. Energy is an
important political tool for Western countries to exert pressure on
other countries, especially the Middle East and Persian Gulf [3–5].
The European Union has decided to reduce its greenhouse gas
emissions [6]. Wind turbines use wind energy to spin a generator
and generate electricity [7]. These systems are often mounted on
large towers to avoid interference from buildings, hills, and trees on
the ground. Wind turbines are primarily utilized in the field of local
electricity generation techniques that generate varying amounts of
electricity [8], [9]. Owing to the vast amount of space they require,
these methods are typically not employed in urban settings, but
rather on farms. Numerous studies have been conducted in the field
of wind turbines, with the majority of these studies focusing on
increasing the efficiency of the generator, blades, rotor speed, and
control of the electricity load of wind turbines, turbine farms, and
energy and exergy analyses to decrease the cost of electricity [10],
[11]. Wind power plants are advantageous because of their high
efficiency, institutionalization of the technology used to harvest
wind energy, and low cost of electricity produced [12]. It has
been extended because wind blows most of the time, can create
power on a large scale, and is more cost-effective than any of
the existing methods for exploiting renewable energy sources in
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the power system. However, the increasing development of wind
turbine manufacturing technology, which includes the reduction of
the costs of developing and running wind turbines, has compelled
nations to maximize their use of this energy [13].

In order to fully harness wind energy resources, it is imperative
to employ sophisticated techniques in wind farm design [14].
Nowadays, wind power has emerged as a significant contributor
to the global energy landscape, with the capacity to convert wind
energy into various forms of useful energy, including electrical
energy through wind turbines, mechanical energy in windmills
or wind pumps, and propulsion in wind boats. This renewable
energy source exhibits substantial annual production capabilities
on a global scale [15]. The annual electricity production capacity
can be enhanced with the extension of the wind farm [16].

Fuglsang and Madsen [17] who have investigated and assessed
the methods for optimizing the wind turbine rotor and the design
approaches based on numerical optimization and various scale
models have contributed to the development of these turbines.
Ozgner and Ozgener [18] analyzed the exergy and dependability
of wind turbine systems at the University of Izmir in Turkey.
Emami et al. [19] have determined the ideal location for wind
turbine installation in wind farms by building a new code and
implementing the genetic algorithm’s goal function using software.
Pope et al. [20] examined the energy efficiency and exergy of
vertical and horizontal axis wind turbines. Asgari and Ehyaei
[21] have utilized genetic and search algorithms to optimize wind
turbines. Ashuri et al. [22] have developed a system-level strategy
for optimizing the multi-string design of offshore wind turbines.
Mortazavi et al. [23] employed the genetic algorithm to develop
a Pareto optimal set of solutions for the geometric properties of
airfoil sections for a 53-meter horizontally oriented wind turbine
blade in a multi-objective study. Fakehi et al. [24] have utilized
a combined renewable energy system based on wind, electrolysis,
and PEM fuel cells in terms of conceptual model, energy
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decomposition, and exergy reduction.
Shahata et al. [25] have examined the concept of turbine wells

and the utilization of air column production changes over ocean
waves to power a turbine. Wang et al. conducted research on
wind turbine blades [26]. Ahmadi and Ehyaei [27] have examined
and lowered the wind turbine’s energy and exergy. This team first
worked on the mathematical modeling of the wind turbine and
then analyzed the energy and exergy with meteorological statistics
based on the 6 main parameters of wind speed, cut-in speed
which indicates the wind speed that must be blowing for the wind
turbine to start moving, the Rated speed which corresponds to the
maximum power produced by the wind turbine, and one of the
other important speeds is the Furling speed, which if the wind
speed reaches that value, the wind turbine will stop producing
power.

In their study, Bai et al., [28] examined the effectiveness of
an adaptive genetic algorithm in the context of displacement
casting of multiple wind turbines. This investigation focused on
a single-player reinforcement learning problem, wherein a Monte
Carlo tree search was integrated into the evolutionary algorithm.
Gua et al., [29] proposed a novel approach for optimizing wind
farm design by utilizing an enhanced Gaussian model. Within
this theoretical framework, the incorporation of local atmospheric
stability was deemed a crucial input parameter, prompting the
necessary modification of the wind power generation calculation
method.

This study investigates the impact of shading on wind turbines,
focusing on three conventional turbine types. The objective is
to investigate two scenarios designed to optimize the turbines’
energy production. Using the Particle Swarm Optimization (PSO)
method, this research maximizes the anticipated energy output of
a wind farm. The PSO algorithm calculates the architecture of
the wind farm in terms of location, height, and shadow reduction
based on the turbine height and rotor diameter. The proposed
model provides two possibilities for wind speed and dispersion
direction at a flat wind site.

2. MATERIALS AND MEHODS
The hypotheses and limitations of this research are as follows:
It is assumed that the wind farm has a rectangular shape as

per the design. Introduction The turbines’ spatial coordinates are
represented by Cartesian coordinates (x, y), and the Euclidean
distance between the turbine’s location and a given point is
calculated as the square root of the sum of the squares of the
turbine’s x and y coordinates, i.e.,

√
x2 + y2. The apparent

inconsequentiality of the irregularity of the terrain may be deemed
negligible, and the most advantageous resolution is demonstrated
through the utilization of Cartesian coordinates (xi, yi) where
i denotes the individual turbine, ranging from 1 to N (where
N signifies the total number of turbines). Sufficient spacing
between two turbines is necessary to mitigate hazardous loads on
the turbines, including wind turbulence. The velocity distribution
within the shaded region exhibits axial symmetry and uniformity.
The expansion of the shaded region commences precisely at
the rear of the turbine, while the free stream velocity remains
constant and uniform. Furthermore, it is postulated that the
velocity of shadow propagation exhibits a comparable shape. The
determination of the additional parameter (α) of the bubble is
conducted through experimental means and is contingent upon
the underlying turbulence structure. The placement of turbines
in a wind farm on a commercial scale is influenced by various
operational factors, including but not limited to the local terrain,
load-bearing capacity of the soil, and the design of farm
roads. These factors are subject to regulation. The problem’s
mathematical model is comprised of two distinct components. The
initial component pertains to the phenomenon of shadow effect,
which has the potential to result in reduced power generation from
turbines operating at lower elevations. The subsequent component
pertains to the model for output power.

2.1. Shadow effect
The presence of neighboring wind turbines in a wind farm can

result in a reduction in the efficiency of a given turbine, owing
to the shadow effect. As wind flows through a wind turbine, a
portion of its kinetic energy is imparted onto the blades of the
turbine. The reduction of wind speed by the blades results in a
volumetric expansion of mass accumulation located in front of the
blades. In order to streamline the shadow model and disregard
the influence of nearby turbulence intensity, the diffusion effect
is postulated to be continuous and linear, as depicted in Fig. 1.
The augmentation of the shadow effect is observed through the
application of multiple shadows onto a singular wind turbine. The
present model assumes a constant velocity of motion within the
shadow.

Fig. 1. Sketch of Shadow model.

The speed fraction of wind turbines is expressed by the
following:

Ui = U0 (1− Udef × (Aovertap/A)) (1)

[U j
0 (Zj) =

u∗

k
ln

(
hj

z0

)
+ ψ (2)

where, U j
0 denotes the velocity of unrestricted flow ahead of the

wind turbine, while u∗ represents the friction velocity associated
with the height of the turbine hub. The symbol J is used to
represent the friction speed, and k refers to von Karman’s constant.
Additionally, the constant period is denoted by the symbol ψ.
The value of ψ is determined by the stability of the conditions,
with a value of zero indicating neutral conditions, a positive
value indicating stable conditions, and a negative value indicating
unstable conditions. It is assumed that the conditions in this study
are neutral. The Equation (3) expressing the decrease in speed
Udef is derived from the experimental values.

Udef =
2a(

1 + α x
rr

)2 (3)

The symbol α denotes the constant that exhibits an upward
trend in the bubble, while x represents the spatial displacement
in the downstream direction from the wind turbine that generates
the shadow. The value of alpha (α) can be computed by utilizing
Equation (4). Given the utilization of wind turbines with varying
hub heights in this study, it follows that alterations in the hub height
hj will result in modifications to the value of α. The relationship
between the shadow rr and the constant governing bubble growth
is established. Equation (5) can be utilized to ascertain the value of
α and the distance x. Equation (7) serves as an initial explanation
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of the correlation between the axial coefficient and the axial
induction factor. This correlation is utilized in the computation
of the lower rotor’s radius, as demonstrated in Equation (6). The
velocity u resulting from the merging of multiple shadows can be
determined through the utilization of Equation (8). This equation
involves the summation of the fractional kinetic energy of each
individual shadow present at the given point, which ultimately
yields the fractional kinetic energy of the mixed shadow [30]:

α =
0.5

ln
(

hj

Z0

) (4)

r1 = αx+ r (5)

rr = r
√

(1− a) / (1− 2a) (6)

a =
1−
√
1− CT

2
(7)

(1− u/U0)
2 =

∑N

i=1
(1− Ui/U0)

2 (8)

2.2. Turbine power production model
The power produced by a wind turbine is calculated through the

following equations [31]. Equation (9) calculates the output power
of the wind turbine ith with the wind speed Vi:

Pi =
1

2
ρAV 3

i Cp (9)

where, ρ is the air density and PSO and Cp is the power
coefficient (Equation (10)):

CP =
P

1
2
ρAV 3

(10)

The objective function used in the PSO to maximize the total
output power of a wind farm is shown in Equation (11):

Max P =
∑N

i=1
Pi (11)

The consideration of the rated wind speed of a wind turbine is
an additional crucial aspect that warrants careful attention. In the
event that the measured wind speed surpasses the wind turbine’s
designated rated wind speed, there will be no corresponding
augmentation in power generation. When determining the output
power, two scenarios are taken into account: (a) The wind speed
observed is either equal to or exceeds the rated wind speed of
the turbine, at which point the power output matches the installed
capacity. (b) Conversely, the wind speed observed is lower than
the speed at which the turbine is rated. The wind speed at which
the turbine is rated, wherein the calculation of output power is
determined by Equation (12):

Pi (U) =

 0
1
2
ρAU3

i Cp

Prated

U〈UcorU〉Uf

Uc ≤ U ≤ Ur

Ur ≤ U ≤ Uf

(12)

where Uc is the starting wind speed in the turbine (which is
also called the starting speed of energy production), Uf is the
cutting speed and U is the permissible limit of the wind speed. In
other words, the stable power generation of the turbine is between
Ur and Uf .

2.3. Particle Swarm Optimization (PSO) method
Research on the behavior of birds that has been conducted

since 1990 indicates that all birds in a flock (flock group) that
are searching for a good landing position are able to choose the
optimal landing spot when that spot is held by one of its members
[32]. There is congestion that has been identified. It is important to
keep in mind that the conditions for surviving that will be present
at a certain moment are the criteria that determine whether or
not a place is suitable for landing [33]. These conditions will be
used to make the decision. Some of these include the largest food
supplies available and the lowest possible chance of being eaten
by a predator. The issue of selecting the optimal point at which to
touch down is one that pertains to optimization [34]. The group,
swarm, or herd needs to locate the perfect landing spot, taking into
account factors such as latitude and longitude, so that its members
have the best possible chance of surviving the ordeal. In order to
accomplish this, each bird in flight searches for a suitable landing
spot and evaluates multiple places in terms of a wide variety of
survival factors in order to discover the best landing zone, and this
process is repeated until the best landing spot is identified.

The PSO technique, a non-deterministic search method for
functional optimization, was proposed for the first time in 1995
[35]. In outer space, a flock of birds flies aimlessly in search of
food. There is only one food item in the region that has been
searched. In this method, each answer is referred to as a particle,
PSO, and is analogous to a bird in the algorithm for the collective
movement of birds. Each particle is allocated a merit value, which
is determined by a merit function. Food symbolizes the target in
the context of the bird movement model, and a particle’s merit
increases in proportion to how close it is to the target in the search
space. Furthermore, each particle moves at its own velocity, which
is governed by its own velocity. Each particle acts in accordance
with the optimum particle behavior for the current state. It is still
operating inside the parameters of the problem. At the start of
the task, a set of particles is produced at random, and an attempt
is made to find the best feasible solution through the process of
updating the generations. The state of each particle is updated at
each stage based on the two most recent values. When the particle
is in the first position, it is in its most beneficial state. The point
indicated, which is referred to as having the best nostalgia value
for that particle and is represented by the notation pbest. Another
best value used by the method is the best position that the particle
population has obtained up to this point, which we refer to as
gbest (Fig. 2). Each particle calculates the value of the objective
function in the position in the space in which it is presently located
by combining information about its current location, the best
location it has ever occupied in the past, and information about
one or more of the group’s best particles. Determines the path to
be traveled. The current step of the algorithm is completed when
everyone in the group completes the task at hand. These operations
are repeated several times in order to achieve the desired result.
As a result, based on its current speed, previous experience, and
the experience of its neighbors, each particle moves towards m in
the ideal point I space. The optimal point I space directs this
movement. If the particle’s position vector and velocity vector are
supplied, the updated velocity and location of each particle, with
vi and li, are found by using Equations. (13) and (14) in the
correct order:

vi [t+ 1] = wvi [t] +
c1rand1

(
xi,pbest [t]− xi [t]

)
+

c2rand2
(
xgbest [t]− xi [t]

) (13)

xi [t+ 1] = xi [t] + vi [t+ 1] (14)

xi [t] and vi [t] respectively indicating the speed and position of
the ith particle at time t. xi,pbest [t] and xgbest [t] the best personal
position and the best collective position that the corresponding
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particle has reached so far respectively. w is inertia coefficient
which The lower its value, the faster the algorithm converges.
rand1 and rand2 are random numbers with uniform distribution.
c1 and c2 are personal learning and collective learning coefficient
respectively. The objective function is the location of the wind
turbine from the origin of coordinates defined in the model
(Equation (15)):

fobjective = f
(
x, y,

√
x2 + y2

)
(15)

Fig. 2. PSO flowchart.

3. RESULTS AND DISCUSSION
The data utilized in this study were obtained from the daily

average measurements of wind speed at a height of 10 meters
above ground level throughout the year 2021. The aforementioned
data were acquired from the Iraq Meteorological Organization and
Seismology, which is dispersed across various locations within
Iraq. The primary focus of this study was on the Amara stations
situated in the southern region of Iraq, specifically at coordinates
47.10 longitude and 31.50 latitude. These stations can be described
as having a predominantly flat topography with minimal variations
in elevation [36].

As a result of the constraints imposed by the capacity for
calculation, the dimensions of the wind farm are 1000 meters
by 1000 meters, and it is composed of 2500 cells that are 20
meters by 20 meters. This layout may be seen in Fig. 2. The
cell size ought to be sufficient for the purpose of determining
possible locations for wind turbines. Throughout the area occupied
by the wind farm, rather than installing wind turbines in the
middle of each individual cell, all of the turbines are installed at
the intersections of the grid (depicted in Fig. 3). The heights of

the turbines are 60 and 75 meters, and their diameters are 30, 45,
and 60 meters. The average wind speed is 15 meters per second,
and the power output of the wind turbines is 700 kW . Both the
power coefficient (Cp), which is defined as the ratio of the power
extracted by the wind turbine relative to the energy available in the
wind stream, and the thrust coefficient (Ct), which is defined as
the ratio of the power extracted by the wind turbine relative to the
energy available in the wind stream, are 0.45. As a result of the
fact that two distinct turbine heights are being taken into account,
there are two free stream speeds. As a result, the free stream speed
at an elevation of 75 meters above ground level has been chosen
as the reference wind speed. The wind speed that was utilized
as a reference was employed in the calculation to determine the
velocity of the free stream at a distance of 60 meters. This study
takes into account two different sets of wind conditions, with the
reference wind speed remaining constant across both sets at 13
meters per second. In the first possible situation, we are assuming
that the wind is blowing from the east to the west. In the second
possible outcome, the direction of the wind is segmented into 24
different directions, with an increase of 15 degrees between each
pair of adjacent directions. We will assume that the probability of
each possible direction is equal. While we are using the PSO
method, it is important to emphasize that this method does not
definitely guarantee that the overall optimal solution will be found.

Fig. 3. Wind farm domain.

The first scenario is performed with constant wind speed and
direction. The wind farm has a set number of wind turbines. In
this case, the minimum spacing between turbines is 40 meters.
The wind farm’s output power is calculated using wind turbines
with hub heights of 75 m and 50 m and rotor diameters of 30 m
and 60 m.

The PSO is used to do the optimization using a randomly
generated initial population of wind farm layouts. Fig. 3 displays
the best wind farm architecture for this situation. Wind turbines,
in actuality, are equally directed toward the wind. Fig. 4-(a) shows
50 wind turbines with a maximum output power of 23 MW . Fig.
4-(b) depicts how the curve of its objective function varies with
algorithm iteration. Table 1 shows the origin of the wind turbine
in the computational domain.

Because wind turbines in the first row are not affected by
shadowing and often produce greater output power than other
turbines, the maximum number of wind turbines that are permitted
is positioned in the eastern row. As can be seen in 4-(a), the
algorithm selected wind turbines with a higher turbine height in
order to maximize output power while simultaneously minimizing
the effect of shadows. However, the output power of the wind
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Fig. 4. a) the optimal arrangement created by PSO and b) the objective
value vs iteration in PSO approach for scenario 1.

farm is not directly proportional to the diameter of the turbines’
rotors, and the goal of the intelligent algorithm is to minimize
both sizes of the rotor diameter. Given these conditions, the power
of the wind farm has increased as the height of the turbine has
increased. According to the findings, simultaneous optimization of
the location, hub height, and rotor diameter produces significantly
better results in terms of improving the output power of the wind
farm than optimization of the location and hub height alone. This
is the case even when comparing optimization of the location and
hub height separately.

It has been determined that 50 turbines with varying hub heights
will produce a total output power of 15 MW . According to this
study, the power output of 50 turbines with the same hub height
is MW 45, while the power output of 50 turbines with varying
hub heights and rotor diameters is MW 48. Both of these results
are based on 50 turbines.

Scenario 2′s wind conditions include variable wind directions
and a constant wind speed. There will be no directional shift
because it is assumed that all directions have an equal chance
of occurring. Furthermore, the lack of direction prohibits the
formation of the ideal configuration of manifolds that produces the
same or nearly equivalent output power. When the wind direction
changes, one wind turbine may be in the shade of another,
jeopardizing the optimal configuration’s outcomes. It is calculated
using wind turbines with rotor diameters of 45 and 60 meters,
respectively, and hub heights of 75 and 60 meters.

Fig. 5-(a) illustrates the configuration of the wind farm that
is optimal for the scenario that has been presented, and Fig.

Table 1. Wind turbine location and origin scenario 1.

WT type WT ID x y
√

x2 + y2

H=60, D=60

1 40 940 940.85
2 160 940 953.52
3 260 940 975.29
4 460 940 1046.52

H=75, D=60

5 860 940 1274.05
6 960 940 1343.58
7 900 500 1029.56
8 760 500 909.73
9 600 500 781.02
10 500 500 707.11
11 400 500 640.31
12 800 840 1160.00
13 200 840 863.48
14 760 960 1224.42
15 560 960 1111.40
16 660 860 1084.07
17 360 860 932.31
18 500 760 909.73
19 600 760 858.84
20 600 760 968.30
21 300 500 583.10
22 200 500 538.52
23 100 500 509.90
24 60 40 72.11
25 160 40 164.92
26 240 40 243.31
27 360 40 362.22
28 440 40 441.81
29 560 40 561.43
30 660 40 661.21
31 760 40 761.05
32 840 40 840.95
33 940 40 940.85
34 800 200 824.62
35 640 200 670.52
36 500 200 538.52
37 360 200 411.83
38 180 200 269.07

H=75, D=30

39 200 400 447.21
40 260 400 477.07
41 320 400 512.25
42 500 300 583.10
43 620 400 737.83
44 680 400 788.92
45 740 400 841.19
46 180 680 703.42
47 280 680 735.39
48 720 680 990.35
49 820 680 1065.27
50 500 600 781.02

5-(b) depicts the variation of the objective function that occurs
throughout each iteration of the algorithm. The x and y coordinates
of a wind turbine are listed in Table 2, along with the distances that
these coordinates represent from the starting point. The wind farm
is made up of fifty turbines and has a combined power output of
25.5 megawatts (MW ). The turbines have an output power that
can reach a maximum of 75 meters, and there are four turbines that
each have a hub height of 60 meters and a rotor diameter that also
measures 60 meters. The power output of the system is capable
of reaching a maximum of 15 megawatts when operating at full
capacity. It is interesting to note that wind turbines have a strong
preference for positioning themselves around the central axis of the
wind farm, which makes it easier for them to function. The data
are presented in Fig. 5-(a), and it can be seen that the sides with a
lower shadow impact exhibit a relatively greater output power. This
can be seen by comparing these sides to one another. The program
implemented the utilization of wind turbines with increased hub
height and rotor diameter in order to enhance the output power
and mitigate the effect of shadowing. The power output of the
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wind farm has been increased thanks to the implementation of hub
height elevation and rotor extension. These changes were made in
response to the conditions that were present. It is of the utmost
importance to recognize that the configuration of the farm, which
includes its geographical placement and the characteristics of the
turbines chosen, is dependent upon the host state. This is because
of the variable wind patterns and the variation in the minimum
distance between turbines.

Fig. 5. the optimal arrangement created by PSO and b) the objective
value vs iteration in PSO approach for scenario 2.

4. CONCLUSION
The present study employed the Particle Swarm Optimization

(PSO) method to examine the impacts associated with the
utilization of non-uniform wind turbines. This study encompassed
the optimization of various factors, including space-time
coordination, hub height, and turbine rotor diameter. Rather
than examining the collective influence of all elements on
enhancing wind farm layout and maximizing output power, the
focus of the study has been on optimizing wind farm architecture
to maximize output power. The objective has been effectively
achieved through the utilization of wind turbines featuring either
varying hub heights while maintaining the same rotor diameter, or
a combination of both differing hub heights and rotor diameters.
Based on statistical data, there has been a notable increase in the
power output generated by the wind farm. There was a notable
enhancement in the width of the path and the positioning of the
wheel’s center. This improvement was observed in comparison to a
wind farm with an equivalent number of wind turbines, where the

Table 2. Wind turbine location and origin scenario 2.

WT type WT ID x y
√

x2 + y2

H=60, D=60

1 60 880 882.04
2 920 120 927.79
3 60 120 134.16
4 920 880 1273.11

H=75, D=60

5 60 20 63.25
6 160 20 161.25
7 240 20 240.83
8 360 20 360.56
9 440 20 440.45
10 560 20 560.36
11 660 20 660.30
12 760 20 760.26
13 840 20 840.24
14 940 20 940.21
15 60 980 981.84
16 160 980 992.98
17 240 980 1008.96
18 360 980 1044.03
19 440 980 1074.24
20 560 980 1128.72
21 660 980 1181.52
22 760 980 1240.16
23 840 980 1290.74
24 940 980 1357.94
25 840 880 1216.55
26 240 120 268.33
27 360 120 379.47
28 440 120 456.07
29 560 120 572.71
30 660 120 670.82
31 760 120 769.42
32 760 880 1162.76
33 660 880 1100.00
34 940 240 970.15
35 940 360 1006.58
36 940 440 1037.88
37 940 560 1094.17
38 940 660 1148.56
39 940 760 1208.80
40 560 880 1043.07
41 440 880 983.87
42 60 240 247.39
43 60 360 364.97
44 60 440 444.07
45 60 560 563.21
46 60 660 662.72
47 60 760 762.36
48 360 880 950.79
49 160 880 894.43
50 240 880 912.14

improvement amounted to approximately 40%. Furthermore, when
compared to a wind farm with the same diameter but differing
hub heights, the improvement reached approximately 98%. The
total number of wind turbines remains constant. The wind farm
is designed with an optimal layout consisting of a total of 50
turbines, which collectively generate a power output of 25.5 MW .

The strategies described in this article are not restricted to
wind turbines that have two rotor diameters, two hub heights, and
discrete values. One can use a real coded PSO to signal the
number of variables, their placement, the height of the hub, and
the diameter of the rotor all at the same time. As long as the
shadow model remains stable, this method can also be utilized for
the construction of a variety of wind farms. One of the benefits
of utilizing wind turbines in a wind farm that have varying hub
heights and rotor diameters is the reduction in the influence that
shadows have. Moreover, the diameter of the rotor should be
significantly reduced.
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