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Abstract

This article analyzes the influence of transparent coating on the efficiency of the combined solar collector. The
prospects of solar heating systems’ usage, their main problems and their solutions are described. Heat of roofing
material of the building was shown to be effectively used. The task is to increase the efficiency of the combined solar
collector. The results of researches of the amount of solar radiation on the combined solar collector in the
gravitational system of solar heating are described. The corrugated heat sink was shown to improve the efficiency of
solar collector. The importance of the protection of solar collectors by the transparent coating was described. The
matrix planning of three-factor experiment with interaction of factors was composed. The analytical and graphical
dependences of the efficiency of the combined solar collector with a transparent coating and without it on the angles
of incidence of the heat flux and its intensity were described. The changes in the effectiveness of the combined solar
collector with transparent coating were shown.
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1. The statement of the problem

Industrial and economic sectors of Ukraine tend to resource-saving technologies, and the rates of adoption of
new environmentally friendly methods for producing energy are insignificant, therefore a topical issue of modern
times is the introduction of alternative energy sources. Such energy sources include wind, tides, heat of the earth's
interior, oceans energy and the solar energy. The use of the latter is the most environmentally friendly and promising
one. As known, the potential of solar energy is huge. The usage of about 2 % of the amount of energy of the Sun
could provide all the needs of today's global energy industry. One of the effective and widespread in the world energy
production method is the conversion of solar radiation into the heat. Nowadays, the burning issue is the reduction in
the cost of solar collectors, their design simplification and reduction in the payback period for solar heat systems.
Therefore, it was proposed to use the combined solar collector, a feature of which is that its heat sink is made of
roofing material of the building. It is important to explore the effectiveness of a combined solar collector in the
presence and absence of a transparent coating.

2. Analysis of recent researches and publications

Nowadays, there is a significant energy deficit in almost all areas of the economy. The state of implementation of
solar heating systems in housing and communal services requires significant improvements [1, 2, 5]. The energy
efficient walling in the form of roofs and external walls of buildings (residential, public, administrative, etc) and also as
elements of surfaces of industrial facilities (freezing, cooling and drying chambers, etc) have been developed [3, 4]. Such
constructions allow utilizing the energy of solar radiation, heat outdoor air and exhaust air for hot water needs, air
conditioning and industrial heating, as well as provide an opportunity to implement the functions of the excess heat
discharge and heat storage management [3, 6]. The wall-mounted solar collectors, which simultaneously perform the
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function of protecting structures are widely used [4, 7-9]. However, these systems have several disadvantages, among
which are: their relatively high cost, a large dependence of the heat produced from the time of day, etc.

3. The main material

The aim of this work is to study the combined solar collector with the tube circuit arranged at heat sink in
gravitational heating in the presence and absence of a transparent coating,.

Experimental studies were carried out on the installation which consisted of a combined solar collector, water-
tank, the radiation source and measuring instruments. Scheme of the experimental unit is depicted in Fig. 1.

7

L]

Fig. 1. Scheme of the experimental unit: / — combined solar collector; 2 — return pipe; 3 — feeding pipe;
4 — water tank; 5 — the source of radiation; 6 — resistance thermometers; 7 — display

The upper corrugated cover is fastened to the rafters, for example, by brackets. Solar radiation hits the absorber
of solar energy. Then it is heated. Due to the temperature difference and difference in the density of the coolant in the
area of the inlet and outlet ports, a circulation of the coolant is generated. The heated coolant is fed into the water
tank of hot water through the feeding pipe. The water is supplied, if necessary, to the consumer. Chilled coolant
returns to solar roofing in the return line, and is heated. The air is discharged through the air-release valve. The
insulating layer provides for the reduction in the heat loss.

During the experiment, the following were measured: the intensity of the flow of energy; the temperature of the
coolant at the entrance to solar roofing; the temperature of the coolant at the outlet of solar roofing; the temperature of
the coolant in the water tank.

For the experiment, the following parameters were chosen as factors: the azimuthal angle of solar roofing, angle
of inclination of solar roofing and intensity of the heat flux. The parameter levels and intervals of variation are shown
in Table 1.

A three-factor experiment planning matrix considering interaction of the parameters was prepared, Table 2. The
coefficient of efficiency of solar roofing without transparent cover K, ;, and the coefficient of efficiency of solar
roofing with a transparent coating K., were selected as the optimization parameter. It shows how the change in the
angle of incidence of the rays effects on the efficiency of a solar system.
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Table 1. The parameter levels and intervals of variation

Parameter Code The levels of the parameters The r'an'ge of
-1 0 +1 variation

The azimuthal angle of solar roofing a, ° X 30 60 90 60

Angle of inclination of solar roofing £, ° X5 30 60 90 60

Intensity of heat flux 7,, W/m2 X3 300 600 900 600

Table 2. The matrix of experiment planning

No. X X X X3 XX X1X3 X5X3 X1X5X3 Ky K2
1 + - - - + + + - 0.20 0.58
2 + 0 - - 0 0 + 0 0.27 0.64
3 + + - - - - + + 0.33 0.68
4 + - 0 - 0 + 0 0 0.33 0.68
5 + 0 0 - 0 0 0 0 0.40 0.72
6 + + 0 - 0 - 0 0 0.47 0.75
7 + - + - - + - + 0.47 0.75
8 + 0 + - 0 0 - 0 0.53 0.80
9 + + + - + - - - 0.60 0.83
10 + - - 0 + 0 0 0 0.27 0.68
11 + 0 - 0 0 0 0 0 0.33 0.72
12 + + - 0 - 0 0 0 0.40 0.75
13 + - 0 0 0 0 0 0 0.40 0.75
14 + 0 0 0 0 0 0 0 0.53 0.80
15 + + 0 0 0 0 0 0 0.60 0.83
16 + - + 0 - 0 0 0 0.60 0.83
17 + 0 + 0 0 0 0 0 0.67 0.88
18 + + + 0 + 0 0 0 0.73 0.92
19 + - - + + - - + 0.33 0.75
20 + 0 - + 0 0 - 0 0.40 0.80
21 + + - + - + - - 0.47 0.83
22 + - 0 + 0 - 0 0 0.47 0.83
23 + 0 0 + 0 0 0 0 0.60 0.88
24 + + 0 + 0 + 0 0 0.73 0.92
25 + - + + - + - 0.73 0.92
26 + 0 + + 0 0 + 0 0.80 0.97
27 + + + + + + + + 1.00 1.00

The coefficient of efficiency of solar roofing K, is determined by the formula:

Ji
K = T (l)
ef Ver

where y.,, — thermal energy received by the solar system at angles of incidence of the rays o = 90 ° and = 90 ° and
the intensity of the heat flux S = 900 W/m?; y; — thermal energy obtained by the solar system for other angles of
incidence of the rays.

Based on the experimental results, dependence nomograms of the coefficient of efficiency of solar roofing
without transparent cover K, ;, and the coefficient of efficiency of solar roofing with a transparent coating K., on the
azimuthal angle of solar roofing a, angle of inclination of solar roofing § and intensity of heat flux /, (Fig. 2, 3) were
constructed.

After analyzing the experimental results depicted in Fig. 2, it can be concluded that the effectiveness of solar
roofing without transparent cover in a gravity heating system by changing the angles of incidence o and  from 90 °
to 30 ° is reduced by 67 %.
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As aresult of experimental data processing, regression equation was obtained:

Ko 1 =0.80+0.027x; +0.0546x, +0.054x 3+0.00 Ly, x3 +0.001x,.x,x3 @)
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Fig. 2. The dependence nomogram of the coefficient of efficiency of solar roofing without transparent cover K,
on the angles of incidence of the heat flux a and § and intensity of heat flux /.
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Fig. 3. The dependence nomogram of the coefficient of efficiency of solar roofing with transparent cover K,
on the angles of incidence of the heat flux a and § and intensity of heat flux /.
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Based on the analysis of the regression coefficients, we can state that a factor x, (the angle of inclination of solar
roofing PB,°) and x; (the intensity of the heat flux , W/m?) has significant impact on the behavior of the response
function, while the factor x; (the azimuthal angle of solar roofing a, °) does not have such strong influence. The
numerical increase in all factors leads to higher efficiency of solar roofing. The combined effect of the factors is
insignificant.

After analyzing the experimental results depicted in Fig. 2, it can be concluded that the effectiveness of solar
roofing without transparent cover in a gravity heating system by changing the angles of incidence o and  from 90 °
to 30 ° is reduced by 32 %, while in conventional flat solar collectors it is reduced by 60 %. Change in the angles of
incidence of solar radiation leads to a minor drop in efficiency of solar roofing.

Based on the nomogram, we have obtained empirical dependence of efficiency of solar roofing with transparent
cover K,/; on the angles of incidence of the heat flux o and B and intensity of heat flux /:

Ko =(0.1915+0.0004- x3) +(0.002 +2.1667-1070 - x3) - xy +(0.0129~1.5:107 - x3) - x +
+(3.0865-107° —4.6297-107% - x3) - x7 +(4.6295-1070 +3.7037-107% - x3)- x; - x + 3)
+(9.0391-107° +1.1222-107 - x3)- x3.

4. Conclusion

The use of solar roofing in the solar heating systems allows us to significantly reduce the cost of solar systems.
An important factor that affects the efficiency of solar roofing is a transparent coating. The researches show that the
coefficient of efficiency of solar roofing with transparent coating is 35 % higher than the coefficient of efficiency of
solar roofing without it.

References

[11 Mysak Y. S. Solar Energy: Theory and Practice : monograph / Y. S. Mysak, O. T. Vozniak, A. S. Datsko, S. P. Shapoval. — Lviv :
Publishing house of Lviv Polytechnic, 2014. — 340 p. (in Ukrainian)

[2]  Shapoval S. P. The Efficiency of the Heating System based on Solar Collector when the Angle of the inflow Heat Flux is changing /
S. P. Shapoval, A. T. Vozniak, O. S. Datsko // Bulletin of Lviv Polytechnic National University “The theory and practice of construction”. —
Lviv : Publishing house of Lviv Polytechnic, 2009. — Ne 655. — S. 299-302. (in Ukrainian)

[3]  Strashko V. V. Methods of Experimental Determination of the Average Integral Temperature of the Heat-absorbing Surface of Solar Profile
TIPS / V. V. Strashko // EcoTechnologies and resources. — 2005. — No. 6 — P. 68—71. (in Ukrainian)

[4] Kozlov J. M. Optimization of the Location of Solar Collectors in Solar Systems / J. M. Kozlov, M. P. Suhyi, C. M. Suhyi // East European
journal of advanced technologies. — 2010. — Ne 2/10 (44). — P. 58-64.

[S] Thermal Performance of a Solar Heat Storage Accumulator Used For Greenhouses Conditioning / [Mejdi Hazami, Sami Kooli, Meriam
Lazaar, Abdelhamid Farhat, Ali Belghith] / American Journal of Environmental Sciences. —2005. — Ne 1 (4). — P. 270-277.

[6] Dorozhovets M. M. Processing of Measurement Results : textbook / M. M. Dorozhovets. — Lviv : Publishing house of Lviv Polytechnic,
2007. — 624 p. (in Ukrainian)

[71 Magomedov M. A. Non-traditional Renewable Energy Sources / N. A. Magomedov. — Makhachkala : Jupiter, 1996. — 245 p.
[8]  Paranchych S. U. The Use of Solar Energy : textbook / S. U. Paranchych. — Chernivtsi : Ruta, 2002. — 47 p. (in Ukrainian)
[91 Lorenz P. The Economics of Solar Power / P. Lorenz, D. Pinner, T. Seitz. — The McKinsey Quarterly, June 2008. — P. 19.

Eneprernuna e)eKTHBHICTh CUCTEMH COHSIYHOI0 TEIJIONMOCTAYAHHS
i3 KOMOIHOBAHHUM TeJIIOK0JIEKTOPOM

Cremnan lllanoBan
Hayionanvnuii ynieepcumem “Jlvgiecorxa nonimexnixa”, eyn. C. banoepu, 12, m. Jlveie, 79013, Vrpaina

AHoTalifa

[IpoanainizoBaHO BIUIMB IPO30pOr0 MOKPHUTTSI HAa €(QEKTUBHICTH KOMOIHOBAaHOIrO Temiokonekropa. OmnucaHo
MIEPCIIEKTUBH BUKOPUCTAHHS CHCTEM COHSYHOTO TEIUIONOCTadYaHHs, OCHOBHI IXHI mpoOieMu Ta cCrocodu ix
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BupimeHHs. [loka3aHo, 10 MOXHa e(pEKTHBHO BHKOPHUCTOBYBATH TEIUIO ITOKPIBENBHOrO Matepiamy OymiBiIi.
[TocTaBneHo 3aBaaHHsI MiABUIINTH €EKTUBHICTH KOMOIHOBAHOTO reliokoyiekTopa. OnucaHo pe3yinbTaTh J0CTiHKEHb
HAJXOJDKCHHS COHSYHOTO BHIIPOMIHIOBAHHS Ha KOMOIHOBAHHM I'eJIIOKOJICKTOpP Yy TPaBITAIiiHIA CHCTEMI COHSYHOTO
terionocrayands. [lokazaHo, 10 TOQpPOBaHWI TEIUIONOINIMHAY [a€ 3MOrY MiJBHIIUTH €(QEeKTUBHICTh
rejiokosiekropa. ONMCaHO BaXKIHMBICTh 3aXUCTY TeIOKOJIEKTOPIB TMPO30pUM MHOKPHUTTSIM. CKIIaJIeHO MAaTpHII0
IUTAHYBaHHSA TPU(GAKTOPHOTO EKCIEPHUMEHTY i3 ypaxyBaHHSIM B3aeMomii (akropiB. BimoOpakeHO aHamITHYHI Ta
rpagiuHi 3a1eXHOCTI e(PEeKTUBHOCTI KOMOIHOBAHOT'O TETIOKOJIEKTOpa 3 MPO30PUM HOKPUTTSM Ta 0€3 HhOTO BiJ| KYTiB
Ma/liHHS TETUIOBOT'O MOTOKY Ta HOro iHTeHCHMBHOCTI. [1oKa3aHo, HACKIIBKH 3MIHIOETHCS €EKTUBHICTE KOMOIHOBAHOTO
TeJTI0KOJIEKTOpA il Yac IIOKPUTTS 0T MPO30PHM 3aXHIIEHHSIM.

Karwu4oBi cinoBa: kKoMOIHOBaHMI TeIiOKOJIEKTOP; MPO30pPE MOKPHUTTS; KOe(DillieHT e(eKTHBHOCTI; TEILIOBUIMA
TIOTIK.



