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Abstract: The aim of the work is the development and study of methods for reducing the cost of
heat energy for heating buildings and constructions by means of usage of automated control
systems based on a programmable logic controller. Methods: In contrast to the known methods,
the proposed mathematical model of non-stationary processes in heat-intensive enclosures makes
it possible, according to the adaptive control algorithm, to perform forecast and standby heating
taking into account the time dependence of the outdoor air temperature. Results: The algorithm
ensures the equality of the heating system power and the heat losses power, allows one to maintain
the desired indoor air temperature in the room when the outdoor air temperature changes. The
heat loss compensation mode is achieved without using the temperature chart parameters of the
network water and the parameters of proportional-integral-differential control laws that are
necessary to set up at common automatic heating control systems. When calculating the forecast
and standby heating modes, the mathematical model allows, at given initial and final temperatures
of the internal air, determining the heating system power, which provide the desired temperature
at the end of a specified period of time. The adaptive control algorithm allows setting the
calculated outdoor temperature and the desired internal air temperature at any time. Under the
forecast control, the mathematical model allows determining the system power at which the
internal air temperature will remain almost constant when the outdoor air temperature changes.
Conclusions: The developed algorithm of adaptive control allows one to create an energy-efficient
heating system that provides the desired room temperature with minimum consumption of thermal
energy taking into account all parameters affecting the heat loss power and the heating system
power.
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Pestome. Lenwv: Lenvio pabomwl asusemcs paspabomra u uUcciredo8aHue Memooo8 CHUICEHUS.
3ampam menyiogou 3Hepeuy Ha OMONIEHUCIOAHUL U COOPYIHCEHUU 3a cHem NPUMEHeHUs. CUCeM
A6MOMAMUZUPOBAHHOLO YRPABIEHUS

Memoowi: Memooom mamemamuyecko2o MOOETUPOBAHUSL  HECTNAYUOHAPHBIX — MENTI0BbIX
npoyeccos 8 Ccucmemax OmMONIeHUACO30AHAMEMOOUKA pACHema peicuMo8 NPOSHO3HO20 U
0€JICYPHO20 OMONJEHUSL U AN2OPUMMAOANIMUBHO20 YRPABGIEHUS CUCMEMOU OMONAEHUs, KOMOPbLl
Peanuzoean Ha NpoSpamMmupyemMom JIo2uYecKkoM KoHmpoliepe. B omauuue om uzeecmmvix
MeMmOo008 NPEOL0NCEHHAS MAMEMAMULECKAsL MOOELb HECTNAYUOHAPHBIX NPOYECCO8 8 MENI0EMKUX
02PadcOeHUsIX NO360SIEIN OCYWECMBIAMb N0 AIOPUMMY AOANMUBHO20 YNPABGIEHUS NPOSHOZHOE U
0€JICypHOe OMONIEHUE C YYemoM USMEHEHUs. 60 6PEeMEHU MEeMNepamypbl HaAPYICHO20 6030VXd.
Pesynomamol:  Ancopumm obecneuusaem paseHcmeo MOWHOCMU CUCTHEMbL OMONLEHUST U
MOWHOCMYU — MENJoblX ~ NOMEPb,  NO36ONAEMNO0OEPHCUBAMb  3AOAHHYIO  MEMNepaAmypy
BHYMPEHHe20 8030YXA 6 NOMEWEHUU NPU USMEHEHUUMEMNEPamypbl HAPYICHO20 6030yXd. Buixoo
HA pedCUM KOMNEHCAYUu mMeniosblx nomepsb 0ocmueaemcsi 0e3 UCHONb308AHUS NAPAMEMPOs
memnepamypHozo epaguxa cemegol 600bl U NAPAMEMPOS HPONOPYUOHATLHO-UHMESPATLHO-
ouphepenyuanvblx 3aKOHO8 Pe2yIupoBanus, Komopuvle HeoOXo0uMbl Ol HACMPOUKU UWUPOKO
PACHPOCMPAHEHHbIX — CUCEM  ABMOMAMUYECKo20 Ynpagienus omonienuem. Ilpu pacueme
PEdHCUMOB NPOSHOZHO20 U O€IHCYPHO2O OMONIEHU MAMEeMAMU4ecKas Mooelb NO360Jsem npu
3A0AHHBIX HAYATLHBIX U KOHEUHbIX MEeMNEPpAmypax 6HympenHezo 6030yXa Onpeoeiums 3HaA4eHUs.
MOWHOCMU  CUCEMbl  OMONAEHUs, obecneuugaiowue icelaemylo memnepamypy 6 Kouye
3a0AHHO20 NPOMEICYMKA BpeMeHU. Anzopumm adanmueHo20 YRpagieHus Nno36oasem 6 ool
MOMeENm 8peMenU 3a0amb3HaA4eHUs. PACYEMHOU MeMRePamypbl HaAPYICHO20 8030yXa U mpebyemotl
memnepamypvl 6HympeHnHe2o 6030yxa.llpu npocHosHoM ynpasieHuu Mamemamuyeckas mMooelb
no36oisem  Onpedeums — 3HAYEeHUs MOWHOCMU — CUCEMbLIPU  KOMOPBIX — mMeMnepamypd
sHympenHezo 6030yxa Oyoem o0cmasamvCsi NPAKMUYECKU NOCHMOSHHOU NpU  U3MEHeHUu
memMnepamypbl HaAPYHCHO20 8030YXd.

Buieoowt:  Paspabomanuwiii  aneopumm — a0anmueHo20  YHPAGIeHUs NO0380Jsem  Co30amb
IHEP2OIPPEKMUSHYIO CUCmeMy OMONAEHUs, 00eCneyusarwyyio npu MUHUMATLHOM PACXooe
MEeNI080LL IHEP2UL 3A0AHHYI0O MEMREPAMYPY 8 NOMEWEHUSAX 30AHUsL C YHemOoM 6CeX NapaMempos,
BIUSTOUUX HA MOWHOCIIb MENI0BbIX NOMEPL U MOUWHOCMb CUCHIEMbI OMONIEHUSL.

Knrwouesvie cnoea: mamemamuyeckas mooenb, MOWHOCMbCUCTIEMbI OMONNEHUA, NPOZHO3HASA
memnepamypa, HapyjicHvlil 8030VX,NPOZHO3HOE OMONIEHUE,0eHCYPHOCOMONIeHUe, ANOPUMM
a0anmueHoO20 YNpasieHus, NPOSPaMMUpyemblil 102U4ecKuti KOHMpoep.

Introduction

In developed countries, the global energy crisis of the 70s of the 20th century accelerated
the development and implementation of energy-saving technologies, contributed to a large-scale
structural economy reorganization to reduce the share of energy-intensive industries by their
transfer to developing countries. All of this taken over the past quarter of the 20th century led to a
decrease in the energy intensity of economy in developed countries by 2-2.5 times. The policy of
energy-saving and energy efficiency continues in the 21st century. According to the State report on
the state of energy-saving and energy efficiency in the Russian Federation in 2017 (http://www.
economy. gov.ru) over the past ten years, the energy intensity of the economy of the advanced
countries has decreased by 15-20%, while the previously adopted plans are being revised towards
tightening. For example, by 2020 it is planned to reduce the economy energy intensity in the
United States by 25% as compared to that in 2005, in the EU countries by 20% as compared to that
in 2007, and in the P. R. China by 49% as compared to that in 2006. Therefore, the task of energy
saving and improving energy efficiency for our country is very relevant.
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Buildings and constructions are among the main consumers of heat energy, which account
for up to 20% of the total balance of global energy consumption [1]. According to the Forecast of
the scientific and technological development of the sectors of the fuel and energy complex of
Russia for the period up to 2035 (https://www/minenergo.gov.ru) the centralized heat supply
systems form the core of heat supply in Russia, the share of which in the total volume of heat
energy production reaches 82% (1.3-10° Gcal per year). The expert estimations show that the
housing and utilities sector solely, excluding the budget sphere, accounts for about 20% of the
total energy saving potential in the Russian Federation [2]. At the same time, in the public sector,
about 82% of the total amount of operated buildings have a reduced, low and very low energy
efficiency class, which indicates a significant potential for energy saving in this sector. One of the
most efficient ways to reduce the consumption of thermal energy for heat supply is the automation
of heating systems and the improvement of heat supply control algorithms [3,4,5].

In Russia, the regulation of the heat supply regime of the vast majority of buildings and
constructions is carried out centrally from the heat source (boiler room, CHP) according to the
temperature schedule of network water supply depending on the outdoor temperature. In this case,
control is carried out depending on factors common to all buildings in the area of heat supply
source. The group stage of regulation has a similar drawback, when management is carried out
from factors common to fewer buildings [6,7,8,9].

Thus, centralized and group heating control systems do not take into account the individual
static and dynamic heating characteristics of individual buildings, the effects of insolation and
wind, do not enable efficient management of heat carrier parameters, and the organization of
forecast and standby heating. Therefore, they often do not provide optimal temperature regime in
the premises and result in irrational overspending of thermal energy, especially in autumn and
spring. The technological capabilities of individual heat points (IHP) with automatic weather
regulation are much higher, since they allow one to take into account almost all the factors
affecting a single building. Therefore, the task of increasing the energy efficiency in the heat
supply of buildings can be solved only by widespread introduction of IHP with automatic weather
regulation [8, 10, 11, 12].

The aim of this work is to develop a mathematical model of the unsteady thermal regime of
a building, which describes the dynamics of real processes occurring in buildings and
constructions during the transition from one state to another, taking into account the actual specific
heating characteristics of the enclosing structures, the thermal inertia of buildings, external
disturbances in the form of outdoor temperature air changes [4.13]. The model is implemented in
an adaptive heating system control algorithm for a programmable logic controller (PLC).

Materials and methods

The object of simulation is a centralized heat supply system of a typical four-story
educational building D of Chuvash State University, consisting of a heating station, main supply
and outlet pipes, stacks and connections to heating units, as well as shut-off and control valves.
The housing is supplied with heat in accordance with the temperature schedule 130/70 °C. The IHP
scheme includes forced pump circulation with coolant mixing from the return pipe [4,13]. The
automatic weather control system includes: PLC-150 programmable logic controller, water
temperature sensors in the supply line, at the inlet and outlet of the heating system, outdoor and
indoor air temperature sensors, electromagnetic water flow converter, full pressure transmitters at
the inlet and outlet of heat point, circulation pump that controls a two-way valve with an electric
actuator. Signals from the sensors enter the control cabinet for further processing by the controller
and its peripherals. The main thermo-technical characteristics of the case are: mass of heat-
resistant enclosures M=1460 t; the average heat capacity of the heat-resistant enclosure material
¢=800 J/(kg-K); the generalized thermal characteristic of the building, determined by the statistical
processing of data from an automated heat point [4], qV=2.843 kWI/K; indoor heat transfer

coefficient o\, = 7.8 W/(m?-K), outdoor winter heat transfer coefficient o, =23 W/(m?-K); time

constant: T =1.728-10° s=48 hours.
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Comfortable conditions in the premises with minimum consumption of heat energy for
heating are achieved at the heat balance of the building or construction, when the heating system
provides compensation for heat losses taking into account technological and domestic heat and
insolation. To calculate the forecast and standby heating modes and the emergency response
modes for heating, it is necessary to study the relationship between the temperatures of indoor and
outdoor air and the power of the heating system during non-stationary processes.

In order to ensure a predetermined air temperature inside a heated room, the actual power
of the heating system P, should compensate the calculated heat loss of the building Pjyg,

taking into account the technological and domestic heat energy input into the heated building, as
well as insolation.

The calculated heat loss power depends on the thermal characteristics of the building and
the temperatures of the indoor and outdoor air:

Pioss = AV (teaic.in - tealc.out) (1)
where V is the external total structural volume of the building; qis the specific heating

characteristic of the building, which should take into account the real thermophysical
characteristics of the enclosures, the shape and orientation of the building, the infiltration and the
wind impact. The product qV is a generalized thermal characteristic of the building.

The difference between the actual or desired temperature of the air inside the building and
the continuously measured actual or set outdoor temperature (tcaicin ~tealc.out) iS the main

disturbing factor for the heating system. The heating system power required to compensate heat
loss depends on the temperatures of the direct and return water and the water flow in the heating
system:

Pheat = G2pPC(tgir - Tret) = Ploss - Pext » @)
where G, is the volume water consumption in the building heating circuit; p is water density; c

is the specific water heat capacity; tyj,,tret are the temperatures of direct and return water in the

building heating circuit; Pyt is the power of technological and domestic heat sources including

insolation.

The most common method of heating system control is to control perturbation (according
to the temperature of the outdoor air or using the temperature difference between the indoor and
outdoor air). The control system may provide feedback using the temperature of coolant entering
the building, or using the coolant temperature in the return pipe [3,5,6]. In this case, only coolant
temperatures are usually used, through which, using a number of assumptions, the power of the
heating system is determined by mathematical modeling. High-quality control by changing the
temperatures of the direct and return water in accordance with the temperature schedule with a
constant flow rate of water cannot fully compensate heat losses, since the influence of wind and
insolation is not taken into account. The network water temperature at the heat source is
determined by the air temperature for a certain period, taking into account the forecast and the
available heat capacity of the source. Transport lag leads to a mismatch between the consumer
network water temperature and the current outdoor temperature. In addition, the heat source often
fails to comply with the temperature schedule of the network water, therefore widespread heating
control algorithms that use only the temperature of the external and internal air, as well as the
water temperature in the heating pipes and heating systems cannot provide timely and full
compensation of heat losses. It should also be noted that for the implementation of well-known
control algorithms for network water temperature, reference points of the heating system schedule
and parameter values of proportional-integral and proportional-integral-differential laws of
regulation are necessary.
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The existence of water flow meters in modern heating centers allows one to determine the
actual heating system power and to perform control not according to the temperature schedule, but
directly by the power of the heating system, based on equality (2) using the adaptive control
algorithm [4,13].

The algorithm for adaptive heat supply of buildings and construction, created on the basis
of the automated heat point of building D, Chuvash State University, which takes into account
weather, climatic and functional conditions, is implemented in the CODESY'S environment on the
PLC-150 programmable logic controller with registration and visualization of all measured and
calculated values at an automatic operator workstation (AOW) [4]. The algorithm provides a quick
access to the mode of compensation for heat loss without using the parameters of the network
water temperature schedule and the parameters of proportional-integral and proportional-integral-
differential laws of regulation [4,13].

To study the dynamics of thermal processes in heating systems, a model based on the heat
balance of internal air and enclosures using quasistationary approximations can be applied [14].
The differential heat balance equation for the temperature of the internal air has the form [14]
when written using the notation adopted in the theory of automatic control:

dtout air
— *+ oyt _air- 3

where Tin_air is the time constant for the indoor air temperature tjn air; Tout_air is the time

dtin air
Tin_aird—; +tin_air = KPheat * Tout_air

constant for the outdoor air temperature tyt 4ir i Pheat iS the actual power of the heating system;

k=1/qV is the coefficient for transmission via the channel “heating system power - indoor air

temperature”.
The product of the building specific heating characteristic q and the external total structural

volume of the building V is a generalized thermal characteristic gV that can be determined by
statistical processing of metering nodes data [4]. The time constant Tj, ,i; can be expressed in
terms of mass of heat-resistant enclosures and the generalized thermal characteristic qV :

Tin_air = ;qﬂv
where ¢ is the average specific heat of heat-resistant enclosures; U is the correction factor
taking into account the difference in the values of heat transfer coefficients from the outer surface

of the wall to the outside air oLq,; gjy and from the inner air to the inner surface of the wall

U '

Qin_air [14]:

U= R wall + 2|:zout_air

Rin_air +R wall + Rout_air

where Ry =08/ is the wall thermal resistance; R is the resistance to heat

in_air =1/ Oin_air

transfer from internal air to the inner surface of the wall; R is the resistance

out_air =1/ Aoyt air
to heat transfer from the outer surface of the wall to the outside air
In stationary mode at heat loss compensation:
Pheat = Ploss = AV (tcaic.in ~tcalc.out)

In non-stationary modes, with forecast control and standby heating, the actual power of the
heating system may differ from the heat loss power

Pheat = KPjoss -
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Equation (3) is easily solved for the time-independent outdoor air temperature [14].
However, in reality, this temperature can vary significantly, which must be taken into account
when calculating the forecast, standby and emergency control heating modes [15,16]. To simulate
the cooling or warming processes, it was assumed that the outdoor temperature at the initial time

T =0isequalto ty,; 4jrg. @nd then began to change in time according to the law
tout_airk 'tout_airo
) ’
where Tot air0» Lout airk @re the outdoor temperatures at the beginning and end of the period

—np.2
Lout air = Bt +lout air0: B=

Ty . In addition, the outdoor air temperature change rate at the initial time is zero. In this case,

B<O0 for the predicted cooling, B>0 for the predicted warming and B=0 for the constant outdoor air
temperature.
For this law of the outdoor temperature change in time, equation (3) has the form
d'[in_air -k 2 4
Tin_airT +lin_air = Pheat * 2-l-out_airl-:’“' Bt +lout_airo- (4)
The initial conditions for solving equation (4) are:

©=0, tin_air =tin_air0» tout air = tout_air0-

The solution of equation (4) under the initial conditions (5) has the form ©
tin_air (1) = Cexp(- _ u =)y,
in_air
where C = tin_air0 - 2|3Tin_air2 + 28Tin_air-l-out_air - K(tin_airO 'tout_airo) ~tout airo;
y(r)=Br . 2BTin_airT + 2|3Tin_air 2+ 2|3-I-out_airT -2 B-l-in_airTout_air + . (6)

+K(tin_air0 'tout_airO) + tout_airO

In the particular case for the stationary mode with B=0 and K =1, the actual power of

the heating system is equal to the heat loss power
Pheat = Pext = Ploss -

If the actual power of the heating system is greater than the heat loss power, the
temperature of the internal air will increase, if it is less, the temperature of the internal air will
decrease. The internal air temperature change rate depends on the coefficient K . When the heating
is turned off and K =0, the mathematical model allows estimating the temperature cooling time
inside the room taking into account changes in the temperature of the outdoor air.

During non-working hours (holidays, weekends and night time), the temperature of the
indoor air can be reduced by decreasing the heating power to the standby heating mode in order to
reduce heating costs. To ensure a decrease or an increase in air temperature from temperature

tin airo t0 a predetermined level t;, ,ip during time Ty, the power of the heating system Pheat
is aetermined from solution of th_e following equation with respect to the coefficient K
.Tk =)+ Y(K, 7y tin_air0-tin_airk)- ™)
in_air
Then, the calculated power of the heating system is determined as
Pheat = KPy,
where P,, is the power at the beginning of the room temperature cooling or heating period.

tin_airk (ty) = Cexp(-
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Results

The proposed mathematical model makes it possible to determine the coefficient K for a
given indoor air cooling or heating rate and the required power of the heating system during stand-
by heating, taking into account the outdoor air temperature change in time. Tables 1 and 2 show
the calculations results for changes in heating power and heat energy consumption during two days
when switching to standby heating mode and vice versa, and also without switching to standby

mode at a constant outdoor temperature toy; air =—15 °C(Table 1) and when changing outdoor

temperature from toyg air =—15 °C to -17 °C (Table 2). It can be concluded that the specific

value of thermal energy savings due to standby heating on non-working days substantially depends
on the outdoor air temperature and for toy; gir =—15 °Citis 11%. The calculation data show that
when the heating is completely turned off and the outdoor temperature is -15 °C, the air in the
room will cool down to 14.6 °C in 8 hours (Fig. 2a, curve 2). If the outdoor air temperature during

this period decreases to -17 °C, then the indoor air will cool down to 12.6 °C (Fig. 2a, curve 3), and
if the outdoor temperature rises to -13 °C, the indoor temperature will decrease for only 3.4 °C.

Table 1
Changes in the heating system power and the thermal energy consumption at a constant

outdoor temperature oyt ajr =—15 °C

. Thermal
. Heating
Time, energy
Mode h system -
ours consumption,
power, KW KW-h
Cooling of indoor air to15 °C 8 6.91 55.28
Operation with reduced heat losses (standby heating) 28 85.3 2388
Ecx)tra-heatmg (increase in the internal air temperature to 20 12 149.65 1795
Total 48 4238.28
Operation without standby heating 48 99.5 4776
Thermal energy savings 537.72
Table 2

Changes in the heating system power and the thermal energy consumption when changing the outdoor
temperature from toyt ajr =—15 °Ct0 -17°C (Fig.1)

- Heating Thermal energy
Time, .
Mode hours system consumption,

power, KW kW-h

Cooling of indoor air to15 °C 8 43.95 351.6
Operation with reduced heat losses (standby heating) 28 90.97 2547.16
ggtoré;heatmg (increase in the internal air temperature to 12 155.24 1862.88
Total 48 4761.64
Operation without standby heating 48 105.2 5049.6
Thermal energy savings 287.96
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Fig. 1. Change in outdoor temperature over time:
1 - during warming; 2 - during cooling
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Fig. 2. Changes in indoor temperature during 8 hours:
a) for a complete heating shutdown; b) for standby heating.
Curve 1 was obtained when outdoor air temperature increased from toyt gjr =—15 °C 10 -13°C;

curve 2 is for tout_air =-15 °C; curve 3 was obtained when outdoor air temperature decreased from
tout_alr = —15 OC to -17 °C

From experimental relationships between the indoor air temperature and time, obtained
when the heating was completely turned off, time constants T can be determined [14,15,16].
Indoor air temperature maintenance at a given level should be ensured in a wide range of the
outdoor air temperature changes due to a corresponding change in the temperature of direct
network water according to the temperature schedule. It should be noted that the temperature of
direct water will vary with a certain delay in time due to the inertia of the heating system and
transport delay. Therefore, in the existing control algorithms according to the network water
temperature schedule, the required power of the heating system is achieved using proportional-
integral and proportional-integral-differential laws of regulation not immediately, but with some
delay [16, 17, 18].

The mathematical model developed in this work allows studying the operation modes at
constant and variable power of the heating system. The adaptive control algorithm allows one to
reach any given heating mode, including during standby and forecast control, without using the
parameters of the temperature schedule and the parameters of proportional-integral and
proportional-integral-differential laws of regulation.
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To maintain a constant room temperature for a given time interval 1, , the coefficient K

and calculated power of the heating system can be determined by solving equation (7) from the
condition that the indoor air temperature is equal at the beginning and at the end t;,, i = tin airo

of a certain time interval ) . During this interval, the power of the heating system is assumed to

be constant over time. Table 3 shows the forecasted heat loss power and the estimated power of
the heating system during cooling and warming.

Figure 3 presents the calculated relationships between the internal air temperatures during
cooling and warming and time at the heating system power determined using the mathematical
model (curves 1) and the heating system power equal to the heat loss power at the beginning
(curves 3) and at the end (curves 2) of the considered time interval .

Table 3
Changes in the forecast and calculated power of the heating system during the outdoor air cooling
and warming
Predicted .
Change in outdoor Outdoor Outdoor heat 10ss Predicted _
temperature over a tempera_turf: at temperature power at the heat loss EstlmaFed power
specified time the beginning at the end of beginnin power at the | determined from
; of the the g g end of the a mathematical
interval t, (8 g . of the .
calculation calculation calculation calculation model, kW
hours) interval, °C interval, °C | . interval, kW
interval, kW
Cooling -15 -17 99.5 105.9 135
Warming -15 -13 99.5 93.8 62.5

(o ¥ . o

3 4 5 6 7 hours 0 1 2 3 4 5 6 7 hours
a) b)
Fig. 3. Dependence of indoor air temperature on time during warming (a)
and cooling (b)for various heating system powers: 1 — power,
determined from a mathematical model; 2 - power equal to losses at the end of the time interval;
3 - power equal to losses at the beginning of the time interval

From fig. 3b (curve 2) it can be seen that setting the heating system power equal to the heat
loss power at the end of the cooling interval does not provide a constant indoor air temperature of
20 °C and causes under-heating; during warming, setting the heating system power equal to the
loss power at the end of the selected interval (Fig. 3a, curve 2) causes the set temperature to be
exceeded, i.e. extra-heating. Similar phenomena, but more pronounced are observed when the
power of the heating system is set equal to the heat loss power at the beginning of the interval.
Therefore, in case of forecast heating, to stabilize the temperature of the indoor air, it is necessary
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to set not the powers corresponding to the predicted temperatures of the outside air at the end of
the considered time interval, but the power determined using mathematical model, which takes
into account the thermal inertia of the enclosing structures. During cooling, the calculated power is
greater than the heat loss power at the end of the period under consideration, during warming it is
less, which is explained by the influence of heat accumulated by the building envelope. Therefore,
forecast heating control [16,17,18] should be proactive taking into account the thermal inertia of
the building. Studies using a mathematical model showed that in order to maintain a constant
temperature of indoor air in a room, it is necessary to set not the forecasted temperatures of the

outdoor air, but the calculated ones t.gc.out » Which, under cooling, are lower than the forecasted
outdoor air temperature at the end of the considered time interval, but under warming they are
higher. The calculated outdoor temperature can be determined from the expression

t _ thcaIc.in - KPIoss
calc.out = qV )

where Py, is the heating network power at the beginning of the considered interval.

The calculated outdoor temperatures necessary to maintain the indoor air temperature at a
given level are greatly influenced by the time constants of buildings and construction. So, for
example, for a time constant T =48 hours, when the outdoor temperature decreases by 2 degrees

from -15 °C to -17 °C, the calculated temperature {qgic oyt =-28 °C, and when it is increased by 2

degrees tegic.out= -1.97 °C. With a decrease in the time constant to 24 hours for the same

conditions, the calculated outdoor temperatures are -22 °C and -7.97 °C, respectively. Thus, with a
decrease in the time constant, which occurs with a decrease in the mass and thermal resistance of
the building enclosures, the calculated temperatures approach the outdoor air temperatures at the
end of the considered time interval, and the coefficient K tends to 1.

Mathematical models, algorithms for standby heating and maintaining at a given level the
heating system power during forecast control can be implemented using PLC. The adaptive control
algorithm uses continuously measured temperatures of indoor and outdoor air, and also allows
setting the calculated temperature of the outdoor air and the required temperature of the indoor air
to provide a comfortable temperature in the room as settings for air temperatures [4,13]. With
forecast control, the mathematical model allows determining the heating system power and the
ambient temperature settings, at which the indoor air temperature will remain almost constant
when the outdoor temperature changes without under-heating and extra-heating.

Conclusions

The proposed mathematical model of unsteady processes in heat-resistant enclosures allows
the forecast and standby heating to be adapted according to the adaptive control algorithm, taking
into account the change in the temperature of the outdoor air over time. When calculating the
modes of forecast and standby heating, the mathematical model allows, at given initial and final
temperatures of the internal air, determining heating system power that provide the desired
temperature at the end of a given period of time. For the standby heating, this is the temperature at
the end of the cooling or warming interval. The developed adaptive control algorithm allows one
to provide any design conditions and create an energy-efficient heating system that provides a
given temperature in the building’s premises with minimal heat consumption, taking into account
all the parameters that affect the heat loss power and the heating system capacity.

The created experimental installation for monitoring and controlling the heat supply
regimes of a building allows, faster than the known algorithms, achieving equality of the actual
power of the heating system and the power of heat losses when weather conditions change, to
implement any adaptive control algorithms without setting the temperature parameters of the
network water.
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