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1 Introduction

veloped countries [5].
ways to reduce the energy consumption of residential buildings [6],
g the efficiency of the traditional energy source and achieving minimal

f building walls [8], optimizing the geometric and thermal parameters of building
elements [ 9] and the use of renewable energy sources [10].

A number of works are being carried out in Uzbekistan to increase the thermal efficiency
esidential buildings or reduce specific heat consumption. In particular, in building codes
and regulations, the maximum limit of specific heat consumption of residential buildings is
gradually being reduced [11,12], the use of passive and active solar heating systems to reduce
energy consumption [13,14], the use of phase change materials as thermal insulation [15],
the use of nanofluids as a coolant in solar installations [16], as well as the use of solar
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paraboloid concentrators as an auxiliary heat source [17]. For Uzbekistan, using world
experience, the concepts of “Passive House” and “Building with Zero Energy Consumption”
are being developed.

This work is devoted to the issue of reducing energy consumption when heating
residential buildings using solar paraboloid solar concentrators.

2 Mathematical model

To determine the thermal characteristics of the object under consideration, a“§is
balance model was used. There is heat balance equations for a building belo :

Qs + Q5 + Qpe = Qny

where Q, is the heat input into the building from solar radi
emissions (heat input from internal heat sources); Q- heat ; Qni-
heat losses from walls, windows, doors, floors, ceilings a

@

heated floor to the indoor
air; Ay;- surface area of the heated floo: perature in the heated floor;
T;,- internal air temperature.

Heat transfer coefficient from under r to indoor air [19]
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e for the following 4 cases:
residential building;

d 4-room residential building with underfloor heating system and solar
paraboloid concentrator.

Table 1. Thermophysical characteristics of a heated floor [17,19].

No. | Layer name Thickness, mm Thermal conductivity coefficient, W/(m-°C)
1 Linoleum layer 3 0.2

2. Pipes 2 0.042

3. Concrete layer 10 1.4

4 Wooden floor 40 0.15
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Mathematical models of thermal processes occurring in the object under consideration
have been studied in detail in the literature [4,5,8]. For example, a static mathematical model
of a 4-room typical residential building was studied in the source [4], mathematical model of
a solar paraboloid concentrator in the source [17], the mathematical model of the heated floor
system was studied in the source [19].

The presented research work integrates mathematical models of a living space, a
paraboloid concentrator and a heated floor system, and the calculations were performgeini
the MathCAD programming environment and Python programming languages.

The results of calculations using the mathematical model were compared andfeo
with the results given in the sources [4,5].

3 Calculation results and discussion

The calculation results show that the average annual heat con
buildings under consideration in the climate of Tashkent is
thermal protection, and 204 kWh/m? when using solar

concentrator and a heated floor system (-25%). For
heat consumption is 220 kWh/m? with 1st level
using solar collectors (-7.0%) and 187 kWh/m
kWh/m? when using a concentrator and a heated

indicators are very close for the region ]
payback period for the 1st level of ther «en is 17-18 years, the payback period for
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B Navoi
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thermal insulation level
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ig 2. Specific heat consumption of the building: I - buildings with the first level of thermal
tection; I .1 - buildings with the first level of thermal protection with a thermal collector; I .2 -
buildings with the first level of thermal protection with heated floors; I .3 - buildings with the first
level of thermal protection with heated floors and a paraboloid concentrator; II - buildings with the
second level of thermal protection; III - buildings with the third level of thermal protection.
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Fig 3. Payback period for a solar heating system with a concentrator:
protection; II - second level of thermal protection; III - third level

4 Conclusion

The steady-state mathematical models developed
paraboloid solar concentrator and floor heating tegrated, and a computer
program was developed. Calculations were carrie te of Tashkent and Navoi,
the annual specific heat consumption ofithe igl building under consideration
and the payback period were dete ¢ rd1ng o it, when using a paraboloid
concentrator and a heated floor system, thifa heat consumption can be reduced
to 26%, and the payback p i years, depending on the level of thermal
protection.

esidential building model,
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