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The building as a single energy system represents not just a set
of elements of fencing structures and engineering equipment,
but a certain combination of them. The object under the study
was the sports hall. During the simulation the calculation model
of energy, viscous and radiation were chosen. Comparison of
thermal conditions of the premises with different heating
methods confirmed that direct heating of the halls is a more
appropriate form comparing to the radiator heating. The
developed models allow to carry out an estimation of
observance of comfortable conditions in the premises, to carry
out the analysis of the thermal balance of the premises
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1 INTRODUCTION

According to the International Energy Agency, the majority of
the world's population approximately 80% of the time is located
on different premises, which consumed around 40% of world
energy production. The building as a single energy system
represents not just a set of elements of fencing structures and
engineering equipment, but a certain combination of them,
which gives the entire system as whole new qualities, which are
absent in each individual element [Aste 2017]. Provision of
certain thermal conditions in areas of a building involves the
coordination of interacted and interconnected heat flows in a
complex energy system characterized by a variety of constituent
elements (enclosing structures and engineering systems) [Gul
2018]. Each of these components can be as an energy consumer
and as producer [Duplakova 2016]. Solving the problem of
increasing the energy efficiency requires taking into account
with a large number of factors and it is necessary to improve the
methods of evaluation and control of the energy efficiency level
of the operation of heat supply systems [Stefanenko 2018].

According to world practice, in order to increase the efficiency
of heat energy utilization in buildings, energy audits are carried

out [Panda 2014]. These audits require a large number of labor-
intensive measurements, thermal calculations, comparison of
different options and the choice of the most efficient one [Zajac
2004]. Therefore, in world practice, numerical computer
simulation methods are widely used. They allow to considering
a large number of options during the design and choose the best
terms of energy efficiency, comfort and safety [Krenicky 2010,
Murcinkova 2013]. Also, these methods allow to simulate
existing objects, evaluate the effectiveness of their work and find
ways of modernization [Sotnik 2015].

1. MATERIAL AND METHODS

The object under the study was the sports hall of the Faculty of
manufacturing technologies with the seat in Presov. For a
numerical experiment, a three-dimensional model of the room
was created and approximated to real conditions [Pavlenko
2019].

Following simplifications (idealization of the model) were taken
[Schachner 2018]: the influence of small objects of the interior
was not taken into account, not taking into account the presence
of heating pipes. The heat sources of the hall are eight radiators.

The calculated area in this task is the internal volume of the sport
hall, including its filling objects. An unstructured hexagonal grid
was chosen for the calculated area, which accounted for
approximately 1 mil cells. This type of grid was chosen due to the
fact that this geometric model of the calculated region
represents a set of sufficiently correct elementary volumes for
which an ordered block structure is acceptable. An example of
the generated mesh is in Figure 1.

Figure 1. Mesh of the model

According to the literature the temperature in the sport hall
must be around 18°C to satisfy the conditions of the comfort
being [Straka 2016]. The outdoor temperature was 0°C what is
appropriate for the winter conditions in the eastern Slovakia
climate [Flimel 2015].

Thermal characteristics of the windows, walls, floor and ceiling
were chosen according to their technical documentation.

Table 1. Boundary conditions of the simulation

Ne Boundary Condition Value

1 Floor Heat Transfer 0.37 (6°C)
Coefficient W/m2K

2 Ceiling Heat Transfer 0.6 (0°C)
Coefficient W/m2K
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3 Walls Heat Transfer 1.2 (0°C)
Coefficient W/m2K

4  Windows Heat Transfer 1.6 (0°C)
Coefficient W/m2K

5 Doors Adiabatic -

6  Radiators Heat flux 1000 W

7 Inlets Velocity inlet 0.25 m/s

(20°C)
8 Outlets Pressure outlet -

During the simulation the calculation model of energy, viscous
and radiation were chosen [Dobakova 2018]. Model of gravity
was used according to the conditions of the process of free
(natural) convection in a closed volume, which could be
calculated due to the action of mass (volume) forces [Ascione
2017]. The model of air displacement in the calculated region
was described by the Navier-Stokes equations averaged over the
Reynolds number [Mikeska 2015].

2 SIMULATION

The simulation of the original heating system of the research
object was made in ANSYS 19.0. As a setting for FLUENT it was
used the energy equation model, standard K-epsilon model and
radiation pl model [Jandacka 2015]. The results of the
simulation are presented at the Figure 2. The original heating
system simulation means the heating via classic radiators which
are installed below each window at the wall in front of the
enter/exit. According to the conditions of the natural convection
the boundary conditions for inlets and outlets were chosen as
for ceiling.

The upper part of the Figure shows the temperature contours
across the hall in ZY axis. The lower part of the Figure shows the
temperature contours across the hall in XY axis [Varga 2017].
According to the simulation results the volume average
temperature inside the sport hall is approximately 292 K. The
main heat source are classic radiators with the 1000 W/m2
power. The major part of heat is going out through the walls
(30%), windows (40%) and ceiling (30%) as they are in direct
contact with the outside air. The temperature difference
between the floor and 2 m high air layer is 0.8°C what is
appropriate according to the EN 12831.
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Figure 2. Original simulation results. Temperature contours

The graphic results of air streams of natural convection are at
the Figure 3.
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Figure 3. Original simulation results. Velocity vectors

The upper part of the Figure shows the air velocity vectors across
the hall in ZY axis. The lower part of the Figure shows the air
vectors across the hall in XY axis. According to the simulation
results the sport hall can be divided by two main parts of the air
flow type to understand air circulation.
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Figure 4. Alternative simulation results. Temperature contours

The first part represents area form the vertical axis to the wall
with radiators. In this part the due to natural convection process
air which heated near the radiators are going up to the ceiling
where it cooling due to the temperature differences inside and
outside the hall. After a heated air cooled it going down where it
divided by two parts. The first one goes to the radiator where it
heated again, while the other one goes to the opposite wall and
in such way make a second circulation area in the hall.

The second part represent the air circulation in the left part,
according to the Figure 3. In this part the circulation is forced by
the cooler air from the right part. Due to radiators location the
left part of the hall has slightly lower temperature so air at this
part still have lower temperature and higher density comparing
with the air in the right part what results convection at this part
of the hall.

As an alternative heating system it was proposed the heat
recovery ventilation with the option of preheating fresh air. The
simulation of the alternative heating system of the research
object was made in ANSYS 19.0. As a setting for FLUENT it was
used the energy equation model, standard K-epsilon model and
radiation pI model. The results of the simulation are at the
Figure 4. The upper part of the Figure shows the temperature
contours across the hall in ZY axis. The lower part of the Figure
shows the temperature contours across the hall in XY axis.
According to the simulation results the volume average
temperature inside the sport hall is approximately 291 K. The
main heat source is HRV unit.

The major part of heat is going out through the walls (30%),
windows (40%) and ceiling (30%). The temperature difference
between the floor and 2 m high air layer is 0.3°C what is
appropriate according to the EN 12831.

Nevertheless, the alternative heating system has lower power
consumption 12KW comparing with the approximately 16KW of
the original system.
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Figure 5. Alternative simulation results. Velocity vectors

The upper part of the Figure shows the air velocity vectors across
the hall in ZY axis. The lower part of the Figure shows the air
vectors across the hall in XY axis. According to the simulation
results the sport hall can be divided by two main parts of the air
flow type to understand air circulation. Obviously, that whole air
circulation map has totally change comparing with original state.

The first part represents area form the inlet nozzles to the wall
with doors. In this part the heated air flows into the hall through
the nozzles installed at the ceiling. The air velocity of the fresh
air at the inlet is 0,25 m/s while at the 2 m high level it reduces
to 0.1-0.15m/s, what is appropriate according to the EU norms.
At the floor the stream divided by two part. One of this part
circulate at the volume between the inlet stream and wall while
the other one goes to the opposite wall and in such way make a
second circulation area in the hall.

The second part represent the air circulation in the right part,
according to the Figure 5. In this part the circulation is forced by
the fresh air from the inlet stream and also owing to the
circulated air. The main process of the right part is removal of
the exhausted air from the sport hall.

Owing to the higher intensity and direct distribution of the heat
flows to the ground level the alternative heating system is more
effective as original one.

3 MEASUREMENTS AND DISCUSSION

A series of measurements were made to approve the results of
the simulation.
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Figure 6. External day temperature

To validate the results of the simulation was chosen a day — 2nd
of February 2018 as the exterior air temperature in working
hours was the approximately the same -2 —0.5°C (average 0°C).

Internal thermometer was placed on the wall at 1.6 m high
between the windows. According to the measured data average
temperature inside the hall was 17 — 18°C during the day.
According to the measured data was chosen the boundary
condition parameters as well as the validation of the original
heating system.

4 CONCLUSIONS

The designed model of the sport hall of the Technical University
in Kosice in the ANSYS software system allow us to estimate the
parameters of the thermal state, namely: to obtain the
distribution of temperature fields, fields of air velocity;
determine the value of heat fluxes on the surfaces of structures;
establish the presence of stagnant zones and vortices in the
premises.

2. The developed models allow to carry out an estimation of
observance of comfortable conditions in the premises, to carry
out the analysis of the thermal balance of the premises, as well
as calculations of the efficiency for different methods of
regulation and evaluation of energy saving measures.

2. Comparison of thermal conditions of the premises with
different heating methods confirmed that direct heating of the
halls is a more appropriate form comparing to the radiator
heating. HRV units distribute warm fresh air directly to the
necessary areas (human etc.) so there is no need to heat the
ceiling.
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