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Abstract: In this paper, particle swarm optimization is utilized to optimize the placement of wind 
turbines in a wind farm. Since wind is one of the sustainable energy sources, it is important to build the 
wind parks as efficient as possible to extract the largest possible amount of electrical power. Here, the 
location of each wind turbine is adjusted within a predefined square field considered as a wind farm. 
The output power of the farm and the total cost of construction are the parameters considered to create 
an objective function. The simulated results are shown in graphs and tables. Also comparisons are 
carried out with previous presented optimizations. The results prove that in present study, the efficiency 
and electrical power extraction of the wind farm are increased regarding the total cost of construction. 
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INTRODUCTION 

 
WIND ENERGY has been accepted as good and efficient energy source with large industry manufacturing 

and thousands of Mega Watts is being installed as new capacity each year. Among the renewable energy sources, 
wind energy and solar energy are known as the less harmful sources to the environment (Mekhilef, Saidur et al. 
2011, Rahmani, Fard et al. 2011, Safari and Mekhilef 2011, Mahmodian, Rahmani et al. 2012). A considerable 
knowledge containing the technology and science of wind turbines and wind farms has been established. 
However, there are still exciting novel developments in wind issue, particularly in wind turbines (Burton, Sharpe 
et al. 2001, Muller, Deicke et al. 2002, Hau 2006). 

Wind farms or as they are occasionally called wind parks, are locally concerned of tied groups of wind 
turbines which are connected electrically and commercially. There are several merits to this structure in respect 
of electrical and commercial (Manwell, McGowan et al. 2002, Mathew 2006). For installing wind turbines in a 
wind farm, some studies related to place the turbines must be undertaken to determine the optimum place of 
each turbine. In 1994 an estimation of the global wind energy resource was gave by the World Energy Council. 
In that estimation about 27 percent of the earth’s land surface annually experiences mean wind speed of higher 
than 5.1 meter per second above it. Because of the suitability issue, containing urban areas, being crop 
cultivation and other land uses, just 4% of mentioned area might be usable for generating electricity through 
wind farms (Ackermann and Söder 2000). The last issue substantiates the necessity of paying attention to 
optimize the placing of wind turbines in a wind farm. 

Some interesting concepts were proposed in the past. Among them some of them were based on the AI and 
mathematic models. Mosetti et al. (Mosetti, Poloni et al. 1994) has proposed an optimization based on genetic 
algorithms for placing wind turbines in a wind park. In (Grady, Hussaini et al. 2005) same work is done by 
improving some parameters and getting better results. After them Marmidis et al. (Marmidis, Lazarou et al. 
2008) proposed new optimization utilizing the Monte Carlo method. In current study binary PSO has been 
utilized to have an easier comparison with the previous works. The optimization is developed through a C code 
programming, based on the PSO method. 

 
Mathematical Models: 
2.1. Wake effect in a wind farm: 

Wind turbine is known as a device which extracts electrical power from kinetic energy of wind. At each 
wind turbine some of the kinetic energy of the wind is being removed and it must slow down but it is only true 
for the mass of air that passes through the rotor diameter (rotor disc). Figure 1 shows the cross sectional area of 
the stream air through a wind turbine. It can be seen that the air crossing through the rotor disc will be expanded 
to accommodate slower moving air. The reason is that there is no air flowing across the boundary then the mass 
flow rate of the wind along stream tube is constant and is the same for all wise conditions along the stream tube 
(Burton, Sharpe et al. 2001). 
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Fig. 1: The expansion of stream tube along a wind turbine. 

 
There exists a drop in static pressure for the air passing through the rotor disc, so the air pressure is below 

the atmosphere pressure level on the leaving. This phenomenon forces the air proceeding downstream with 
lower speed and static pressure. this region of stream is called wake  (Burton, Sharpe et al. 2001). 

Figure 2 illustrates a scheme of a flow field which consists of a wake with a uniform velocity that decreases 
with distance downstream. U0 is the initial free velocity and D is the turbine diameter. Ux indicates the velocity 
at distance X downstream in the wake where the diameter is Dx. the constant k is the wake decay constant which 
determines the rate of increasing the diameter in the direction of downstream (Mathew 2006). 

The wake decay constant, k, is totally related to the parameters of wind turbines. Equation (1) shows the 
relation between k and the turbine parameters, where Z is the hub height and Z0 is the roughness coefficient for 
the surface.  
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Fig. 2: Schematic view of wake description. 
 
In this model, the same as most of semi-empirical models, the initial non-dimensional velocity deficit (the 

axial induction factor), α, is a function of the turbine thrust coefficient (CT). Equation (2) demonstrates the ideal 
Betz model  (Mathew 2006): 

 TC 115.0
                        (2) 

The velocity deficit at the distance X downstream can be obtained from following equation: 
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Considering the wake effect of all the front turbines for the ith turbine inside a wind park, leads to following 

equation: 
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In equation (4), Nj indicates the number of turbines standing in front of the ith turbine, and the Uj is wind 

speed of related turbine. 
 
Power Output And Cost Modeling: 

The power output from a wind turbine is given by the famous expression below: 

35.0 AUCP P                          (5) 

Where ρ is the density of air (1.225 kg/m3), CP is the power coefficient, A is the rotor swept area, while U is 
the wind speed. Based on equation (5), the output power of the wind turbine is proportional to the cube of the 
wind speed. However, mentioned equation is true for a specific interval of wind speed. Figure 3 demonstrates 
the ideal power curve of a specific 1 MW wind turbine (Mathew 2006). 

 

Fig. 3: Ideal power curve of the chosen wind turbine. 

 
There are three points in the characteristic which make important speeds of turbine, cut in velocity (VI), 

rated velocity (VR) and the cut out velocity (VO). The minimum wind velocity, at which the producing of power 
starts to begin for the system, is called cut in velocity. Obviously it is different with the start up speed at which 
the rotation of rotor starts. Although the cut in velocity varies from turbine to turbine, most of commercial wind 
turbines have the VI of 3 to 5 m/s. Rated velocity is the lowest wind velocity corresponding to the PR which is 
rated power for the wind turbine. The system efficiency usually reaches its maximum at VR. From VI, to VR, the 
generating power increases with the velocity of wind while between VR and VO, the producing power is 
restricted to constant power PR, which is corresponding to VR and irrespective of changes in velocity. Hence the 
theoretical maximum expected power from the turbine is PR which will be determined by VR. To protect the 
rotor and drive trains from serious damages due to excessive, the machine is completely shut down at velocities 
higher than VO (Mathew 2006). 

Back to equation (5), Although for each type of wind turbine we have a different coefficient multiplying to 
U, we consider the situation that wind turbine is being placed in a wind farm with U0=12 m/s to have an output 
near the rated power and also being able to have a comparison with previous works. In this type the equation (5) 
will be rewritten to following shape: 

33.0 ii UP 
                         (6) 
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In equation (6) Pi and Ui are the power output and wind speed of ith turbine, and in (7) Ptotal is the total 
output power of the wind park considering that N is the total number of wind turbines which has been placed in 
it. 

Reference (Mosetti, Poloni et al. 1994) had an assumption for the total cost of the wind turbines. Based on 
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of present study for comparing with ii and iv, it can be observed that the results are precisely better with the same 
number of wind turbines. Modeling is done with 32 wind turbines too, and the result in row v is better than 
(Marmidis, Lazarou et al. 2008) in row vi. 

Figure 7 demonstrates the convergence of objective function for PSO-based method used for various 
numbers of turbines. 26 turbines, 30 turbines and 32 turbines are chosen to compare with (Mosetti, Poloni et al. 
1994), (Grady, Hussaini et al. 2005) and (Marmidis, Lazarou et al. 2008) respectively. 

 
Fig. 7: The convergence of the objective values. 

 
The results of the present study demonstrate that PSO algorithm can be utilized in optimization of a wind 

park beside its various applications in power system analysis. As far as the renewable energies and especially 
wind energies are getting more attraction nowadays, the optimization of wind farms must be done with applying 
progressive methods. In present case, the PSO-based method is manipulated to optimize the placing of wind 
turbines in a wind farm. The results are precisely improved comparing with the other AI-based methods have 
been utilized before. 

 
Conclusions: 

In conclusion, this project optimizes a wind farm by implementing a PSO-based method. The algorithm 
shows multiple advantages over the other algorithms applied to the current optimization problem. That is due to 
easier implementing parameters and keeping all the particles, unlike GA as an AI method which loses half of its 
population in each generation and needs to regenerate. The comparative study between current work and the 
previous cases clearly shows that, PSO can be utilized in optimizing a wind farm beside its various usages in 
engineering. 

Current study was based on a flat planting with same hub height for all the turbines. The model can be 
assumed as an offshore wind farm. However, developing the C code to be able to manipulate hub heights to 
achieve a better result can be the main area of work.  
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