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Abstract

Feasibility of using alternative energy sources, current state and prospects of solar energy development is
anayzed. Today, it isimportant to improve and develop new solar panels that would reduce their costs and increase
efficiency. Efficiency of helioroof in the solar heating system with forced movement of coolant is analyzed. It is
shown that heat can be used effectively with roofing building material. The results of research of incoming flow of
solar radiation on the helioroof are described. The change of efficiency of helioroof at different speeds and different
diameters of coolant tubes, change in the coolant temperature at the inlet and outlet of helioroof and coefficient of
performance of the exposure time is investigated. Graphical and analytical dependence of efficiency of helioroof
depending on the speed of the coolant circuit and the diameter of the tubes circulation is established.
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1. Formulation of the problem

The intensive use of traditional energy sources hasled to a number of environmental problems, the most acute of
which are: increase in emissions of carbon dioxide and reduction in the thickness of the ozone layer. Over the pagt
100 years, the concentration of carbon dioxide in the atmosphere has increased by 13 %. Therefore, special attention
should be given to finding such heat sources, resources which would be inexhaustible and easily accessible. The use
of renewable energy sources such as solar energy provides significant opportunities for heat energy can be
successfully used for various domestic and technological needs. Introduction of solar heating improves the
environmental stuation by reducing emissions of pollutants, including combustion products of traditional forms of
energy. Solar heating with conventional solar collectors is quite expensive [2, 4]. Therefore, today it isimportant to
search for ways to reduce the cost of solar heating systems [7-9].

2. Analysis of recent resear ch and publications

Solar heating systems with conventiona solar collectors have a high cost and complicated design [6]. Besides,
flat rectangular surface leads to large architectural and technological difficulties linking the necessary number of solar
collectors on buildings [5]. Also, a significant drawback of these collectors are high manufacturing complexity and
lack of efficiency of converting solar energy into heat due to heat loss. Today the walls are widely used solar
collectors that simultaneoudly function as walling [3]. However, the disadvantage of these systems is their low
efficiency and a range of intensity of heat exchange between the coolant and heat absorber panel due to a small
contact area. Also, implementation of such systems requires significant investments. Today, it isimportant to improve
and devel op new solar collectors that would reduce the cost and simplify design.

3. The main material

The aim of this work is the study of solar roof in mechanical system depending on different speeds of coolant
and different diameter of circulation tubes. The experimental unit consists of helioroof, accumulator box, source of
radiation and measuring devices. The experimental unit is shown on Fig. 1.
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Fig. 1. Chart of the experimentd unit: 1 — hdioroof; 2 —abowl of water; 3 —feeding pipeline; 4 —reverse pipdine;
5—cold water supply pipe; 6 — coolant pipe selection; 7 — pump; 8 — mercury thermometer

The experimental unit works as follows. Cold water through the cold water supply pipe 5 entersthe upper a bowl
of water 2. When you open the shut-off valve 7, at certain flow rate water passes through helioroof 1, which is heated
and fed into the lower accumulator box 3. Selection of hot coolant by pipe 6. The measurements of water temperature
in the lower and upper tanks, batteries, mercury thermometers were made 4.

Theintensity of the flow of energy radiated source was measured by actinometer. The temperature of water was
measured at three points of the system (at the outlet of helioroof, at the entrance of helioroof, and tank-battery) by
mercury thermometers. Outside temperature and its speed was measured by termoel ektroanemometr TESTO 405 -
V1. Consumption of coolant was measured by flowmeter.

The situation was put under control to ensure that the other factors (solar energy through the window, smooth
surface shading of the solar collector, etc.) did not affect the experiment. Natura air flow does not exceed 1 m/ s,
which did not affect the results of experiments, but madeit possible to remove the excess heat during the experiment,
astheresult the ambient temperature during the experiment dightly increased.

Each time before the experiment started the system was filled with a portion of fresh water. We checked the
hermeticity of the system at the operating pressure. The good condition of measuring devices was al so tested.

The velocity of the coolant was changed from 45 to 75 I/(h - m?). The diameter of the tube circuit is changed
from 10 to 22 mm.

After the end of the experiments, the thermal radiators were turned off, coolant circulation was stopped, hest
carrier was sprinkled and system was filled with the new portion of the cooled coolant.

The research was conducted at theintensity of the heat flux of 600 W / m?, which corresponds to the average intensity
of solar radiation in Ukraine during the day. The angle of inclination and azimuthal angle of hdioroof were 90 °.

The results of experimental research are shown in Fig. 2-4. The results of experimenta measurements of the
temperature of the coolant inlet and outlet of helioroof, and the average temperature of air near the experimental setup
is presented in graphical form on Fig. 2 — for the velocity of the coolant 45 I/(h - m?), and Fig. 3 — for the velocity of
the coolant 75 1/(h - m?).
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Fig. 2. Theresults of experimental research of helioroof at speed of coolant 45 1/(h - m?)
and diameter of circulation tubes d = 22 mm: t;, is temperature of water at the entrance
of helioroof, °C; t, istemperature of water at the outlet of hdlioroof, °C;
t4r IS average temperature of air near the experimenta setup, °C

After anayzing experimental research shown in Fig. 2, you can see the gradual heating of the coolant throughout
the experiment. Thus, at the end of the experiment, coolant temperature at the outlet of helioroof has reached 16.6 °C,
S0 coolant was heated during the experiment to 3.9 ° C.
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Fig. 3. Theresults of experimental research of helioroof at speed of coolant 75 1/(h - m?)
and diameter of circulation tubes d = 22 mm: t;, is temperature of water at the entrance
of helioroof, °C; ty istemperature of water at the outlet of hdlioroof, °C;
t4r IS average temperature of air near the experimenta setup, °C

From the graph shown in Fig. 3, we can see little changein the coolant temperaturein the first 20 minutes of heating,
and fagter and gradually heating of coolant to the end of the experiment. In this case, the coolant was heated to 2.7 °C.
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At the vel ocity of the coolant of 60 I/(h - m?) — temperature of coolant at the outlet of helioroof was 17.4 ° C and
coolant was heated to 4.7 °C, which is 20 % higher than at the vel ocity of the coolant 451 / (h - m?).

Fig. 4 shows the dependence of the efficiency of using solar hdlioroof on irradiation time of the experiment at the
velocity of the coolant 60 I/(h - m?) and the velocity of the coolant 45 1/(h - m?)
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Fig. 4. Change the efficiency of solar systems using heliioroof 7
depending on the irradiation time T, min.

After analyzing experimental results shown in Fig. 4, we see a gradual incresse in efficiency of helioroof for coolant
speed 60 I/(h - m?) in the first 40 minutes of heating, followed by a dight drop. The efficiency in this case has reached
82 %. If the velocity of the coolant is45 1/(h - m?) thereis agradual increase of efficiency. Thus the average efficiency at
the rate for the coolant of 60 1/(h - m?) is 16% higher than the efficiency for the vel ocity of the coolant 45 I/(h-m?).

To determine the optimad design of solar roofing, the research was conducted with a different diameter of tubes. Fig. 5
shows the experimental results when the diameter of pipeswas d = 10 mm and the vel ocity of the codlant was 45 1/(h - m).
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Fig. 5. Theresults of experimental research of helioroof at speed of coolant 75 1/(h - m?)
and diameter of circulation tubes d = 10 mm: t;, is temperature of water at the entrance
of helioroof, °C; t, istemperature of water at the outlet of hdlioroof, °C;
t4r IS average temperature of air near the experimenta setup, °C
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After analyzing the experimental results shown in Fig. 5, we see a gradud increase in coolant temperature
throughout the experiment. The temperature of water at the outlet of helioroof reached value 16.6 °C and heated the
coolant to 4.4 °C, which is 12% more than at the same speed of the coolant and diameter of tube 22 mm.

Based on the results, we obtained graphic of efficiency of helioroof depending on the speed of the coolant and
diameter of pipe (Fig. 6):
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Fig. 6. Curves of helioroof efficiency versus the diameter of piped at different speedsV

In the graph we can see analytical dependence of efficiency of helioroof on the speed of coolant and diameter of
tubes:

N, =-181.33+9.67x- 1.17>d - 0.08% +1.470 * xd v +1.0140 2 >d?, 1)

where 75 is the efficiency of solar systems using helioroof,%:; v is velocity of the coolant I/(m? - h); d is diameter of
tubes, mm.

4, Conclusion

Conducted research showed effective operation of helioroof in a gravitational system of solar heating at different
speeds of coolant. The temperature of water reaches the highest value at the velocity of the coolant of 60 I/(h - m?)
and is 17.4 °C, which is 20 % higher than at the velocity of the coolant of 45 I/(h - m?) and 60 % higher than at the
speed of coolant of 75 I/(h - m?). The average efficiency of helioroof at the speed of coolant of 60 I/(h - m?) is 73 %,
indicating prospects for the use of helioroof in solar heating systems. If you change the diameter of the pipe of
circulation contour, the temperature of coolant at the outlet of helioroof reached value 16.6 °C and heated the coolant
to 4.4 °C, at the diameter of tubes 10 mm which is 12 % more than at the same speed of the coolant and diameter of
tubes 22 mm.
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ExcnepuMeHTAIBHI JOCTII)KEHHS BIVIMBY IIBUAKICHOTO PEeKUMY
HA epeKTUBHICTH reJ1i0NOKpPiBJIi

Opect Bosnsk, HOpiit FOpkesuy, Octan Ilona, Crenan [lamosan

Hayionanvnuii ynieepcumem *“ Jlvsiscora nonimexuixa” , eya. C. banoepu, 12, m. Jlveie, 79013, Vkpaina

AHoTalisa

[IpoaHnainizoBaHO IOIIIEHICTS BUKOPUCTAHHS JIbTEPHATHUBHUX JPKEPEN €Hepril, CydacHUH CTaH Ta IEePCHEeKTUBH
PO3BUTKY COHSYHOI eHepreTukd. ChOTONHIIIHIA JIeHb, BaXKJIMBHM € BJIOCKOHAJICHHS Ta PO3POOJICHHS HOBUX
COHSIYHHMX KOJIEKTODIB, 5IKI O A 3MOry 3HU3UTH IXHIO BapTiCTh Ta MiABUINUTH e€(eKTHBHICTH. [IpoaHaiizoBaHO
€(EeKTUBHICTh BUKOPUCTAHHS T'eJIIONOKPIBIII Y CUCTEMI COHSYHOIO TEIUIONOCTAYaHHS 3 BUMYIICHHM IOOYIKEHHSIM
1o pyxy Terutonocis. [TokazaHo, 1m0 MokHa e(peKTHBHO BUKOPHCTOBYBATH TEIUIO TOKPIBEIBHOIO MaTepiaity OyIiBii.
OnwucaHo pe3ynbTaTH JOCIIIKEHHS HaJXO/PKEHHS COHSYHOI'O BUIIPOMIHIOBAHHS Ha TeiONoKpiBiro. JlocmimkeHo
3MiHYy €()EeKTHBHOCTI T'eJIiONMOKPIBIIi 32 PI3HUX HIBHAKOCTEH PYyXy TEIUIOHOCIS Ta PI3HUX JAiaMeTpax TPyOOK KOHTYpPY
LMUPKYIIALIT, 3MiHY TEeMIIEpaTypH TEIUIOHOCISI Ha BXOJI Ta BUXOJI 13 T'eIiOMOKPIBIIi Ta KOS(IIIEHTY KOPUCHOI Iii Bij
Yyacy OmpoMiHeHHs. BcraHOBICHO rpadivHi Ta aHATITHYHI 3aJICKHOCTI KoedilieHTa KOPUCHOI il TeTiONOKpPIBIIi BiX
HIBHIKOCTI PyXy TEIUIOHOCIS Ta JliaMeTpa TPYOOK KOHTYPY IUPKYJISLII.

Kuarouosi ciioBa: FeJ'IiOHOKpiBJ'IH; IJ_IBI/II[KiCTI) pPyXxXy TeHJ'IOHOCiH; CHUCTEMaA TEIJIOIIOCTAaYaHHS, TEIUIOBUH ITOTIK.



