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Abstract. The authors have developed a model of a system with a hybrid solar collector that can simultaneously produce thermal and electrical energy. The dependencies of heat transfer fluid temperature changes in the hybrid thermal photovoltaic solar collector on its solar radiation exposure time were obtained, and the patterns of their changes over time were characterized. Additionally, the temperature change of the heat transfer fluid in the thermal storage tank was studied.
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Introduction 
The rising cost of traditional energy sources, competition for their deposits and wars, environmental pollution - all drive the increasing use of non-traditional energy sources. Therefore, improving existing systems and developing new ones capable of harnessing energy from alternative sources is currently relevant. The main objective of this research is to develop an improved hybrid thermal photovoltaic solar collector and study its thermophysical characteristics through modeling.
Materials and Research Methods
 The model of the proposed hybrid solar collector consisted of two parts: thermal and photovoltaic with silicon photocells. The heat transfer fluid pipelines were made of copper, and the concentrators of the thermal part were made of polished aluminum in a parabolic shape. The thermal storage tank was made of steel and contains a copper heat exchanger.
Mathematical methods for planning a multi-factor experiment and processing its data were implemented using the SolidWorks software package for modeling and research.
The obtained results do not contradict the conclusions of known scientific principles. The conclusions and recommendations formulated as a result of these studies were confirmed through analysis, generalization, and systematization.
Research Results and Discussion
The combined energy supply system with a hybrid thermal photovoltaic solar collector without protective glass and a heat exchanger in the thermal storage tank is shown in Figure 1. The following symbols are used in the figure: 1, 4 - pipelines at the inlet and outlet of HTFPC; 2, 7 - heat transfer fluid distribution manifolds at the inlet to the photovoltaic panel and at the outlet of the thermal solar collector; 3 - thermal storage tank; 5 - photovoltaic panel; 6 - thermal separator
The model of the developed CESHP with HTFPC construction consists of two separate blocks - thermal storage tank 8 and HTFPC, which includes a photovoltaic panel and thermal solar collector, and is designed to produce thermal and electrical energy. The incident solar radiation on the thermal solar collector is focused in seven concentrators, which are adjacent aluminum parabolic-shaped plates that concentrate the solar rays reflected from their walls onto copper tubes 21 placed along their axes at a distance of L = 15 cm from each other. These tubes have a diameter of d =10 mm and wall thickness of 0.5 mm, extending along the direction of heat transfer fluid flow.
[image: ]

Fig. 1 Scheme of a CESHP with HTFPC (Combined Energy Supply System with Hybrid Thermal Photovoltaic Solar Collector) with a copper heat exchanger into a thermal accumulator. Conventional symbols: 1, 4 - pipelines at the inlet and outlet of the HTFPC; 2, 7 - distribution combs of the heat transfer fluid at the inlet to the photovoltaic panel and at the outlet of the thermal solar collector; 3 - thermal accumulator; 5 - photovoltaic panel; 6 - thermal separator.

To measure the average temperature of the heat transfer fluid in the thermal storage tank 8, the entire filled volume of the tank was conditionally divided into three layers of equal height, where temperature is measured in the central plane of each layer by an arc thermal sensor made of 4 mm thick glass, which measures the average temperature at four points on the body.
The cooled heat transfer fluid flows through copper pipeline 14 with diameter D = 25 mm and wall thickness of 0.5 mm through distribution manifold 16 into the photovoltaic panel, where it is heated by photocells 19 and enters the thermal solar collector.
The movement of the heat transfer fluid in the system, which is water, occurs using a circulation pump 13, which provides a flow rate of 0.03 kg/s in the circuit.
For electricity production, 36 silicon photocells measuring 155×155 mm and 0.3 mm thick are attached to the copper plate of the photovoltaic panel. To increase the efficiency of photocells by removing heat from them, the copper plate of the photovoltaic panel is connected to copper tubes of the CESHP circuit.
The research was conducted in SolidWorks 2022 using the FlowSimulation module under steady-state conditions: at ambient temperature to.c. = 15°C and solar radiation intensity IT = 900 W/m², taking into account the HTFPC inclination angle to the horizon = 90° and the azimuthal angle of solar rays incidence on the HTFPC plane = 90°.
According to experimental studies, the temperature changes of the heat transfer fluid in HTFPC are shown in Fig. 2.
From Fig. 2, it can be seen that at a constant ambient temperature ta.t. equal to 15°C, the temperature of the heat transfer fluid in the pipeline at the HTFPC outlet t out rapidly increased to 33°C during the first 20 minutes of the experiment, and then increased steadily to reach a final value of 43°C. The temperature of the heat transfer fluid at the HTFPC inlet t in increased less intensively than t out during the first 20 minutes, rising to 25°C, and then due to steady growth reached 35°C at the end of the experiment.


Fig 2. Temperatures of the coolant in the pipeline at the inlet, tin, °С, at the tout, outlet, °С, from HTFPC and the surrounding enviroment, ts.e °С°

Further research was conducted on the temperature changes of the heat transfer fluid in the thermal storage tank, which are shown in Fig. 3



Fig.3 Coolant temperatures in the thermal accumulator tТА, °С, depending on the time of the experiment , min

According to Fig. 3, the average temperatures in the middle layer tTA2 and in the upper layer tTA3 of the heat transfer fluid volume in the thermal storage tank are almost identical throughout the experiment, begin to increase 5 minutes after the start of measurements, and reach 27°C at the end of the study. The temperature in the lower layer of the heat transfer fluid volume in the thermal storage tank tTA1 increases 10 minutes after the start of the research and reaches 22.5°C at the end of the experiment. The values of the average temperature of the heat transfer fluid volume in the thermal storage tank tTAavg tend toward the values of tTA2 and tTA3, because in the upper part of the thermal storage tank, temperatures are higher and almost uniform compared to its lower part, and reach a maximum value of 25.5°C at the end of the experiment.
In Fig. 4, with no change in ambient temperature Δta.t., the temperature increase of the heat transfer fluid in the pipeline at the HTFPC outlet Δt out rapidly rises to 18°C during the first 20 minutes of the experiment, and then, increasing steadily, reaches 28°C at the end of the study. The temperature increase of the heat transfer fluid at the HTFPC inlet Δt in after 20 minutes from the start of measurements is less than Δt out, rapidly increases to 10°C, and over the remaining time reaches 20°C through steady growth. In the thermal storage tank, the average temperature increase of the heat transfer fluid occurs uniformly from 5 min to 90 min, so Δt TAavg increases by 10.5°C at the end of the experiment.


Fig.4 Heat carrier temperature increase in the pipeline at the inlet Δtin, °С, at the outlet Δtout, °С, from the HTFPC, to the thermal accumulator ΔtTAapr. , °С, and the surrounding environment Δts.e., °С

Based on the analysis of CESHP with HTFPC operation modeling results, the following parameters were calculated: instantaneous specific power values of HTFPC; change in thermal efficiency of HTFPC during the experiment; instantaneous specific power of CESHP with HTFPC; thermal efficiency of CESHP with HTFPC during the experiment.

The instantaneous specific power values of HTFPC are shown in Fig.5. From this figure, it can be seen that after 15 minutes from the start of the experiment, the instantaneous specific thermal power of HTFPC Q HTFPC stabilizes at 500 W/m².


Fig.5 Instantaneous specific heat capacity of HTFPC

Discussion of Research Results
Most energy supply system modeling studies, such as [1] [2], are conducted using mathematical methods. The authors, in turn, use computer modeling with specialized software, as in studies [3]. However, unlike [4], the authors also used computer software for analyzing and structuring the obtained results. Based on the computer modeling results, the change in instantaneous specific thermal power of the system with a hybrid thermal photovoltaic solar collector was determined, which after 30 minutes reaches a nominal value of 140 J/m². As shown in work [5], the time to reach stable collector operation is 30-40 minutes depending on solar radiation power.
Referring to [6, 7, 8], we can determine the pattern of changes in thermal efficiency of the heat supply system with a hybrid solar collector from many different factors, such as tube placement, collector tilt angle, solar radiation power, and construction materials.
Regarding thermal process modeling, [9] describes a new hybrid collector combined with a switchable heat pump system to improve electricity generation by photovoltaic panels and efficient use of solar thermal energy, which can meet heating needs in winter and cooling in summer. Initially, an energy model and exergy model of the system were developed, and numerical modeling was conducted in MATLAB based on the energy and exergy models. Then, the thermodynamic characteristics of the system with different working fluids were investigated and compared. These are very valuable studies to process, as the authors of this article used only water as a heat transfer fluid, and after comparison with other scientists' research, it can be stated that in both models, energy efficiency will increase by 5-10% due to heat removal from under silicon elements, indicating the relevance of this research field.
Conclusions
A thermal efficiency modeling system with a hybrid thermal photovoltaic solar collector has been developed, which made it possible to determine the main thermophysical characteristics of the energy system with a storage tank based on selected factors. Since the global scientific community recommends intensifying the use of renewable energy sources, and according to European energy and climate strategies, energy production from solar sources is planned to increase significantly.
A model of a system with a new hybrid solar collector has been developed that can simultaneously produce thermal and electrical energy. Using this model, the change in heat transfer fluid temperatures in the hybrid thermal photovoltaic solar collector was studied as a function of irradiation time, as well as in the thermal storage tank.
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