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One of the most pressing nowadays problems is the reduction of energy costs for heat supply systems in
residential buildings and various purpose building structures. This study analyzes modern trends in en-
suring the specified microclimate parameters by various types heating systems using different types of
heating devices. Special accent is posed on the necessary correspondence between different types heating
systems and the building’s purposed use as well as its engineering systems’ operating modes for ensuring
the microclimate. Demonstrated is the impossibility of energy saving problems analysis without the heat
supply consideration from the viewpoint of special approach to systems operating at different levels. The
importance of the need for a rational choice of heating systems and devices type in the newest approaches
implementation is proven. The main criteria of heating systems classification and each heating devices
type main advantages for different operating conditions are given with the account to the housing-
communal sector buildings’ sanitary and technical systems operation modes. The article exposes main
external and internal climatic factors that affect the modes of microclimate systems operation in the
premises. Revealed is the external temperature influence on the heat supply systems operation at build-
ings of various inertia degrees. In a specialized laboratory, a study of the operation of heterogeneous
heating systems has been conducted to analyze the premises heating dynamics when bringing systems to
operating mode when using a two-period mode of buildings operation. To illustrate the data resulting, the
involved laboratory equipment main characteristics are given. According to the research results, there
were elaborated general recommendations for the use of various types heating systems for different types
of buildings in the housing and communal sector of cities and towns.
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1. Introduction

One of the most pressing nowadays problems is the
reduction of energy costs for heat supply systems in
residential buildings and various purpose building
structures, while the share of heat consumption in
housing and communal services accounts for about
50% of the total amount of heat energy produced [1].

Currently, insufficient attention is paid to justi-
fying the need for energy saving from the standpoint
of municipal energy sector innovative development,
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where the most important tasks are to ensure the lo-
west possible losses in energy consumption while
maintaining the main microclimate parameters in va-
rious types premises at the required level. This task
solution must meet the requirements of modern trends
in energy-efficient technologies maintaining safe and
comfortable conditions for consumers’ activity at the
proper level.

The energy saving problems analysis is impossible
without considering heat consumption from the stand-
point of a systems approach to devices operating at
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different levels. Coordination of these parts has a sig-
nificant impact on increasing the energy efficiency in
the municipal heat power sector and on the innovative
investment activities embodiment in energy-efficient
technologies in the municipal housing and residential
sector. This is manifested as a result of the difference
in interests of the parties involved in the innovative
process of the heat supply systems energy-efficient
technologies introducing (equipment manufacturers,
companies implementing the project, service consu-
mers, energy service services) that involves the rejec-
tion of outdated forms and methods of engineering
systems operation, as well as the formation and imp-
lementation of new approaches taking into account the
various purpose type buildings’ operation modes [2].

One of the links in the newest approaches imple-
mentation is the rational choice of the heating systems
and devices type. In recent years, various solutions for
energy-efficient microclimate provision (primarily in
the cold season) using various types of local devices
have become increasingly widespread. A rational
choice of a heating device can ensure not only the
necessary microclimate parameters maintenance, but
also reduce the costs primary energy carrier and main-
tain work in accordance with the building operation
modes.

Thus, research aimed at developing recommenda-
tions for the use of various types heating systems with
modern heating devices that take into account the spe-
cifics of various purpose buildings operation is rele-
vant and corresponds to modern trends in the deve-
lopment of energy-efficient technologies.

2. Literature review

A number of scientific papers are devoted to the
modern heat supply systems energy efficiency in-
creasing. Most of those studies conduct research in a
narrow-specialized sector of municipal heat power
engineering sector, focusing on specific systems and
buildings that they serve.

In the municipal sector, there are three main types
of heat load: heating systems; heat supply of ventila-
tion systems; hot water supply. The heat load on each
of the listed systems depends on the type of systems
and the purpose of the building. The main tool ensu-
ring microclimate parameters in the cold season are
various heating systems. They account for the main
share of heat loads in buildings [3].

Modern heating systems can be implemented in a
fairly wide sector of technical solutions. The heating

systems efficiency analysis is usually carried out ac-
cording to the following criteria: by type of coolant
(water; air; electricity); by priority type of heat trans-
fer (convective; radiation); by schematic solutions
(single-pipe; two-pipe; radiant); by type of convection
(natural; forced); by type of heating devices (radia-
tors; convectors; fan coils; underfloor heating; radiant
panels.

The main important characteristics of the heating
system in variable operating modes are inertia, decen-
tralization and power reserve. According to these fea-
tures, it is possible to analyze the effective operation
of various types heating systems and various heating
devices.

The least inertial system from the heat carrier
viewpoint is the central air conditioning system using
air as a heat carrier. These systems are able to quickly
heat the air inside the premises, but due to the low
specific heat capacity, they require the installation of
large air ducts. These systems are much convenient in
large rooms of public buildings.

Electric heating systems usually come in the form
of electric convectors and thermal radiation panels.
The convectors are quite inertial compared to panels,
but more evenly distribute the temperature inside the
room. Thermal radiation panels have found wide ap-
plication in industrial workshops, where it is neces-
sary to maintain the temperature in the workplace.
Electric convectors are usually installed in small
rooms to maintain the required temperature, or to
maintain the operating temperature in the absence of
other heat sources [4].

Water heating systems are the most common and
have a large range of inertia depending on the heating
device. They are safer, have versatility in terms of
energy sources used, and can be implemented in a
wide range of heating devices [5].

One of the most inertial types of heating devices
are convectors with natural air circulation. These de-
vices performance depends greatly on the coolant
temperature. The least inertial among them are the fan
coil type heaters. This heating device includes a fan
and special automation unit. This device can respond
quickly enough to changes in the thermal regime of
the building and clearly maintain the temperature in
the room.

The “warm floor” type system is a rather desirable
heating system in many cases. It has significant ad-
vantages:

—uniformity of room heating;

— this system corresponds to the design solution;
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— ability to maintain a low temperature in the room
to achieve a sense of comfort;

—accumulation capacity.

But at the same time, this system also has certain
disadvantages:

— selectivity to floor covering;

— high inertia;

— inability to fully cover heating needs in some
rooms.

The heating system effective operation is also as-
sociated with the ability to precisely control tempera-
tures in different rooms. In this case, it is necessary to
minimize the human influence on temperature balance
control. The most suitable from this viewpoint are
systems with a radial connection of heating devices’
groups in the rooms served. Such a circuit solution
provides the possibility to remotely organize the heat
loads regulation in different rooms depending on the
operating mode and to carry out a clear balancing of
hydraulics at the control adjustment stage. Another
advantage is the possibility to install heat energy me-
ters in a separate place [6].

The use of two-pipe systems can also provide the
possibility of regulation and a precise temperature
balance, but usually the regulation and balancing sys-
tems elements can be accessed by users. As practice
shows, in such a case, human intervention should be
taken into account.

The issue of implementing some specific heating
system with specific types of devices is quite complex
and depends on a number of factors.

3.This study purpose and objectives

This study main goal is to determine the rational
areas of different types o heating systems of applica-
tion and the use therein of different types heating de-
vices for buildings of various purposes.

To achieve the goal, it is necessary to solve the fol-
lowing tasks:

— analyze the operation of heating systems at buil-
dings of various purposes;

— investigate the operating conditions of various
heating systems in buildings with different operation
modes.

4. Methodology for research conducting and
the obtained data processing.

The thermal energy consumption in municipal heat
and power engineering sector is uneven during the
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day, week and year. The unevenness of thermal ener-
gy consumption is influenced by the following fac-
tors:

— outdoor air temperature;

— types of thermal load (heating, hot water supply,
ventilation, technological needs);

— building purpose;

— operating modes of heat supply systems;

— power regulation at heat control rooms.

Outdoor air temperature. To calculate the load on
heating systems for different types of buildings, dif-
ferent values of calculated external temperatures are
accepted. In general, in building thermal physics,
there are the following types of external calculated
temperature:

— average calculated temperature of cold thirty
days (parameter A);

— average calculated temperature of cold five days
(parameter B);

— average calculated temperature of the coldest day
(parameter B).

Depending on the purpose of the building, as well
as the type of thermal load, in accordance with regula-
tory documentation, the temperature criterion is se-
lected among the above. For example, to calculate the
heat load on the heating systems of residential buil-
dings, the outdoor air temperature is taken into ac-
count according to the parameter “B”. To calculate the
heat load of the ventilation systems of shopping com-
plexes, the outdoor air temperature is taken into ac-
count according to the parameter “A”. For the heating
systems of maternity hospitals, the outdoor air tem-
perature is taken into account according to the para-
meter “B” [7].

The outdoor air temperature varies throughout the
year. Climatological data are used to determine the to-
tal energy demand throughout the year (Table 1.).

In addition to temperature changes during the cold
season, there is also a change in temperature during
the day. The minimum air temperature at a height of 2
m is observed before sunrise. As soon as the sun ap-
pears above the horizon and begins to rise during this
period, the temperature increases rapidly, then the
temperature increase decreases and at the end at 14-15
hours the maximum occurs. Then the process of tem-
perature decrease begins — at first weak, and then fast-
er and faster. During the day, the amplitude depends
on a number of reasons: geographical latitude of the
place, season and other reasons. Over the water sur-
face, the daily amplitude is less than over the ground
by 2-3 ° C.
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Table 1 — Climatological data for calculating heating systems of a number of cities in Ukraine
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1 Dnipro 9 37 127 235 457 1152 1514 669
2 Kyiv 5 31 130 336 627 1225 1480 654
3 Lviv 2 20 62 458 1039 1678 1133
4 Odesa 5 22 134 399 975 1781 644
5 Rivne 5 22 102 307 613 1231 1546 758
6 Sumy 11 40 130 330 662 1263 1542 702
The outdoor air temperature is one of the main fac- On=0w=+ Qi+ Qc— Y0, (1)

tors influencing the thermal load of buildings. The ef-
fect of temperature changes on the power of heating
systems depends on the design of the building and the
load control system for heat supply systems [8].

Fluctuations in outdoor air temperature affect the
main types of heat supply of buildings in different
ways. Ventilation is such a noticeable fluctuation in
outdoor temperature. A change in outdoor air tem-
perature immediately affects the power of heat supply
for ventilation needs.

The heating system is less noticeable. It takes from
several hours to a day to change the heat load on the
needs of the heating system, depending on the design
of the building. This is due to the fact that the buil-
ding's storage capacity reduces the sensitivity to ex-
ternal factors of the heating system. For example, for
well-insulated massive buildings with a minimum
number of windows, it takes about a day to signifi-
cantly feel a change in the external temperature of up
to 5°C. For office centers with facade glass systems, a
change in the external temperature of 5°C will become
significantly noticeable after just a few hours.

Heat losses from the building to the environment
are determined by the process of heat exchange bet-
ween the internal and external air in the form of heat
transfer. Building enclosures of the premises are used
as a dividing wall. The fulfillment of the target task by
the heating system is ensured by compensating for the
lost heat from the heated room to the environment by
the thermal capabilities of the systems, i.e. maintai-
ning a balance between heat losses from the room and
heat gain to the room. The heat balance equation — be-
tween heat gain and heat loss — for a room has the
form of the equation [9]:

where: O, — heat supplied to the room by the heating
system, kW; O,, — heat loss by heat transfer through
external enclosures, kW; Qi,r— heat loss by infiltration
due to cold air entering the room due to leaks in ex-
ternal enclosures, kW; Q. — heat consumption for
heating cold objects, kW; > O, — internal heat release
in the room, kW.

4. Research results

The research was carried out for the specified hea-
ting systems in buildings of various types of purpose,
namely:

— residential building;

— office center;

— educational institution building;

— shopping center;

— sports ground.

Each of the specified buildings is specific with its
own operating mode with unevenness during the day
and week. Each of the buildings is characterized by its
own thermal inertia, which depends on the material of
the external enclosures and affects the operating
modes of the heating systems (Table 2).

In addition to the building’s inertia another factor
affecting maintenance of the required temperatures in
the room is the heating systems inertia. The particular
influence of heating systems inertia is felt in buildings
with variable operating modes of heat supply systems,
primarily this is characteristic of public buildings.

To study the inertia of different types heating
devices, a specialized laboratory was used in which the
dynamics of the operation of different types of sys-
tems over a certain period of time was studied (Fig. 1-3).

67



Po3gin 3. EHepreTuka Ta eHeprosbepekeHHs

Table 2 — Dependence of the operating mode of heating systems on the material of the external enclosures

Building type Heating
A brick house without thermal insulation with a glazing ratio The effect of a change in the external temperature on the
of less than 25% internal one is felt after 8-10 hours
A house made of foam concrete with energy-efficient The effect of a change in the external temperature on the
windows with a glazing area of up to 50% internal one is felt after 10-12 hours
House with facade glazing. The effect of a change in the external temperature on the
internal one is felt after 4-5 hours

Figure 3 — Jaga wall-mounted convector and two
steel wall-mounted Korado radiators (from left to
right) and a programmable remote control for inter-
mittent electric underfloor heating from Teplolux

Figure 1 — General view of the EVNA electrode with a capacity of 3 kW in one of the classrooms
boiler with a capacity of 4.5 kW in a scheme with
a tank-accumulator The following measuring instruments were used:

— eight-channel Oven meter;

— digital bimetallic thermometer.

Over a certain period, measurements of the heating
dynamics of different types of heating systems for
similar climatic conditions and internal factors were
carried out. The results were generalized for all types
of systems (Fig. 4)
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Figure 4 — Dynamics of temperature increase in
the room during initial warming up using different
types of heating devices

As can be seen from the research (Fig. 4), the most
effective heating system for use in changing operating

Figure 2 — Wall-mounted Vita fan coil with a modes of public buildings is the fan coil system
capacity of 5 kW with a sofiware control unit (left) (forced convection) and radiation panels. The least ef-
and a climatic radiation panel produced by Effi fective in changing operating modes of engineering
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systems is the “warm floor” (radiation-convective
with free convection). This is explained by the low
inertia of the specified systems and the high inertia of
the “warm floor” system. Radiator heating systems
and wall convectors almost do not differ in the dy-
namics of heating the premises.

Analyzing the operating conditions of different
purpose type buildings and the peculiarities of the op-
eration of various heating systems, as well as the pos-
sibility of installing the specified devices, recommen-
dations can be given on the implementation of differ-
ent types of heating systems (Table 3).

Table 3 — Implementation of different types of heating systems

Building type High inertia Average inertia Low inertia
. . Radiators, convectors,
. . Radiators, convectors, Radiators, convectors, .
Residential underfloor heating, fan

underfloor heating

underfloor heating coils

Radiators, convectors
Office center T ’
fan coils

Radiators, convectors, fan

. Convectors, fan coils
coils

. Radiators, fan coils,
Shopping center .
radiation panels

Fan coils, radiation panels

Fan coils, convectors

Educational institution Radiators

Radiators, convectors Fan coils, radiators

Playground Radiators, convectors

Radiators, fan coils Fan coils, radiation panels

5. Conclusions

The work analyzes the operating modes of differ-
rent types heating systems considering the operating
conditions of cities and towns’ municipal complex
buildings.

On the specialized laboratory basis, a study of the
efficiency of different types heating systems’ opera-
tion for variable operating modes of public buildings
was conducted.

Based on the analysis and research carried out,
recommendations are given concerning the implemen-
tation of different types of heating systems for muni-
cipal buildings with different inertial characteristics of
the specified buildings.
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OoHiero 3 HauaxmyanbHiux npooIem Cb0200eHHSA € 3HUIICCHHS eHeP2OGUIMPAam HA CUCHEeMU Meniono-
CMAuauHs HCUMA08UX OYOUHKi6 ma 6y0ieNbHUX KOHCMPYKYIU PI3HO20 NPUSHAYEHHS, NPU YbOMY YACMKA
CHOJICUBAHHS MENJIA 8 HCUMTIOBO-KOMYHATLHOMY 20CHO0APCmMEi cmanogums 6auzvko 50% 6i0 3a2anvHozo
06csey eupobrenoi mennogoi enepeii. B pobomi npogedeno amaniz cyuacHux meHOeHyil 3a0e3neyeHHs,
3a0aHUX NAPAMEMPIE MIKPOKAIMAMY PI3HUMU 8UOAMU ONATIOBATILHUX CUCTEM I3 3ACMOCYBAHHAM PIZHO20
MUny onano8albHUX npucmpois. Brxazano na neobxiony 6i0nogionicmuv pisHUX Munie OnAm0ANLHUX CU-
cmem 00 NpU3HAYeHHs CNOPYOU MaA PedCUMie eKcniyamayii ii iHjceHepHux cucmem 3a6e3nevenns Mikpo-
knimamy. [lokazano nemoosicaugicmes ananizy npobrem enepeozoepedicenHs Oe3 po3ensioy menionocma-
YAHHS 3 NO3UYLL CUCMEMHO20 NIOX00Y. YYHKYIOHYIOUUX HA PIZHUX pisHsaX. J{oeedeHo sadciugicmo y pe-
anizayii Ho8imHIx nioxodie nompeda payionarbHo20 8UOOPY MUNY ONAIIOBAILHUX CUCeM ma npuobopie.
Hagedeno ocnosni nynkmu knacugixayii onamosanrbHux cucmem ma OCHOGHI Nepesazu KONCHO20 MUy
ONANIOBANLHUX NPUCPOIB OJIsL PIZHUX YMO8 eKCHAYaAmayii i3 8paxy8anHiIM pedcumie pooomu canimapho-
mexHiuHux cucmem 0y0igenb HCUMA0BO-KOMYHAIbHO20 ceKmopy. B pobomi nokazani ocHogHi 308HiHI
ma eHYMpIWHI KIIMAMUYHI YUHHUKY, WO GNIUBAIOMb HA PEXCUMU POOOMU cucmem 3a6e3nedeHts: MiKpo-
Kaimamy 6 npumiwienusx. [na oyoisens pisHoi iHepyiliHOCmi HABeOeHO 8NIUB 306HIUHBOI MeMnepamypu
Ha pobomy cucmem menionocmadanus. B cneyianizoganiii nabopamopii npoeedeno 0ocnioxcents pobo-
mu pi3HOPIOHUX cucmeM ONANI0BAHHS Ol AHANI3Y OUHAMIKU NPOcpiy NpuMiujerb 018 GUB0OY OCMAHHIX
Ha poOOuULl pedcum npu 3acmocys8anti 080nepiooHo2o pedicumy excnayamayii 6yoieenv. Hasedeno oc-
HOBHI Xapaxmepucmuky oO1a0HaHHs 1abopamopii. 3a pesyromamamu 00CiONHCeHb GUSHAYEH] 3A2aNbHI
pexomeHoayii wooo 3acmocy8ants PisHUX GUOI6 ONANIOGANLHUX CUCMeEM OAs Pi3Ho2o mumny 0ydigeins
HCUMIIOB0-KOMYHANIbHO20 CEKMOpaA MICI Ma Cenuly.

Knrouosi cnosa: Cucmemu mennonocmavanns, Pexcumu pobomu cucmem mennionocmavanus, Onanio-
sanvii cucmemu, Onano8anbHi npuIaou.
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