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General description of the work. The dissertation is dedicated to the experimental
and numerical study of a solar still with a heat pump. The research focuses on investigating
the connection scheme of the heat pump to the solar still and intensifying the condensation
process to increase the production of clean water.

Relevance of the work. According to UN data on the state of the world's water
resources, 2 billion people worldwide (26% of the population) do not have access to safe
drinking water, and 3.6 billion people (46%) lack access to safe sanitation. The issue of
drinking water scarcity has not bypassed the regions of Kazakhstan. The southern, central,
and western regions experience shortages of drinking water, with the southwestern region
(Mangystau region) being the only one with access to the Caspian Sea, where seawater
desalination methods can be applied. In this region, there are two main sources of drinking
water, where thermal desalination and reverse osmosis methods are used.

There is a need in this region for the development of autonomous, mobile installations
utilizing renewable energy sources for remote settlements and rural areas that do not have
access to centralized utilities (electricity, water supply, etc.). Mangystau region also has
significant potential for solar energy. Due to the region's climatic conditions, the efficiency
of heat pumps is very high. This work will focus on the development of an experimental
solar-thermal desalination system based on a heat pump in the conditions of Mangystau
region, Kazakhstan..

Objective of the work. The objective is to investigate the intensification of water
vapor condensation inside a solar still by integrating a vapor-compression heat pump.

Tasks of the work.

« Assembly of a prototype of a single-slope solar still and heat pump, with subsequent
integration;

« Assembly of measuring instruments, including a weather station and data collection
system;



« Development of a mathematical model of the thermal balance of the components of
the solar still with the heat pump, considering various system configurations, and
creation of a computer program for calculations in Python;

« Processing of experimental data and validation of the numerical model by comparing
it with the obtained results;

« Analysis of clean water productivity in the climatic conditions of Aktau.

Research methods. The research methods include the assembly of a prototype of a
single-slope solar still and heat pump, their integration for joint operation, and the
installation of measuring instruments, including a weather station and data collection
system. A mathematical model of the thermal balance of the system was developed and
implemented as a Python program for numerical calculations. Experimental data obtained
using the monitoring system were processed and compared with the results of numerical
modeling for model validation. The performance of the system was analyzed based on the
amount of desalinated water in the climatic conditions of Aktau.

Scientific novelty.

« Integration of the heat pump evaporator into the solar still to heat the water in the
tank;

« Integration of the evaporator and condenser of the heat pump into the solar still for
heat regeneration.

Scientific findings submitted for defense.

« Experimental and numerical results of the analysis of water vapor condensation
intensification by integrating only the heat pump evaporator into the solar still;

« Numerical results of the analysis of water vapor condensation intensification by
integrating both the evaporator and condenser of the heat pump into the solar still.

Description of the main research results. During the research, a prototype of a
single-slope solar distiller with an integrated heat pump was designed, developed, and
tested, providing an opportunity to evaluate its efficiency under real-world conditions. The
experimental data obtained confirmed that the use of a heat pump significantly increases the
distiller's performance by enhancing the condensation processes and improving heat
exchange. This is particularly crucial in scenarios requiring high output with minimal energy
consumption.

Additionally, a mathematical model of the system's heat balance was developed and
successfully validated based on experimental data. This model accurately predicts the
behavior of the solar distiller with a heat pump in various climatic conditions, including
extreme weather situations such as high temperatures and intense solar radiation, which are
typical for the Mangystau region. The model also takes into account key parameters such as
solar radiation intensity, air humidity, and temperature fluctuations, making it a versatile
tool for analyzing system performance in other regions.



The system's performance was thoroughly analyzed under the climatic conditions of
Aktau city, characterized by harsh weather, arid conditions, and high solar activity. The
results demonstrated that this system not only operates effectively in such environments but
also presents a promising solution for providing fresh water to remote settlements in the
Mangystau region. This is particularly relevant for areas with limited access to centralized
infrastructure, where autonomous and mobile systems may be the only viable source of
water. Therefore, the proposed system has significant potential for use in arid regions facing
freshwater scarcity.

Scientific novelty of the obtained results. The scientific novelty lies in the
development of an integrated solar distillation system with a heat pump, which enhances
performance by intensifying the condensation processes. For the first time, a mathematical
model of heat balance has been proposed, which takes into account the impact of the heat
pump on the desalination processes. This model has been successfully validated based on
experimental data, making it applicable for further research and development of similar
systems. Within the framework of the study, two configurations of connecting the heat pump
to the solar distiller were considered. In the first configuration, the evaporator of the heat
pump was located inside the solar distiller, and both experimental and numerical studies
were conducted. In the second configuration, where both the evaporator and condenser of
the heat pump were placed inside the solar distiller, only numerical studies were performed.

Practical significance of the work. The practical significance of this research lies in
its potential to address water supply challenges in remote and arid regions. The integrated
solar distillation system with a heat pump is designed for autonomous freshwater
production, making it particularly relevant for areas with limited resources and far from
centralized water supply systems. The system can operate without external energy sources,
significantly reducing operational costs and making it an economically viable solution for
such regions.

The developed prototype demonstrates high desalination efficiency, and its design
can be scaled to create larger installations capable of supplying not only small settlements
but entire regions with water. Moreover, the mathematical model proposed within this work
can be used for the optimization and design of future desalination systems, enabling
engineers to develop systems with improved performance and lower operating costs.

This research also provides a foundation for modernizing existing desalination
systems. The integration of a heat pump can significantly increase the productivity and
reduce the energy consumption of current desalination technologies. Thus, the results of this
work can contribute to the development of sustainable water supply technologies, playing a
crucial role in supporting the sustainable development of regions facing freshwater scarcity.

Connection of the work with state scientific programs.
This work was carried out within the following projects:

« "Modeling and development of a solar heat pump system for seawater desalination
in the southwest region of Kazakhstan" (2023-2025, AP19175769);



"Development of a solar thermal desalination system based on a heat pump" (2022-
2024, AP14871988).

Individual Contribution of the Doctoral Candidate to the Preparation of Articles

The doctoral candidate independently formulated the scientific problem and research
objectives, developed an experimental setup for the first configuration of the solar distiller
with a heat pump, and conducted the necessary experiments. Additionally, the doctoral
student developed a mathematical model of the system's heat balance and performed
numerical studies for both configurations. The doctoral student analyzed the results,
compared the experimental data with the numerical model, conducted a literature review,
prepared graphs and diagrams, and handled the formatting and submission of articles to
scientific journals.

The doctoral candidate made a significant contribution to the preparation of two
scientific articles published in international journals indexed in Scopus and/or Web of
Science.
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1 article in scientific publications recommended by the Committee for Quality
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2 abstracts at international scientific conferences:

1. D. Baimbetov. Experimental and Numerical Study of Solar Still for the Caspian
Region of Kazakhstan // The 19 th Conference on Sustainable Development of
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Rome, Italy), He gave a report.

2. D. Baimbetov. Thermal performance analysis of a heat pump assisted regenerative
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