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Abstract: The investigation of aerodynamics and the establishment of flow patterns around finite-
length cylinders with various end shapes in a free, boundless air flow with longitudinal and transverse
flow over a wide range of geometric and regime parameters is sketchy and does not have a wide range
of geometric and regime parameters. This, in turn, affects the entire aerodynamics of the streamlined
body. This paper considers the numerical simulation of a wind turbine made of combined blades.
CFD (computational fluid dynamics) methods based on the realisable k-ε turbulence model were
used in the study. The results on the influence of the position of the fixed blade on the angle of
inclination are obtained (0◦, 15◦, 30◦, 45◦, and 60◦). The authors found that the pressure of a fixed
blade at an optimal angle increases the power coefficient Cp by 35–40%. The dependence of the Cp
power coefficient on the rotational speed (speed coefficient) for a three-bladed wind turbine was also
established, and it was determined that the maximum value of Cp = 0.28 at Z = 4.9. Based on the
results obtained, it was determined that the wind turbine has a maximum power coefficient at an
angle of inclination of 0 degrees.

Keywords: wind turbine; fixed blade; magnus; numerical simulation; cylinder

1. Introduction

Alternative energy sources are environmentally friendly and help preserve the en-
vironment. Factors such as rising prices for fossil sources, the phenomenon of global
warming, instability of the energy market, and an increase in greenhouse gas emissions
contribute to their widespread use [1]. Wind energy is continually advancing on a global
scale, becoming a key component in the energy systems of many countries that have made
significant investments in this sector [2]. The yearly rise in global wind energy consumption
enhances its integration into the energy system and bolsters its contribution to the total
energy supply. The total installed wind generation capacity in 2022 amounted to 837 GW
worldwide, and 141 billion were invested dollars [3]. It is known that China is in first place
in terms of generating energy using wind energy with a capacity of 221 GW, the second
place is occupied by the United States with a production capacity of 96.4 GW, and the
third place is occupied by Germany with 59.3 GW, becoming the largest consumer of wind
energy in Europe.

The basis of the mechanism for generating electrical energy is the conversion of
kinetic energy, on which all wind turbines are based. Wind turbines come with horizontal
(HAWT) [4–6] and vertical (VAWT) axes wind turbines [7–9], depending on the location
of the blades. In practice, HAWTs are increasingly used [10] due to the reliability of the
installation and high output power, which differ in the shape and design of the blades,
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and these, along with advantages, also have disadvantages [11]. One example is standard
wind turbines with wing-shaped blades. The paper [12] presents the results of determining
designs of power elements of a HAWT with a capacity of 5 MW using the inverse finite
element method (iFEM) under actual loading conditions. It was determined that iFEM
is a suitable method for determining the wind turbine blade’s shape. The authors in [13]
experimentally investigated the effect of the shape of the leading edge on the performance
of the entire wind turbine. Experimental studies were conducted at Reynolds numbers
4.7 × 104. It was found that at the minimum edge size, productivity increased by 40%,
while at the maximum size, productivity decreased by 51%. From this, we can conclude
that selecting the optimal edge size for a particular case and type of blade is necessary. The
authors in [14] created the blades of a HAWT using polyvinyl chloride, which is widely
used. To increase the power of the installation, the design of the aerodynamic profile was
taken into account, and the forces acting on the blade were also predicted and calculated.

Currently, numerical design methods are widely used to create wind turbines. One
such method is CADD (computer-aided design and drafting) tools, such as CATIA V5 and
SOLIDWORKS SP3.1, which the authors used in their work in [15] to model a small HAWT
based on the blade element momentum theory (BEM). The authors in [16] carried out the
mathematical modelling of extreme environmental influences on a wind turbine with a
horizontal axis of rotation. The simulation was based on large vortices (LES—large eddy
simulation) using the SST (Menter’s shear stress transport) turbulence model. Since the
study is based on maximum wind speeds, the chosen turbulence model is reasonable, but
it is ineffective in the case of low wind speeds. The paper [17] investigated the flow of
aerodynamic profiles by air flow using various turbulence models (Spallart–Allamaras,
k-omega SST, and k-epsilon RNG—re-normalisation group). The simulation was carried
out at the Reynolds number Re = 1 × 106. The results obtained agree with experimental data
at an angle of attack from −5 to 5. Nevertheless, these turbulence models are ineffective in
modelling circular rotating elements around their axis.

The k-ε family of models belongs to two parametric turbulence models and is repre-
sented by the k-ε model standard, its quadratic, and low-Reynold’s modifications. This
family of models has long been widely used for a wide variety of tasks. K-ε models are
characterised by efficiency, cost-effectiveness, and acceptable accuracy. Traditionally, it is
believed that the standard k-e Lowndes–Sopelding turbulence model provides good results
when modelling flows with small gradients and using the calculated grid that allows only
a logarithmic sublayer (with large values of the y+ parameter) and low-Reynolds. The k-ε
model is usually used on grids that resolve a viscous sublayer. The k-ω family of models is
represented by the SST model (shear-stress transport). The standard k-ω model considers
low-Reynolds effects, the influence of compressibility, and the propagation of shear dis-
turbances. However, it is significantly inferior in terms of the breadth of application by
models of the k-e family. The SST shear stress transfer model uses a k-ω model in the wall
region and a converted k-e model away from the wall [18,19].

It was also determined in [20] that the SST k-ω model is more recommended for
ultrahigh Reynolds numbers. At the same time, k-ε is effective for accurately calculating
the drag coefficient of a cylinder at high Reynolds numbers. The value of the Cd resistance
coefficient obtained using the standard k-epsilon model is very close to the experimental
value. However, performing simulations using realisable k-epsilon has proven to be
effective for visualising the fallout of vortices. This is due to the fact that the model reflects
the separation flow better than the standard K-epsilon model.

Nevertheless, the blades of HAWT have a reasonably slight attack interval angle,
which is the angle between the ceiling and the blade, and a minimum value at the moment
of starting [21–23].

In practice, there are also Magnus wind turbines, which occur when the cylindrical
blades rotate around their axes [24–26]. One of the significant advantages of these wind
turbines is the generation of electricity at low wind speeds, starting from 3–4 m/s. The
authors in [24] investigated the effects of different surface roughness of sandpaper on

Buk
eto

v u
niv

ers
ity



Energies 2024, 17, 4054 3 of 18

cylindrical blades on the output torque of a Magnus wind turbine. It was determined that
the torque coefficient when using sandpaper was 0.079–0.016, almost five times higher than
a wind turbine with smooth cylindrical blades. Additionally, there are spiral Magnus wind
turbines in practice, which are unique in that the cylindrical blades are made with ribs
wound around them. The authors in [25], when comparing the lifting forces of Magnus
wind turbine blades without ribs with straight ribs and with spiral ribs in a wind tunnel,
found that a cylinder with ribs created the most significant lifting force.

The authors of the work [26] performed calculations to determine the optimal ratio
between the rotation speed of cylinders and the wind based on the finite element method
to eliminate the vortex path of the Karman. This phenomenon manifests itself during the
rotational movement of the cylinders. The results obtained will be useful in controlling a
wind turbine.

Nevertheless, few works have been devoted to the numerical modelling of Magnus wind
turbines, including a more detailed study of the rotating working elements—the blades.

Based on the above review, the trend indicates that in changing the shapes of cylin-
drical blades, with improved flow properties and parameters, it is possible to increase the
lifting force and output energy indicators of wind turbines. The work of the authors in [27]
is devoted to the numerical and experimental investigation of the combination of a plate
and a cylinder. The results of studies of aerodynamic coefficients and the field around the
blades were obtained. Adding a plate to the cylinder increased the lifting force and the
rotation number of the blades. Based on the above literature review, the issue of numerical
investigation of combined power elements in the form of a cylinder with a fixed blade of a
HAWT remains an unresolved topic.

The novelty of the work is to grow the installation’s energy efficiency by adding a
fixed blade to the cylindrical blades, such as a Magnus wind turbine. Thus, this work aims
to provide a numerical simulation of adding a fixed blade to the cylindrical blades of a
Magnus wind turbine. In accordance with the purpose of the work, the following tasks
are formulated:

− designing and creating a model of a wind turbine with fixed blade configurations;
− determination of the moment of forces acting on a movable wind wheel;
− analysis of the energy efficiency of the installation;
− obtaining a flow pattern and pressure distribution of a three-bladed wind turbine.

The advantage of the proposed numerical approach of a combined wind turbine is that
supplementing the fixed blades with a wind wheel ensures a more complete use of wind
energy during rotation. Due to the use of rotating power elements in the form of rotating
cylinders and the use of the lifting force of fixed blades, the efficiency of the combined
wind turbine increases significantly. The uniqueness of this design lies in obtaining the
total force from the systems of two types of blades of different designs.

The numerical simulation results obtained will significantly contribute to the re-
search field of Magnus wind turbines with combined lobes, solving the problem of low
plant efficiency.

2. Methodology
2.1. Creation of a Three-Dimensional Sample of a Wind Turbine with Three Blades

The numerical study was carried out using the Ansys Fluent 19.2 software package,
based on the solution of averaged Navier–Stokes equations. The stages of numerical
simulation are shown in Figure 1.
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Figure 1. The stages of solving the task in the Fluent 19.2 software package.

Modelling the flow around a wind wheel with combined blades is a complex numerical
problem [28]. Consequently, in numerically studying the wind turbine’s aerodynamics,
a geometric model was created [29,30] using the Design Modeler program and a 3D
COMPASS (Figure 2).

A wind wheel with a diameter of 450 mm was created, mounted on a 420 mm long
mast. The wind wheel contains 3 combined blades in the form of a cylinder. The diameter
and length of the cylinder are, respectively, 50 mm and 205 mm, and the fixed blade has a
length of 225 mm and a width of 25 mm.

To study the effect of the fixed blade’s inclination angle on the wind turbine’s aerody-
namic characteristics, mathematical models with different fixed blade positions (0◦, 15◦,
30◦, 45◦, and 60◦) were created.

Energies 2024, 17, x FOR PEER REVIEW  4  of  18 
 

 

2. Methodology 

2.1. Creation of a Three‐Dimensional Sample of a Wind Turbine with Three Blades 

The numerical study was carried out using the Ansys Fluent 19.2 software package, 

based on the solution of averaged Navier–Stokes equations. The stages of numerical sim-

ulation are shown in Figure 1. 

 

Figure 1. The stages of solving the task in the Fluent 19.2 software package. 

Modelling the flow around a wind wheel with combined blades is a complex numer-

ical problem [28]. Consequently, in numerically studying the wind turbine’s aerodynam-

ics, a geometric model was created [29,30] using the Design Modeler program and a 3D 

COMPASS (Figure 2). 

A wind wheel with a diameter of 450 mm was created, mounted on a 420 mm long 

mast. The wind wheel contains 3 combined blades in the form of a cylinder. The diameter 

and length of the cylinder are, respectively, 50 mm and 205 mm, and the fixed blade has a 

length of 225 mm and a width of 25 mm. 

To study the effect of the fixed blade’s inclination angle on the wind turbine’s aero-

dynamic characteristics, mathematical models with different fixed blade positions (0°, 15°, 

30°, 45°, and 60°) were created. 

   

(a) 0° 

Figure 2. Cont.

Buk
eto

v u
niv

ers
ity



Energies 2024, 17, 4054 5 of 18
Energies 2024, 17, x FOR PEER REVIEW  5  of  18 
 

 

   

(b) 15°  (c) 30° 

   

(d) 45°  (e) 60° 

Figure 2. A model of a wind turbine with a different arrangement of a fixed blade. 

2.2. A System of Equations Describing the Flow of a Liquid in a Cartesian Coordinate System 

The paper considers a HAWT with 3 blades. This study was conducted using  the 

Ansys Fluent program, which is based on the CFD method. 

The initial set of parameters is shown in Table 1. 

Table 1. Initial parameters. 

Parameter  Values 

Type of air  Incompressible 

Type of flow  Isothermal 

Gas density  1.1691 kg/m3 

Viscosity of the gas  1.84 × 10−5 kg/ms−1 

Viscous Regime  Turbulent 

Reynolds-Averaged Turbulence  Realisable k-epsilon 

Solvers: Time-Step  0.00425 s 

Maximum Inner Iterations  30 

Since the Mach number has low M < 0.1 values, the air in this study can be considered 

incompressible. In this regard, the current is considered isothermal since there are minor 

temperature changes around the wind wheel. 

The continuity equation: 

∇ ∙ 𝑈ሬሬ⃗ ൌ 0  (1)

The momentum equation: 

Figure 2. A model of a wind turbine with a different arrangement of a fixed blade.

2.2. A System of Equations Describing the Flow of a Liquid in a Cartesian Coordinate System

The paper considers a HAWT with 3 blades. This study was conducted using the
Ansys Fluent program, which is based on the CFD method.

The initial set of parameters is shown in Table 1.

Table 1. Initial parameters.

Parameter Values

Type of air Incompressible

Type of flow Isothermal

Gas density 1.1691 kg/m3

Viscosity of the gas 1.84 × 10−5 kg/ms−1

Viscous Regime Turbulent

Reynolds-Averaged Turbulence Realisable k-epsilon

Solvers: Time-Step 0.00425 s

Maximum Inner Iterations 30
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Since the Mach number has low M < 0.1 values, the air in this study can be considered
incompressible. In this regard, the current is considered isothermal since there are minor
temperature changes around the wind wheel.

The continuity equation:

∇·
→
U = 0 (1)

The momentum equation:

ρ
D

→
U

Dt
= −∇p + ρ

→
g + µ∇2

→
U (2)

where ρ D
→
U

Dt —total derivative; ∇p—pressure gradient; ρ
→
g —body force term; and

µ∇2
→
U—diffusion term.
The equations of change in the amount of motion (Navier–Stokes equations) averaged

by Reynolds:

ρ
∂Ui
∂t

+ ρUj
∂Ui
∂xj

= − ∂p
∂xi

+ µ
∂2Ui

∂xj∂xi
−

∂pu′
iu

′
j

∂xj
(3)

where t—time; xi—Cartesian coordinates (i = 1, 2, 3); Ui—components of the averaged
velocity of the liquid flow in the direction xi; p—the averaged static pressure; ρ—is density;
and µ—is the dynamic viscosity coefficient [31].

According to Boussinesq’s hypothesis, the Reynolds stresses on the right side are
modelled as follows:

−ρu′
iu

′
j = µt

(
∂Ui
∂xj

+
∂U j

∂xj

)
− 2

3

(
µt

∂Ui
∂xi

+ ρk
)

δij (4)

where k =
u′

iu
′
i

2 —the kinetic energy of turbulent pulsations and µt—represents the dynamic
turbulent viscosity coefficient.

Turbulent (vortex) and kinematic viscosity are used to relate Reynolds stresses from
the Navier–Stokes equation, with an average value of ρu′

iu
′
j.

2.3. The Realisable K-Turbulence Model

To close the Navier–Stokes equations averaged by Reynolds, a realisable k-ε turbulence
model was used.

The kinetic energy of turbulence k and its dissipation ε are calculated from the follow-
ing transport equations:

∂

∂t
(ρk) +

∂

∂xj

(
ρkuj

)
=

∂

∂xj

[
(µ +

µt

σk
)

∂k
∂xj

]
+ Gk + Gb − ρε + Sk (5)

∂

∂t
(ρε) +

∂

∂xj

(
ρεuj

)
=

∂

∂xj

[
(µ +

µt

σk
)

∂k
∂xj

]
+ ρC1Sε − ρC2

ε2

k +
√

νε
+ C1

ε

k
C3εGb + Sk (6)

C1 = max
⌈

0.43,
η

η + 5

⌉
, η = S

k
ε

, S =
√

2SijSjj (7)

In Equation (4), Gk is the generation of the kinetic energy of turbulence by the gradient
of the average velocity; Gb—the generation term caused by the buoyancy effect; C1ε, C2,
and C3ε—constants; σk and σε are the turbulent Prandtl numbers for k and ε, respectively
(σk = 1 and σε =1.2); and Sk and Sε are sources, which can be defined by the user.

The research calculations and simulations lasted a total of about 1200 h. The simulation
of the layout was carried out on the combined computers of the Scientific Research Center
“Alternative Energy” and the E.A. Buketov Karaganda University
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2.4. Computational Domain and Configuration

A model of a wind turbine with calculated areas for setting the boundary conditions
of rotation is shown in Figure 3.
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Figure 3. Mathematical model of a 3-blade wind turbine.

The initial stage of mathematical modelling is the creation of computational areas
around the mathematical model to set boundary conditions and rotation conditions. A
cylindrical subdomain (1) with a thickness of 5 mm was created around each power element
to set the rotational conditions of blades. A cylindrical subdomain (2) with radius of 0.1 m
around the z-axis was created around the cylindrical subdomains, as well as an area in
the parallelepiped form (3), with parameters of 0.7 m; 0.7 m; 1.5 m; 0.7 m; 0.7 m; and
3 m around the cylindrical subdomain (2) (Figure 3), to rotate the conditions of the entire
wind wheel.

A distinctive feature is the setting of rotation conditions; the angle between the
blades is 2π/3. The rotation axis of the blades is set as (0, 1, 0), (cos(π/6), −sin (π/6),
0), (−cos (π/6), −sin (π/6), 0). The rotation of the wind wheel is set around the z-axis.

2.5. Mesh Configurations

To determine the most optimal number of grids, 3 types of grids with different numbers
of cells were studied. The results for the maximum Cp at a flow rate of 15 m/s and a blade
speed of 700 rpm are presented in Table 2.

Table 2. Grid discretisation values.

Name Number of Cells Power Coefficient Cp

Mesh 1 568,410 0.274

Mesh 2 785,452 0.280

Mesh 3 890,120 0.281

As can be seen from Table 2, grid 2 showed a close result, and, for further calculations
used in this study, the second type of grid was selected.

The finite volume grid of a wind turbine obtained in the Ansys Meshing routine is
presented in Figure 4.
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Figure 4. Finite volume grid.

The selected grid type consists of 785,452 tetrahedra.

3. Results and Discussion

Below is the value of the moment of forces that affect the wind wheel. Using the
formula below, the time averaging is performed:

⟨ f ⟩ = 1
T

∫ T

0
f (t)dt

Since the rotation period of the cylinders around their own axis was 0.02 s at 300 rpm,
the value of the time range of averaging was chosen from 3 to 5 s.

A line dependence of the moment of forces acting on a movable wind turbine with
three blades on the velocity of the incoming flow is numerically constructed (Figure 5).
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Figure 5. Moment of forces acting on a movable wind wheel with three blades.

The maximum value of the moment of force is 12.7 Hm, acting on the mobile wind
turbine wheel, which is observed at a wind speed of 15 m/s, and the number of rotations
of the blade is 700 rpm. It was found that increasing the wind speed by 2 m/s increases the
value of the moment of force by 15–19%.

The value of the Cp power coefficient is influenced by the surface velocity and wind
direction [32,33].
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The power coefficient Cp it is calculated by the following formula:

Cp =
Nr − Nc

Nw f
(8)

where Nc = mMcωc is blade rotation power; m is number of blades; when the blades rotate,
they are exerted by a force equal to Mc; and ωc—the angular velocity generated by the
rotation of the blade.

Nw f =
ρu3S

2 is the wind flow power: ρ is the density of the air in the incoming flow;
S = πR2 is the area of the midsection of the rotor; R is rotor’s radius; and u is the incoming
flow speed. Nr = Mrωr is the rotor rotation power: Mr is the moment of forces acting on
the movable rotor; n is the number of revolutions of the cylinders; N is the rotation speed
of the wind wheel; and ωr is the angular velocity of the free rotation of the rotor, or the
rotational power of the rotor is equal to Nr = Mr

2πn1
60 .

Figure 6 below shows the dependence power coefficient Cp from the speed
(speed coefficient).
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Figure 6. Changing the power coefficient Cp depending on the speed coefficient of the wind turbine.

Below is a power-law speed function in which the Cp can be expressed:

Cp = 0.1147·Z0.409 (9)

It is determined that each value of the speed coefficient of a wind turbine with
three blades corresponds to a characteristic value of the power factor, which is a linear
function (8).

With a speed factor of 4.9, the wind turbine Cp is 0.28. As is known from the theory
of an ideal wind turbine [34,35], the Betts–Zhukovsky wind turbine can have a maximum
power coefficient Cp of 59.3% of the power of the airflow incident on it. The explanation
is that the maximum efficiency of 16/27 (59.3%) is achieved when the air slows down
three times when passing through the rotor. Compared with the two-bladed Magnus
wind turbine [36], whose Cp is about 0.2, which is achieved by using two cylinders with a
slight elongation, the data obtained indicate the increased efficiency of our installation by
almost 40%.

Compared with other representatives of the Magnus wind turbine, such as a vertical
one, the Cp obtained at maximum flow conditions is almost 35% higher [37].
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Figures 7 and 8 below show the flow patterns of a three-bladed wind wheel with a
fixed blade at an angle of 0 degrees at n = 300 and 700 rpm and u = 5, 10 and 15 m/s.
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The wind wheel’s rotation direction is set to clockwise in the positive direction. Defined
from the results obtained (Figures 7 and 8) at low speeds, the velocity field remains
symmetrical relative to three planes, but with increasing air flow velocity, the formation of
vortices behind the rotating blades is observed due to the formation of a turbulent wake
behind the wind wheel.

These vortex formations lead to a change in the aerodynamics of the wind wheel. As
the wind speed grows, the speed of rotation of the blade ends increases.

The explanation for this is the phenomenon of vortex formation increasing due to the
kinetic energy of turbulence, due to the large slope of the average velocity [38].
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When air passes through a rotating wind wheel, the moment of inertia decreases, thus
forming a local viscous zone in which the wind speed from the wind wheel decreases.
In wind turbines, this region is called a footprint, a large-scale chaotic coherent structure
consisting of interconnected vortices and ordered vortex components in a given spatial
range [39].

Subsequently, due to changes in wind speeds around the rotating force elements-
blades in the positive direction, counterclockwise, deformation of the flow field occurs.

The pressure distribution results around the wind wheel at parameters n = 500 rpm
and u = 5, 10, and 15 m/s are demonstrated in Figure 9.
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Figure 9. Result of investigation (pressure distribution) of a fixed blade at an angle of 0 degrees to the
cylinder at parameters n = 500 revolutions per minute: (a) at u = 5 m/s; (b) u = 10 m/s; (c) u = 15 m/s.

As determined from Figure 9, a high-pressure area is observed on the windward side
of the blade as a result of the acceleration of the flow, and a low-pressure area is formed on
the leeward side of the blade.
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Comparing the results with a simple cylinder, it can be seen that three-dimensional
instabilities disappear, which leads to an increase in drag and a loss of lift [40].

As a result of the formation of turbulent vortices, a low-pressure area is formed.
Figures 10 and 11 below show the numerical simulation results of a wind wheel with a
fixed blade at π/6 under different flow regimes.
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In Figures 10 and 11, the angle of the fixed blade is 30 degrees. A clearer image of the
fixed blade can be seen above in Figure 2.

Determined from Figures 10 and 11 with the deviation of the fixed blade, the entire
leeward side and the edges of the blades are in the flow disruption zone, expressed in the
form of the braking of the wind wheel and the premature loss of thrust at full rotation.
A complex set of phenomena occurs, which are realised with the unsteady movement of
the profile with the deviation of the fixed blade and the appearance of a powerful vortex
flow, causing a significant increase in aerodynamic loads on the wind wheel. The results
obtained do not contradict the results in [41], where the change in vortex formation modes
is determined depending on the angular position of the plate on the cylinder surface.

A picture of the pressure distribution when the fixed blade is positioned at π/6 is
shown in Figure 12.
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30 degrees and at n = 500 rpm: (a) at u = 5 m/s; (b) u = 10 m/s; and (c) u = 15 m/s.

Figure 12 shows the physical cause of the flow disruption at the edges of the blades,
which is formed due to a positive pressure gradient along the profile chord with a boundary
layer. The growth of the fixed blade location determines this interaction.

Based on the results obtained, mathematical modelling has revealed a tendency to
increase drag with the growth in the angle of the plate, which leads to a decrease in the
lifting force of the entire installation [42].

4. Conclusions

1. In the course of numerical studies, a three-dimensional sample of a wind turbine
with three blades was created. The sample of a wind turbine consists of combined
blades designed in the form of fixed blades and cylinders, a central shaft on which
the working power elements are fixed, and a mast on which the main shaft is fixed.
Mathematical models with different positions of the fixed blade were created (0◦, 15◦,
30◦, 45◦, and 60◦), with further study of their influence on the hydrodynamic features
and parameters of the entire installation.

2. A line of the dependence of the moment of forces acting on a movable wind turbine
with three blades on the velocity of the incoming flow was constructed. For a three-
bladed wind turbine, the dependence of the influence of the rotation frequency on
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the value of the power coefficient Cp was obtained. The wind speed value was
determined to correspond to a certain value of Cp. The developed wind turbine with
three combined blades has a power coefficient of 0.28. Adding a fixed blade increases
the efficiency of the wind turbine by 35–40% when compared with the results of
other authors.

3. When the fixed blade was positioned at angles of 0◦ and π/6, the effect on the
distribution patterns of the velocity vector around a rotating wind wheel with three
blades was studied. When the fixed blade was positioned at π/6, and at maximum
rotational speeds, a flow disturbance was observed due to increased resistance. As a
result, there is a decrease in the lifting force of the blades, which subsequently leads
to a reduction in efficiency. Based on this, the favourable angle of the fixed blade is an
angle of 0 degrees for both two-bladed and three-bladed wind turbines. The pressure
distribution patterns around a rotating wind wheel with a fixed blade were obtained
at 0 and 30 degrees. Based on the pressure distribution results, it is determined that
when the fixed blade is located at π/6, the matrix layer is separated due to the braking
of the wind wheel and an unfavourable pressure gradient. As a result, it was found
that the location of the fixed blade at an angle of 0 degrees for the entire wind wheel is
favourable for obtaining the optimal aerodynamic performance of all wind turbines.

The use of renewable energy sources makes it possible to move away from import
dependence, allowing countries to diversify their economies and protect them from fluc-
tuations in market prices for fossil fuels while stimulating inclusive economic growth,
job creation, and poverty reduction. The effective use of wind turbines is most attractive,
since the natural balance of energy on the planet is not disturbed, and, at the same time,
a waste-free, environmentally friendly energy production technology is used for various
purposes: battery charging and electricity storage and energy supply to various facilities
and remote areas (street lighting, heating of buildings, houses, farms, electrification of field
mills, etc., and granaries, pastures, apiaries, etc.).

The results obtained have great potential in future research in the field of efficient use
of renewable energy sources (RES) in the form of assistance for creating and developing
efficient wind turbines for low wind speeds. The developed wind turbine does not have a
detrimental effect on the environment, flora, or fauna, since the wind turbine size belongs
to the category of small installations designed for minimum wind speeds.
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