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Abstract

The basic concept in the design of buildings with zero energy consumption is, in addition to high-quality thermal properties of the building

envelope, also a correct and efficient system of heating and hot water preparation in residential buildings. One of the basic concepts

when designing heating systems is a zone heating system. It is a system that brings effective regulation according to heating zones. In

practice, the question sometimes arises as to whether zone regulation of individual rooms in small family houses is necessary. That is

whether in such buildings, zone heating is not an unnecessary investment cost. In this paper, we analyze the effect of zone heating in

two types of heat transfer systems on the internal operating temperature in the individual analyzed zones, which are interconnected by

an internal partition structure. It is a verification that even in smaller spaces, zone heating has a significant potential for energy savings.

Keywords

zone heating, smart control, COVID-19, operating temperature, energy performance of building

1 Introduction

Act no. 300/2012 Coll. [1] stipulates that from 01 January
2021 buildings with almost zero consumption will have to
be designed [2, 3]. A building with almost zero consump-
tion is classified in terms of energy efficiency of buildings
in energy class AO for the global indicator, which is pri-
mary energy. To achieve this category of buildings, it is
necessary to improve the building envelope from a ther-
mal-technical point of view and to find the optimal solu-
tion that ensures a balance between the costs of progres-
sive materials, technical equipment of buildings and the
overall reduction of energy consumption. One of the fac-
tors is the configuration of the building envelope on which
the energy savings depend. Except of the thermal techni-
cal properties of the building envelope, which is part of the
thermal protection of buildings, the selected heat source
for heating and hot water also has a significant impact on
the energy class of residential buildings. In this report, we
analyze, in a selected residential room, the impact of the
heating transfer system on zone heating, which is one of
the basic concepts for buildings with almost zero energy
consumption. In the analysis, we combine different types
of heat transfer to the space and monitor their impact on
air temperature and operating temperature in individual
zones that interact with each other. One zone is realized
with a heat source and the other zone without.

1.1 Smart zone heating
One of the advantages of intelligent heating is zone heating.
Fig. 1 shows the intelligent heating scheme. It is a CPUS sys-
tem. System CPUS records the real-time temperature flow
for each zone (Fig. 2). System CPUS records the real-time
temperature flow for exterior (Fig. 2). Temperatures (interior,
exterior) are recorded in the CPUS monitoring application.
The application is online and is available via the inter-
net. The whole building is controlled by heating by adjust-
ing the internal temperature of each zone. Zones are the
rooms in the building.
Intelligent systems have a future in the construction
industry. This is touchless driving, which is very advan-
tageous in the current time of the COVID-19 pandemic. It
is not just intelligent heating but also comprehensive intel-
ligent building control. Control heating, lighting, cooling,
ventilation, and other equipment. Since the 1980s, smart
buildings have aroused the interest of researchers. This
continuous evolution has led to the more frequent use of
the expression "smart buildings". Although this term has
evolved since the 1980s, there is still no consensus on how
to define the intelligence of a building [4]. The concept of
smart buildings has received several definitions and inter-
pretations. Several researchers [5—8] have emphasized the
term intelligent building, while others [9—12] have empha-
sized the term smart building. In addition to intelligent
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Fig. 1 Diagram of the heating system in the apartment - control system
CPUS

Fig. 2 Temperature sensors; A - Internal temperature sensor;

B - External temperature sensor - Weather station

building comes to the fore the concept of smart cities. The
concepts "smart city" and "smart building" emerged in the
1980s [13] and evolved similarly.

1.2 Heating systems
Thermal performance of building envelopes has noticeably
improved during last decades and therefore the heating
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load has fallen distinctly. That enables reduction of heat
transfer areas or alternatively a decrease in the tempera-
ture of the heating medium. One of the systems suitable
for low-temperature heating is floor heating. But the tem-
perature of the floor surface is limited due to thermal com-
fort reasons. Another system is the use of classic radia-
tors. Therefore, the heat transfer area must be much larger
than in case of traditional convection radiators [14, 15].
In this study, these two heating systems were analyzed. It
is underfloor heating and heating with conventional radi-
ators. We monitor their interaction and the effect on the
resulting air temperature.

2 Description of the analyzed model

A zone with a floor area of 16.0 m? and a volume of 42.4 m?
was selected for the given analysis. This is a zone that rep-
resents a standard residential room in a family house. For
a given CFD simulation, two zones were modeled. One
zone is considered to be heated with a transfer heating sys-
tem in two alternatives. The first alternative is to transfer
heat to the space by means of a wall radiator placed under
a transparent structure, and the second alternative is under-
floor heating built into the floor. The zone on the left is then
unheated (Figs. 3 and 4). The mutual interaction between the
individual zones is considered, which was also considered in
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Fig. 3 Model geometry of individual simulated zones (heated and

unheated zones) - Floor plan
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Fig. 4 Model geometry of individual simulated zones (heated and
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the simulation. Individual envelope constructions (ceiling,
perimeter wall, floor and transparent constructions) were
designed from the thermal technical point of view so that
they meet the criteria of recommended values which are set
in the standard STN 73 0540-2:2012 [16].

2.1 Thermal properties
For the perimeter wall the value is U, = 0.22 W / (m*K),

transparent structures are defined by the value
U, viow = 090 W / (m* K) (partial values for glazing

U, = 0.60 and for frame U, = 1.00 W/ (m? K)). In order to
be able to analyze the interaction of the heated zone and
the unheated zone, it is necessary to determine the ther-
mal properties of the partition, non-load-bearing structure.
For the analysis of the interaction of both zones, their ther-
mal properties were considered in two alternatives. The
first alternative is a partition hr. 150 mm with a coefficient
of thermal conductivity 4 = 0.13 W / (m K), so we meet
the requirements of the standard for the partition between
flats U, ..., = 0.75 W/ (m? K), - (in practice, this material
occurs as a ceramic fired brick) and the second alternative
is a partition 150 mm with A = 1.58 W / (m K) - (in practice
this material occurs as a reinforced concrete structure).

2.2 Description of individual variants
For a given CFD simulation, two zones were modeled. One
zone is heated with a heating system in two alternatives:
1. The first alternative is to transfer heat to the space by
means of a wall radiator placed under a transparent
structure and
2. the second alternative is underfloor heating, built
into the floor.

The mutual interaction between the individual zones is
considered, which was also considered in the simulation.
The second zone is considered without heating. In addi-
tion to the change of the heating system, the thermal tech-
nical properties of the internal partition between the zones
are changing.

3 Calculation methodology

The FLOVENT simulation program was used for the
given analysis. FLOVENT [15] is a powerful fluid dynam-
ics (CFD) software that predicts 3D airflows, heat trans-
fer, optimization of heating, ventilation and air condition-
ing (HVAC) systems, and more. In our paper, the analysis
of the impact of a heated zone with two alternatives of heat

transfer, with two alternatives thermal technical proper-
ties of the non-load-bearing partition and with different
intensity of air exchange to the unheated zone. This analy-
sis is intended to confirm that heating in buildings cannot
be properly regulated unless zone-based heating is used.
The thermal technical requirements of the heat exchange
package, the orientation of the transparent structures, the
thermal and accumulation properties of the partitions
between the individual zones, the user himself, the ven-
tilation of the rooms, the heating system and especially
the heat transfer to the room have a significant influence
on zone heating. The air exchange intensity for the indi-
vidual zones was determined successively with values of
n=0.10; 0.30 and 0.50 1 / h.

3.1 Simulation CFD analysis of the interaction of
heated and unheated zones

The simulation was carried out with the geometric, material
and boundary conditions described above, exterior air
temperature —11.0 °C, one perimeter wall, partitions,
ceilings and a heating system ensuring thermal comfort of
the space in the floor heating version with a system capacity
0f28.0 W/ m? (a total 0f 496.0 W) and a wall radiator with a
capacity of 375.0 W. The energy requirement for infiltration
n=0.501/his 127.0 W heat loss and 221.0 W ventilation,
a total of about 348.0 W (see in Fig. 5).

3.2 Results of the analyzed interaction of individual
zones in the simulation

Figs. 6-9 show cross-sections of both temperatures, both
zones, with different combinations of the individual alter-
natives. Comprehensive results from all these combinations
of heated and unheated zone solutions are shown in Table 1.
Figs. 6 and 7 show the results of the distribution of air tem-
perature and operating temperature. It is underfloor heat-
ing. The air exchange rate is set at 0.1 1/ h and the partition
changes. In the first case, partitions made of concrete and in
the second one partitions made of ceramic brick are used. In
the Figs. 8 and 9, the air exchange rate is 0.5 1/ h.

Figs. 10 and 11 show the results of the distribution of air
temperature and operating temperature. It is heating radia-
tor. The air exchange rate is set at 0.1 1 / h and the partition
changes. In the first case, partitions made of concrete and in
the second one partitions made of ceramic brick are used.
Figs. 12 and 13 show the results of the distribution of air
temperature and operating temperature. It is heating radia-
tor. The air exchange rate is set at 0.5 1 / h and the partition
changes. In the first case, partitions made of concrete and in
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Fig. 5 Model of individual zones (heated and unheated) from the
FLOVENT program

Fig. 6 Temperature display for underfloor heating with air exchange
rate n =0.10 1 / h and the partition of the dividing zone is made
of reinforced concrete - A = 1.58 W / (m K); A - Air temperature;

B - Operating temperature

the second one partitions made of ceramic brick are used.
The radiator is located in the heated zone under the window.

Tables 1 and 2 and Figs. 14 and 15 show the results from
the average air temperature in individual zones for both
heating variants.
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Fig. 7 Temperature display for underfloor heating with air exchange rate
n=10.10 1/ h and the partition of the dividing zone is made of ceramic
brick - 1=0.13 W/ (m K); A - Air temperature; B - Operating temperature
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Fig. 8 Temperature display for underfloor heating with air exchange
rate n=0.5 1/ h and the partition of the dividing zone is made

of reinforced concrete - 1 = 1.58 W / (m K); A - Air temperature;

B - Operating temperature

24
22
20
18-

16
14
12

Fig. 9 Temperature display for underfloor heating with air exchange rate

n=0.51/h and the partition of the dividing zone is made of ceramic
brick - 1=0.13 W/ (m K); A - Air temperature; B - Operating temperature
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Fig. 10 Temperature display for heating radiator with air exchange

rate n = 0.10 1 / h and the partition of the dividing zone is made
of reinforced concrete - 1 = 1.58 W / (m K); A - Air temperature;
B - Operating temperature
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Fig. 11 Temperature display for heating radiator with air exchange rate
n=0.10 1 /h and the partition of the dividing zone is made of ceramic
brick - 2=0.13 W/ (m K); A - Air temperature; B - Operating temperature
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Fig. 12 Temperature display for heating radiator with air exchange
rate n = 0.50 1/ h and the partition of the dividing zone is made
of reinforced concrete - 1 = 1.58 W / (m K); A - Air temperature;

B - Operating temperature
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Fig. 13 Temperature display for heating radiator with air exchange rate
n=10.50 1/h and the partition of the dividing zone is made of ceramic
brick - 2=0.13 W/ (m K); A - Air temperature; B - Operating temperature

Figs. 16 and 17 show the airflow for both analyzed
variants.

4 Discussion

Temperature control according to one building thermo-
stat is inefficient in net zero energy buildings. Zone tem-
perature control must be designed to achieve low energy
consumption. Such a system can dynamically regulate
the heat source and thus save energy. One of the control
systems is intelligent control according to the set tem-
perature, humidity, or CO, concentration. Zone manage-
ment also provides benefits during a COVID pandemic.
Everything is controlled centrally and without touch.
Therefore, we recommend designing buildings with net
zero energy demand as intelligent buildings. Experiments
are currently underway on the problem of zone tempera-
ture control. Based on the experiment, verifications and
results will be published. The simulation results confirm
that zone control is required.

5 Conclusion

As can be seen from the previous results, zone heating
has a significant effect on the temperatures in the zones.
The presented results prove that if two rooms were placed
next to each other, one of which is heated and the other is
not, the unheated one would be significantly subcooled -
with a decrease in operating temperature of up to about
3.3 K for concrete and even up to 7.5 K at the brick parti-
tion, against the heated room. The simulations have also
shown that underfloor heating decreases the air tempera-
ture in the version of the reinforced concrete partition
by 2.1 K and in the case of bricks by up to 4.6 K as the
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Table 1 Average air temperature in the zone

Average air temperature in the zone (°C)

é Partition - 150 mm brick Partition - 150 mm concrete
é Heating system
S air exchange rate (1 / h) air exchange rate (1 / h)
n=0.10 7n=030 »=0.50 n=0.10 n»=030 n=0.50
9 o Underfloor heating (power 28.0 W/m?) 24.33 22.09 19.72 21.98 20.39 18.91
S8
= Y Radiator (power 375.0 W) 2191 21.62 20.72 21.52 21.38 20.39
:§ » Underfloor heating (power 28.0 W/m?) 16.91 14.80 12.81 18.86 17.19 16.08
S =
20
5 N Radiator (power 375.0 W) 16.26 14.29 12.53 18.32 16.99 15.93

Table 2 Average operating temperature in the zone

Average operating temperature in the zone (°C)

é Partition - 150 mm brick Partition - 150 mm concrete
é Heating system
S air exchange rate (1 / h) air exchange rate (1 / h)
n=0.10 n=030 n=050 n=0.10 n=030 n=0.50
2 , Underfloor heating (power 28.0 W/m?) 24.89 22.84 21.95 22.35 21.10 19.91
S5
T ™ Radiator (power 375.0 W) 21.36 21.00 20.03 20.88 20.61 19.74
g o Underfloor heating ( power 28.0 W/m?) 17.21 15.26 14.67 19.03 17.81 16.84
3 =
295
5 ™ Radiator power 375.0 W) 16.51 14.80 13.25 18.57 17.62 16.71
26.0 = - 26,0
& Hzatzd zonz - Underfloor heating B Heated zone - Underfloor heating
25': T ® Hzated zone - Fadiator o EEE 1 ® Heated zone - Radiator -
* Unheatad zone- Underfloor heating = Unheated zone - Underfoor heating
240 1+ m Unheated zone- Radiator F 240 4 mUUnheated zone - Radiator B
23.0 230 ]
20 0—§ g 22, -
21,0 L 21,0 ® & o '
o ] ® o
2 200 20,0 & U
H a =
£ 15,0 9 o £180 '
2180 L 180 -
= =
= 17.0 - 2170
£ 170 @ - 2170 —: e
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Fig. 14 Results of the analyzed interaction of individual zones in the

simulation

Fig. 15 Results of the analyzed interaction of individual zones in the

simulation
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Fig. 17 Air flow - underfloor heating

infiltration increases (from 0.10 to 0.50 1/ h). If there was a
thermostat in only one of the rooms, it would lead to signif-
icant discomfort. From the point of view of the efficiency
of the whole heating system, it turns out that the radiator
is more suitable, because for example when exchanging air
n=0.50 1/h it requires an energy capacity of 375.0 W to

maintain the identical air temperature of +20.72 °C (while
the underfloor heating "requires" 496.0 W). It is neces-
sary to design smart solutions not only for the heating sys-
tem but for the entire building. This is necessary in this
COVID-19 pandemic. Everything is controlled by the sys-
tem itself without touching individual devices.
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