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Abstract

The article focuses on the use of hybrid solar collectors as one of the ways to increase the efficiency of solar
systems in general. The authors consider the design of a solar collector with the arrangement of circulation pipes
above the heat-absorbing surface with a transparent coating. A solar system with natural circulation of the heat carrier
(water) has been investigated. Based on the research results, a nomogram has been developed to define the
relationship between the thermal efficiency coefficient of the solar cover with a transparent coating and the
arrangement of pipes of the heat carrier circulation loop above the heat absorber depending on the angles and the
intensity of the radiation flux. As a result, a functional dependence is obtained, which allows accurately determining
the coefficient of thermal efficiency for specific parameters and input data. This research indicates the need for the
use of hybrid solar collectors to ensure efficient collection of solar energy and emphasizes the importance of further
research and improvement of the design of elements of such systems to reduce environmental pollution and increase
the stability of heating systems.
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1. Statement of scientific problem

Nowadays, there are many advanced technologies that provide and ensure the possibility of using nuclear and
fossil fuel energy for many years to come. Despite the efforts of the world community to implement the
decarbonization policy of production, the level of atmospheric pollution continues to increase, which leads to
negative consequences for the biosphere. Other issues to be concerned about are thermal and radiation pollution,
waste storage and consequences of accidents.

Introduction of new technologies in construction and the improvement of energy-saving properties of
materials give impetus to the development of effective methods for collecting solar energy, with its further use in heat
supply systems of buildings for various purposes. However collection and accumulation of the received heat is
accompanied by constant losses, which are connected with climatic conditions, geographical location, structural
features of the elements of solar systems, and the correct choice of the type of solar collector. These issues are among
the main ones in the field of solar energy. They are possible to be solved by using innovative complex methods,
which are based on the introduction of new elements into the design of solar converters.

2. Recent publications and studies related to the research problem analysis

Nowadays, the development of energy equipment requires new solutions. Along with efficient centralized systems
[1], one of the most promising areas is solar energy [2]. Additional attention should be paid to the heat supply systems of
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buildings using solar collectors of various configurations [3], [4], [5]. This field is constantly developing, therefore,
solutions for the introduction of new efficient hybrid solar collectors [6] are promising. Their peculiarity is that they are
integrated into the external protection of the building [7]. Some of these solar collectors can perform a double function,
serving not only as a source of energy, but also as elements of thermal insulation [8]. Others are built into the glass
structures of buildings [9], [10], [11], thereby increasing the energy efficiency of the building as a whole.

In order to achieve a high efficiency of the hybrid solar collectors application, the potential of solar energy at the
place of their installation needs to be taken into account [12], [13]. For this reason, further improvements to the
design and research into the thermal characteristics of elements of such solar systems are needed [14], [15]. These
elements can be made of both metal and polymer materials [16], which helps them to be effectively integrated into the
architecture of buildings [17], [18].

3. The goal of the article

The main goal of this work is to investigate a hybrid solar collector and determine its thermal efficiency
coefficient with an existing transparent cover, placing the tubes of the heat transfer circuit above the absorber in a
solar heating system with natural circulation, depending on the angles of incidence and intensity of the radiation flux.

4. Research results presentation and discussion

The design of a hybrid solar collector, which requires further research, was created based on the review of
existing combined and hybrid solar heating systems. The design of a hybrid solar collector with a transparent coating
is proposed where the circulation tubes are placed above the heat absorber. These measures are taken to increase the
area of heat absorption of solar radiation. This design of the solar collector can be used, for example, in the case of
reconstruction of the building covering. The scheme of the experimental installation is presented in Figure 1.
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Fig.1. The scheme of the experimental installation (a) and hybrid solar collector (b): 1 — circulation tube for the heat transfer fluid;
2 —roofing material of the building; 3 — transparent coating; 4 — roof structures; 5 — thermal insulation; 6 — supply pipeline;

7 —return pipeline; 8 — heat accumulator; 9 — coolant selection nozzle; 10 — air outlet valve; 11 — faucet for draining the coolant;
12 — resistance thermometers; 13 — radiation source; 14 — display; 15 — balancing valve; 16 — return valve; 17 - shut-off valves.

In the proposed design of the hybrid solar collector, ordinary window glass with a solar transmittance coefficient
of 95% is used as the transparent covering. The response function chosen is the thermal efficiency coefficient of the
solar covering, Kg, which indicates the influence of changes in the angles of incidence and the density of the radiation
flux on the thermal characteristics of the solar covering.
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where g is the amount of heat accumulated in the heat storage tank at incidence angles of radiation flux & = 90° and
£ = 90° and its radiation flux density 1, = 900 W/m?, Qi iS the amount of heat accumulated in the thermal
accumulator tank for different angles of incidence and the radiation flux density I,.
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Based on the conducted research of the helio-covering thermal characteristics, it has been determined that the
thermal efficiency coefficient of the helio-covering K for the radiation flux density I, = 300 W/m? varies from 0.47

to 0.77 for changes in the angles of its incidence from 30 degrees to 90 degrees (Fig.2 — Fig.4). The thermal
efficiency coefficient of the solar collector with a transparent covering and tubes of the circulation circuit located
above the heat absorber decreases with changes in the angles of incidence of the radiation flux from 90 to 30 degrees.
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Fig.2. The dependence of the thermal efficiency coefficient of the solar cover with transparent tubes of the circulation circuit,
located above the heat absorber, on the density of radiation flow 1,=300W/m?.
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Fig.3. The dependence of the thermal efficiency coefficient of the solar cover with transparent tubes of the circulation circuit,
located above the heat absorber, on the density of radiation flow 1,=600W/m?.
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Fig.4. The dependence of the thermal efficiency coefficient of the solar cover with transparent tubes of the circulation circuit,
located above the heat absorber, on the density of radiation flow 1,=900W/m?.
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Statistical processing of the research results has been carried out with application of the following relations:
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s2(y) = % = 0.0007,

where F is Fisher criterion, Gy is Cochran's number; Gy is the tabular value of Cochran's number; S2,,, is the value
of maximum variance;

Statistical processing has been conducted regarding the optimization criterion, with efficiency coefficient chosen
as the criterion. Therefore, based on the results of the experimental data obtained, a regression model of the
optimization criterion has been compiled Ke:

Ker = 0.714 + 0.028x; + 0.072x, + 0.075x3 — 0.004x;x, + 0.006x;x3 + 0.009x,x3 — 0.002x; x,x5 , (2)

where x; is the angle of rotation of the solar collector along the azimuth «, degrees; X, is the angle of inclination of
the solar collector 3, degrees; x; is the density of radiation flow I, W/m?.

For the regression model (2) the confidence interval: Ab = +2.069 /% = 10.0074.
Therefore, neglecting insignificant factors, the regression model will take the following form:
Kep = 0.714 + 0.028x; + 0.072x, + 0.075x3 + 0.009x,x5 . ?3)

The analysis of the regression model coefficients showed that the coefficient of thermal efficiency of the solar
collector with transparent covering with tubes of the circulation circuit, located above the heat absorber, is
significantly influenced by the density of the radiation flux I,, while the angles of its incidence £ and « have a less
significant impact. Based on obtained experimental data a nomogram has been developed (Fig.5).

Based on the data from the nomogram, a functional dependency of the relationship between the coefficient of
thermal efficiency K in solar system with the natural circulation of the heat transfer fluid and the angles of rotation
of the solar collector with transparent covering (o, ) and the density of the radiation flux I, has been established:
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Ky =d+(m-a)+(n B)+(c a®) +(faf)+ (k- p2), @

where d = 0.2982 — 9.2667-10°1, ; n = -3.333-10° + 2.8333-10%1, ; m = 0.0036 + 8.8333-10°, ;
c=-9.8763-10%+3.395-10%1,; f=3.6112:10°-7.8705-10%1,; k = -3.5803-10° — 1.2347-10%.1,.
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Fig.5. The nomogram of the relationship of the thermal efficiency coefficient of the solar cover with transparent tubes of the
circulation circuit, located above the heat absorber, depending on the angles «, £ and the density of the radiation flow I,.

The given expression allows calculating the coefficient of thermal efficiency of a solar collector with a
transparent covering, with the arrangement of tubes of the circulation circuit of the heat transfer fluid above the heat
absorber, depending on the angles of solar radiation incidence and its intensity.

5. Conclusion

Based on the review of existing combined and hybrid solar heating systems, a design for a hybrid solar collector with a
transparent cover and the placement of circulation tubes above the heat absorber is proposed. Through research on the
thermal characteristics of the solar cover, it was determined that the coefficient of thermal efficiency (Kef) varies depending
on the angles of solar radiation incidence and its intensity (Fig.2 — Fig.4). A regression model was developed based on
experimental data. Analyzing the coefficients of this model, it was proven that the presence of a transparent cover leads to a
reduction in the efficiency of the solar collector. The regression model showed that this is primarily influenced by the
density of radiation. A nomogram was developed based on the research results, depicting the relationship between the
coefficient of thermal efficiency of the solar cover with a transparent coating and the arrangement of circulation tube
contours over the heat absorber, depending on the angles « and $ and the density of radiation flux ..

The validity of all results of experimental research was substantiated by testing the adequacy of the obtained
mathematical models against the respective criteria of Student, Fisher, and Cochran within the confidence interval
boundaries of a = 0.95. As a result, a functional dependence was obtained, allowing for the accurate determination of
the coefficient of thermal efficiency (Ke) for specific parameters and input data.
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E¢exkTuBHICTH 3aCcTOCYBAHHA NOPUAHNX COHIYHUX KOJIEKTOPiB
y CHCTEeMax TenJjio3ade3neyeHHs OyaiBeJib

Crenan Hlanosan, FOpiit [punuisk, @exip [Bamumms,
borpan I'ynaii, Map’sna Kacuneus,Crenan Mucak

Hayionanvuuii ynisepcumem “Jlvsiscoka nonimexuixa”, eyn. C. banoepu, 12, m. Jlveis, 79013, Vrpaina

AHoOTAaNis

CraTTs mpHUCBsYCHA BUKOPUCTAHHIO TIOPUIHUX COHSYHHX KOJEKTOPIB, SK OJHOTO i3 CHOCOOIB ITiJBUIICHHSI
e(eKTUBHOCTI T'eJIOCHCTEM y HIIOMY. ABTOpPaMH PO3IIISTHYTO KOHCTPYKIIIIO COHSYHOTO KOJICKTOPA 3 PO3TAIIyBaHHIM
TpyOOK IHMPKYJALil HaJ TEIUIONOTVIMHAIOYOI0 MOBEPXHEIO 13 MPO30pUM MOKPUTTSIM. JlochmipkeHo remiocucremy i3
MPUPOTHOIO IIMPKYIIALIEI0 TEIIOHOCIS (Boau). 3a pe3ylbTaTaMu J0CIIKEHb pO3POOIEHO HOMOTPaMy B3a€MO3B'I3KY
KoeimieHTa TEIIoBOi e(EeKTUBHOCTI TeiONOKPHUTTS 3 MPO30PHM MOKPHUTTAM 13 PO3TANIYBAHHIM TPYOOK KOHTYPY
IUPKYJIALIT TEIUTOHOCIST HaJX TEIUIONOTIIMHAYEeM 3aJIe)KHO BiJl KYTiB Ta TyCTHHH IOTOKY BHIIPOMiHIOBaHHA. Sk
pe3ysnbTaT OTPUMaHO (YHKIIOHAIBHY 3aleKHICTh, $Ka JO3BOJSE TOYHO BH3HAYATH KOE(Ili€HT TEeIIoBOl
e(eKTUBHOCTI JUIi KOHKPETHHX IapaMeTpiB 1 BXiIHMX aaHuX. HaBeneHi NOCHIPKCHHS BKa3ylOTh Ha moTpedy y
3aCTOCYBaHHI TiOPHIHHMX COHSYHUX KOJIEKTOpIB /I 3a0e3rnedyeHHs e(EeKTHBHOrO 300py COHSYHOI eHeprii Ta
MiKPECITIOI0Th BXKIIUBICTh MOJANBITNX JOCTiIKEHb 1 BJOCKOHAJICHHSI KOHCTPYKINI €EMEHTIB TaKUX CUCTEM JIJIS
3MEHIICHH 3a0py/JHEHHS HABKOJIMIITHHOTO CEPEIOBHINA 1 MiABUIIEHHS CTIHKOCTI CUCTEM TEIJIONOCTaYaHHs.

KuarouoBi cioBa: TiOpuaHUN COHSYHHIA KOJEKTODP; TEIUIONOIIIMHAY; TeNiOCHCTEMa; KOE(DIlli€HT TEIruIoBOi
e(heKTUBHOCTI.
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