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The article analyzes the energy consumption for heating a one-story model experimental house, hot
water warm floor for experimentation operating at the landfill of alternative energy sources of the
Karshi Institute of Engineering and Economics in Kashkadarya region. Based on the analysis, a
scheme of the experimental house was created, which will be used in the development of energy
saving measures for heating the buildings.
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Description of the experimental device and methodology of conducting the experiment.
Currently, increasing the energy efficiency of residential houses in rural areas far from centralized
energy supply and saving traditional fuel energy resources is an urgent issue [1, 2]. Especially in the
winter season, it is necessary to provide heating and fuel to rural houses. One of the main ways to
solve this problem is the use of renewable energy sources [3, 4, 5, 6], efficient indoor heat storage
[7, 8], the use of water warm floor systems [9,10,23-27].

In recent years, water-based underfloor heating systems have been widely used in the construction
of one-story houses. Previously, these systems were used as an auxiliary to the main heating system
to create comfortable conditions in the rooms. The main advantage of this system is the uniform
distribution of hot air inside the room. In this case, the air temperature at the foot level is 3-5 °C
higher than the temperature at the head level. This temperature distribution is the most optimal for
the human body [11]. Compared to the traditional heating system using radiators, the speed of
convective processes is low due to the low temperature between the heating surface and the air,
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which leads to a decrease in air flow speeds, a decrease in the volume of exchangeable impurities
and an increase in the humidity of the air in the room [12].

According to the type of heat source, underfloor heating systems are divided into two main types:
electric and water. Compared to both systems, electric systems are faster to install and easier to
install, but the electricity bill is significantly higher than running a water system [13]. Also, when
the electric floor works, an electromagnetic field is generated, which has a harmful effect on the
human body. According to [14], the maximum temperature of the floor surface in living rooms
should not exceed 26°C. The required temperature on the surface of the floor with different coatings
can be determined using the recommendations in [15].

At the "Alternative Energy Sources" educational and scientific site of the Karshi Institute of
Engineering and Economics, a one-story experimental rural house with energy supply covered
entirely by solar energy was developed and researched a water-heated floor system with a solar
collector [16]. A view of the experimental house and the installed water heated floor is shown in
Figure 1.1.
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The main element of the system, the basic scheme of the water-heated floor with a solar collector, is
shown in Fig. 1.2. The proposed solar collector warm floor system is designed for researching the
underfloor heating system of rooms using direct solar energy, conducting experimental research on
the hydrodynamic and heat exchange processes of the water warm floor system, the optimal
parameters of the diameter and placement step of the warm floor pipe.

The water-heated floor system with a solar collector consists of the following main and auxiliary
equipment:

a) flat solar collector - designed for heating water for a warm floor system and a tank-accumulator,
and consists of the following elements: body, water moving pipe, transparent coating, heat
insulating material, for measuring the temperature, pressure and consumption of water at the
entrance and exit of the device control and measuring devices. The structural parameters of the flat
solar collector are as follows: the total number of collectors - 5, the size of one collector - 0.7x1 m
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1-solar collector; 2, 15, 17, 18 three-way valves; 3-cold water tank;

4, 6, 7, 8 valves; 5- transfer of cold water; 9, 12, 14, 20 consumption meters; 10, 13, 19-circulation
pumps; 11-tank-accumulator; 16-warm floor system; Filling and draining the circuit 21, 22 with
water.

Figure 1.2. The principle diagram of a warm floor system with a solar collector

b) tank-accumulator - designed to accumulate the thermal energy received by the solar collector and
transfer it to the warm floor system and hot water supply, and consists of the following elements:
made of a body-galvanized cylindrical tank, external insulation coating, zmeevik pipe system,
temperature and pressure measuring instruments. The structural parameters of the tank-accumulator
are as follows: capacity 0.1 m3, diameter 0.36 m, height 1 m, diameter of the internal zmeevik pipe
0.02 m, insulating material - foam polystyrene with a thickness of 20 mm;

c) warm floor - designed for heating the rooms from the floor, the system is created on the basis of
serpentine arrangement of metal-polyethylene pipes. The diameter of the pipe is 16x2 mm, the
placement step is 100 mm, 150 mm, 200 mm, 250 mm, 300 mm. The length of the pipeline varies
from 32 m to 83 m, depending on the step of laying the pipeline.

The water-heated floor system with solar collectors consists of four circuits:

Circuit | — after the circuit is filled with water, the valve 18 is opened and the circulation pump 19 is
started. The water supplied from the tank-accumulator passes through the consumption meter 20
and is introduced into the flat solar collector 1, where it is heated to the required temperature due to
solar energy. Then the valve 2 is opened and hot water is introduced into the tank-accumulator 11,
the continuity of this process is ensured by the circulation pump. The parameters of control-
measuring devices for measuring temperature and pressure are recorded on the contour;

Circuit Il — after the circuit is filled with water, valves 2, 15, 17 and 18 are opened and circulation
pump 19 is started. Water passes through the consumption meter 20 and is introduced into the solar
collector 1, where it is heated to the required temperature due to solar energy. Then, through the
valve 2 and flow meter 14 (where the circulation pump 13 is not in working condition), it is
introduced into the pipe system 16 of the warm floor, where it cools down by transferring its heat to
the floor and returns to the solar collector, this process continues continuously until the required
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temperature is provided on the floor. The parameters of control-measuring devices for measuring
temperature and pressure are recorded in the outline;

Circuit 1l - after the circuit is filled with water, the valves 15 and 17 are opened and the water
heated in the tank-accumulator 11 is introduced into the piping system of the warm floor through
the consumption meter 14 with the help of the circulation pump 13. There, the water cools by
transferring its heat to the floor and returns to the tank-accumulator, this process continues
continuously until the required temperature is provided on the floor. The parameters of control-
measuring devices for measuring temperature and pressure are recorded in the outline;

IV circuit - the necessary water reserve is collected in the cold water tank, the pump 10 is started
and the flow of cold water is divided into two parts, the first part is sent directly to the water
consumer, and the second part is transferred to the tank-accumulator 11 for heating. Cold and hot
water passes through consumption meters 9 and 12, according to the demand of the consumer,
valves 7 and 8 are opened to create the required temperature level and the consumer is supplied with
hot water.

Temperature changes at the entrance and exit of hot water to the warm floor system and along the
length of the pipe are measured using the KSP-4 control-measuring device. Temperatures in all
other nodes are measured using thermoelectric thermometer TR-100 and bimetallic thermometers
A43, A48. All circuits use the LK-20 X(G) bucket meter to measure the consumption of hot and
cold water. A Testo 512 digital differential manometer is used to measure the pressure difference in
all nodes.

Methodology of experimental research. In this chapter of the dissertation, experimental studies on
determining the hydraulic resistance and heat transfer in the warm floor system are carried out
according to the scheme presented in Figure 1.2. Experimental determination of hydraulic resistance
and heat transfer coefficients in laminar and turbulent flow regimes of water in a warm floor
pipeline is carried out according to the known methodology presented in [17].

To conduct experiments, the warm floor system is filled with water by opening valve 21, valves 15
and 17 are opened, then the following points are performed:

1. water is heated to the required temperature in the tank-accumulator or solar collector, then the
circulation pump 13 is started and water passes through the consumption meter 14. The
consumption of hot water delivered to the working section is adjusted using valves 17 and 15;

2. the flow mode of hot water is provided depending on the studied mode, then the specified speed
and water consumption are set. In the pipe system of the warm floor, hot water is circulated for
5 minutes, after the end of the circulation, the specified consumption of hot water is set, and this
consumption and mode is strictly maintained for 5 minutes, then the pressure loss is measured
using a manometer and the temperatures of water at the inlet and outlet are measured using a
thermometer. The measurement of temperature and pressure loss for each mode is done in this
way;

3. turning off the experimental device is carried out in the following order: the circulation pump 13
is disconnected from the electrical network. When valves 15 and 17 are open, valve 21 is
opened and the system is emptied of water. After the system is emptied, valves 15, 17 and 21
are closed. This concludes the experiment.

Experimental study of the hydrodynamic regime of a solar collector water heated floor
system. An experimental study of the hydrodynamic mode of the warm floor pipe was carried out
according to the scheme shown in Figure 1.6. Experimental studies were carried out in the
following range of main parameters: consumption of hot water: in laminar flow mode
G=0,0043-+0,02 kg/sec, in the turbulent flow regime G=0,07+0,093 kg/sec; average hot water
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temperature t. = 35 ...50°C; average temperature on the floor surface t,, = 26°C; the diameter
of the pipe d = 0,016 m; pipe placement step s =0,1m,s =0,15m,s =0,2m,s =0,25m, s =
0,3 m; the speed of hot water in the underfloor heating pipe should not exceed 1 m/sec [18].

To determine the area of the laminar flow regime, it is necessary to calculate the value of the
product Gr-Pr [19]:

3
Gr-Pr = g,BFAi—ZPrF (1.2
where Gr-Grasgof number; Pr-Prandtl number; g-acceleration of free fall, m/s?; 8 -coefficient of
volume expansion, 1/°C; At-temperature difference, °C; d-pipe inner diameter, m; v-kinematic
viscosity coefficient, m/s2; index " r " indicates that the physical properties of liquids are obtained
by temperature t. = 0,5(t; + tg).

When Gr-Pr < 8-10°, the flow regime is viscous. In the presence of heat exchange, the hydraulic
resistance in smooth pipes in the viscous region of the laminar flow regime is defined as [20]:

g= ()" (1.2)

Re \
here n = C (Pe E)m (ﬂ)_o'%z- Pe, 2 =22 pe 2 <1500 when € = 2,3; m = —0,3; Pe; 2 >
- 1 e L T A T T e
1500 when C = 0,535; m = —0,1 Re- Reynolds number.
When Gr-Pr > 8-10° the flow regime is viscous-gravitational. In the presence of heat exchange,

the hydraulic resistance in smooth pipes in the viscous-gravitational field of the laminar flow
regime is determined as follows [124]:

g=2 (1—2)1/3 [1 +0,22 (%)0'15] (1.3)

In the presence of heat exchange, the hydraulic resistance in the turbulent flow regime is defined as
[21]:

g = D36t (Prd)1/3
T Re025 \ pr

(1.4)
The total pressure loss in a water-heated floor node is equal to the sum of the linear pressure loss
and the pressure loss overcoming local resistances [21]:
Apy = Ap, + Apy, (1.5)
Linear pressure loss in a water-heated floor pipe [21]:

2d
Apy = §2-7 (16)

here p- density of hot water, kg/m?; w- the speed of hot water in the pipe, m/s; d- inner diameter of
the pipe, m; [- the total length of the pipe, m.

Pressure loss to overcome local resistances in a water-heated floor pipe [21]:
pw?
here )’ &- sum of local (all bends ("elbow")) resistances at the node.

The pump power required to drive the hot water passing through the water warm floor pipe is
determined by the following formula [21]:
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_ Ghpny
N=2 (1.8)

here G- consumption of hot water, kg/sec; n- Pump Efficiency, usually n=0,7.

Laminar flow mode. Experimental results on the coefficient of hydraulic resistance of the pipe in
the laminar flow mode of hot water at different location steps of the warm floor pipe and at different
temperatures of hot water are presented in Figure 1.3, and the experimental results on pressure loss
and pump power are presented.
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a-s=100 mm; b-s=150 mm; v-s=200 mm; g-s=250 mm; d-s=300 mm;
I-twater = 35°C; 2-tyater = 40°C; 3-tyarer = 45°C; 4-tyqrer = 50°C

Figure 1.3. Graphs of changes in the coefficient of hydraulic resistance in the laminar flow
mode depending on the placement step of the warm floor pipe and the hot water temperature

The analysis of the results of the hydraulic resistance coefficient presented in Figure 1.3 shows that
the hydraulic resistance coefficient of the warm floor pipe is significantly dependent on the pipe
layout step and the hot water temperature, and the hydraulic resistance coefficient increases as the
pipe layout step decreases and the hot water temperature increases. According to the experimental
results, the coefficient of hydraulic resistance is 0.024...0.109 when the positioning step is 100 mm
in laminar flow mode, 0.024...0.107 when it is 150 mm, 0.024...0.105 when it is 200 mm,
0.024...0.103 when it is 250 mm, when it is 300 mm It was determined to vary between
0.024...0.101.

The experimental results obtained on hydraulic resistance in the laminar flow mode were processed
and the following empirical relationships were obtained at different placement steps of the pipe:

s = 100 mm when:

£ = 20,967 (Pﬂ)l'037 (GTPT)0'012 (1.9)

" Re0924 Pry Re '

s = 150 mm when:

£= 20,843 (Pﬂ)l'ms (GrPr)O’OH' (1.10)
"~ Re©%926 \ pr Re '

s = 200 mm when:

£= 21,023 (ﬂ)l'o37 (GrPr)O’OH' (1.11)
" Re0928 \ pr, Re '
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s = 250 mm when:

1,040 0,014
21,299 (P ’ GTP ’
R e I G (1.12)
Re0.931 \ Prg Re
s = 300 mm when:
1,040 0,015
21,347 (P ’ GTP ’
¢ = (m)  (Cre) (113)
Re0:933 \ Prg Re

In the generalized case, the following equation was obtained:

20,44 (ﬂ)1,038 (GrPr)0'014 (114)

f R€0'92950'018 PTS Re

The obtained relation (1.14). 400<Re<2200, 1,25<Prg/Prs<1,71, 9,7-10°<GrPr<34-10° appropriate at
intervals. Calculation error £2%.

Turbulent flow mode. Experimental results on the coefficient of hydraulic resistance of the hot
water pipe in the turbulent flow regime of the warm floor pipe at different location steps and at
different hot water temperatures are shown in Figure 1.4, and the experimental results on pressure
loss and pumping power are presented.
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a-s=100 mm; 0-s=150 mm; B-s=200 mm; r-s=250 mm; 1-s=300 mm;
1-tyater = 35°C; 2-tqrer = 40°C; 3-tyater = 45°C; 4-t,, qrer = 50°C

Figure 1.4. Variation of the coefficient of hydraulic resistance in the turbulent flow regime
depending on the placement step of the warm floor pipe and the temperature of the hot water

The analysis of the results of the hydraulic resistance coefficient presented in Figure 1.4 shows that
the hydraulic resistance coefficient of the warm floor pipe is significantly dependent on the pipe
layout step and the hot water temperature, and the hydraulic resistance coefficient increases as the
pipe layout step decreases and the hot water temperature increases. According to the experimental
results, the hydraulic resistance coefficient is 0.036...0.042 when the placement step is 100 mm in
the turbulent flow mode, 0.035...0.41 when it is 150 mm, 0.034...0.040 when it is 200 mm,
0.033...0.039 when it is 250 mm, 300 mm, it was found to change in the range of 0.032...0.038.

The experimental results obtained on the hydraulic resistance in the turbulent flow mode were
processed and the following empirical correlations were obtained at different placement steps of the

pipe.:
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s = 100 mm when:

0,258 (Prg)%29°
§ = o (59) (1.15)
s = 150 mm when:

0,259 (Prg\%297
§ = oo (39) (1.16)
s = 200 mm when:

0,26 (Prg\9%298
§ = Re0.216 (P_r_c:) (117)
s = 250 mm when:

0,262 (Prg\%3
§ =22 (p_rd) (1.18)
s = 300 mm when:

0,263 (Prg)%301
§ = rooms (32) (1.19)

In the generalized case, the following equation was obtained:

0,252 (m)0,298 (120)

S Re0.21750,019 \ py,

Equation (1.20) derived from the above equations 10000<Re<14000, 1,25<Prq/Prs<1,71 appropriate
at intervals. Calculation error £2%.

Assessment of adequacy of theoretical and experimental results of hydrodynamic research.
Adequacy was assessed by Fisher's criterion [22]:
52,

Fcal = g (121)

where S, -is the adequacy dispersion of the models; S,, - is the variance of mutual proximity of y
quantities

Adequacy variance:

S, (=9
Saa = === (1.22)

where y - is a theoretical function; y - is the desired function; f; -is the number of degrees of
freedom.

Mutual proximity variance:

-9
§2 = 2=y (1.23)

n-1
here y —y Arithmetic mean value of; n — number of observations.

Figure 1.5 shows a comparison of the theoretical and experimental results obtained for the
determination of hydraulic resistance in laminar and turbulent flow regimes in a pipe.
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Figure 1.5. Comparison of theoretical and experimental results obtained on hydraulic
resistance in laminar and turbulent flow regimes

Confidence Probability from Table of Fisher's Criterion Values P=0,99, degrees of freedom f; = 95
and number of observations n = 99 suitable for the case Figp. = 0,62 we find the value.
Calculated value of the Fisher criterion for the formula (1.14). F.qicuiation = 0,3. Calculated value
of the Fisher criterion for the formula (1.20). F.qcuiation = 0,13. It can be seen that in both cases
Foa1 < Frapies SO the model is adequate. Empirical correlations obtained for determining the
hydraulic resistance in warm floor pipes are fully adequate with the experimental results, and they
can be used to evaluate the hydrodynamic efficiency of the warm floor system with solar collectors
in different flow regimes of hot water.

Summary.

1. The influence of the temperature of hot water moving from the warm floor pipe and the step of
the pipe placement on the coefficient of hydraulic resistance, pressure loss in the pipe and pump
power was experimentally studied in laminar and turbulent flow modes of hot water. According
to the experimental results, when the hot water temperature is 35-50°C and the pipe pitch is 0.1-
0.3m in the laminar flow mode, the heat transfer coefficient, the hydraulic resistance coefficient
is in the range of 0.024-0.109, the pressure loss is in the range of 55-612 Pa, and the pump
power is 1- It was found to vary in the range of 17 W. In the turbulent flow mode, when the
temperature of hot water is 35-50°C and the pitch of the pipe is 0.1-0.3 m, the coefficient of
hydraulic resistance is in the range of 0.032-0.042, the pressure loss is in the range of 5506-
36733 Pa, and the pump power is found to vary in the range of 6-65 W.

2. The influence of hot water temperature moving from the pipe of the warm floor pipe and the
step of placement of the pipe on the heat transfer coefficient, convective heat exchange and the
amount of transferred heat was experimentally studied. According to the results of the
experiment, it was determined that the coefficient of heat transfer in the laminar flow mode is in
the range of 0.82-2.35, the convective heat transfer is in the range of 33-92 W/(m?-°C), the
amount of transferred heat is in the range of 835-5438 W. It was determined that the coefficient
of heat transfer in the turbulent flow regime is in the range of 49-78, convective heat transfer is
in the range of 1973-3089 W/(m? -°C), the amount of transferred heat is in the range of 52883-
251348 W.
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