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Abstract

In this study, a computer model was developed in Comsol Multiphysics to determine and evaluate the temperature
distribution in a panel-radiant heating system with a heated floor. A panel-radiant heating system consisting of a
concrete layer with dimensions of 4 x 3.3 x 0.1 m® was selected, and copper pipes with an inner diameter of 2 cm and
total lengths of 64.84 m and 64.24 m were installed within this volume. Water was used as the heat carrier. The
calculations revealed that in the second configuration, the temperature distribution on the surface of the panel-radiant
heated floor system is relatively uniform and does not exceed the required value.
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1. Introduction

Due to the rapid growth of the global population, residential buildings, and industrial enterprises, the demand for fossil
fuel energy sources such as natural gas, coal, and oil has sharply increased. Consequently, the reserves of these
underground resources are depleting at an alarming rate. The combustion of fossil fuels, classified as underground
resources, significantly increases the concentration of greenhouse or toxic gases such as NOz, SOz, and CO2 in the
atmosphere. These gases may lead to a deviation of the average global temperature from desired levels and result in a
sharp rise in toxic gas concentrations in the air [1].

The rapid growth of the global economy and the continuous improvement of living standards have progressively
exacerbated global energy crises and environmental pollution [2]. Residential buildings account for 30-40% of total
global energy consumption [3]. In Uzbekistan, 40% of total energy consumption is attributed to energy losses from
residential buildings and apartments [4], which indicates that the amount of heat energy consumed in residential
buildings is 2-4 times higher than in certain developed countries [5].

To achieve the required indoor thermal comfort, various heating systems can be employed, such as forced air heating,
seat-based heating, radiant floor heating with panels, and convector heating. However, relative humidity poses risks to
the objects placed within the room [6]. Over the years, various solutions to these issues have been developed, and
utilizing renewable energy sources has emerged as a promising direction. Renewable energy sources include solar,
wind, geothermal, hydropower, and more. Among them, solar energy is preferred for its cost-effectiveness, availability
in most regions worldwide, minimal environmental impact, ease of use, efficiency, and high technical potential. Studies
suggest that by 2050, the share of solar energy used for heating buildings will significantly increase [7].
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Radiant floor heating systems efficiently provide thermal comfort, maintain consistent vertical room temperatures, and
ensure a uniform temperature distribution. This is due to the optimal angular coefficient of radiant floors compared to
other surfaces such as ceilings, windows, and walls. Consequently, radiant floor systems allow for nearly uniform
temperatures across vertical layers and horizontal surfaces, outperforming other heating methods [8-9].

In recent years, solar heating systems based on renewable energy, integrated with radiant floor heating systems, have
gained widespread adoption across various sectors for heating residential and commercial buildings. A major advantage
of these systems is their ability to create comfortable indoor temperatures across horizontal and vertical layers while
utilizing low-temperature heat carriers. When coupled with parabolic solar concentrators, radiant floor heating can
reduce annual energy consumption by up to 26%, with a payback period ranging from 18 to 22.5 years, depending on
heat loss prevention measures [10-12].

AlJ. Verner-Juszczuk [13] analyzed the effect of aluminum layer thickness on lightweight radiant floor heating systems
using ANSYS Steady-State Thermal Solver (Workbench 19.2). Aluminum thicknesses between 0.1 mm and 0.5 mm were
evaluated for water temperature, pipe spacing, and constructions. Results indicated that water temperatures of 25-30°C
with 0.3-0.5 mm aluminum layers are effective for tiled structures, while temperatures of 25-35°C with 0.3-0.4 mm
aluminum layers are optimal for wooden structures.

R.M.S.F. Almeida etal. [14] experimentally and digitally simulated radiant heating systems, assessing various materials,
floor coverings, and coating solutions. They found a 15% efficiency difference in surface temperatures due to coating
materials.

Low-temperature radiant heating systems [15] were compared to conventional radiators and three radiant floor
heating modes, with calculations verified by laboratory measurements. The energy consumption for radiant heating
exceeded that of radiators, with a significant energy consumption difference of up to 23.2%-24.8% in nearly zero-energy
buildings.

In recent years, the use of radiant floor heating and cooling systems for residential buildings, shopping complexes, and
educational institutions has advanced significantly. For instance, in Europe, 50-60% of newly constructed buildings
utilize radiant floor heating and cooling [16].

To support energy simulations, a radiant heating and cooling model has been developed. A. Laouadi [17] evaluated
radiant floor systems as a promising technology to reduce energy costs and enhance thermal comfort in energy-
intensive buildings. These systems aim to lower thermostat temperatures during winter and raise them during summer,
offering substantial energy savings compared to conventional systems. Some studies show that radiant heating can
achieve energy savings exceeding 30% [18-20].

In addition to energy savings, radiant floor heating systems provide superior thermal comfort, making them efficient
and advantageous [21-22]. About 64-67% of heat transfer in these systems occurs via radiation, while 33-36% is due
to natural convection [23]. This ensures consistent temperature distribution within the space and reduces cold air
movement [24-25]. Furthermore, radiant floor heating systems save space, enhance interior design aesthetics, and
eliminate noise issues, making them highly desirable [26].

Yongqgiang Luo, Ling Zhang et al. [27] examined the dynamic thermal performance of radiant floor systems, optimizing
design by considering aluminum panel conductivity, insulation thickness, electrical resistance, and Seebeck coefficient.
They concluded that aluminum panel thicknesses of 1-2 mm, insulation thicknesses of 40-50 mm, and consistent
placement of thermoelectric modules (TEMs) on radiant floor surfaces yielded optimal results.

Several effective practices have been developed for radiant floor systems, including geometric optimization, efficient
pipe layouts, condensation drainage systems, and personalized heating zones within large areas. These aspects, along
with the system's advantages and limitations, have been analyzed [28].

This study investigates the thermal distribution and different configurations of radiant floor systems.

2. Material and methods

Mathematical model. The temperature distribution in the radiant floor heating system was calculated using a
computer model developed in the Comsol Multiphysics software environment [29]. The computer model is based on
the following equations. The energy equation for a solid concrete structure is expressed as follows:
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here p-density; Cp,- heat capacity; T- temperature; t-time; u-velocity; Q-heat quantity.

q = —kVT IR )

here g- heat flow; k- thermal conductivity coefficient.

The energy equation for the pipe is expressed as follows:

T 1 pA
pACpE + pACpue; - Vi T = Vi (AkV,T) + EfD a [ulu® + Q + Quanr - - 3)

here fy- hydraulic resistance; d;,- hydraulic diameter; A- cross-sectional area.

The initial and boundary conditions for these equations are as follows:

The velocity of the heat carrier entering the pipe is 0.1 m/s.

At the initial time, the system temperature is 20°C (Figure 1).

The thermophysical parameters of the radiant floor heating system elements were adopted based on Table 1.
The indoor air temperature is 20 °C.

The heat carrier temperature at the system inlet is set to 90°C and 55°C.

The relative error in the calculations was assumed to be 0.01.

To solve equations (1)-(3), the study object was discretized into finite elements in the Comsol Multiphysics
environment. The total number of elements was 16,142. The computation, performed on a computer with a 2.10 GHz
processor and 32 GB RAM, took an average of 1,726 seconds.

The following sequence is used for modeling the research object in the Comsol Multiphysics environment:

Using the “Model Wizard” command, the modeling dimension is selected first. The dimension can be one-
dimensional, two-dimensional, or three-dimensional, depending on the physical processes occurring in the
research object.

The “Select Physics” command is used to choose the model for the physical processes occurring in the research
object.

The “Select Study” command is used to define the time dependency of the process. The process can be
stationary or non-stationary.

In the “Global Definitions” section of the “Model Builder”, the “Parameters” section is used to input
constants or parameters related to the research object.

The “Geometry” section is used to draw the geometric shape of the research object.

In the “Materials” section, materials are assigned to the components of the research object.

Boundary conditions are applied for the selected physical models.

Using the “Mesh” command, a mesh is selected for the research object.

In the “Study” section, the computation type is chosen, and the calculations are performed.

In the “Results” section, the obtained results are presented in various graphical formats, and data is generated
for further analysis.

Description of the research object. For the calculations, a radiant floor heating system (heated floor) consisting of a
concrete layer with dimensions of 4 x 3.3 x 0.1 m® was selected. The inner diameter of the pipe used is 2 cm, with a total
pipe length of 64.84 m for version 2a and 64.24 m for version 2b. The thermal-physical properties of the concrete and
pipe are presented in Table 1. The temperature-dependent values of the thermal-physical properties were interpolated

and utilized in the calculations using the Comsol Multiphysics software.
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Table 1 Thermal-physical properties of materials [30].

Specific heat capacity,

Material | Thermal conductivity coefficient, W/(m- K) Density, kg/m3
J/ (kg K)

Concrete | 1.8 880 2300

Copper 1.75 840 2400

The pipe is placed at the center of the concrete along its height and is installed in two different configurations (Figure
3a and 3b). Water was used as the heat transfer fluid inside the pipe. Changes in the thermophysical properties of water
with temperature variations were taken into account.

3. Results and discussion

Figure 1 shows the underfloor heating section of the panel radiant heating system under investigation. The
temperatures on the surface of the underfloor heating system at the end of the calculations are presented in Figure 2 (a,
b, ¢, d). A comparison of the figures reveals that, under the given boundary conditions, the temperature distribution
across the entire surface is more uniform in Figures 2b and 2d compared to Figures 2a and 2c.

The temperature distribution along the length of the pipe at the end of the calculations is shown in Figure 3a and 3b.
When the inlet water temperature is 90 °C and the flow velocity is 0.1 m/s, the outlet water temperature is 45.9 °C in
the configuration shown in Figure 2a and 43.9 °C in the configuration shown in Figure 2b. On the surface of the
underfloor heating, the maximum temperature is 87.9°C and the minimum temperature is 14.9 °C in Figure 2a, while in
Figure 2b, the maximum temperature is 87.9 °C and the minimum temperature is 15.9 °C. The total amount of heat
transferred per second is 5816 ] in the configuration shown in Figure 2a and 6080 ] in the configuration shown in Figure
2b. It is evident that when the temperature of the water entering the pipe is 90 °C, the surface temperature of the
underfloor heating exceeds the required level [31].
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Figure 1 The panel radiant heating system in its initial state
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Figure 2a The arrangement of pipes in the first configuration for panel radiant heating, as well as the visualization for

the case where the inlet temperature is 90 °C
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Figure 2b the arrangement of pipes in the second configuration for panel radiant heating, as well as the visualization

for the case where the inlet temperature is 90 °C.
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Figure 2c. The arrangement of pipes in the first configuration for panel radiant heating, as well as the visualization for
the case where the inlet temperature is 55 °C
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Figure 2d. The arrangement of pipes in the second configuration for panel radiant heating, as well as the visualization
for the case where the inlet temperature is 55 °C

The temperature distributions of the panel radiant heating system were examined above. In the panel radiant heating
system, when the temperature of the heat transfer fluid (water) entering the underfloor heating pipe is 55 °C, as shown
in Figure 2c, the minimum temperature is 18.9 °C and the maximum temperature is 53.9 °C. In Figure 2d, the minimum
temperature is 15 °C and the maximum temperature is 54 °C. In this case, when the temperature of the heat transfer
fluid (water) entering the pipe is 55 °C, the average surface temperature of the underfloor heating does not exceed the
required value.
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Figure 3a Temperature distribution in the pipes of the first configuration installed in the panel radiant heating system
at the end of the calculation
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Figure 3b Temperature distribution in the pipes of the second configuration installed in the panel radiant heating
system at the end of the calculation

4, Conclusion

In the research, the COMSOL Multiphysics computer software was used. A panel radiant heating system (underfloor
heating) consisting of a concrete layer with dimensions of 4x3.3x0.1 m® was selected, and copper pipes with an inner
diameter of 2 cm, a total length of 64.84 m, and 64.24 m were placed within this volume. Water was used as the heat
transfer fluid in the calculations. Copper pipes were placed inside the underfloor heating layer under two conditions,
and the temperature distributions on their surfaces, as well as the temperatures along the lengths of the copper pipes
within the underfloor heating system, were investigated. When the temperature of the incoming water in the pipes was
90 °C, the maximum temperature was 87.9 °C and the minimum temperature was 14.9°C, as shown in Figure 2a, while
in Figure 2b, the maximum temperature was 87.9 °C and the minimum temperature was 15.9 °C. This indicates that
when the temperature of the heat transfer fluid (water) entering the underfloor heating pipe is 90 °C, the surface
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temperature of the underfloor heating exceeds the required level, leading to a disruption in comfort conditions. When
the temperature of the heat transfer fluid (water) entering the pipe is 55 °C, as shown in Figure 2¢, the minimum
temperature is 18.9 °C and the maximum temperature is 53.9 °C. In the panel radiant heating system, a relatively
uniform temperature distribution across the entire surface can be observed in the variant shown in Figure 2d. Here, the
minimum temperature is 15 °C and the maximum temperature is 54 °C, and in this case, the average surface temperature
of the panel radiant underfloor heating does not exceed the required value. The calculations show that in the second
variant, the temperature distribution on the surface of the panel radiant underfloor heating system is relatively uniform
and does not exceed the required value.
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