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Name of the
project

AP26100165 «Design and Development of a Wind Turbine with a Unique Thermal
Protection System for Sharply Continental Regions»

Relevance

Renewable energy sources, particularly wind energy, are currently one of the key
directions of energy production. However, under sharply continental climate
conditions, the performance of wind turbines decreases due to blade icing.

This issue deteriorates the aerodynamic characteristics of the turbine, reducing its
efficiency and reliability. Therefore, the development of anti-icing and thermal
protection systems is an important scientific and technical challenge for the
advancement of wind energy.

Purpose

The objective of the project is to develop a new wind turbine design with a thermal
protection system that enables the most efficient utilization of wind energy with
minimal energy consumption, thereby improving the overall efficiency of the
turbine.

Objectives

o Theoretical investigation and modeling of the blade icing process in wind
turbines.

o Development of a thermal protection system model for turbine blades.

. Calculation and optimization of the geometric parameters of flow channels
for heat distribution.

. Investigation of aerodynamic and thermophysical characteristics of blades
using computational fluid dynamics (CFD).

. Analysis of numerical simulation results and their comparison with
experimental data.

. Development of a prototype wind turbine equipped with a thermal protection
system.

. Experimental testing of the prototype under real climatic conditions and
evaluation of its performance.

. Preparation and publication of scientific articles.

o Development of design and engineering documentation.

Expected and
achieved
results

Achieved Results:

1. Validated numerical simulation results were obtained, including ice shape, mass,
and icing area.

2. The required heat input was calculated for various weather conditions and
operating regimes.

3. The optimal geometric parameters of the flow channel for blade heating were
determined and optimized.

4. Participation in international conferences was accomplished.

5. At least one scientific paper was published in journals indexed in Web of Science
(Q1-Q3) or Scopus (CiteScore percentile > 50).

6. At least two scientific papers were published in journals recommended by
CQAHES (Committee for Quality Assurance in Higher Education and Science,
Ministry of Science and Higher Education of the Republic of Kazakhstan).

7. At least one intellectual property object (patent or copyright certificate) was
obtained and registered with the National Institute of Intellectual Property of the
Republic of Kazakhstan.

Expected Results:

1. An effective model of a blade thermal protection system will be developed,
taking into account natural convection and airflow effects.
2. Numerical simulation results for the aerodynamic and thermal characteristics

of the wind turbine will be obtained.




3. An experimental prototype of the wind turbine will be developed.

4. The prototype will be tested under real climatic conditions, and the efficiency
of the thermal protection system will be experimentally validated.

5. Several scientific publications will be produced based on the research results
(Scopus / Web of Science).

6. Several scientific articles will be published in journals recommended by

CQAHES.

7. A patent will be obtained, and design and engineering documentation will be
developed.

8. The technology readiness level (TRL) will reach TRL-4, making it ready for
further scaling.
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«Method and Device for Thermal Protection of a Vertical-Axis Wind Turbine with
a Troposkien System».




