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AJbTepHATHBHA €HEPreTMKa TMOKJMKAHA CHPUATH BHUPIlIeHHI0O TmepeayciM ABOX
BAKJMBHUX MPpo0aeM: eKoJoriyHoi Oe3mexku Ta eHeproedexTuBHocTi. COHAYHA eHeprig fIK
eHepropecypc Mail0yTHbOro Mae 0e3jIiu mepeBar. BOHAa He LIKOJUTbL 3J0POB’I0 JIIOJAeH Ta
JAOBKIJUIIO, He CIOTBOPIOE JaHama@t, ii He MOTPiOHO ekCNOPTYBATH Ta iMIOPTYBaTH, cama
eHepris € 0e3KOIITOBHUM pecypcoM, a T'OJI0BHOKO NEpPeBarol0 € Te, 0 BOHA BiqHOBJOBaHA. B
npaui NpuaijieHo 3HAYHY yBary cUCTeMaM COHS'YHOIO TeIUIONOCTAYAHHSI Ta 3alpoNOHOBAHO
3aCTOCOBYBATH TeJliOyCTAHOBKH B eHeproe)eKTMBHHUX OyJIMHKAX HAa TepuUTOpii YKpainu, 1mio
MOXe OyTH OCHOBHMM pillleHHSIM /I 3MeHIIeHHsl eHeprocmo:kuBaHHs. Ha edexTuBHicTH
reJioycTaHOBOK HacamIiepe/l BIJIMBA€E PiBeHb COHSYHOI eHeprii, AKNii, CBOEI0 Yeprolo, 3a1eKnuTh
Bi reorpagiunoro mosio:xkeHns teputopii. ToMmy 0co0/1MBY yBary 3BepHeHO Ha aHAJI3 KilbKOCTI
TeIJIOBOI0 MOTOKY, 110 HAAX0AUB HA MJIOINHY COHATYHOI0 KOJIEKTOPA MPOTATOM eKCIePHMEHTY
BHACJHIIOK 3MiHM IHTEHCHMBHOCTI COHSI'YHOr0 BUINPOMiHIOBaHHA. B mnpani mpoanasizoBaHo
e(peKTUBHICTH BHUKOPMCTAHHSI KOMOIHOBAHOI CHCTEeMH TeIUIONOCTAYAHHA 32 YMOB MiBJAEHHOL
opieHTauii Ha TepuTopii Ta 3a pi3HMX pexumiB podoTu. 3a pe3yabTaTaMM AOCTITKeHHS
c¢()opMyJIbOBAHO BHCHOBKHM TAa peKOMeHAAlil 3acTOCYBAaHHSI KOMOIHOBAHUX CHCTEM COHSYHOIO
TeIUIONOCTAYAHHS, CIPAMOBAHI Ha 301/IbILIEHHS YACTKH COHSIYHOI eHepPreTuKU Ta epeKTHBHOCTI
TAKHX CHCTEM Y 3arajibHOMY eHeprodajiaHci KpaiHu.

KalouoBi cioBa: cucreMd COHSIYHOTO TeNJIONMOCTAYAHHSA, PEKUM IPOTOKY, PeKUM
rpaesiranii, TenJoBui NOTiK, TeMnepaTypa TeIJIOHOCIfA, eHeProcnoKUBaHHA OyAiBeJIb.

On the whole, alternative energy should contribute to taking the two pressing problems
of environmental safety and energy efficiency. Solar energy, as energy resour ces of the future,
has a lot of benefits. It is mainly harmless to people and the environment. It does not distort
the landscape. Thereis no point in exporting or importing it. Asfor the energy itsdf, it is both
free and renewable, the latter benefit being the most important one. In work paid considerable
attention to solar heating systems and proposed to use this solar heating system in energy-
efficient homes in Ukraine. This the primary solution may be used for decrease energy
consumption of buildings. The overall effectiveness of solar installations is largely dependent
on the level of solar energy, which in its turn is strongly dependent on the geographical
position. Therefore, special attention is paid to the analysis of the heat flux, came onto the
plane solar collector during the experiment, in consequence of changes in the intensity of solar
radiation. In the work analysis the efficiency combined heating system in the conditions of
southern orientation of the territory and the different modes. According to the study, the
findings and recommendations of the use of combined solar heating at increasing the shar e of
solar energy industry and efficiency of such systems in the overall energy balance of the
country.

Key words: solar heating, strait mode, gravity mode, heat flux, temperature of heat
carrier, energy consumption of buildings.
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Introduction. Direction of social development requires efficient use of natural resources. The
demand grows for fud and energy with the development of technology. However, volumes of their
consumption between industrial sectors or countries are different.

In the second half of the nineteenth century William Stanley Jevons noted that efficiency is the
consequence development demand for used energy source. Also, from historical sources, we know that
1883 year in the world is beginning an era of application solar energy in eectricity. In Ukraine, the solar
power industry began to develop in 2004 and the heating industry - in 2011. This is a topical issue for
Ukraine becouseit islocated on the territory of a sufficient density at the surface of the solar radiation.

Solar thermal system in energy-efficient buildings in the territory of Ukraine is the main solution to
reduce energy consumption of buildings.

Objectives the For mulation of the Problem. The slow development of solar systems has a number
of causes, which can be the main stages in the development of solar heating system for Ukraine.

The predominant reasons of it are high cost on them and the efficiency has not the same standards
for solar heating system. Therefore, it is advisable to analyze the possibility of using solar energy by solar
systems and to investigate their effectiveness under conditions using this energy comparatively to the south
orientation and different modes working of solar installations.

The Analysis of Recent Research and Publications. The issue of climate protection, energy
consumption of buildings, installation of solar heating and their orientation relative to the horizon devoted
several works [1-6]. Which also analyzes the potential of solar energy and the possibility to use on the
territory of different countries.

The spectrum of design and technology solutions combined solar systems is very wide [7-8].
However, orientation relative to the horizon it is an important step when setting designs a solar heating
system. The prablem in these works are not analyzed in detail.

The Main Material. One of the factors which determines the intensity of solar energy is the height
of standing of the Sun over the horizon. It is known, that for Ukraine the optimum angle of inclination of
the collector to the horizontal is the angle ¢+10° for summer (seasonal) operation and ¢-10° with year-
round operation, where ¢ is the latitude. In addition, an important condition for efficient operation of a
solar collector is its focus on the parties of horizon. That’s why solar collectors on the territory of Ukraine
it is advisable to place on the southern orientation.

The proposed models of a solar heating system has an improved design, as a function of absorber
also serves the roof of the building in which is colored black (e.g., galvanized stedl), that can reduce the
cost, improve efficiency and simplify the design of the solar collector for large-scale use of such structures.

The proposed combined experimental solar heating systems can work in two different modes,
namely: "gravity" and "strait".

To investigate the amount of heat flux, which acted on these experimental models we measured the
intensity of solar radiation with a pyranometer. The amount of heat flux from solar radiation Q, kJ/n, that
has entered the plane of the solar collector performs the conditions of the one modal distribution of values
(Fig. 1). An experimental model of the solar system in a mode gravitation works: the heat carrier entersto
the tank battery, when you open and set the shut-off control valve the water enters the solar collector is
heated under the influence of solar energy and on the principle of natural convection moves back into the
tank battery.

At the initial stage, the heat carrier flows into the tank of cold water an experimental model. Then
the water enters the solar collector, in which a preset flow rate of the heat carrier moving in the tank of
heated water. The selection of the heated heat carrier implemented through the pipe to the tank of heated
water. Measurements of water temperature in the lower and upper tanks were conducted with mercury
thermometers. Experimental model of the solar system in the flow mode relates to low-temperature single-
circuit heating systems. This system in the flow mode can be used for seasonal water pre-heating for pools
and showers, solar-fue boiler-houses, for domestic purposes, etc.
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Fig. 1. The amount of heat flux from solar radiation Q, kJ/n?,
that comes from radiation to the combined solar
collector in the southern orientation

Maximum temperature tank-battery mode under conditions of gravity southern orientation averaged
was 52°C in the dining time of day (Fig. 2). The averaged intensity at this point of time, that the plane of
the solar collector received was 458 W/m?.
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Fig. 2. Changing the heat carrier temperature in the a tank-battery tian, °C,
intheinlet pipe of the solar collector t,«, °C, in the outlet pipe of the solar collector toyet,
°C and the temperature outside tyusqe, °C iN the southern orientation by gravity mode

Solar heating in the mode strait has the temperature of the heat carrier reached to 23.5 °C, which is
32 % higher than the inlet temperature of the heat carrier (Fig. 3).
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Fig. 3 Changing the heat carrier temperaturein theinlet pipe of the solar collector tiy«, °C,
in the outlet pipe of the solar callector tyye, °C and the temperature outside toygge, °C
in the southern orientation by strait mode
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Fig. 4 and Fig. 5 shows the experimental efficiency of combined solar heat in the summer time.
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Fig. 4. Efficiency solar heating system gravity #7ssr
the conditions of southern orientation
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Fig. 5. The efficiency of solar heating system 5ssr in the mode strait
in conditions of southern orientation

The coefficient of performance (COP) of solar hegting takes a growing trend and reaches its maximum in
the evening in both modes. This is due to the accumulation of heat plane solar collector from the environment
because temperature fluctuations during the experiment had a little character. For the morning period
characterized by thefact that the average efficiency of the mode itrait reached 45 %, that gravity is 15 % less.

Conclusions. In the experimental studies the combined heat supply system has reached 70 % of their
efficiency and the efficiency mode strait 80 %.

An experimental model of the strait mode is effective for building a low-temperature the heat carrier
(heating is on average 6,5°C per hour). In the gravity mode the heat carrier is heated from 14 °C to 52 °C.
Maximum flow of heat flux from solar radiation was 20 MJ/n.
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