Brief information about the project

Title

AP22685893 «Investigation of the aerodynamic
characteristics of asymmetric shaped blades used in a wind
power plant to increase turbine efficiency»

Relevance

The blades are the key component of a wind energy unit, as
they are responsible for converting the kinetic energy of the
wind into the mechanical energy of rotor rotation. To achieve
maximum efficiency of a wind energy system (WES),
researchers aim to improve the aerodynamic performance of
the blades. The presented project is focused on the development
and investigation of the aerodynamic characteristics of WES
blades with an asymmetrical shape, utilizing their potential to
enhance wind energy conversion efficiency, as well as
addressing the self-starting problem of WES at low wind
speeds.

Goal

Modeling and experimental investigation of the aerodynamic
characteristics of asymmetrical blades to improve the efficiency
of a vertical-axis wind energy unit (VAWT).

Tasks

Objective 1. Aerodynamic modeling:

Development of numerical models and conducting
computational aerodynamic studies to assess the aerodynamic
characteristics of asymmetrical blades.

Objective 2. Analysis of blade design influence on the
performance of a vertical-axis wind energy unit:

Investigation of how blade geometry affects the operation and
efficiency of a vertical-axis wind turbine.

Objective 3. Fabrication of asymmetrical blades:
Manufacturing of asymmetrical blade prototypes and
conducting physical experiments in a wind tunnel to measure
their aerodynamic parameters.

Objective 4. Preparation of scientific reports and publications:
Documentation of all research results and preparation of
scientific reports and articles for publication.

Expected and Achieved Results

1. Expected Result:

2. . Based on the results obtained, a dissertation for the
Numerical models will be developed and computational
aerodynamic studies will be conducted to obtain accurate
data on the aerodynamic characteristics of asymmetrical
blades, including lift coefficient, drag coefficient, and other|
parameters.

3. Expected Result:
The evaluation of the impact of blade design modifications
on the overall performance and efficiency of the wind energy
system will help determine the extent to which improved
aerodynamic characteristics contribute to increased
efficiency.

3. Expected Result:
Physical experiments in a wind tunnel will provide real data
on the aerodynamic parameters of the blades and will serve
to validate the results of numerical modeling.

4. Expected Result:
The research findings will be documented in scientific

reports, which will be published in academic journals and




presented at conferencesdegree of Doctor of Philosophy)
(PhD) will be prepared and submitted for defense.

Achieved Results

1. Numerical models were  developed and
computational aerodynamic studies were conducted to
investigate the aerodynamic characteristics of asymmetrical
blades. During the research, key parameters such as the liff
coefficient (Cy), drag coefficient (Cx), and others were
determined.

2. It was demonstrated that changes in blade geometry
have a positive impact on the overall efficiency of the
vertical-axis wind energy system. Numerical analysis
confirmed that the use of an asymmetrical shape contributes
to improving the efficiency of wind energy conversion.

3. The results of physical experiments conducted in aj
wind tunnel showed good agreement with the numerical
modeling data, confirming the accuracy of the applied|
computational models.

4. Based on the obtained results, scientific reports and
articles were prepared, published in reputable scientific
journals, and presented at international conferences. As a|
result of the research, a dissertation for the degree of Doctor
of Philosophy (PhD) was prepared and successfully
defended.

The results of the conducted research and the obtained|
data were compiled into conference abstracts, presented, and|
published in the proceedings of the following international
scientific conferences:

1. Articles published in international peer-reviewed
journals indexed in the Scopus / Web of Science databases:

— Isataev M., Manatbayev R., Seydulla Z., Bektibai B.,
Kalassov N. Study of Aerodynamic Characteristics of|
IAsymmetrical Blades and a Wind-Driven Power Plant with a
\Vertical Axis of Rotation. Applied Sciences, 2024, 14, 11654.
https://doi.org/10.3390/app142411654

— Isataev M., Manatbayev R., Seydulla Z., Kalassov N.,
'Yershina A., Baizhuma Z. Experimental and Computational Study
of the Aerodynamic Characteristics of a Darrieus Rotor with
IAsymmetrical Blades to Increase Turbine Efficiency Under Low
'Wind Velocity Conditions. Applied System Innovation, 2025, 8,
49. https://doi.org/10.3390/as18020049

2. Articles published in journals recommended by the
Committee for Quality Assurance in the Sphere of Science and
Higher Education of the Ministry of Science and Higher Education
of the Republic of Kazakhstan (CQASSHE MES RK):

— Isatayev M.S., Ershina A K., Manatbayev R.K., Seydulla]
Zh.K.

Experimental study of the characteristics of a wind energy
unit with asymmetrical blades in a wind tunnel // Bulletin of the
Almaty University of  Power Engineering and
Telecommunications, No. 1 (68), 2025. — pp. 80-90.



https://doi.org/10.3390/app142411654
https://doi.org/10.3390/asi8020049

https://doi.org/10.51775/2790-0886_2025 68 1 80
— Seydulla Zh.K., Isatayev M.S., Manatbayev R.K., Ershina
A.K., Dodayev S. Aerodynamic study of asymmetrical blades for|
a vertical-axis wind turbine // Bulletin of the Toraygyrov
University. Energy Series, No. 1, 2025. — pp. 330
B43.https://doi.ore/10.48081/PLVX7878

3. Intellectual Property Protection:

An author’s certificate for the invention has been obtained:

—Seydulla Zh K., Isatayev M.S., Manatbayev R.K. “Darrieus
'Wind Turbine with Asymmetrical Blades”

Registered by the Ministry of Justice of the Republic of]
IKazakhstan, RSE "National Institute of Intellectual Property",
Certificate No. 53576, 2025.
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1. Seydulla, Z.K., Isatacv, M.S., Toleuov, G.K. Study of
aerodynamics of the jet spreading over cy-lindrical surface //
Journal of Physics: Conference Series, Volume 1382, Issue 1, 28
November 2019, # 012038. SJR-0.221. Q4. [Ipouentuns — 17,
https://doi.org/10.1088/1742-6596/1382/1/012038
2. Isataev, M.S., Toleuwov, G., Seydulla, Z.K.
IAerodynamics of cylindrical finite length bodies // International
Journal of Fluid Mechanics Research, 2023, 50(4), crpanuus! 13—
20. Q3. SJR: 0.256. [Ipouentunp — 49.
https://doi.org/10.1615/InterJFluidMechRes.2023047828

KoHcynbTaHT npoekTa: KaHauAaT PU3UKO-MaTeMATHUECKUX
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1. M.S. Isataev, G. Toleuov, K.A. Esenalina.
Experimental investigation of the propagation of the three-
dimensional turbulent jets outflowing from rectangular nozzles //
Journal of Engineering Physics and Thermophysics, Vol. 90, No.
6, (USA) New York, 2017. — P.1469-1474. SJR: 0.357.
[MpouenTmns — 48. https://doi.org/10.1007/s10891-017-1707-6
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[TpuMeHeHne BBIYUCIUTEIBHON THAPOAMHAMUKY ISl IOy YeHUS]
MaKCHUMallbHOW  J((GEKTUBHOCTH  KpbUla  OECIMIOTHOTO)
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4. Isataev, M.S., Toleuov, G., Sultan, M. Experimental
Investigation of a Free Turbulent Air Jet Outflowing from a|
Nozzle of Square Shape // Journal of Engineering Physics and
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Patent information

The patent is not considered within the framework of this
project.
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