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Abstract. The article presents the results of numerical simulation of a wind 
turbine blade. The fundamental formulas of the theory of aerodynamics, on 
which the calculations are based, are presented. Computer models of air 
movement near the blade are shown. Data on the distribution of speed have 
been obtained. The coefficient of wind energy utilization depends on the 
parameters of both the oncoming flow and the blade profile. This coefficient 
is different for vertical and horizontal wind turbines. To improve the 
operation of the wind turbine, it is proposed to use non-network algorithms. 
The neural network should collect data on the received errors in the system 
of mechanization and automatic control. Errors in control systems are 
analyzed, individual parameters are weighted to stabilize the operation of 
the wind turbine as a whole.  

1 Introduction 
Wind turbines acquire the properties of individual power plants. A standard power plant 

is characterized by reliable operation on electric power networks. The power grids must 
operate continuously. Increasing the load negatively affects the stability of the power system. 
A sharp decrease in load also negatively affects the stable supply of electricity to consumers. 

A distinctive feature of wind turbines is the instability of electricity generation, although 
modern installations are equipped with stabilizers. Instability lies in the fact that the wind, 
although stable, but not a constant phenomenon. There are moments when the blades stop 
due to the lack of even a minimal opportunity for rotational movement. At the same time, 
there is a moment of emergency stop of the blades due to squally gusts of wind. Here, first 
of all, wind turbine designers care about safety and reliability. An important role is occupied 
by such an indicator as the service life, as well as the overhaul period [1, 2]. 

At present, prices for fossil fuels for industrial enterprises are such that separate 
generation of electricity by standard methods becomes unprofitable for small-scale energy. 
On the scale of a large energy industry, industrialists of the industry made this conclusion a 
long time ago. For small-scale power generation, with power generation by units up to 5 MW, 
such conclusions began to flow from theory into practice. For example, for micro wind 
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turbines, electricity generation is comparable to mini thermal power plants based on 
installations using fossil fuels. However, in both cases there are operating features that should 
be considered when choosing equipment [3, 4]. 

The advantage of wind turbines is a wide choice of designs and a large range of speed, 
and consequently, a quick commissioning and shutdown of equipment. The disadvantage is 
the low efficiency in comparison with conventional mini thermal power plants, as well as the 
complexity of manufacturing, repair and service. 

Let's take as a basis - the construction of a wind turbine on the territory of an industrial 
enterprise. The use of a wind turbine must necessarily be in terms of redundant power 
generation by standard methods. In this case, the reliability of the power supply of the 
industrial enterprise is increased [5, 6]. 

2 Materials and methods. Fundamental dependencies and 
methods for building a computer model 
Let's write down the basic formulas for organizing the calculation of a wind turbine. 

If we assume that the wind speed behind the blade becomes equal to zero, then the formula 
is applicable: 

( )1 0 2 00.5 0.5v v v v= + =  (1) 

The flow stagnation factor can be calculated as follows: 

( )0 1 0/a v v v= −  (2) 

Thus, we can write the formula for the wind power factor: 

24 (1 )pC a a= −  (3) 

It should be noted that the maximum coefficient can be determined as follows: 

max 0.593pC =  (4) 

This coefficient is sometimes called the Betz coefficient [7, 8]. At the same time, one 
should not forget about the maximum possible wind speeds, this value can be up to 25 m/s. 

Let's write an equation for our case of a horizontal wind turbine [9, 10]. 

2 2
0 0 1 0 2 2 2 2/ / 2 / / 2P g z v P g z v + + + = + + +  (5) 

In this case, the load on the blades will look like this [11, 12]. 

2
max 1 0 / 2AF pA v=   (6) 

The drag coefficient can be found by the formula. 

4 (1 )FC a a= −  (7) 

If we talk about methods for constructing a numerical model, then we will show the solid 
model grid in Figure 1. 
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Fig. 1. The grid of model. Fig. 2. Speed of blades. 

The mesh of the model describes in sufficient detail the accuracy required for the 
movement of air flow without significant heating as shown in Figure 1. 

3 Results. Post-processing of a computer model and results of 
experimental studies 
We present the results in the form of a model of air flow around the blades of a wind turbine 
in figure 2 and 3. 
 

 
 

Fig. 3. Streams of speed. Fig. 4. Experimental installation: 
1 - wind turbine, 2 - tape sensors, 
3 - measuring channel, 4 - controller, 
5 – laptop. 

The experimental installation assumes the existence of a special channel for air flow and 
measuring devices in figure 4. 
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The obtained results fit into the permissible measurement errors. Thus, the dependence 
of the air flow parameters on the mathematical model description is justified. The need for 
new methodological approaches to the theory of wind turbines is theoretically confirmed. 

The results of experimental studies allowed us to plot the speeds and showed dependence 
according to Table 1. 

Table 1. Dependence of streams of speeds and deviation. 
Velosity (v)  

m/s 
Deviation (δ)  

m/s 
1.3 0.03 

1.5 0.06 

1.8 0.10 

4 Discussion. Possibilities of using neural networks in control 
systems 
Wind power depends on the average annual or average speed for the period and the frequency 
of various wind speeds. It is estimated by the amount of energy that can be obtained with the 
help of a wind turbine in a given area. Modern designs and methods for regulating the speed 
and power of wind turbines ensure their reliable operation at storm wind speeds and limiting 
the developed power in such a way that the maximum power usually exceeds the established 
value by no more than 15-20%. To reduce power fluctuations or avoid them, wind energy is 
accumulated during periods when there is excess power [13, 14]. There are no special 
obstacles for modern legislation in the field of energy, not only for the construction of wind 
turbines, but also for the generation of electricity for the load of large energy networks. That 
is, there is no need to reduce the load, it is only necessary to warn the large electric power 
industry in time about the upcoming supply of surplus electricity in a certain amount [15, 
16]. 

Energy as a branch of the national economy is being transformed in accordance with the 
needs of the electricity and heat sales market. The construction of wind turbines at industrial 
enterprises is possible not only to cover their own needs, but also to sell products on the 
electricity and heat market in the field of large-scale energy [17, 18]. 

Changes in the dynamics of the behaviour of the model, or in this case the model of a 
wind turbine blade, are characterized by an adaptation parameter. Training takes place on the 
collected data. The database is constantly updated. Thus, it is an ongoing process. 

For a neural network, time series are important. Denote x - time series in the form of the 
ratio x = r + d, then r is a component determined by a random process that affects subsequent 
members of the time series, and d is a component obtained in a non-auto correlated process 
that affects only the synchronous value of the series. 

When constructing a predictive model, a hypothesis is put forward about the dynamics of 
the function of the value d from the time argument. The models under consideration are 
endowed with adaptive properties, the ability to correct the original hypothesis or to replace 
it with another one that is more adequate in terms of forecast accuracy. 

It is necessary to create an author's methodology that allows determining the required 
rotation time of the wind turbine blades according to wind parameters, analysis of the control 
system and errors. The best option would be to create a software algorithm capable of 
calculating the necessary impact and making adjustments, as well as collecting and 
systematizing data on the calculated and real effect with the construction of predictive 
characteristics. In addition, the creation of a neural network regulation algorithm that will 

4

E3S Web of Conferences 474, 01050 (2024)	 https://doi.org/10.1051/e3sconf/202447401050
ICITE 2023



learn from the collected data and adapt to a specific blade profile when using mechanization 
elements. 

5 Conclusion 
Summing up the results of the work carried out, we can say that in this study the efficiency 
of wind turbine blades was studied. In this case, computer modeling and data from a physical 
experiment were used. The results of numerical modeling methods are compared with 
experimental data. Numerical methods are consistent with experimental data and can be used 
to optimize blade mechanization elements. 

The introduction of predictive methods will reduce the number of hours of wind turbine 
downtime due to an emergency, as a result of which the control system, according to a given 
algorithm, decides to suspend operation. 

Based on the results of numerical modeling of the wind turbine blades, the main results on 
the speeds of the wind and the blades themselves, the main formulas of the theory of air 
movement are shown. Numerical models of air movement over the wind turbine area are 
presented. Wind power utilization factor and its dependencies are shown. This coefficient is 
calculated for horizontal wind turbines. To optimize the operation of a wind turbine, it is 
proposed to use neural networks that collect data on errors in the mechanization and 
automatic control system. Further, the analysis is carried out, and individual parameters 
receive weight coefficients. Based on these coefficients, further improvement of the wind 
turbine operation model is carried out; in particular, the option of controlling the elements of 
mechanization of the blade is possible. 
 
The study was supported by the Russian Science Foundation grant No. 23-11-20016, 
https://rscf.ru/en/project/23-11-20016/ 
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