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Analysis of the Influence of the Internal Heat Capacity of a Public 
Building on the Thermal Comfort Parameters of the Premises During 

the Operation of the Heating System in Alternating Mode
Abstract. In the climatic conditions of Ukraine, which are characterised by a long heating period, considerable energy 
requirements for heating lead to an increase in energy efficiency requirements. A substantial reduction in the energy 
consumption of buildings while ensuring comfort conditions will be facilitated by the inclusion of a model of human 
thermal comfort in the complex “heat source – fencing” system. The purpose of this study was to find the factors affecting 
the internal heat capacity and, accordingly, the thermal inertia of the building and further take these factors into account 
upon assessing the thermal condition and parameters of thermal comfort of building rooms. The object of this study was 
the educational and administrative building of the National University of Life and Environmental Sciences of Ukraine. 
Many studies were carried out, namely full-scale measurements of heat flows and temperatures on the surfaces of samples 
of the building’s wall structure were carried out in a special climate complex that allows artificially creating external 
and internal thermal conditions of premises. It was found that the insulation of the structure with a layer of expanded 
polystyrene PSB-15, 100 mm thick, reduces heat losses through the wall panel by almost half. An algorithm for controlling 
the heat release process was developed, considering the internal heat capacity of the building. Compared to the “linear” 
dependence, this allows more accurately adjusting the schedule of heat carrier release to the heating system of a public 
building during the introduction of the alternating mode of its operation. The temperature deviation range is reduced 
by 4-6 °C, which allowed saving up to 10-12% of the consumed heat energy for the heating needs of the research object, 
provided that the normalised values of the internal temperature of the premises are maintained. Intermittent operation 
of the heating system of public buildings, the expediency of which is justified in this study, can be recommended for 
implementation in the structures of higher educational institutions of Ukraine

Keywords: thermal energy, energy requirements, energy efficiency, heating period, thermal inertia, control algorithm, 
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INTRODUCTION
Buildings are one of the main consumers of primary energy 
carriers in the world [1]. Climatic conditions in Ukraine are 
characterised by a long heating period, which causes 85% of 
the energy demand for heating [2]. Therefore, energy effi-
ciency requirements are increasing, which is reflected in the 
standards [3-5]. Most of the buildings in Ukraine belong to 
the buildings of mass development of the 1980s, during the 
construction of which the emphasis was placed on minimis-
ing capital costs during construction, while operating costs 
faded into the background, and therefore 80% of buildings 
do not meet modern energy efficiency requirements [6; 7]. 
The period from the 1990s to the present day is character-
ised by a constant increase in energy prices, which means 

that during the construction of buildings, considerable at-
tention is already paid to operating costs, which is a late 
response to similar trends in Europe and the world. 

According to the European Union Directive on the 
energy efficiency of buildings [8], a requirement has been 
introduced that all new public buildings put into operation 
from 2019 must meet the requirements presented for hous-
es with almost zero energy consumption, which leads to an 
increase in energy efficiency and the use of renewable ener-
gy sources. Attention is being paid to the growth of thermal 
resistance of building fences, the relevance of economic as-
sessment and assessment of its life cycle. This is conditioned 
upon the fact that in the EU, 1/3 of energy resources are 
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spent on buildings, namely 60% of the energy consumed by 
the building is associated with operating costs [9].

Considering global trends in optimising energy de-
mand and ensuring comfortable working conditions, the 
calculation of specific energy demand should be determined 
based on operating air temperature, or while observing the 
comfort indicator in various climatic conditions [10]. The 
global community pays special attention to thermal com-
fort issues, especially in the context of the need to reduce 
energy consumption. There are sections of the population 
that are particularly sensitive to thermal comfort require-
ments – these are children and the elderly; women and 
men feel differently under the same conditions. Therewith, 
special attention is paid to individual requirements for 
thermal comfort issues related to gender, age, etc. Hence, 
the transition from the paradigm of centralised microcli-
mate quality assurance to personalised systems [11]. 

In Ukraine, thermal comfort is defined by several 
standards [12; 13]. The inclusion of the human thermal 
comfort model in the complex “heat source – fencing” sys-
tem [14; 15] is an essential step towards reducing the energy 
consumption of buildings and ensuring a suitable level of 
thermal comfort, especially during the introduction of the 
alternating heating mode, which is an important step to-
wards sustainable development. Therefore, the purpose of 
this study was to assess the impact of the level of thermal 
protection (heat capacity of the building) on the feeling of 
thermal comfort upon implementing the alternating heat-
ing mode. Such studies are important and relevant both in 
the context of improving the level of energy efficiency and 
increasing the quality of the microclimate.

LITERATURE REVIEW
Literature analysis has shown that the feasibility of intro-
ducing an intermittent (alternating) mode of operation of 
the heating system of a public building has been under-
studied. The available research results cover only a few 
isolated cases and do not provide an exhaustive answer 
to this question. The results of the study of the influence 
of thermal inertia of a room are presented in the paper [16], 
where consideration of the indicator of the internal heat ca-
pacity of a building, on the example of the educational and ad-
ministrative building of the National University of Life and 
Environmental Sciences of Ukraine (NULES of Ukraine), 
avoids energy overspending at the level of about 10–12%. 
Therewith, it is also important to determine the operating 
time of the system in alternating mode and the depth of 
adjustment, provided that the parameters of room comfort 
are preserved. In this area, the authors V. Deshko, I. Bilous, 
N. Buyak, O. Golubenko, M. Gureev investigated the change
in the comfort conditions of premises from the inertia of
external enclosing structures of a building during the op-
eration of the heating system in energy-saving modes [17], 
as well as the dependence of the comfort conditions of pub-
lic buildings with different degrees of thermal protection of
external enclosing structures in the operating conditions of
the heating system of the structure in alternating mode [18], 

its influence on the dynamics of energy demand. Equally 
important was the assessment of the impact of ventilation 
on the overall energy consumption of the building. Thus, 
the authors of [19] studied the thermal environment in the 
room, the rate of air exchange, and the concentration of 
carbon dioxide before and after the energy modernisation 
of apartment buildings in Finland and Lithuania. The au-
thors of the study [20] conducted a survey on the require-
ments and barriers in the implementation of ventilation 
systems in residential buildings with low energy consump-
tion, as well as an assessment of operational problems from 
seven European countries that may arise in this case. The 
authors of the studies: [21] – conducted long-term measure-
ments in recently built schools with low energy consump-
tion in Sweden, [22] – characterised the design features of 
residential buildings in China, [23] – substantiated the feasi-
bility of using adaptive thermal comfort methods for Iranian 
schoolchildren, [24] – investigated the parameters of resi-
dential adaptive comfort in a humid continental climate – 
Tianjin, China. Furthermore, the authors of [25] introduced 
the concept of controlling the thermal comfort of a building. 
The authors V. Nalyvaiko, I. Radko, A. Zhyltsov, O. Okushko, 
A. Mishchenko, I. Antypov studied the thermal comfort of
the building after its thermal modernisation using renew-
able energy [26] and considering the provisions of the rele-
vant standards [12; 13; 27]. However, the results of research
in the studies listed above do not fully solve the problem of
assessing the impact of the level of thermal protection (heat
capacity of the building) on the feeling of thermal comfort
when implementing an alternating heating mode, especially
in terms of optimising the algorithm for controlling the heat
release process considering the indicator of the internal heat
capacity of the building and, accordingly, its thermal inertia, 
which is what this research is aimed at.

MATERIALS AND METHODS
The object of this study was the educational and admin-
istrative building of the National University of Life and 
Environmental Sciences of Ukraine. More detailed infor-
mation about the thermophysical characteristics of enclos-
ing structures and the operating mode of the building is 
given in the source [16].

To fulfil the purpose of this study, the influence of 
heat transfer resistance of external opaque enclosing struc-
tures (walls) of the structure on the efficiency indicators of 
the building’s heating system was evaluated, considering the 
parameters of the external environment and the parame-
ters of the microclimate of premises in dynamic mode. For 
this, two types of wall panels were manufactured and inves-
tigated – “with” and “without” insulation on its outer part, 
which were carried out in different years: before the introduc-
tion of standards [7], in 2011-2012, and after – in 2018-2020. 

Thermophysical studies of the sample of the build-
ing’s wall structure were performed in a special climate 
complex, which allows artificially creating external and in-
ternal thermal conditions of premises and comprises three 
compartments:
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1. External, which simulates external climatic condi-
tions (Fig. 1). 2. Internal, which simulates the microclimate 

of the premises. 3. Operator’s room, which allows placing 
control and measuring equipment.

Figure 1. Appearance of the “cold” compartment of the climate chamber

The outer compartment was created based on the 
KTBV-8000/2 thermobaroclave, which has a powerful re-
frigerating unit, thanks to which the calculated values of the 
outdoor air temperature in the winter mode (-24 °C) were 
provided.

In stationary mode, the air temperature in the outer 
compartment was maintained by an automatic adjustment 
system with an accuracy of ±1.5 °C, in the inner compart-
ment – up to ±1 °C. Humidity in the warm compartment 
of the camera was maintained in automatic mode with an 
accuracy of ±5%.

The given stationary thermal regime in the internal 
compartment was maintained using the EOS-2.00/220 elec-
tric convector and the BK-1500 air conditioner, which were 
turned on and off by the PTR-P semiconductor thermostat 
and the automatic temperature control system mounted in 
a separate unit.

The process of measuring heat flows and tempera-
tures was controlled using the BS-2 Communication Unit, 
which has 300 input channels. Between the working com-
partments – external and internal – the tested product was 
located, mounted in a special cassette (Fig. 2a).

Figure 2. Installation diagram of the tested wall structure sample and placement of temperature and heat flow sensors 
on it (a) and placement diagram of primary temperature and heat flow converters on the surface of the wall panel 

sample tested (b): о – heat flow sensors; о – temperature sensors on the inner (“warm”) side of the wall panel;
о – temperature on the outer (“cold”) side of the wall panel

a b
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The readings of the measuring devices were taken 
remotely in the operator’s compartment using the F70-78 
measuring signal switch.

Chromel-Copel thermocouples with a relative mea-
surement error of ±5% were used as temperature sensors. 
Primary temperature converters were tightly attached to 
the outer and inner surfaces of products at selected points. 
Plasticine with an application thickness of no more than 
2  mm was used for fastening thermocouples. Therewith, 
the thermometric wire is led from the place of attachment 
of the sensitive element along the surface of the enclosing 
structure towards isotherms or the minimum temperature 
gradient for a length of at least 50 wire diameters. The free 
ends of the thermocouples were placed in a thermostat or 
Dewar vessel, while the latter must contain ice and water 
at the same time.

Thermobattery sensor PTP-1B.11.2.1.P.001.1.16.00.0 
is a working tool for measuring surface heat flux density [28]. 
Since the thermal resistance of the sensor is negligible 
compared to the thermal resistance of the wall panel, it was 
not considered. For the same reason, the dimensions of the 
sensor (10×12×1.2 mm) in the wall plane also do not affect 
its temperature field.

The universal voltmeter B7-21A was used as a me-
ter of the DC output signal. The voltmeter is designed to 
measure DC voltage in the range up to 10 MV. The accuracy 
class of the device is 0.2.

Experimental studies of energy-efficient fencing con-
struction. For experiment No. 1, an experimental light hinged 
wall panel with overall dimensions of 760×2600 mm was 
manufactured. Panel thickness δ=100 mm.

The experimental panel was a three-layer panel 
with differentiation of layers by functions performed. Fac-
ing layers – external and internal – had the functions of 
weather protection and protection of insulation from me-
chanical damage. They were made of plywood sheets with 
a thickness δ=5 mm.

When choosing the insulation material, good ther-
mal insulation was the decisive factor. Mineral wool [6] 
with a thickness δ=100 mm was used as insulation.

There was no monolithic connection between the 
plywood sheets and the heat insulator, which caused contact 
thermal resistances.

For experiment No. 2, polystyrene foam plates PSB-15, 
δ=100 mm thick, which repeated the dimensions of the wall 
panel, were attached to the previous wall panel from the 
side of the cold compartment of the climatic chamber using 
DRAGON polymer glue.

The conditions of experiment No. 1 and experiment 
No. 2 were the same: the temperature of the cold compart-
ment of the camera was -24 °C, the temperature of the warm 
compartment was +16°C.

The method of determining the heat transfer resis-
tance is based on the creation of stationary heat exchange 
conditions in the enclosing structure and the measurement 
of the air temperature in two compartments of the climate 
chamber, the heat flow density and the temperature of the 
surfaces of the structure under study, which were used to 
calculate the heat transfer resistance of the sample.

Since the wall panel was thermally relatively homoge-
neous (without substantial “cold bridges”), nine areas were 
selected for the experimental study, which were least af-
fected by marginal outflows or inflows of heat in the cham-
ber. 9 sections comprised the working zone (Fig.  2b), the 
boundaries of which were located at a distance of 50 mm 
from the edges of the sample under study. The locations of 
the sensors were marked on the sections with dots.

The test product was installed in the slot between 
the warm and cold compartments of the climate chamber. 
The contact surfaces with external fences were insulated 
with an effective heat-insulating material. 

After checking the readiness of the equipment, the 
warm and cold compartments were isolated from the out-
side air by closing the airtight doors. The air temperatures 
in the warm and cold compartments were set on the regu-
lating equipment, including refrigerating, heating, and air 
humidifying equipment.

The tested panel belongs to the non-inertial class, 
its exit to the stationary mode took place within three to 
four hours. The onset of stationary mode was recorded by 
stable indicators of thermocouples and heat meters. The 
sampling of experimental data in stationary mode for their 
further processing was made from the last six measure-
ments (on six cycles), during which the temperature and 
heat fluxes remained practically constant.

Experimental studies of the parameters of thermal 
comfort of premises were carried out for five consecutive 
days, including Saturday and Sunday. Air temperature and 
humidity parameters were recorded by portable data log-
gers – Trotec BL30. Therewith, the measurement error was 
as follows: ±2°C – in the temperature range from 1°C to 
50°C and ±3°C – in the range from -18°C to -1°C.

Evaluation of the influence of the resistance of the 
opaque enclosing structures of the building on the param-
eters of the thermal comfort of the premises and the energy 
consumption of the building using a numerical method. The 
total heat transfer and heat input were calculated according 
to  [29], where dynamic impacts are considered by intro-
ducing the coefficient of use of heating inputs (accepted in 
the study) and the coefficient of use of cooling losses. The 
effect of inertia in the case of intermittent heating or its 
shutdown was considered separately.

The dimensionless coefficient of use of heating in-
puts ƞH, gn is calculated for each month according to [29] 
based on the ratio of heat inputs and losses and the numerical 
parameter aH, which depends on the inertia of the building: 

(1)

where aH,O is the reference dimensionless numeric parame-
ter, aH,O=1.0; τ is the time constant of the building zone, h; 
τH,O is the reference time constant, which is taken as 15 h.

The time constant of the building zone τ, h, char-
acterises the internal thermal inertia of the conditioned 
zone of the building, both for the heating period and for 
the cooling period:

(2)

а𝐻𝐻𝐻𝐻 = а𝐻𝐻𝐻𝐻,𝑂𝑂𝑂𝑂 +
𝜏𝜏𝜏𝜏
𝜏𝜏𝜏𝜏𝐻𝐻𝐻𝐻,𝑂𝑂𝑂𝑂

𝜏𝜏𝜏𝜏 =
𝐶𝐶𝐶𝐶𝑚𝑚𝑚𝑚

𝐻𝐻𝐻𝐻𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 ,𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 + 𝐻𝐻𝐻𝐻𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣,𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 + 𝐻𝐻𝐻𝐻𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣,𝑣𝑣𝑣𝑣𝑒𝑒𝑒𝑒𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡,𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
, 
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where Cm is the internal heat capacity of the building or 
building zone, W·h/K; Htr, adj is the representative value of 
the overall heat transfer coefficient of the transmission, 
W/K; Hve, adj is the representative value of the general co-
efficient of heat transfer by ventilation, W/K; Hve, extra, adj is 
the representative value of the overall heat transfer co-
efficient due to additional ventilation from night and/or 
natural cooling, W/K (for heating mode Hve, extra, adj=0):

(3)

where  is the total heat transfer coefficient due to added 
ventilation (night ventilation and/or natural cooling) from 
the k-th element, W/K, and the share of work for a specific 
ϳ-th hour of the day of the i-th day of the month from the 
k-th element of added ventilation (if night ventilation and/or 
natural cooling works =1, otherwise 0.5); ϳ is the calculation 
step in hours, from 1 to 24 h; i=1 to n is the calculation step 
in days (n=31 for January).

The building of the object under study belongs to 
the class of “massive” buildings – brickwork in two bricks 
with a reinforced concrete floor. In this case, the internal 
heat capacity of the building is calculated according to [29]:

(4)

where C is the internal heat capacity of the build-
ing per unit area, taken according to the Table 15 [29], 
W·h/(m2·K); Af is the conditioned area of the building, m2.

In the case under study, for intermittent (alternat-
ing) heating mode, the energy consumption for heating 
Q_H, nd, interm, W·h, was found as follows:

(5)

where QH, nd, cont is the energy demand for continuous heat-
ing, W·h; aH,red is the dimensionless reduction coefficient 
for intermittent heating mode, with a minimum value aH, 

red=fH, hr and a maximum value aH, red=1: 

(6)

where fH,hr is the share of the number of hours per week with 
a normal (permanent) set heating mode (not set on alternat-
ing or switched off); bH, red is the empirical correlation coef-
ficient, bH, red=3; τ is the time constant of the building zone, 
h; τH,0 is the reference time constant for the heating mode, 
h; γH is the ratio of heat input and loss for the heating mode.

Adjustments for the non-use period. According to the 
data [16], it was found that in the building under study, pe-
riods of non-use during the heating period (on weekends 

and holidays) lead to a reduction in energy consumption 
during heating. 

Energy consumption for heating was calculated, 
considering the period of non-use, QH, nd, W·h: 

a) for the period of use (normal heating settings);
b) for setting the non-use period. 

Linear interpolation was performed depending on
the time fraction of the non-use mode compared to the 
maintenance mode:

where QH, nd, occ is the energy demand for heating, W·h, (ei-
ther QH, nd, cont or QH, nd, interm), assuming that on all days of the 
month, the adjustment and setting of the automatic air 
temperature controller in the room (e.g., the thermostat 
on the heating device) correspond to the settings of the pe-
riod of use; QH, nd, nocc is the energy demand for heating, W·h, 
(either QH, nd, cont or QH,nd,interm), assuming that on all days of 
the month, the regulation and settings of the thermostat 
correspond to the settings of the period of non-use; fH, nocc is 
the fraction of a month with a period of non-use of heating 
(e.g., 10/31).

Additionally, according to the method [29], the in-
fluence of automatic control systems installed at the dis-
trict heating point was investigated:

(8)
where Qgen, out is the produced/generated energy (output en-
ergy) from the generation (accumulation) subsystem, spe-
cifically based on phase-transition heat accumulators [30];  
Qdis, in is the energy input to the distribution subsystem; ηаc  is 
the efficiency of automatic adjustment.

RESULTS AND DISCUSSION
Figure 3 demonstrates the nature of changes in heat flows 
through the wall panel. Visual analysis shows that for 
experiment No. 1, the surface heat fluxes were 1.8 times 
greater than for experiment No. 2, at almost the same tem-
peratures on the panel surface in the warm and cold com-
partments of the chamber.

The practical value of the obtained results, in terms 
of thermophysical studies of samples of the wall structure 
of the building, allows estimating the factual heat loss 
through the wall panel with an effective heat-insulating 
material [6] and bring the reference values to the opera-
tional values of its coefficient of thermal conductivity, con-
sidering the specific features of the real operating condi-
tions of the structure. It was found that the insulation of 
the structure under study with a layer of expanded poly-
styrene PSB-15, 100 mm thick, reduces heat losses through 
the wall panel by almost half.

𝐻𝐻𝐻𝐻𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 ,𝑣𝑣𝑣𝑣𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒,𝑒𝑒𝑒𝑒𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 =
∑ (∑ 𝑓𝑓𝑓𝑓𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣,𝑣𝑣𝑣𝑣𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒,𝑎𝑎𝑎𝑎,𝑘𝑘𝑘𝑘𝐻𝐻𝐻𝐻𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣,𝑣𝑣𝑣𝑣𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒,𝑎𝑎𝑎𝑎,𝑘𝑘𝑘𝑘
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𝑎𝑎𝑎𝑎=1 )𝑛𝑛𝑛𝑛

𝑖𝑖𝑖𝑖=1

𝑡𝑡𝑡𝑡
, 

𝐶𝐶𝐶𝐶𝑚𝑚𝑚𝑚 = 𝐶𝐶𝐶𝐶𝐴𝐴𝐴𝐴𝑓𝑓𝑓𝑓 

𝑄𝑄𝑄𝑄𝐻𝐻𝐻𝐻,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛,𝑖𝑖𝑖𝑖𝑛𝑛𝑛𝑛𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑎𝑎𝑎𝑎𝐻𝐻𝐻𝐻,𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖  𝑄𝑄𝑄𝑄𝐻𝐻𝐻𝐻,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 

𝑎𝑎𝑎𝑎𝐻𝐻𝐻𝐻,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟  = 1 − 𝑏𝑏𝑏𝑏𝐻𝐻𝐻𝐻,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟�𝜏𝜏𝜏𝜏𝐻𝐻𝐻𝐻,0/𝜏𝜏𝜏𝜏�𝛾𝛾𝛾𝛾𝐻𝐻𝐻𝐻�1 − 𝑓𝑓𝑓𝑓𝐻𝐻𝐻𝐻 ,ℎ𝑟𝑟𝑟𝑟�,  

𝑄𝑄𝑄𝑄𝐻𝐻𝐻𝐻,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 = �1 − 𝑓𝑓𝑓𝑓𝐻𝐻𝐻𝐻 ,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛�𝑄𝑄𝑄𝑄𝐻𝐻𝐻𝐻,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 + 𝑓𝑓𝑓𝑓𝐻𝐻𝐻𝐻,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛  𝑄𝑄𝑄𝑄𝐻𝐻𝐻𝐻,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 

𝑄𝑄𝑄𝑄𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔,𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 = 𝑄𝑄𝑄𝑄𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑,𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑/𝜂𝜂𝜂𝜂а𝑐𝑐𝑐𝑐 , 

(7)
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Figure 3. Graphs of changes in heat flows through the wall panel under study for experiment No. 1 – study of heat-in-
sulating properties of a wall panel without insulation and for experiment No. 2 – study of heat-insulating properties of a 

wall panel with insulation – expanded polystyrene PSB-15.

Evaluating the influence of the resistance of the 
opaque enclosing structures of the building on the thermal 
comfort parameters of the premises using the numerical 
method according to [31], it was established that the used 

model considers the dynamic change of heat flows through 
the wall panels under study (Fig. 3), which were made of 
different structural materials. The results of calculations 
for [31] are presented in Figure 4.

Figure 4. Temperature change on the inner surface of the wall of the room during the day: 1 – the enclosing structures 
made of multi-layered wall structures with insulation; 2 – the enclosing structures made of brickwork without insulation

Analysis of Figure 4 shows that when the operating 
mode of the heating system of a public building is intro-
duced in the alternating mode, a substantial temperature 
change is observed on the inner surface of the enclosing 
structure. In the case of external walls made of multi-layer wall 
structures with insulation, the temperature drop reaches 
±5°C, which meets the requirements [7], in contrast to the 

building’s enclosing structures made of brickwork without 
insulation. The latter indicates a substantially lower indicator 
of the internal heat capacity of such a building. 

The above (Fig. 3), in contrast to the results of re-
search given in papers [17; 18], wherein, upon assessing the 
change in the comfort conditions of the premises from the 
inertia of the external enclosing structures of the building 
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during the operation of the heating system in energy-sav-
ing modes [17], as well as the dependence of the comfort 
conditions of public buildings with different degrees of 
thermal protection of the external enclosing structures in 
the operating conditions of the building heating system in 
the regular mode [18], calculated (standardised) and not 
experimental (operational) values of the thermal conduc-
tivity coefficient were accepted. The results obtained in this 
study allow more accurately determining the factual tem-
perature values on the inner surface of external enclosing 
structures (Fig. 4) and compare them with the minimum 
permissible ones [7] upon assessing the comfort conditions 
of the premises, which complements the results of the 
study [19], considering national standards [7; 12; 13].

Quasi-stable heating. For the object under study, 
the mode of intermittent (alternating) heating, as constant 
heating considering the set temperature value, in mode A and 
mode B was considered and investigated. 

Mode A: the set temperature for calculation is the time 
average of the set temperature values for periods of constant 
heating and periods of alternating heating, since the time 
constant of the building is less than 0.2 of the duration of the 
shortest period with the alternating heating mode.

Thus, it was experimentally confirmed that an essen-
tial factor in the implementation of the regular heating mode 

is the thermal inertia of the building, which determines the 
time interval and the depth of adjustment [16] under the 
condition of maintaining the comfort parameters of the 
premises. When switching from constant mode to alter-
nating mode, the average decrease in the temperature of 
the coolant and indoor air (from 18:00 to 4:00) was 8-10°C 
and >16°C (at the allowed 12°C), respectively. The recorded 
outdoor temperature was -3°C. Considering the structure of 
the external walls of the object under study, the “warm-up” 
time of the building, the heating system of which has been 
working for a long time in regular mode, with the achieve-
ment of the parameters of thermal comfort of the premises, 
was established. Thus, the duration of the heating of the 
“A” type building, when the heating system was operating 
in the “forced” mode, was 6.5 hours [16]. Savings in the con-
sumed heat energy during the operation of the building’s 
heating system in alternating mode amounted to 6-8%, 
the air temperature during this period was maintained at 
12°C. An algorithm for controlling the heat release process 
was developed, considering the internal heat capacity of 
the building. Compared to the conventional “linear” de-
pendence (inherent in type A buildings), this allows more 
accurately adjusting the schedule of heat carrier release (Fig. 5) 
to the heating system of a public building during the intro-
duction of the alternating mode of its operation. 

Figure 5. Temperature schedule of heat carrier release to the building’s heating system, considering the outdoor air 
temperature and the internal heat capacity of the structure

Source: compiled by the author based on [16]

The temperature deviation range is reduced by 4-6°C, 
which allowed saving up to 10-12% of the consumed thermal 
energy for the heating needs of the educational and admin-
istrative building of NULES of Ukraine under the condition 
of supporting the normalised (for the alternating regime) 
values of the internal temperature of the premises.

Mode B: the set temperature for the calculation is 

the set temperature for the normal (continuous) heating 
mode, since the time constant of the building is more than 
three times the duration of the longest period with the al-
ternating heating mode.

Comparing the data of the factual consumption by 
the educational and administrative building of the NULES 
of Ukraine with the calculated reduced to the factual 
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number of degree-days of the heating period (for March 
2019, Table  4 [16]) and the parameters of the comfort of 
the premises (temperature and air humidity), it was estab-
lished that with an insignificant (+1.3°C) deviations of the 
indicators of the factual values ​​of the internal air tempera-
ture in the premises of the building from the normalised 
values (18±2°C), an excess of the level of factual consump-
tion of thermal energy was observed compared to the cal-
culated value adjusted to the factual number of degree-days 
by 3.73 Gcal [16]. Thus, during the operation of the heating 
system of a public building in constant mode (Fig. 6a), there 

was an overspend of consumed thermal energy by 7.4% for 
the heating period of 2018-2019.

Given the structure of the enclosing structures of the 
object, the influence of heat transfer resistance on the perfor-
mance indicators of the building heating system was investi-
gated considering the parameters of the external environment 
and the microclimate of the premises in dynamic mode, a com-
parison was made of the specific energy consumption indica-
tors of the building “before” the implementation of the heat 
release process management algorithm considering the indi-
cator of its internal heat capacity (Fig. 6a) and “after” (Fig. 6b).

Figure 6. Specific indicators of the building’s energy consumption “after” (a) and “before” (b) the implementation of 
the heat release process control algorithm, considering the indicator of its internal heat capacity, kW·h/m².

Therewith, the inclusion of the human thermal 
comfort model in the complex “heat source – fencing” sys-
tem [14; 15] is an essential step towards reducing the  energy 
consumption of buildings and ensuring a suitable level of 
thermal comfort, especially during the introduction of the 
alternating heating mode. The results obtained in this study 
regarding the assessment of the influence of the level of 
thermal protection (heat capacity of the building) on the 
feeling of thermal comfort of a person during the implemen-
tation of a regular heating mode, in contrast to the results of 
studies given in the papers [23-25], where the feasibility of 
using adaptive methods of thermal comfort is substanti-ated 
[23], and not the algorithms for its achievement, also consider 
the influence of the thermal inertia of the building, which 
determines the time interval and the depth of regula-tion, 
provided that the comfort parameters of the premises are 
observed and preserved, and not only their control [25]. This 
allows adjusting the coolant release schedule more ac-
curately, according to the developed algorithm (Fig. 5) into 
the heating system of a public building during the intro-
duction of the alternating mode of its operation, considering 
the outdoor air temperature and national standards [2; 29].

Given the factual indicators of savings in consumed 
heat energy during the operation of the building’s heating 
system in alternating mode at the level of 6-8%, as well as the 
deviation of the factual values of the internal air temperature 
in the building from the normalised values, the total indicator 
of savings in consumed heat energy was 14-16% (Fig. 6), 
which complements the results of studies [14; 15; 32]. 
Considering the above, the intermittent (alternating) operation 
of the heating system of public buildings, the expediency of 
which is justi-fied in this study, can be recommended for 
implementation in the structures of higher educational 
institutions of Ukraine.

CONCLUSIONS
When assessing the thermal state of the building and the 
thermal comfort parameters of the rooms, those factors that 
affect its internal heat capacity and, accordingly, thermal 
inertia, are determined and considered. Reasonable expe-
diency of implementing an intermittent (alternating) mode 
of operation of the heating system of public buildings and 
facilities of higher education institutions, namely:

1. It was experimentally confirmed that an essential factor
in the implementation of the regular heating mode is the 
thermal inertia of the building, which determines the time 
interval and the depth of adjustment under the condition 
of maintaining the comfort parameters of the premises. 
When switching from constant mode to alternating mode, 
the average decrease in the temperature of the coolant and 
indoor air (from 18:00 to 4:00) was 8-10 °C and >16°C (at 
the allowed 12°C), respectively. The recorded outdoor tem-
perature was -3°C.

2. Considering the structure of the external walls of the
object under study, the “warm-up” time of the building, the 
heating system of which has been working for a long time 
in regular mode, with the achievement of the parameters 
of thermal comfort of the premises, was established. Thus, 
the duration of the heating of the “A” type building, when 
the heating system was operating in the “forced” mode, 
was 6.5 hours. Savings in the consumed heat energy during 
the operation of the building’s heating system in alternat-
ing mode amounted to 6-8%, the air temperature during 
this period was maintained at 12°C.

3. Evaluating the influence of the resistance of the en-
closing structures on the thermal comfort parameters of 
the premises using the numerical method, it was estab-
lished that the used model considers the dynamic change 
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of heat flows through the wall panels under study, which 
were made of different materials, including in the alter-
nating mode. Thus, in the case of external walls made of 
multi-layer wall structures with insulation, the tempera-
ture drop reaches ±5°C, in contrast to the building’s en-
closing structures made of brickwork without insulation.

4. An algorithm for controlling the heat release process
was developed, considering the internal heat capacity of the 
building. Compared to the conventional “linear” depen-
dence, this allows more accurately adjusting the schedule 
of heat carrier release to the heating system of a public 
building during the introduction of the alternating mode 
of its operation. The temperature deviation range is re-
duced by 4-6°C, which allowed saving up to 10-12% of the 
consumed thermal energy for the heating needs of the edu-
cational and administrative building of NULES of Ukraine 
under the condition of supporting the normalised values of 
the internal temperature of the premises.

5. Given the factual indicators of savings in consumed
heat energy during the operation of the building’s heating 
system in alternating mode at the level of 6-8%, as well as the 
deviation of the factual values of the internal air temperature 
in the building from the normalised values, the total indica-
tor of savings in consumed heat energy was 14-16%.

In summary, intermittent (alternating) operation of 
the heating system of public buildings, the expediency of 
which is justified in this study, can be recommended for 
implementation in the structures of higher educational in-
stitutions of Ukraine. Therewith, the issue of establishing 
the limit time for cooling and “warm-up” of the building in 
the “forced” mode, considering the factual value of its thermal 
inertia under the operating conditions of the controller of 
the individual thermal point according to the developed al-
gorithm for controlling the process of releasing heat into 
the building’s heating system, requires further research.

REFERENCES
[1]	 2020 Global status report for buildings and construction. Towards a zeroemission, efficient and resilient buildings and

construction sector. (2020). Retrieved from https://wedocs.unep.org/bitstream/handle/20.500.11822/34572/GSR_ES.pdf.
[2] DSТU-N B V.1.1-27:2010 “Building climatology”. (2011). Kyiv: Derzhspozhyvstandart Ukrainy.
[3] EN 13790:2008. Energy performance of buildings ‒ Calculation of energy use for space heating and cooling. (2008). 

Brussels: European Committee for Standardization.
[4] EN 15217:2007. Energy performance of buildings – Methods for expressing energy performance and for energy

certification of buildings. (2007). Brussels: European Committee for Standardization. 
[5] EN 15603:2008. Energy performance of buildings – overall energy use and definition of energy ratings. (2008). 

Brussels: European Committee for Standardization. 
[6] DSTU B V.2.6-189-2013 “Methods of choosing thermal insulation material for building insulation”. (2013). Kyiv:

Derzhspozhyvstandart Ukrainy. 
[7] DBN B.2.6-31: 2016 “Thermal insulation of buildings”. (2016). Kyiv: Derzhspozhyvstandart Ukrainy. 
[8] Wang, Z., de Dear, R., Luo, M., Lin, B., He, Y., & Zhu, Y. (2018). Individual difference in thermal comfort: A literature

review. Building and Environment, 138, 181-193.
[9] 2021 Global status report for buildings and construction. Towards a zeroemission, efficient and resilient buildings

and construction sector. (2021). Retrieved from https://globalabc.org/sites/default/files/2021-10/GABC_Buildings-
GSR-2021_BOOK.pdf.

[10] Lu, D.B., & Warsinger, D.M. (2020). Energy savings of retrofitting residential buildings with variable air volume
systems across different climates. Journal of Building Engineering, 30, article number 101223.

[11] DSTU B EN 15261: 2012 “Calculation of microclimate parameters”. (2012). Kyiv: Ministry of the Region of Ukraine.
[12] DSTU B EN ISO 7730: 2011 “Ergonomics of the thermal environment. Analytical definition and interpretation of

thermal comfort on the basis of calculations of PMV and PPD indicators and criteria of local thermal comfort”. (2012). 
Kyiv: Derzhspozhyvstandart Ukrainy.

[13] DSTU B EN 15251: 2011 “Calculated parameters of the microclimate of the premises for the design and evaluation
of energy performance of buildings in relation to air quality, thermal comfort, lighting and acoustics”. (2012). Kyiv:
Derzhspozhyvstandart Ukrainy.

[14] Ding, Y., Zhang, Q., Yuan, T., & Yang, K. (2018). Model input selection for building heating load prediction: A case
study for an office building in Tianjin. Energy and Buildings, 59, 254-270.

[15] Deshko, V., Buyak, N., Bilous, I., & Voloshchuk, V. (2020). Reference state and exergy based dynamics analysis of
energy performance of the “heat source – human – building envelope”. Energy, 200, article number 117534.

[16] Antуpov, І.A., Mishchenko, A.V., Shelimanova, O.V., & Tarasenko, S.E. (2021). Analysis of the influence of the
internal heat capacity of the ZVO building and weather-dependent regulation of ITP on the efficiency of the
heating system in the next mode. Energy and Automation, 5, 46-61. doi: 10.31548/energiya2021.05.045.

[17] Deshko, V.I., Bilous, I.Y., Buyak, N.A., Golubenko, O.O., & Gureev, M.V. (2019). Influence of heat-inertial features
of protections on comfort conditions at introduction of energy-saving modes of heating in buildings. Scientific and
Technical Collection “Utility Management of Cities”, 3(149), 44-50.

[18] Deshko, V.I., Bilous, I.Y., & Buyak, N.A. (2019). Influence of intermittent heating modes on the dynamics of energy
consumption and comfort conditions of buildings with different levels of thermal protection. Scientific News of
NTUU KPI, 4, 7-16.



29
Machinery & Energetics. Vol. 13, No. 2

Ie. Antypov et al.

[19] Leivo, V., Prasauskas, T., Du, L., Turunen, M., Kiviste, M., Aaltonen, A., Martuzevicius, D., & Haverinen-Shaughnessy, 
U. (2018). Indoor thermal environment, air exchange rates, and carbon dioxide concentrations before and after 
energy retro fits in Finnish and Lithuanian multi-family buildings. STE, 621, 398-406.

[20] Zukowska, D., Rojas, G., Burman, E., Guyot, G., Bocanegra-Yanez, M.C., Laverge, J., Cao, G., & Kolarik, J. (2020). 
Ventilation in low energy residences – a survey on code requirements, implementation barriers and operational 
challenges from seven European countries. International Journal of Ventilation, 20, 1-20.

[21] Simanic, B., Nordquist, B., Bagge, H., & Johansson, D. (2019). Indoor air temperatures, CO2 concentrations and 
ventilation rates: Long-term measurements in newly built low-energy schools in Sweden. Journal of Building 
Engineering, 25, article number 100827.

[22] Gou, S., Nik, V.M., Scartezzini, J.L., Zhao, Q., & Li, Z. (2018). Passive design optimization of newly-built residential 
buildings in Shanghai for improving indoor thermal comfort while reducing building energy demand. Energy and 
Buildings, 169, 484-506. doi: 10.1016/j.enbuild.2017.09.095.

[23] Haddad, S., Osmond, P., & King, S. (2019). Application of adaptive thermal comfort methods for Iranian 
schoolchildren. Building Research and Information, 47(2), 173-189.

[24] Yangrui, S., Yuexia, S., Shugang, L., Zhe, T., Jing, H., Jungsoo, K., Parkinson, T., & de Dear, R. (2018). Residential 
adaptive comfort in a humid continental climate – Tianjin China. Energy and Buildings, 170, 115-121. 
doi: 10.1016/j.enbuild.2018.03.083.

[25] Esmaeilzadeh, A., Zakerzadeh, M.R., & Koma, A.Y. (2018). The comparison of some advanced control methods 
for energy optimization and comfort management in buildings. Sustainable Cities and Society, 43, 601-623. 
doi: 10.1016/j.scs.2018.08.038.

[26] Nalyvaiko, V., Radko, I., Zhyltsov, A., Okushko, O., Mishchenko, A., & Antypov, I. (2020). Investigation of thermal 
modernized building’s microclimate with renewable energy. ICoRES 2019, 154, article number 07011.

[27] Directive (EU) 2018/844 of the European Parliament and of the Council “Amending Directive 2010/31/EU on the 
energy performance of buildings and Directive 2012/27/EU on energy efficiency”. (2018, May). Retrieved from 
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L0844&from=IT.

[28] DSTU 3756-98 “Energy Saving. General Purpose Thermoelectric Heat Flow Converters. General Technical 
Conditions (61163)”. (2020). Kyiv: Derzhspozhyvstandart Ukrainy.

[29] DSTU B A.2.2-12: 2015 “Energy Efficiency of Buildings. Method of Calculating Energy Consumption for Heating, 
Cooling, Ventilation, Lighting and Hot Water Supply”. (2015). Kyiv: Derzhspozhyvstandart Ukrainy.

[30] Gorobets, V., Antypov, I., Trokhaniak, V., & Bohdan, Y. (2018). Experimental and numerical studies of heat and 
mass transfer in low-temperature heat accumulator with phase transformations of accumulating material. MATEC 
Web of Conferences, 240, article number 01009.

[31] Chernykh, L.F., Rodionova, T.Yu., Gorbonos, N.N., & Dats, P.A. (2006). Method for determining the heat transfer 
resistance of enclosing structures. Kyiv: NULES.

[32] Tsysar, M. Zakora, O. Babak, A., Ivakhnenko, S., & Zanevsky, O. (2021). Dependence of the Static Strength of Type 
Ib Single Crystal Diamonds with Octahedral Habit on Their Size. Scientific Herald of Uzhhorod University. Series 
"Physics", (50), 25-30.

СПИСОК ВИКОРИСТАНИХ ДЖЕРЕЛ
[1] 2020 Global status report for buildings and construction. Towards a zeroemission, efficient and resilient buildings

and construction sector. URL: https://wedocs.unep.org/bitstream/handle/20.500.11822/34572/GSR_ES.pdf.
[2] ДСТУ-Н Б В.1.1-27:2010 «Будівельна кліматологія». Київ: Держстандарт України, 2011. 130 с.
[3] EN 13790:2008. Energy performance of buildings ‒ Calculation of energy use for space heating and cooling. Brussels:

European Committee for Standardization, 2008. 53 р.
[4] EN 15217:2007. Energy performance of buildings – Methods for expressing energy performance and for energy

certification of buildings. Brussels: European Committee for Standardization, 2007. 31 р.
[5] EN 15603:2008. Energy performance of buildings – overall energy use and definition of energy ratings. Brussels:

European Committee for Standardization, 2008. 43 р.
[6]	 ДСТУ Б В.2.6-189-2013 «Методи вибору теплоізоляційного матеріалу для утеплення будівель». Київ: Держстандарт 

України, 2013. 55 с.
[7] ДБН В.2.6-31:2016 «Теплова ізоляція будівель». Київ: Держстандарт України, 2016. 33 с.
[8] Individual difference in thermal comfort: A literature review / Zh. Wang, et al. Building and Environment. 2018. Vol. 138. 

P. 181–193.
[9] 2021 Global status report for buildings and construction. Towards a zeroemission, efficient and resilient buildings

and construction sector. URL: https://globalabc.org/sites/default/files/2021-10/GABC_Buildings-GSR-2021_BOOK.pdf.
[10] Lu D.B., Warsinger, D.M. Energy savings of retrofitting residential buildings with variable air volume systems across

different climates. Journal of Building Engineering. 2020. Vol. 30. Article number 101223.
[11] ДСТУ Б EN 15261: 2012. «Розрахунок параметрів мікроклімату». Київ: Мінрегіон України, 2012. 81 с.
[12] ДСТУ Б EN ISO 7730:2011 «Ергономіка теплового середовища. Аналітичне визначення та інтерпретація

теплового комфорту на основі розрахунків показників PMV І PPD і критеріїв локального теплового комфорту». 
Київ: Мінрегіон України, 2012. 74 с.



30
Machinery & Energetics. Vol. 13, No. 2

Analysis of the influence of the internal heat capacity...

[13] ДСТУ Б EN 15251:2011 «Розрахункові параметри мікроклімату приміщень для проектування та оцінки�
енергетичних характеристик будівель по відношенню до якості повітря, теплового комфорту, освітлення та�
акустики». Київ: Мінрегіон України, 2012. 71 с.

[14] Ding Y., Zhang Q., Yuan T., Yang K. Model input selection for building heating load prediction: A case study for an�
office building in Tianjin. Energy and Buildings. 2018. Vol. 59. Р. 254–270.

[15] Deshko . ., Buyak N., Bilous, �., Voloshchuk V. Reference state and exergy based dynamics analysis of energy�
performance of the �heat source – human – building envelope�. Energy. 2020. Vol. 200. Article number 117534.

[16] Антипов �.О., �іщенко А.�., �еліманова О.�., Тарасенко �.�. Аналіз впливу внутрішньої теплоємності 
будівлі���О та погодозалежного регулювання �ТП на ефективність роботи системи опалення в черговому 
режимі. Енергетика і автоматика. 2021. № 5. �. 46–61. doi : 10.31548/energiya2021.05.045.

[17] �ешко �.�., �ілоус �.�., �уяк Н.А., Голубенко О.О., Гурєєв �.�. �плив теплоінерційних особливостей
огороджень�на умови комфортності при впровадженні енергоощадних режимів опалення в будівлях. 
Науково-технічний збірник «Комунальне господарство міст». Серія: технічні науки та архітектура, 2019. T. 3,
� 149. C. 44–50.

[18] �ешко �.�., �ілоус �.�., �уяк Н.А. �плив переривчастих режимів опалення на динаміку енергопотреби та �
умови комфортності будівель з різним рівнем теплового захисту. Наукові вісті НТУУ КПІ, 2019. � 4. �. 7–16.

[19] �ndoor thermal environment, air exchange rates, and carbon dioxide concentrations before and after energy retro fits� 
in Finnish and Lithuanian multi-family buildings / V. Leivo et al. STE. 2018. Vol. 621. P. 398–406.

[20] Ventilation in low energy residences–a survey on code re�uirements, implementation barriers and operational� 
challenges from seven European countries / D. �ukowska et al. International Journal of Ventilation. 2020. Vol. 20.
P.1–20.

[21] Simanic B., Nord�uist B., Bagge H., Johansson D. �ndoor air temperatures, CO2 concentrations and ventilation rates:� 
Long-term measurements in newly built low-energy schools in Sweden. Journal of Building Engineering. 2019. Vol. 25. 
Article number 100827.

[22] Passive design optimization of newly-built residential buildings in Shanghai for improving indoor thermal� 
comfort while reducing building energy demand / S. Gou, et al. Energy and Buildings. 2018. Vol. 169. P. 484–506. 
doi: 10.1016/�.enbuild.2017 .09.095.

[23] Haddad S., Osmond P ., King S. Application of adaptive thermal comfort methods for �ranian schoolchildren . Building 
Research and Information. 2019. Vol. 47, No. 2. P. 173‒189.

[24] Residential adaptive comfort in a humid continental climate – Tian�in China / �. Song, et al. Energy and Buildings. 
2018. Vol. 170. P. 115‒121. doi: 10.1016/�.enbuild.2018.03.083.

[25] Esmaeilzadeh A., �akerzadeh M.R., Koma, A.Y. The comparison of some advanced control methods for energy� 
optimization and comfort management in buildings. Sustainable Cities and Society. 2018. Vol. 43. P. 601‒623. 
doi:10.1016/�.scs.2018.08.038.

[26] �nvestigation of thermal modernized building’s microclimate with renewable energy / V. Nalyvaiko, et al. ICoRES 
2019. 2020. Vol. 154. Article number 07011.

[27] Amending Directive 2010/31/E� on the energy performance of buildings and Directive 2012/27/E� on energy� 
efficiency: Directive �E�� 2018/844 of the European Parliament and of the Council. �RL: https://eur-lex.europa.eu/
legal-content/EN/T�T/PDF/�uri�CELE�:32018L0844�from��T .

[28] ��ТУ 3756-98. «�нергозбереження. Перетворювачі теплового потоку термоелектричні загального призначення. 
�агальні технічні умови �61163�». �иїв: �ержстандарт України, 2000. 54 с.

[29] ��ТУ � А.2.2-12:2015 «�нерг етична ефективність будівель. �ето д розрахунку енергоспоживання при опаленні, 
охолодженні, вентиляції, освітленні та гарячому водопостачанні». �иїв: �ержстандарт України, 2015. 140 с.

[30] Gorobets V., Antypov �., Trokhaniak V., Bohdan Y. Experimental and numerical studies of heat and mass transfer in� 
low-temperature heat accumulator with phase transformations of accumulating material. MATEC Web of Conferences. 
2018. Vol. 240. Article number 01009.

[31] Черних Л.�. , Родіонова Т.�., Горбонос Н.Н., Дац П.А. Методика визначення опору теплопередачі огороджувальних� 
конструкцій. �иїв: НУ�іП, 2006. 12 с.

[32] Tsysar, M. Zakora, O. Babak, A., Ivakhnenko, S., & Zanevsky, O. Dependence of the Static Strength of Type Ib Single 
Crystal Diamonds with Octahedral Habit on Their Size. Scientific Herald of Uzhhorod University. Series "Physics". 2021. 
Vol. 50. P. 25-30.



31
Machinery & Energetics. Vol. 13, No. 2

Ie. Antypov et al.

Євген Олексійович Антипов, Анатолій Васильович Міщенко, 
Олена Віталіївна Шеліманова, Світлана Євгенівна Тарасенко

Національний університет біоресурсів і природокористування України
03041, вул. Героїв Оборони, 15, м. Київ, Україна

Аналіз впливу внутрішньої теплоємності громадської будівлі 
на параметри теплового комфорту приміщень при роботі

системи опалення в черговому режимі

Анотація. У кліматичних умовах України, які характеризуються довгим опалювальним періодом, значні енергопотреби 
на опалення призводять до зростання вимог щодо енергоефективності. Суттєвому зниженню енергоспоживання 
будівель при забезпеченні умов комфортності сприятиме включення моделі теплового комфорту людини до 
складної системи «джерело тепла – огородження». Мета цього дослідження – визначення чинників, які впливають 
на внутрішню теплоємність та, відповідно, теплову інерцію будівлі і подальше врахування цих факторів при 
оцінці теплового стану та параметрів теплового комфорту кімнат будівлі. Об’єкт дослідження – навчально-
адміністративний корпус НУБіП України. Проведено ряд досліджень, зокрема натурні виміри теплових потоків 
і температур на поверхнях зразків стінової конструкції будівлі виконувались в спеціальному кліматичному 
комплексі, який дозволяє штучно створювати зовнішні та внутрішні теплові умови приміщень. Показано, що 
утеплення конструкції шаром пінополістиролу ПСБ-15, товщиною 100 мм, дозволяє знизити теплові втрати через 
стінову панель майже вдвічі. Розроблено алгоритм управління процесом відпуску теплоти з урахуванням показника 
внутрішньої теплоємності будівлі. Порівняно з «лінійною» залежністю це дозволяє більш точно коригувати графік 
відпуску теплоносія в систему опалення громадської будівлі під час впровадження чергового режиму її роботи. 
Діапазон відхилення температур знижується на 4–6 °С, що дозволило заощадити до 10–12 % спожитої теплової 
енергії на потреби опалення об’єкту дослідження при умові збереження нормованих значень внутрішньої 
температури приміщень. Переривчастий режим роботи системи опалення громадських будівель, доцільність 
якого обґрунтована в даному дослідженні, може бути рекомендований до впровадження у спорудах закладів 
вищої освіти України

Ключові слова: теплова енергія, енергопотреби, енергоефективність, опалювальний період, теплова інерція, 
алгоритм управління, система опалення


