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Abstract

Solar hot water supply systems can provide a significant part of the thermal energy needed in the residential
sector. The use of solar hot water supply systems can reduce the consumption of traditional energy sources and,
consequently, reduce greenhouse gas emissions. The aim of this article is to assess the operation of the solar heating
system operation to provide the needs of the hot water supply system of a residential building with thermal energy.
The efficiency of a flat solar collector operating in a single-circuit thermosyphon system of solar heating of a
residential building in Lviv has been established. The solar fraction of the hot water supply system of a residential
building is determined depending on the volume of hot water consumed, in particular 50, 60, 70, 80, 90, 100 l/day. It
is established that the lower the need for hot water, the greater the solar fraction of the solar hot water supply system.
Thus, the average annual solar fraction of the solar hot water supply system with a daily consumption of 50 I/day is
0.77, and with a daily consumption of 100 l/day the solar fraction is 0.39. The average value of the solar fraction for
the solar hot water supply systems of the studied house is 0.55.

Keywords: solar water heating system; hot water supply system; solar collector; solar radiation; solar fraction.

1. Introduction

Heat water supply systems are designed to provide hot water for sanitary, hygienic and technological needs of
consumers in residential, public and industrial buildings. Depending on the type of heat source, heat water supply
systems are district and decentralized. In district heating systems, several heat consumers are connected to one heat
source. Thus generation of thermal energy occurs in boiler houses or Combined Heat and Power (CHP), and supply of
the heat carrier from a heat source to consumers is carried out by a network of pipelines [1, 2]. Boiler houses and
CHPs can use as fuel both traditional and alternative energy sources. To reduce the negative impact on the
environment in the production of thermal energy in boilers and CHPs, it is advisable to use renewable energy sources,
including residues of forestry and woodworking industry, agricultural waste, household waste [3, 4]. In Ukraine, due
to the significant cost of thermal energy and the lack of possibility to regulate the quantity of coolant by consumers,
the population is massively abandoning district heating. A significant number of people in small towns and villages of
Ukraine are switching to decentralized heating systems, in which only one consumer is connected to one heat source,
which allows for qualitative and quantitative regulation of the coolant as needed directly by the consumer. In Ukraine,
in decentralized heat supply systems, electric and gas heat generators are most often used as a heat source.

To reduce dependence on traditional energy sources in the preparation of hot water in decentralized heating
systems, it is advisable to use solar energy. For this purpose, active solar water heating systems are being developed,
in which solar energy is converted into thermal energy in solar collectors [5, 6]. Solar heat supply systems can
provide hot water to a hot water supply, heating or cooling system. Depending on the period of use of the solar
heating system there are seasonal and year-round. Seasonal (thermosyphon) solar water heating systems are used at
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positive outdoor temperatures, they are compact and easy to install. Year-round solar heating systems are used
regardless of the temperature of the outside air, so they need an additional heat source, circulating pump, antifreeze,
which increases their cost and complicates the design of the system.

In small households to meet the needs of hot water domestic water system, it is advisable to use thermosyphon
solar heating systems, which in the warm and transitional periods of the year will save traditional energy resources for
water heating.

2. Aim of work

The aim of the work is to assess the operation of the solar heat supply system to provide the needs of the hot
water supply system of a single-family house in Lviv thermal energy.

3. Analysis of recent research

To assess the operation of the solar heat supply system, its efficiency is determined. The efficiency of the solar
heat supply system is characterized by two indicators, in particular the efficiency of the solar collector and the solar
fraction.

The efficiency of a flat solar collector is determined by the formula:

n = Quseful
Qinc

, M)

where Quseru IS Useful thermal energy provided by the solar collector; Qi is the amount of solar radiation that
receives to the solar collector.

The useful thermal energy provided by the solar collector can be determined by a Hottel-Whillier-Bliss
equation [7, 8]:

Quseful = I:R “A- [(Ta)' It _UL : (Th _Ta)]! (2)

where Fg is heat removal factor of the solar collector; A is the solar collector area, m? I, is intensity of solar
radiation, W/m?; ¢, a are coefficients of transmission and absorption of solar energy by the collector; T, is the ambient
monthly outside air temperature of the solar collector installation place, K; U_ is heat loss coefficient of the solar
collector, W/(m? -K).

The amount of solar radiation that receives to the solar collector is defined as:

Q=1 -A. 3)
Then, the efficiency of a flat solar collector can be written as [7]:

UL -To)

I (4)

n=(ra)-

Solar fraction is the amount of solar energy in the total load on hot water supply, which is determined by the
formula:

Qsolar
f ==0ar 5)
Qload

where Qqolar 1S the amount of thermal energy for the needs of the hot water supply system, which can be provided by
solar energy, namely Qgoar = Quserul; Qoad 1S general needs for thermal energy by the hot water supply system.
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General needs for thermal energy can be written in the form of a formula:
Qioad = Qsotar + Qad » (6)

where Q.4 is the amount of thermal energy for the needs of the hot water supply system, which is produced using
additional energy sources.

The monthly amount of thermal energy required for hot water supply system is determined by the formula [7]:
ergad :Vw'pw'Nd 'pr'(Th _Tc) ' (7)

where V,, is the total volume of hot water used by the hot water supply system of the house per day, L/day; p,, is water
density, kg/L; Ng is number of days in a month, days; c,, is specific heat capacity of water, KW-h/(kg-K); Ty, is hot
water temperature in the hot water supply system, K; T is the inlet temperature of cold water, K.

4. Research results

Thermosyphon systems of solar heat supply consist of a stationary solar collector and, connected to it, a tank-
accumulator, and the heat carrier is water of a contour of hot water supply. Thermosyphon systems can be open,
operating in pressureless mode and closed, in which water is supplied under pressure. In open thermosyphon systems,
water enters the system and flows out of it by gravity, so all solar system equipment must be located above the faucet,
and the hot water pressure in the system will depend on the height difference between the collector and the faucet.
Therefore, in thermosyphon systems of hot water supply with natural circulation, the lower point of the accumulator
tank should be located above the upper point of the collector and be at a distance of not more than 3-4 m from the
collector.

To evaluate the operation of the solar heating system, a single-circuit thermosyphon solar heating system was
selected to meet the hot water needs of the hot water supply system.

Fig.1. Schematic diagram of a single-circuit thermosyphon solar hot water system.
1 - solar collector, 2 - storage tank, 3 - cold water from water supply system, 4 - heated water outlet

The single-circuit thermosyphon solar hot water system works as follows. Solar radiation passes through the
transparent coating of the collector and heats its absorption panel, and accordingly, the water in its channels. When
heated, the density of water decreases, which leads to the movement of the heated coolant to the upper point of the
collector, and then through the pipeline to the storage tank. In the storage tank, due to natural circulation, the heated
water also moves to the upper point, and the cold water is located in the lower part of the tank. Cold water from the
lower part of the tank enters the lower part of the collector through a pipeline. Thus, in the presence of sufficient solar
radiation, a constant circulation is established in the collector circuit, the speed and intensity of which depend on the
flux densities of solar radiation. Gradually, during daylight, the water in the tank is completely heated. The selection
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of water in this scheme should be carried out from the top of the tank, by supplying cold water to the tank from below
under pressure, which displaces the heated water from the tank.

The average daily amount of solar energy during the month that enters the collector surface depends on the
construction site and the angle of the collector [9]. The average monthly intensity of solar radiation coming to the
solar collector located in Lviv city, which is inclined to the horizon by 45°, is shown in Fig.2.
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Fig. 2. Monthly variation of global radiation on the surface of the solar collector tilted by an angle of 45° [9]

The auroTHERM classic VFK 135/2 D flat solar collector [10] with the area A = 2.35 m? and such technical
characteristics glass transparency coefficient « = 0.91, adsorber absorption coefficient a = 0.95, solar collector heat
loss coefficient U, = 3.93 W/m?/K is accepted for perception of solar radiation. The heat transfer coefficient of the
solar collector will be accepted Fr = 0.69 [7].

The solar collector receives solar radiation for several hours a day, the amount of which depends on the season,
clouds and the construction site of the installation. The average daily number of hours of sunshine in the months of
the year in Lviv is given in [11] and is shown in Fig.3.
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Fig.3. Average daily number of sunny hours by months of the year in Lviv [11]

The hot water supply system is designed for a single-family house located in Lviv, where 4 people live. The
temperature of tap water is 5 °C in the cold period of the year, in the warm period of the year it is 15 °C. The
temperature of hot water after the solar collector is 50 °C. The solar fraction was determined for hot water supply
systems, in which the daily consumption of hot water was 50, 60, 70, 80, 90 and 100 l/day, respectively. The results
of the calculation of the solar fraction for hot water supply systems are presented in Fig.4.
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Fig.4. Solar fraction of hot water supply system of a single-family house in Lviv depending on the volume of hot water consumed

As can be seen from Fig. 4, the solar fraction of the hot water supply system decreases with increasing volume of
hot water consumed. Thus, the solar hot water supply system with a daily consumption of 50 I/day can cover the
entire load of hot water in the system for 4 months, 5 months a year the solar fraction of the system is in the range of
0.46-0.97 and three months the solar fraction is less than 0.3. The average annual solar fraction for a hot water supply
system with a daily consumption of 50 l/day is 0.77. The lowest value of the solar fraction for the hot water supply
system of these options corresponds to the system with a daily hot water consumption of 100 I/day. Solar collector
can provide this system with thermal energy by no more than 68%, namely the maximum solar fraction for a hot
water supply system with a daily hot water consumption of 100 I/day is 0.68. The average annual solar fraction for
such a system is 0.39. The highest values of the solar fraction for all systems are observed in May, June and July. The
average value of the solar fraction for hot water supply systems of a single-family house built in Lviv and hot water
consumption of 50, 60, 70, 80, 90 and 100 l/day is 0.55. Thus, the solar hot water supply system allows obtain thermal
energy for heating hot water, and accordingly save traditional types of energy resources by an average of 45%.

The efficiency of a flat solar collector is determined from its technical characteristics and climatological
parameters for Lviv. The value of the efficiency of a flat solar collector when working in the hot water supply system
of a single-family house built in Lviv for different months of the year is shown in Fig. 5.
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Fig.5. Efficiency of a flat solar collector of the solar hot water supply system of a single-family house built in Lviv

As can be seen from Fig. 5, the efficiency of the solar collector depends on the month of the year, in particular
on the average monthly outdoor temperature and varies from 0.11 to 0.61, which is less than the standard efficiency
of the received collector, namely 0.782.

5. Conclusion

This article establishes the efficiency of the solar hot water supply system of a single-family house built in Lviv.
The efficiency of the solar collector is determined, which depends on the outside air temperature and varies during the
year in the range of 0.11-0.61. The solar fraction has been determined for the solar hot water supply system. It
depends on the consumption of hot water, climatological parameters of the construction place and the characteristics
of the solar collector. The largest solar share was observed for the months of May, June, July. Thus, the solar hot
water supply system with a daily consumption of 50 I / day can cover the entire load of hot water in the system for 4
months, 5 months a year the solar fraction of the system is in the range of 0.46-0.97 and three months the solar
fraction is less than 0.3. The average annual solar fraction for a hot water supply system with a daily consumption of
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50 I/day is 0.77. The lowest value of the solar fraction for the hot water supply system of these options corresponds to
the system with a daily hot water consumption of 100 I/day. Solar collector can provide this system with thermal
energy by no more than 68%, the maximum solar fraction for a hot water supply system with a daily hot water
consumption of 100 I/day is 0.68. The average annual solar fraction for such a system is 0.39. The average value of
the solar share for hot water supply systems of a single-family house built in Lviv and hot water consumption of 50,
60, 70, 80, 90 and 100 l/day is 0.55. In the future, it is advisable to determine the economic performance of the solar
hot water system, in particular the capital costs of the system and its payback period.
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Ouinka po00TH COHSIYHOI CHCTEMU IrapA4Y0ro BOJAONOCTAYAHHS
JKUTJI0BOT0 OYATUHKY

Onena CaBuenko, 3eHoH CaBUEHKO

Hayionanvuuii ynieepcumem «Jlvgiscoxa nonimexuixay, eya. C. bandepu, 12, Jlvgis, 79013, Yxpaina

AHoTAaNis

CucTeMH COHSYHOTO Taps90oro BOJOIOCTaYaHHS MOXKYTh 3a0€3IeYUTH 3HAYHY YacTHHY TEIUIOBOi €Hepril,
HEOOXiTHOT B JKHTIIOBOMY CEKTOpi. BHUKOpHCTaHHA CHCTEM COHSYHOTO Taps90ro BOJOIIOCTAYaHHS [O3BOJIIOTH
3MCHIIIUTH CIIOKUBAHHS TPAIWIiHHUX BUIIB €HEprii, a, BiIMOBITHO, 3MCHITUTH BUKWAHM NMAapHUKOBHX ra3iB. Mera
JTAaHOT CTATTI MOJISTAE y OIHIN pPOOOTH CUCTEMH COHSYHOIO TEIIONOCTaYaHHs s 3a0e3MedYeHHs MoTped cucTeMu
raps90ro BOAONOCTAYaHHS JKUTIOBOIO OYAWHKY TEIUIOBOIO CHepricro. BcTaHOBIEHO e(EeKTHUBHICTH INTOCKOTO
COHSYHOTO KOJICKTOPAa, SKHUH MPAIOE Y OJHOKOHTYPHIH TepMOCH(OHHIN CHCTEMi COHSYHOTO TEIUIONOCTAYaHHS
KHUTIOBOr0 OyAuHKY y M. JIbBiB. BH3HAa4eHO COHSYHY YacTKy CHCTEMH Tapsiuoro BOJIOIOCTAYaHHS JKUTIOBOTO
OyIWHKY 3aJIeXXHO BiJl 00’eMy rapsidoi BOIHW, SKa CIOXHBAaETbes, 30kpema 50, 60, 70, 80, 90, 100 n/mo0y.
BcranoBneHo, yMM MeHIIA ToTpeda y rapsdiil Boi, TUM OULTbIIA COHSYHA YAaCTKa CHCTEMH COHSYHOTO Tapsdoro
Bojonocradants. Tak, cepeqHbOPIYHA COHSYHA YaCTKa CUCTEMa COHSYHOTO Tapsiy0ro BOAOIOCTAYAHHS 31 OCHHUM
crioxxuBaHHsAM 50 1/m00y cranoButh 0,77, npu moaeHHoMy criokuBaHHi 100 1/m00y — COHsSYHA YacTKa JOPIBHIOE
0,39. CepenHe 3HaYCHHS COHSYHOI YacTKH JJIi CHCTEM COHSYHOTO Tapsdoro BOJOIOCTAYaHHS JOCIHIDKYBaHOTO
OynuHKy craHoBuTS 0,55.

KiarouoBi cioBa: cucreMa COHSYHOIO TCIUIOMMOCTaYaHHA; CUCTEMA Trapsa4oro BOAOIOCTAYaHHIA; COHSYHUN
KOJICKTOP, COHAYHE BI/IHpOMiH}OBaHHf{; COHAYHA YacCTKa.
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