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residential houses
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Abstract. The use of renewable energy sources in the heat supply systems of residential
houses is one of the urgent issues today. Since solar energy has the highest potential
among renewable energy sources, it is widely used in residential heat supply systems.
Although solar energy is used in heating systems until now, due to the large number of
factors affecting the heating system, research in this field is accelerating. In this research
work, a combined scheme for using solar energy in the heating system of residential
houses is proposed and the results of pilot studies conducted in the season from November
2020 to February 2021 in the heating system implemented according to this scheme are
presented. According to the results of the research, it is possible to cover up to 70% of
the heat load in the heating system of residential houses. The information presented in the
research work can be used in the design and implementation of energy-efficient solar
heating systems.

1. Introduction

Currently, special attention is being paid to the use of renewable energy sources in the heat
supply systems of buildings and structures, and the issues of saving traditional fuel and
energy resources in the heat supply systems of residential houses. In the world, up to 40% of
traditional fuel-energy resources are consumed in the heat supply systems of buildings, of
which 50% of primary fuels are used by residential houses. Therefore, it is important to save
natural organic fuels in residential heat supply systems, diversify the fuel-energy balance due
to the development of renewable energy sources, and introduce energy-efficient combined
heat supply systems [1-5].

Scientific research aimed at improving the heat supply systems of residential buildings,
improving the energy efficiency of the heat supply system and reducing the consumption of
traditional energy resources through the use of renewable energy sources and optimization
of heat-technical parameters is a priority [6-10]. Therefore, according to the goal set in the
article, the development of combined heat supply systems based on heliodevices, which
enable the efficient use of solar energy and traditional fuels, and the scientific justification of
energy efficiency is one of the urgent issues [11-14].

Experimental studies of the combined solar heating system of the solar house were
conducted according to the scheme shown in figure 1. The heating system includes elements
of a solar collector, a heating coil, a water heating boiler and a water-based warm floor.
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Fig.1. The principle scheme of the combined heating system.

Here-1-solar collector; 2, 3,4, 6, 8,9, 10, 12, 13, 14, 16 valves; 11, 18-circulation pumps;
S-water warm floor system; 7-heating batteries; 15-expansion tank; 17 additional water; 19-
water heating boiler.

The combined heating system of the solar house consists of four circuits:

o Flat solar water heating collector and heating battery circuit (I circuit) tubular flat
solar water heating collector 1, valves 12, 6, 8, 9, 10, circulation pump 11, heating
batteries 7, control for measuring temperature and pressure in the circuit - consists
of measuring instruments.

e  Water heating boiler and heating batteries circuit (II circuit) water heating boiler 19,
valves 16, 14, 13, 6, 8, 10, circulation pump 11, heating batteries 7, control-o for
measuring temperature and pressure in the circuit consisting of measuring
instruments.

o  Flat solar water heating collector and water warm floor system (III circuit) tubular
flat solar water heating collector 1, valves 2, 3, 4 water warm floor system 5,
circulation pump 18, control-o for measuring temperature and pressure in the circuit
consists of measuring instruments.

e Flat solar water heating collector, water heating boiler and heating battery circuit
(IV circuit) tubular flat solar water heating collector 1, valves 12, 13, 14, 16, 6, 8,
9, 10, water heating boiler 19, circulation pump 11, heating batteries 7, consists of
control-measuring devices for measuring temperature and pressure in the circuit.

The heating system of the solar house works in the following four modes:

e  Circuit I - the heating system works only with the help of a solar water collector, in
which the solar collector heats the water required for the heating system to 55-60°C
and transfers it to the heating batteries inside the house. rides.

e  The heating system works only with the help of a water heating boiler, this mode is
activated only on cloudy days, at night, on cold days of the year and when the
amount of solar radiation is insufficient.

e  Solar collector water warm floor heating system is an auxiliary system to the general
heating system of the house, this system is not connected to the water heating boiler
and works continuously with the help of the solar collector, and due to the heat of
the water heated in the collector, the average temperature of the surface of the floor
inside the house is 24-26°C produces.
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e Solar collector and water heating boiler combined heating system works in
conditions of moderate solar radiation and lower outdoor air temperature during the
day, in which water is initially heated in the solar collector and introduced into the
water heating boiler, where it heats up to the required temperature and is transferred
to the heating coils. The temperature of the water entering the water heating boiler
is adjusted using three-way adjustment valves.

2. Materials and methods

Experimental studies of the combined solar heating system of the experimental solar house
were conducted in the heating season from October 2020 to March 2021. The dimensions of
the experimental house are as follows: length 4 m, width 3 m, height 3 m. The ratio of the
total surface of the windows to the total surface of the outer wall ¢ = 0.2 [13]. Heat transfer
coefficients: through the wall k,,,; = 0.64 Vt/(m?°C) through a double-glazed window
kyinaow = 0.42 Vt/(m?°C), through the ceiling kejiny = 0.72 Vt/(m? °C), through the
floor Kfjper = 0.36 Vt/(m?°C). Coefficients of reduction of the calculated temperature
difference: Yoy = Ywindow = 1, Peeiting = 0.8, Yrio0r = 0.6. Indoor air temperature

tinternar = 18°C, calculated temperature of the outside air during the heating period
toutsize = —13°C [14;17].
The total surface of the outer wall of the house:

Fyau = (3+4)23.0.8=33.6m?
The total surface of the windows:
Fpindows = 3+ 4)2:30.2 =8.4m?
The total surface of the ceiling and floor:
Fceiling = Ffloor =34=12m?
External dimensions of the building:
V=343=36m?
Relative heat loss through the outer wall of the house:

YkF o
0= T‘” = 0.98 Vt/(m3°C)
Heat loss through the outer wall of the house:
Ql’oss = qOV(tinternal - toutside) =0.9836(18 + 13) = 1.094 kVt (1

Or 3.94 Mj/h in 1 hour.
Living space of the house:

Fiini =V 30 seam )
iving K,,, 6.4

Here K, pjyme = 6.4 m3/m? volume coefficient of the building [13].
Fceiling = Fripor = 34 =12m?
Internal heat dissipation in the house:
Qinternat.heat = 9n.aFiiving = 20562 =0.112 kVt 3)
Or 0.403 MJ/hr in 1 hour.
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toutsize = —13°Cheat loss due to infiltration when:

! ! T !
Qngitration = WQass = b [20L (1= ) + Kaer W) Qioes = 0101kVE (4

Or 0.364 MJ/h in 1 hour, where b is a constant quantity, b = 0.035 s/m; g = 9.81 m/s?
free fall acceleration; L = 0.25-3 = 0.75 m the calculated height of the house; T.ytemais
Tinternar — €xternal and internal air temperature, K; K,,,, = 0.6; w = 5m/s average wind
speed; = 0.6 a correction factor that takes into account the discrepancy between the wind
speed and the outside air temperature received during the calculation.

Heat load for heating the house

/ / MJj
Qheating = Qlpss + Qi — Qinternarhear = 3.94 + 0.364 — 0.403 = 3.901 hour )
Average heating load during the heating season:
average __ tm—tgﬂimge _ 18_t?verage _ __ ,average\ _MJ
. = Qp i 2— = 3.901— = 0.126(18 — ¢t; ) (6)
Here tgzi;?i‘ie - the average temperature of the outside air during the heating season, °C.

3. Results and Discussion

Experimental studies of the combined solar heating system of the solar house during the
heating season from October 15, 2020 to March 15, 2021 in the section of months (October,
November, December, January, February, March) and on characteristic days of each month
(5th, 15th and 25th) o was carried out. The experimental studies carried out in November,
December, January and February are shown in figures 2-5 (labels in the figures are as follows:
1. Outdoor air temperature; 2. Heat load; 3. Useful energy received from the solar collector;
4. Energy transferred from the water heating boiler; 5-internal air temperature).

Figure 2 shows the results of the experiment conducted in the combined heating system
in November 2020 and on typical days of November. On November 5, 2020, the total load
on the heating system was 24.08 MJ, 25.18 MJ of useful energy was received from the solar
collector, 2.65 MJ was used for the load, and the internal air temperature increased to 27°C
due to 22.53 MJ of excess energy. stretched 21.48 MJ of the load during the non-sunny time
of the day is covered by the water heating boiler. On November 15, 2020, the total load on
the heating system was 57.82 MJ, 21.85 MJ of useful energy was received from the solar
collector, 13.30 MJ was used for the load, and the internal air temperature increased to 23°C
due to 8.55 MJ of excess energy. stretched 44.52 MJ of load is covered by the water heating
boiler during the non-sunny time of day. On November 25, 2020, the total load on the heating
system was 57.66 MJ, 19.37 MJ of useful energy was received from the solar collector, 7.58
MJ was used for the load, and 11.79 MJ of excess energy increased the internal air
temperature to 25°C. stretched 50.08 MJ load is covered by the water heating boiler during
the non-sunny time of day. In November, the total load on the heating system was 1379.85
MJ, 662.07 MJ of useful energy was obtained from the solar collector, 543.31 MJ was spent
on the load, and the coverage coefficient was 0.4.
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Fig. 2. Results of experiments conducted in the combined heating system in November
2020 and on typical days.

Figure 3 shows the results of the experiment conducted in the combined heating system
in December 2020 and on typical days of December. On 5.12.2020, the total load on the
heating system was 63.72 MJ, 17.98 MJ of useful energy was received from the solar
collector, 13.67 MJ was spent on the load, and due to 4.31 MJ of excess energy, the internal
air temperature increased to 21°C. stretched 50.05 MJ of the load during the non-sunny time
of the day is covered by the water heating boiler. On 15.12.2020, the total load on the heating
system was 91.89 MJ, and 17.13 MJ of useful energy was obtained from the solar collector
and used for full load. The coverage ratio was 0.19. 74.77 MJ load is covered by the water
heating boiler during the non-sunny time of day. On December 25, 2020, the total load on
the heating system was 47.67 MJ, and 17.13 MJ of useful energy was received from the solar
collector and used for full load. The coverage ratio was 0.36. In December, the total load on
the heating system was 2091.40 MJ, and 398.07 MJ of useful energy was received from the
solar collector and used for full load. The coverage ratio was 0.19.

Figure 4 shows the results of the experiment conducted in the combined heating system
in January 2021 and on typical days of January. On January 5, 2021, the total load on the
heating system was 101.72 MJ, and 17.59 MJ of useful energy was received from the solar
collector and used for full load. The coverage ratio was 0.17. 84.13 MJ of the load during the
non-sunny time of the day is covered by the water heating boiler. On 15.01.2021, the total
load on the heating system was 39.49 MJ, 18.60 MJ of useful energy was obtained from the
solar collector, 5.88 MJ of it was spent on the load, and due to 12.72 MJ of excess energy,
the internal air temperature increased to 24°C. stretched In the sunless time of the day, 33.60
MJ of load was covered by the water heating boiler. On 25.01.2021, the total load to the
heating system was 66.18 MJ, 20.12 MJ of useful energy was obtained from the solar
collector, 15.48 MJ of it was spent on the load, and 4 Due to excess energy of .75 MJ, the
internal air temperature rose to 21°C. In January, the total load on the heating system was
1875.18 MJ, and 558.24 MJ of useful energy was received from the solar collector and used
for full load. The coverage ratio was 0.30.
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Fig. 3. The results of the experiment conducted in the combined heating system in
December 2020 and on typical days.
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Fig. 4. Results of the experiment conducted in the combined heating system in January
2021 and on typical days.

Figure 5 shows the results of the experiment conducted in the combined heating system
in February 2021 and on typical days of February. On February 5, 2021, the total load on the
heating system was 30.79 MJ, 23.17 MJ of useful energy was received from the solar
collector, 4.37 MJ was spent on the load, and the internal air temperature increased to 26°C
due to 18.80 MJ of excess energy. stretched 26.48 MJ of the load during the non-sunny time
of the day is covered by the water heating boiler. On 15.02.2021, the total load on the heating
system was 24.08 MJ, 25.65 MJ of useful energy was received from the solar collector, 3.86
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M]J of it was spent on the load, and due to 21.79 MJ of excess energy, the internal air
temperature increased to 27°C. stretched 20.22 MJ load is covered by the water heating boiler
during the non-sunny time of day. On 25.02.2021, the total load on the heating system was
96.31 MJ, 29.14 MJ of useful energy was received from the solar collector, 27.61 MJ of it
was spent on the load, and due to 1.53 MJ of excess energy, the internal air temperature
increased to 20°C. stretched In February, the total load on the heating system was 908.11 MJ,
626.66 MJ of useful energy was received from the solar collector, 521.39 MJ was spent on
the load, and the coverage coefficient was 0.57.
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Fig. 5. Results of the experiment conducted in the combined heating system in February
2021 and on typical days.

4. Conclusion

Based on the analysis of the results of experimental studies conducted in the combined
heating system during the heating season from October 2020 to March 2021, the amount of
solar radiation in the heating season is 7.96...17.96 MJ/m?-day, and the useful area is 3.5 m?
It was found that using the solar collector, it is possible to obtain useful energy in the amount
of 17.13...38.67 MJ/day and store excess energy in the amount of 1.53...37.27 MJ/day during
the heating season.

When using a combined heating system, heating the indoor air of the house up to 18...30°C
when the amount of solar radiation is 7.96...17.96 MJ/m?-day and the average outside air
temperature is 0...14.1°C and during the heating season, it was found that the coverage
coefficient of solar collectors changes to 0.15...0.76 on average.
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