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This article is devoted to a numerical study of the power elements of
Magnus wind turbines. The improved blade shape is made in the form of a
combination of a cylindrical element with a fixed blade, which helps to in-
crease overall efficiency and increase the lifting force of the power element.
The aerodynamic coefficients of a combined blade are investigated depend-
ing on the angle of the fixed blade in the range from 0° to 60°. It is deter-
mined that the maximum lifting coefficient reaches 1.2 at an angle of 0°. With
this angle value, there is also a minimum value of the coefficient of drag
force equal to 1.5. Based on the data obtained, the optimal angle of the fixed
blade is from 0° to 30°.
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In the context of the need to accelerate the transition to alternative
energy sources and reduce dependence on fossil fuels, the development of
wind energy and "green" energy is an urgent task. In this regard, special
attention should be paid to improving the design and materials of wind
turbines, in particular, optimizing their power elements — blades. The modern
scientific - literature contains many studies devoted to the study of the
geometry of wind turbine blades of various configurations. These studies
include the analysis of the shape, materials and angles of attack of the blades
in order to increase the output power and efficiency of the installation [1].

Moreover, [2] conducted numerical studies and optimization of blade
parameters using CFD methods and various optimization algorithms (genetic,
gradient-based, and evolutionary). Their findings indicate that the precise
selection of the angle of the fixed blade, chord length, profile thickness, and
blade shape can improve the overall efficiency of the installation.
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Studies by Kornilov and Lysenko examine the aerodynamic flow
around cylindrical bodies under different flow regimes (supersonic, subson-
ic). While their results are primarily related to high-speed flow modeling,
they highlight the importance of a comprehensive approach to describing
airflow-body interactions. Some of these methodologies may be adapted for
analyzing low-speed flow typical of wind energy applications [3].

Alongside conventional solutions, the literature also discusses uncon-
ventional blade designs, such as rotating cylinder-based blades utilizing the
Magnus effect. These installations achieve a higher lift coefficient at relative-
ly lower angles of attack. However, the structural complexity of such systems
and the need for an additional drive to rotate the cylinders can negatively
affect their economic feasibility [4].

In practical applications, the key to increasing overall wind turbine effi-
ciency lies in balancing lift force (which drives rotor rotation).and drag force
(which extracts useful energy and reduces efficiency). The optimization of
blade shape, angle of attack, and orientation within the airflow are critical
factors in maximizing wind energy potential.

However, turbine efficiency depends not only on blade shape and size
but also on operating conditions (rotational speed, wind speed range, and
flow turbulence characteristics). Therefore, to determine optimal parameters
and aid in wind turbine design, computational fluid dynamics (CFD) methods
are a valuable tool, allowing for detailed analysis of velocity and pressure
fields around the blade and the calculation of aerodynamic coefficients at
different angles of attack.

Thus, despite the abundance of research on blade design and optimiza-
tion, several practical challenges remain unresolved, including identifying
and validating the optimal range of angles of attack for specific profile shapes
[5].

The objective of this study is to obtain quantitative dependencies of
(Cy) and (Cx) variations on the blade profile's angle of attack within a wide
range (0°-60°) and to identify regions where optimal aerodynamic efficiency
is achieved.

The investigation utilized an averaged blade profile typical for small-
scale wind energy installations. Geometric parameters (chord length, relative
thickness) were selected based on recommendations for aerodynamically
efficient rotor profiles.

Numerical modeling was conducted in ANSYS Workbench (using De-
sign Modeler, Meshing, and Fluent modules). A 3D model of the blade sec-
tion was created in Design Modeler with a smooth transition to the blade tip.
A computational domain (a parallelepiped) was defined around the blade,
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ensuring an adequate flow capture (distances from the blade to the domain
boundaries were set to at least six characteristic chord lengths).

The mesh model was generated in Ansys Meshing, primarily using tet-
rahedral elements with local refinement near the blade surface. To ensure
result accuracy, three different mesh densities (ranging from 1.5x10° to 5x10°
cells) were tested. The results showed that increasing the number of cells
beyond a certain point had an insignificant effect on the lift coefficient (less
than a 2% change). Consequently, a medium-sized mesh (~3x10° cells) was
used for the main calculations (Figure 1).

The calculations were conducted in a steady-state formulation using the
Reynolds-averaged Navier—Stokes (RANS) equations. The Realizable k—¢
turbulence model was chosen due to its strong performance in airfoil flow
simulations. The boundary conditions were defined as follows:

- Inlet (velocity inlet): A uniform airflow with a velocity of V = 10 m/s.
To vary the angle of the fixed blade a, the blade profile was rotated within
the selected range of 0°-60°.

- Outlet (pressure outlet): The outlet pressure was set to atmospheric
pressure, with a pressure difference defined as p = 0 Pa (relative to the at-
mosphere).

- Blade surface (no-slip boundary): No-slip condition was applied, en-
suring zero relative velocity at the blade surface.

Figure 1. Mesh model of the blade

The convergence criterion for residuals was set to 10* for the momen-
tum and turbulence equations. The number of iterations was selected to en-
sure that the solution reached a steady-state level for the investigated coeffi-
cients.

To analyze the blade's efficiency, the following were calculated:

The drag coefficient was determined using equation (1):
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The lifting force coefficient is calculated using the formula (2):
2F
C, = 2yS
A )

where ,
. drag force;

Fy. lifting force;
P _ air density;
U - flow rate;

S _ the area of the midsection.
Figure 2 demonstrates the influence of the angle of inclination of the
fixed blade on the coefficient of lift.
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Figure 2. The influence of the angle of inclination of the fixed blade on
the coefficient of lift

It can be seen that at a = 0 °, the maximum value of Cy is about 1.2. As
the angle of the fixed blade increases to 60 °, the coefficient decreases to
about 0.8. The decrease in lifting force is explained by the strong separation
of the flow on the upper surface at high angles of attack and, accordingly, the
growth of the reverse flow zone.

Figure 2 demonstrates the influence of the angle of inclination of the
fixed blade on the drag coefficient.
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Figure 3. The influence of the angle of inclination of the fixed blade on
the drag coefficient

As a increases from 0° to 60°, Cx increases from 1.5 to 2.0 on average.
The main reason is an increase in the “shading” area of the profile and the
recirculation area at the trailing edge of the blade.

Thus, at the lowest angle of attack, the highest Cy and the lowest Cx are
achieved. From the point of view of aerodynamic quality K =Cy /Cx, the
optimal angle of attack (for a given flow velocity and profile shape) lies in
the range of 5°-15°. At @>15°, the resistance increases rapidly and the lifting
force decreases, which generally worsens the efficiency of the wind power
plant [5].
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KbLTY AFBIHBIH OJIHIEYTE APHAJIFAH KYPBIJIT BIJIAPJIBIH
CE3IMTAJI QJIEMEHTI TEPMOXYIITAPJIbI OHTAUJIAH/IBIPY

C.E.CyuneiimenoBa, I1.9. KucadexoBa
E.A. bexeroB atbinarsl Kaparansl yHUBEpCUTETI, ZOKTOpaHT, Kaparaumpl,
Kasakcran, saniy 93@mail.ru:
E.A. bexeroB ateiHOarsl KaparaHiel yHHBEPCUTETI, aFa OKBITYIIIBL,
Kaparannel, Kazakcran

JKoly azeinblH enuieyee apHAR2aH KYpolibliapovl d3ipiey YuliH eKi
apmypai emkizeiuimen MypamvlH MEPMOACYNMAap He2i32i ce3imman dJ1emMeHm
bonvin  mabwiiadvl. Tepmooicynmap — meMnepamypanvl Oauley Yulin
KONOAHBIIAMbIH  MAKbI30bl  KYPBIIRLINAD, ONAp JPMYPIi EbUIbIMU  HCIHE
MEeXHUKANLIK  3epmmeynepoe,  COHOAU-AK OHEPKICINMIK KOCLIMUaiapoa
Keninen natoanansvliadvl. Tepmooxcynmapoviy 0andicin apmmuipy Yulin
onapovly 2padyupieyi - Kascem, SAHU MEPMOINEKMp KO32ayuwivl KYUliHiy
(mepmo-OKK) memnepamypaza mayendinicin anvikmay xepex. Ocvl 3epmmey
AACLIHOA — MBIC-KOHCWIAHMAH — MURMI  MepMOICYnmap  2paoyupieHin,
memMnepamypansiy, ayblmKyIapsin 0271 eauey VWi Kaxcemmi manimemmep
anvinzan. Mvic-koncmanman  oicyovinely  mepmo-OKK  mandepi  memen
memnepamypaoa mypaxmel JiCoHe CeHIMOI bonambeinsl Oencini, OYn OHb
Kenmezen oicazoatioa Konoawyea muimoi emeoi. CouviMeH Kamap, Mbic-
KoHcmanwman — mepmodxcynvl  70°C-xa  Oeuiinei  OuanazoHoa  JHCAKCHl
ce3imMmanoviKKa ue, api KOANCemiMmOi JicoHe ap3an Mamepuan peminoe
bazananaovl. 3epmmey Homudicenepi mepmodcynmapovly muimoi mypin
mauoayea, OHbIH [WiHOe MblC-KOHCMAHMAHHBIY — APMbIKULLILIKMADbIH
AHbIKMAY&a MyMKIHOIK Oepeo.

Kiar ce3aepi: xosuty arsiael, Tepmo-OKK, TepMOKyII, MBIC-KOHCTaHTaH
TEpMOXYOBI, TEMIIEpPATypa albIPHIMBI.
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