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Abstract. One of the main tasks of the modern energy sector is to provide heat supply to
energy-efficient buildings through the use of renewable energy sources, including solar energy.
Since modern buildings have limited space for installing solar collectors, the integration of solar
heaters into the structures of external walls and facades of buildings is a promising direction.

The article presents the results of studies of thermal processes in a heat supply system with a
hybrid solar collector, in which a liquid coolant circulates. The system consists of a finned heat
exchanger and a storage tank. In order to determine the feasibility of the practical application of
such a design, a hybrid solar collector has been developed, which can be used to effectively model
and solve the tasks before starting full-scale research.

Computer modelling of thermal processes in the SolidWorks environment was carried out,
with the help of which a series of sequential experiments were created to determine temperature
changes at the outlet of the heat exchanger and in the battery tank under different operating
conditions. Based on the data obtained, graphs of temperature distribution, amount of thermal
energy and changes in efficiency during the study were constructed.

Based on the results, conclusions have been drawn about improving the efficiency of the
system with a hybrid solar collector and the possibilities of its further use in solar heating systems
for energy-efficient buildings. These solutions make it possible to integrate such a solar collector
into the external protection of the building.

The authors provide data indicating that the efficiency of a system with a hybrid solar
collector is influenced by its design features, meteorological factors, pollution and the angle of the
collector.

However, to fully confirm the results, further field experimental studies are needed to
compare theoretical and experimental data. This work lays the groundwork for further optimisation
of hybrid solar collector designs and their widespread implementation in solar heating systems.

Keywords: thermal processes, hybrid solar collector, solar heat supply systems, finned heat
exchanger, modelling of thermal processes, efficiency.

Introduction. Nowadays the increasing demand for energy-efficient technologies and
renewable energy sources makes the use of solar collectors increasingly relevant. Hybrid solar
collectors, which combine the functions of generating thermal and electrical energy, represent one
of the most promising solutions for enhancing the efficiency of energy systems. A key aspect of
developing such systems is ensuring their stable and efficient operation, which requires a detailed
analysis of thermal processes within the collector.

Thermal process modeling enables the study of interactions among various components of a
hybrid solar collector, such as the absorber, heat carrier, and cooling elements, contributing to the
optimization of design and an increase in the system's efficiency. It is also essential to consider the
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influence of external factors, such as solar radiation intensity, ambient temperature fluctuations, and
thermal losses. All these factors significantly affect the performance of the collector and require
thorough investigation to develop effective engineering solutions.

Analysis of recent research and publications. The analysis of recent publications covers
various aspects of hybrid solar collector utilization and the study of thermal process modeling in
heliosystems incorporating such collectors. Particular attention is devoted to mathematical
modeling, which enables precise analysis of the energy efficiency and performance of solar thermal
systems.

One of the primary directions in solar energy utilization is the integration of solar collector
elements into building architectural forms [1] and the exploration of passive solar energy use in
construction, particularly through the application of hybrid solar collectors in building structures [2, 3].
These systems enable the efficient use of solar energy for space heating, hot water production, and
backup power supply, which are essential for hybrid systems [4, 5].

Energy supply systems where hybrid solar collectors serve as the main components are also
being studied separately. These studies highlight the key advantages and disadvantages of using
such collectors in energy-efficient buildings [6, 7].

At present, to enhance heat transfer efficiency in hybrid systems, researchers are focusing on
the design features and key thermal parameters of solar collectors, which include aluminum
grooved tubes [8].

The rise in the number of buildings with glass facades has spurred the combination of large
transparent structures with solar collectors. Additionally, such hybrid solar collectors are equipped
with photovoltaic panels, and a finned heat exchanger is installed in the housing, where a heat
carrier circulates [9]. Researchers are also actively studying solar collectors integrated with building
coverings and roofs, where absorber tubes are attached to the roofing material [10, 11].

Despite the large number of traditional systems, there are solutions where the material of the
sun-receiving surface is corrugated carbon-graphite canvas. The main advantage is the lightness of
the structure, with a fairly large area of the adsorber [12].

To assess the feasibility of using specific elements in a solar thermal system, computer
modeling is employed. Such solutions lead to optimization, which, in turn, significantly enhances
the efficiency of these systems and reduces energy consumption costs [13, 14].

Hybrid solar thermal collectors can also be utilized for preparing drying agents. The analysis
of such thermal processes employs 3D modeling within the collector, allowing improvements in
drying processes for agricultural systems [15].

A review of publications has shown that modeling thermal processes in systems with hybrid
solar collectors holds great potential, particularly regarding their integration into energy-efficient
buildings. However, further field experimental studies are needed to fully confirm the results,
allowing for a comparison of theoretical and experimental data.

The aim of the article is to improve the design of a hybrid solar collector, develop and
implement a computer model to study thermal processes using SolidWorks software for further
analysis and optimization of its design. The article focuses on exploring the capabilities of
computational modeling for detailed studies of heat transfer, reduction of thermal losses, and
enhancement of the solar collector's efficiency. Additionally, it aims to provide recommendations
for engineers in the field of renewable energy.

Research Methodology. To address the tasks set, computer modeling was applied using
SolidWorks software. A detailed model of the heat supply system was created, featuring a fine
mesh breakdown to analyze the temperature distribution.

Presentation of Main Material. To address the task in the field of energy-efficient
construction, a design for a hybrid solar collector has been proposed. This design integrates
elements of a solar collector and a window (Fig. 1).
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Fig. 1. Installation diagram:
1 — hybrid solar collector housing; 2 — finned heat exchanger; 3 — heat accumulator;
4 — pump installation location; 5 — pipelines; 6 — temperature sensors; 7 — solar radiation direction

A computer model of this solar collector was developed to investigate its thermal
characteristics, featuring a ribbed heat exchanger integrated into the upper part that operates
alongside a heat accumulator (Fig. 2). This model, at the stage of theoretical research, facilitates the
efficient resolution of several tasks before practical application.

The studied system shown in Fig. 2a consists of a solar window housing, which incorporates a
ribbed heat exchanger, as well as an accumulator tank designed for storing the collected thermal
energy. The ribbed structure of the heat exchanger increases the heat exchange surface area, enhancing
the efficiency of heat transfer from the absorber to the liquid heat carrier circulating in the system. The
accumulator tank is equipped with thermosensors to record temperature changes during the
experiment.

During the simulation in the SolidWorks environment, the thermal properties of the materials,
the liquid heat carrier flow rate, and the intensity of solar radiation were taken into account. The
obtained results were recorded and entered into a table depending on the specified radiation
intensity. Temperature change graphs in the heliocollector and accumulator tank were also plotted.

a) b)

Fig. 2. Computer model of a solar collector:
a — model of the hybrid solar collector; b — finned heat exchanger; 1 — housing of the hybrid solar
collector; 2 — finned heat exchanger; 3 — heat accumulator; 4 — location of the pump;
5 — pipelines
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In Fig. 3, a temperature increase to 22.5 °C can be observed in the lower part of the frame.
Additionally, convective flows around the window structure are visible, with an average
temperature of approximately 22 °C. Heat accumulation in the housing is also evident, with the
temperature rising to 23 °C. The upper part of the open absorber reached a temperature of over 23
°C, while the lower part heated up to 22 °C.
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Fig. 3. Temperature distribution:
a — in front of the solar window; b — in section

Fig. 4 showed that the lack of transparent protection in front of the heat sink causes significant
convective heat loss, which generally reduces the efficiency of the solar collector and reduces the
temperature of the coolant at the outlet. This encourages further technical improvements to this design.
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Fig. 4. Convective flows around the studied model

From Fig. 5, it is evident that the outlet temperature of the heliocollector increased from 19°C
to 22.3°C between the 5th and 40th minutes, with minimal temperature changes thereafter.
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Fig. 5. Heat carrier temperatures at the inlet and outlet of the heliocollector and ambient
temperature throughout the experiment

Fig. 6 shows that during the modeling, the temperature in the accumulator tank remained
steady at 19°C up to the 40th minute, after which it gradually increased to 21°C. The graph
illustrates the temperature distribution within the tank based on the positions of the installed
Sensors.
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Fig. 6. Temperature change in the heat accumulator depending on the heating time

During the simulation, the instantaneous power of the solar collector Qsk increased during the
first half of the experiment (Fig. 7), and then stabilized.

On Figure 8, it can be observed that the efficiency coefficient of the hybrid solar window
increased from 72% at the 5th minute to 85% at the 50th minute, and then changed insignificantly.
Overall, the average efficiency coefficient of the studied solar collector was 0.82.
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Fig. 7. Instantaneous power of the solar collector
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Fig. 8. Change in solar collector efficiency during the experiment

Conclusions:

This article presents the results of modeling thermal processes in a hybrid solar collector. The
main attention was paid to theoretical approaches and computer modeling, which allowed to
evaluate the operation of the hybrid solar collector under various operating conditions.

Based on the measures taken, it was shown that the efficiency of using a solar window with a
built-in finned heat exchanger for collecting solar energy increased. The use of an accumulator tank
allows for the effective storage of thermal energy for further use in heat supply systems. The
analysis of temperature fluctuations in the heat accumulator proved that the use of a finned heat
exchanger provides more uniform heating of the coolant in the system. The simulations also showed
that the average coolant temperature at the outlet of the hybrid solar collector was about 22°C, and
the maximum was 22.37°C. In the heat accumulator, the average temperature was 19.31°C, and in
the upper part - 21.15°C. As for the instantaneous power, it was 511 W/m2. The average efficiency
was 0.82, and the maximum during the experiment was 0.85.
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The research yielded results that can be aimed at optimizing the design of a hybrid solar

collector with a finned heat exchanger and the possibility of integrating such a collector with other
energy sources to increase the overall efficiency of the solar heating system.
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AHotanigs. OnmHuM i3 TOJOBHHMX 3aBJaHb Cy4YacHOi CHEPreTUKH € 3a0e3MeUYeHHS
TEIJIONOCTaYaHHs eHeproe()eKTUBHUX OyliBellb 32 PaXyHOK BUKOPHUCTAHHSI BIJHOBJIFOBAHUX JUKEPEI
eHeprii, 30kpemMa 1 COHsYHO1 eHeprii. OCKUTPKM Ha 30BHIIIHIX OrOPOHKEHHAX CyYacHUX OymiBelb €
0OMEXEHHI MPOCTIP JJIsi BCTAHOBJICHHS TETIOKOJICKTOPIB, MEPCIIEKTUBHUM HAMpPSMKOM € 1HTETparlis
COHSIYHMX HAarpiBHUKIB y KOHCTPYKIii 30BHIMIHIX CTiH i1 (pacaiB OymiBensb.

VY cTarTi HaBEACHO PE3YNBTATH JOCIIKEHb TEIJIOBUX MPOIECIB Y CHCTEMI TEIUIONOCTaYaHHs 3
riopugaum remiokonekropoM (I'TK), B skiit mupKyiroe piAMHHUA TEIIOHOCIH. Y CBOIM KOHCTPYKIIii
JlaHa CHCTeMa MICTUTh peOpHUCTHH TEIIIOOOMIHHHK Ta Oak-akymysnsTop. st Toro, mo0 BH3HAYUTH
JOLUTBHICTh MPAKTUYHOTO 3aCTOCYBAHHS TaKoi KOHCTPYKIl, pOo3po0JIeHO TiIOpUIHUN TeTi0KOIEKTOP,
3a JIOIMIOMOTOI0 SIKOTO MOXHA €()EeKTHBHO 3MOJCTIOBATH Ta BUPIIIUTH ITOCTABJICHI 3amadi Tepesn
MOYATKOM HAaTYPHUX JIOCII/PKEHb.

[IpoBeneHo komMm'roTepHe MOJEIIOBaHHS TEIUIOBUX TporieciB y cepemoBuil SolidWorks, 3a
JIOIIOMOT' 00 SIKOTO CTBOPEHO CEpito MOCIIOBHUX €KCIIEPUMEHTIB 3 BU3HAUCHHS TEMIIEpaTypHUX 3MIH
Ha BUXOJl 3 TeIJIOOOMIHHMKAa Ta B 0aKy-aKyMyJsTOpi 3a pi3HMX YMOB ekcrutyatamii. Ha ocHoBi
OTPUMAaHUX JaHUX MMO0O0YAO0BaHI rpadiku po3Mnoailly TeMIEpaTyp, KIIbKOCTI TEIIOBOI eHeprii Ta 3MiHK
KoeilieHTa KOPUCHOI JIii MPOTATOM JIOCITIJIKEHHSI.

Ha ocHOBi pe3ynbraTiB 3po0J€HO BHCHOBKM IIOJIO MiJBHUIIEHHS €()EKTUBHOCTI CHCTEMHU 3
TiOpUIHUM TeNTIOKOJIEKTOPOM Ta MOXITMBOCTEH i1 IOAATBIIOrO BUKOPUCTAHHS Y CHCTEMaX COHSYHOTO
TEMJIONOCTaYaHHs. eHeproeekTUBHUX OyaiBenb. Lli pillleHHS J03BOJISAIOTH IHTErpyBaTH TaKUid
COHSTYHUH KOJIEKTOP Y 30BHILIHE 3aXUIIEHHS Oy IIBi.

ABTOpU HaBOJATH JIaHi, SIKI BKa3ylOTh, 110 Ha €(eKTHBHICTb POOOTU CHCTEMH 3 TiOpUIHUM
COHS'YHUM KOJIEKTOPOM BIUIMBAIOTh HWOT0 KOHCTPYKTHBHI OCOOJMBOCTI, METEOPOJIOTidHI (haKTOpH,
3a0pyAHEHHS Ta KyT HaXWIy KOJIEKTOpa.

OpHak 11 TOBHOTO  MIATBEPDKEHHS  PE3yJbTaTiB  HEOOXIJHI MOJalblIl  HAaTypHI
eKCIIEPUMEHTAJIbHI JTOCHIKEHHS, K1 JO3BOJIATH MMOPIBHATH TEOPETUYHI Ta €KCIEPUMEHTANIBHI JIaHi.
s poGora 3akiazae OCHOBM JJIsi MOJAJBIIOT ONTUMI3AIii KOHCTPYKIIM TiOpPUIAHUX COHSYHUX
KOJIEKTOPIB Ta iX IIMPOKOT0 BIPOBAKEHHS Y CHCTEMU COHSYHOTO TEIUIONOCTaYaHHS!.

KiiouoBi cjioBa: TerioBi TporiecH, TIOPUIHWA COHSYHUN KOJEKTOP, CHUCTEMHU COHSYHOTO
TEIUIONOCTayaHHs, pPeOPUCTUI TEIIOOOMIHHHMK, MOJEIIOBAHHS TEIUIOBUX TMPOIECIB, KOe(DIIieHT
KOPHCHOT ii.
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