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Increasing the efficiency of solar heat supply systems is one of the important problems of so-
lar energy. The research presented in this article is aimed at improving the efficiency of hybrid so-
lar collectors without a transparent coating for building heating systems. One of the key chal-
lenges in the field of solar energy is the development of new technologies to ensure high collection
of solar energy and to integrate it into traditional heating and hot water systems. The study shows
that hybrid solar collectors with the placement of heat carrier circulation circuit tubes above the
heat absorber can increase the thermal efficiency factor with a certain change in the angle of in-
clination and the density of solar radiation. A nomogram was also developed that determines the
dependence of this coefficient on the angles of arrival of solar radiation and its density.

Key words: solar collector, hybrid solar collector, heat absorber, solar energy, thermal effi-
ciency coefficient, solar radiation.

Introduction

Currently, there are many modern technologies that will make it possible to provide humanity
with nuclear energy and energy from fossil fuels for many years to come. But, despite the world
community's attempt to implement a policy of decarbonization of production, the level of atmos-
pheric pollution continues to grow, which leads to the destruction of the biosphere (Ricci et al.,
2022). Waste storage, the consequences of accidents, thermal and radiation pollution are also a big
problem.

All this encourages the intensification of the use of solar energy. This energy can be effec-
tively and quickly transformed into heat or electricity and further used for the needs of heating and
hot water supply systems (Patel et al 2012; Goel et al., 2022). Today, the improvement of existing
solar collectors and solar heat supply systems is relevant for their maximum integration into tradi-
tional heat supply systems and wide application in practice (Kasynets et al., 2021). Known combined
solar heaters do not ensure efficient use of solar energy during the day, as there are no energy-
efficient and relatively cheap designs.

Today, the development of energy equipment requires new solutions (Ivashkiv & Trukhan,
2019; Arvizu et al., 2012). In particular, in the field of heat supply of buildings with the help of solar
collectors. This field is constantly developing (Davidenko 2016, Zhelykh et al, 2020; He et al 2020,).
Therefore, solutions for the introduction of new efficient hybrid solar collectors are promising (Ka-
logirou & Tripanagnostopoulos, 2006). Their peculiarity is that they are integrated into the external
protection of the building (Venhryn et al 2020) .

At the same time, it is very important to take into account the potential of solar energy at the
place of installation of solar collectors (Ulewicz et al, 2022; Goel et al, 2022). It is for this that fur-
ther design improvements and research into the thermal characteristics of solar system elements are
needed (Venhryn 2019). Such elements can be made of both metal and polymer materials, which
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helps them to be effectively integrated into the architecture of buildings (Priymak et all, 2020; Chen
et al., 2013; Doroshenko & Khalak 2018).

Materials and Methods

The main goal of this work is to determine the coefficient of thermal efficiency of a hybrid so-
lar collector without a transparent coating with the placement of heat carrier circulation circuit tubes
above the heat absorber in a solar heat supply system with natural circulation depending on the an-
gles of arrival and the density of the radiation flow.

Based on a review of existing combined and hybrid solar heating systems, a design of a hybrid
solar collector was created, which requires research.

The design of a hybrid solar collector is proposed, in which, in order to increase the area of
heat absorption of solar radiation and in the case of reconstruction of the building coating, circulation
tubes were placed above the heat absorber of the solar coating.

The scheme of the experimental setup is presented in Figure 1.
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Fig. 1. Installation diagram (a) and installation
diagram (b): 1 - tubes of the heat carrier
circulation circuit; 2 — roofing material of the
building; 3 — thermal insulation;

4 — overlapping; 5 — supply pipeline;

6 — return pipeline; 7 — buffer tank; 8 — coolant
selection nozzle; 9 — air outlet valve; 10— faucet
for draining the coolant; 11 — resistance ther-
mometers, 12 — radiation source; 13 — display;
14 — balancing valve,; 15 — non-return valve,

a 16 - shut-off valves

The temperature of the coolant in the inlet and outlet pipes of the solar collector was measured
with the help of the experimental setup. Experiments were conducted for different radiation flux
densities, as the intensity of solar radiation varies throughout the day.

Results and discussions

Further, on the basis of the implemented mathematical planning of the experiments, a matrix
was compiled with three factors of influence on the response function, which served as the coeffi-
cient of thermal efficiency of the Kef heliocovering. The data obtained from the conducted own re-
search are reproduced in the form of graphs in Figure 2.

It can be seen from Fig. 2 that at a radiation flux density of 300 W/m?, the temperature of the
coolant at the exit from the hybrid solar collector varied from 13 to 30 °C. At a higher radiation flux
density, namely 600 W/m?, the temperature of the coolant varied from 13°C to 35 °C. This indicates
that hybrid solar collectors can efficiently collect solar energy in different climatic conditions and
provide heat supply with high coolant temperatures.

Figure 3 shows the dependence of the coefficient of thermal efficiency of hybrid solar collec-
tors on the angles of inclination of solar radiation & and f§ and the density of the radiation flux /r.
When the angle of inclination and the density of the radiation flow increase, the coefficient of ther-
mal efficiency of such collectors increases.
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Fig. 2. Temperature change of the coolant in the inlet t;,
and outlet t,,, nozzles of the hybrid solar collector without a transparent coating
with tubes of the circuit of the coolant circulation above the heat absorber in the buffer tank at the angles of
arrival of the radiation flux a = 60° and = 60° and its density Ir = 300 W/ m’ (a); Ir = 600 W/m’ (b)
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Fig. 3. Dependence of the coefficient of thermal efficiency of a hybrid solar collector without
a transparent coating with the placement of tubes of the circuit of the coolant circulation above
the heat absorber for the radiation flux density Ir = 300 W/m’ (a); Ir = 900 W/m’ (b)
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This is an important indicator, as it indicates the ability of hybrid solar collectors to work more
efficiently in conditions of high solar activity. The analysis of the results of the experimental data
(Fig. 3) showed that the coefficient of thermal efficiency of the solar coating without a transparent
coating with the placement of pipelines of the circulation circuit of the heat carrier above the heat
absorber when the angles o and § change from 30 ° to 90 °, increases by 50%.

On the basis of experimental data, a nomogram of the relationship between the coefficient of
thermal efficiency Kef in the heat supply system with the natural circulation of the heat carrier and
the angles of arrival of the heat flow o and £ on the plane of the heat absorber of the solar coating
without the presence of a transparent coating with the placement of tubes of the circuit of the heat
carrier above the heat absorber was developed (Fig. 4).
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Fig. 4. Thermal efficiency of hybrid solar collectors without transparent cover at different angles
of solar radiation incidence

According to the above nomogram of the relationship between the coefficient of thermal effi-
ciency and the angles of inclination of solar radiation « and f, as well as the density of the radiation
flux 7, which makes it possible to accurately determine the coefficient of thermal efficiency for spe-
cific parameters and input data, the following functional dependence was obtained:

K= (0,1108+0,0005- 1.)+(0,0003+3,5-10° 1)-a+(0,0082-1,7167-10°- 1,)-f+(6,173- 10"~
—2,77810°% I)-a’+(4,1667-107- 4,6667-10° 1,)-o: f+(-5,679-10°+1,6667-107- I.)-p.

Using the above relationship, it is possible to obtain the value of the coefficient of thermal ef-
ficiency of a hybrid solar collector without a transparent coating with the placement of heat carrier
circulation circuit tubes above the heat absorber in a solar heat supply system with natural heat car-
rier circulation depending on the angles o and § of arrival and the radiation flux density /..

According to the results of the experiments, the coefficient of thermal efficiency of hybrid so-
lar collectors without a transparent coating with the placement of tubes of the circulation circuit of
the heat carrier above the heat absorber increased by a significant amount, namely by 50%. This
effect was detected by changing the angles of inclination o and £ from 30° to 90° and the density of
the solar radiation flux from 300 W/m? to 900 W/m?.

From the processing of the research results, it can be seen that at a radiation flux density of
300 W/m?, the temperature of the coolant at the exit from the hybrid solar collector varied from 13 to
30 °C, and at 600 W/m? - from 13 to 35 °C. This highlights the importance of hybrid solar collectors
to ensure efficient solar energy collection in different climates.

The dependence of the coefficient of thermal efficiency on the angles of inclination of solar
radiation « and f and the density of the radiation flux /r is presented in Figure 3 and the nomogram
in Figure 4. The obtained functional dependence allows you to accurately determine the coefficient
of thermal efficiency for hybrid solar collectors depending on the input parameters.
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The efficiency of solar cover was determined by the equation:

9,

where Q). is a instantaneous thermal power of solar cover, W/m? ;

th = Gs .ic 'c.(tin _tuut)’
where G; is a specific heat transfer fluid consumption, kg/(s-m?); F;. —solar cover area, m?; ¢ is a
specific heat capacity of the heat transfer fluid, J/(kg-°C).

Therefore, the results of this study confirm the significant potential of using hybrid solar col-
lectors to improve the efficiency of solar energy collection and emphasize the importance of further
research and design improvement of such systems to reduce environmental pollution and improve
the sustainability of heating systems.

m, -100 %,

Conclusions

Based on the review of the existing combined solar heat supply systems, the design of a hybrid
solar collector without a transparent coating is proposed, in which the circulation tubes are placed
above the heat absorber of the heliocoating. In this case, it is a roof covering. Research confirms the
great potential of hybrid solar collectors to improve the efficiency of solar energy collection for
building heating systems. Variations in tilt angles and solar radiation density can significantly affect
the efficiency of such collectors, making them attractive for use in different geographic areas. The
nomogram is a useful tool for engineers and researchers in improving the design and optimization of
hybrid solar heating systems. Experiments show that hybrid solar collectors increase the efficiency of
the solar system. These researches also emphasize the importance of improving solar energy tech-
nologies to reduce environmental pollution and improve the sustainability of heat supply systems
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Haunionaneuuii yHiBepcuTer “JIbBiBChbKa HOMITEXHIKA”,
Kadenpa Terorazomocrayants Ta BEHTHIIAIISL

CUCTEMA TEIVIO3ABE3IIEYEHHS BYAIBEJIb
HA OCHOBI I'bPUJHUX COHAYHUX KOJIEKTOPIB

© llanosan C.II., Kacuneyv M.€., I'vrau b.1, Ipuwnsax FO.B. 2023

3anpoBakeHHs] HOBUX TEXHOJOTIH y OYAiBHHUIITBI Ta IiJBHUIICHHS €HEepro30epiralounx BIaCTH-
BOCTEH MaTepiajiB Ja€ MOMTOBX Uil PO3POOKH epEeKTUBHUX METOJIB /s 300py COHSYHOI eHeprii, 3
MOJANIBIINM 11 BUKOPHCTaHHAM Yy CHCTEMaX TEIU103a0e3redeHHs OyaiBeab Pi3HOro NMpU3HAYCHHS. AJie
30ip Ta HAKONMMYEHHS OTPUMAHOrO TEIUIa CYHNPOBOKYIOTHCS ITOCTIHHUMH BTpaTaMH, sKi TOB’s3aHi 3
KIIMaTHYHAMH ~ YMOBaMH, TeorpadiyHuM pO3TalIyBaHHSIM, KOHCTPYKTUBHUMH OCOOJHMBOCTSIMH
€JIEMEHTIB COHSIYHHUX CHCTEM Ta NPaBHJIBHICTIO BUOOPY THITY COHSYHOrO Kojekropa. JlaHi mpobiemu €
OJTHMMU 3 OCHOBHHX Y COHSYHIHM eHepreruii. BupimmTu iX MOXIIHMBO i3 3aCTOCYBaHHSIM 1HHOBAaIliHHHX
KOMIUIEKCHHX METO/IB, SIKI MalOTh 3a OCHOBY BIIPOBA/DKEHHS HOBUX €JIEMEHTIB Yy KOHCTPYKIIiO
COHSIYHHX IEPETBOPIOBAYIB.

[IpoBeneHi moCiM MOKA3YIOTh, 10 BUKOPUCTAHHS T1IOpPUIHUX COHSYHHUX KOJEKTOPIB € OJHHUM i3
Croco0IB MiIBUINEHHS C(PEKTHBHOCTI TENIOCHCTEM VIJIOMY. Y CTaTTi PO3IJITHYTO KOHCTPYKIIIO
COHSIYHOT'O KOJIEKTOpA 3 PO3TallyBaHHSIM TPYOOK LMPKYIIALIi HAJ TEILUIONOTIMHAIOUOI0 TTOBEPXHEI0 0e3
MPO30pOro MOKPHUTTS. JIOCHiIKeHO reiocucTeMy i3 MPUPOAHOI MUPKYIISIIEI0 TeIuloHocis-Boau. Ha
OCHOBI TPOBEJEHUX EKCIEPUMEHTIB PO3pO0JIEHO HOMOrpaMy B3a€MO3B'S3Ky KOe]illieHTa TETUIOBOi
eekTHBHOCTI K4, KYTiB HaXMIly BCTAHOBIIGHHS TiOPUAHOTO COHSYHOTO KONEKTOpa a i f Ta TyCTUHH
TIOTOKY BHITPOMiHIOBaHHs /6. 3a TONIOMOTOIO IaHOI HOMOTPaMH OTPUMAaHO (PYHKIIIOHAIBHY 3aJIEXKHICTh,
sKa JIO3BOJISE TOYHO BH3HAYATH KOE(DIli€HT TEIUIOBOI €()EKTHBHOCTI B 3aJCKHOCTI BiJ BXITHUX
mapaMeTpiB. Po3paxyHKH TMOKa3aid, IO 3a IEBHMX KYTiB HAXWIy 1 BIAMOBIMHOI 1HTCHCHBHOCTI
COHSIYHOT'O BUTIPOMiHIOBAaHHS 3HaueHH: K4 3pocTae i Moxke nocaratu 50%.

HaBeneni gociikeHHs BKa3yloTh Ha OTpe0y y 3aCTOCYBaHHI FOPHIHNUX COHSYHUX KOJEKTOPIB
Ui 3a0e3nedeHHs e(EeKTHBHOrO 300py COHSYHOI eHeprii B pi3HMX KIIMaTHYHAX YMOBax Ta
I IKPECITIOIOTh BYKJIUBICT MOJAJIBIINX TOCHTIHKEHb 1 BIIOCKOHAJIIEHHSI KOHCTPYKIIT TaKUX CHUCTEM JUIs
3MEHILEHHS 3a0pyIHEHHS HABKOJMIIHBOTO CEPEIOBHINA 1 MiJBUINEHHS CTIHKOCTI CHCTEM TeIUIo-
MOCTaYaHHsL.

KuiouoBi cioBa: reftiokoJsiekTop, rejiocucreMa, riOpuaHuii COHSIYHMI KOJIEKTOP, TemJo-
MOIJIMHAY, COHAYHA eHepreTuka, KoedilieHT Ten10Boi e)eKTUBHOCTI.



