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EFFICIENCY OF AUTONOMOUS HEATING SYSTEM
IN INTERMITTENT MODE WITH HEAT ACCUMULATOR

I banracansan, A. Cemeniii. EQeKTHBHICT, ABTOHOMHOI CHCTEMU ONAJIEHHSI B EPEPUBYATOMY PEKHUMI 3 aKyMYJIATOPOM TeIlia.
JociimpkeHo epeKTHBHICTh aBTOHOMHOI CHCTEMH OIAJCHHS B MEPEPUBYATOMY PEKHMI 3 aKyMyJsATOpOM Teruia OymiBii HaBYAJBHOTO
KOpIIyCy HaNiOHAJIBbHOTO YHiBepcuTery «Opmechka momiTexHika». CdopMyIbOBaHO OCHOBHI BHMOTHM INOJO PO3B’S3aHHS 3aBJAHHS
onTuMizauii npouecy o0irpiBy npuMinieHHs. PO3DIsTHYTO LUIIXH MO0 MiABHINEHHS e(EeKTHBHOCTI PaHKOBOro OOIrpiBy mpumimenHs. Ha
MiZICTaBi po3po0JICHOT MaTeMaTHYHOT MOJIENI IMHAMIKU TEIVIOBUX IPOLECIB €JIEMEHTIB aBTOHOMHOI CUCTEMH OIIAJICHHS JIOCIIDKEHO PEXKUMHI
TEIUIOBOTO HABAHTAKCHHS CHCTEMM OINAJICHHS IPH 3MiHI TEMIepaTypH 3OBHIIIHBOTO IIOBITPs. 3allpONOHOBAHO OCHOBHI HAINpsSMHU
YIAOCKOHAJICHHs Temo3abe3nedeHHs] OyaiBeinp B PEXMMI MMEPEPHBYACTOrO ONMAJICHHS Ta BPAaXOBAHO IX MPAKTHYHE 3aCTOCYBAHHS IMPU
MOJICIIOBAaHHI Ta JOCIipKeHHI cuctemn. HaBemeHo pesymbraTé onrtuMizamii J060BHX TpadikiB HaBaHTaXCHHS OCHOBHHX CIIEMEHTIB
AQBTOHOMHOI CHCTEMH OINAJICHHs NP 3MIHHHUX 30BHIIIHIX yMOBaX. HaBeneHo onTuMainbHi JOOOBI rpadikyu AMHAMIKY TEMIIEpaTypH MOBITPS Y
MPUMIIIEHHI Ta TEMIIEpaTypH MEpEKHOi BOAM CHCTeMH omaneHHs. JOCHi/DKEHO 3allexHICTh KoedillieHTa 3amoBHEHHS rpadika
HABaHTAKCHHS CUCTEMHU ONAJICHHsS Ta FeHepaTopa TelJia BiJ| TEMIIepaTypH 30BHILIHBOTO MOBITPs B Mexax Bin 5 mo —15 °C. Jlocnimkeno
BIUIMB JJOOOBOrO aKyMYJIOBaHHsS TEIUIa HAa 3HIKCHHS HOMIHAJIBHOI TEIUIOBOI MOTY)XHOCTI TeHepaTopa Temia. BUkoHaHO OLIHKY eKOHOMil
TeIlIa 3a pe3yJIbTaTaMu ONTUMI3allil PeXKUMIB HaBAaHTa)KCHHsI 3alIPONIOHOBAHOI CHCTEMH B PEXKUMI EPEPUBYACTOrO ONAJICHHS B IIOPIiBHAHHI 3
LUIOTO000BHM PEXMMOM OIAJIEHHS, 0 CKJIaia BignoBigHo 25,2 %. Ha mixcTaBi pe3ynpTaTiB JOCIIPKEHHS 3p00JIEHO BUCHOBOK, IO T000OBE
aKyMYJIOBaHHS TEIUIa U1 CHCTEM OIIAJICHHS, IO MNPALOTh Yy HEPEPUBYACTOMY PEXHMI, € HI€BHM 3aXOJOM OO IiJBUIICHHS
eeKTHBHOCTI PaHKOBOTO OOIrpiBy MPHUMIIIEHHS, JOCATHEHHS MaKCHMAJIbHO MOXJIMBOI TEIUIOBOI MOTYKHOCTI CHCTEMH OMAJICHHS ITiJ{ Jac
00irpiBy Ta CKOPOUESHHS KOr0 TPUBAIIOCTI 10 1 ro.

Kniouosi cnosa: pexuM IIepepUBYACTOrO OMNAJICHHSA, MaTeMaTHYHE MOJIEIIOBAHHSA, aKyMyJIOBaHHS TeEIUIa, PAaHKOBHIl 0OIrpis
MPUMIILCHHS, KoedilieHTa 3an0OBHEHH rpadika HaBaHTAXKCHHsI, ONTUMI3aLlisl PEKUMIB HAaBAHTAXKCHHS

H. Balasanian, A. Semenyii. Efficiency of an autonomous heating system in intermittent mode with a heat accumulator. The
effectiveness of the autonomous heating system in intermittent mode with a heat accumulator of the building of the educational building of
the Odessa National Polytechnic University was studied. The main requirements for solving the task of optimizing the room heating process
are formulated. Ways to increase the efficiency of morning room heating are considered. On the basis of the developed mathematical model
of the dynamics of thermal processes of the elements of the autonomous heating system, the regimes of the thermal load of the heating
system when the temperature of the outside air changes are investigated. The main directions for improving the heat supply of buildings in
the mode of intermittent-frequent heating are proposed and their practical application in modeling and research of the system is taken into
account. The results of optimizing the daily load schedules of the main elements of the autonomous heating system under variable external
conditions are presented. The optimal daily schedules of the dynamics of indoor air temperature and network water temperature of the
heating system are given. The dependence of the filling factor of the load schedule of the heating system and the heat generator on the
outside air temperature in the range from 5 to —15 °C was studied. The effect of daily heat accumulation on the reduction of the nominal
thermal power of the heat generator was studied. Heat savings were evaluated based on the results of optimization of load modes of the
proposed system in the intermittent heating mode compared to the 24-hour heating mode, which amounted to 25.2%, respectively. Based on
the results of the study, it was concluded that daily heat accumulation for heating systems operating in intermittent mode is an effective
measure for increasing the efficiency of morning room heating, achieving the maximum possible thermal power of the heating system during
heating and reducing its duration to 1 hour.

Keywords: intermittent heating mode, mathematical modeling, heat accumulation, morning heating of the room, load schedule filling
factor, optimization of load modes

Introduction

For office, administrative, educational, industrial buildings, etc., in order to save heat costs dur-
ing the day and on weekends, some reduction of the room temperature below the normative value will
be used by turning off or significantly reducing the power of the heating system. This mode of “inter-
mittent” heating allows you to save costs. To implement the intermittent heating mode, it is necessary
to control the power of the heating system, which limits the range of application of this mode. Thus,
when the building is supplied with heat from a thermal power plant, the implementation of the inter-
mittent heating mode is impossible due to the use of qualitative regulation at the source, which does
not provide a reserve of thermal power for the functioning of the system. Therefore, the most favora-
ble conditions for the implementation of the intermittent heating regime exist for buildings with au-
tonomous heat supply systems [1].

Analysis of literary data and statement of the problem

To a large extent, the effectiveness of using the intermittent heating regime is determined by one
of its main stages — morning heating of the room. Theoretical and experimental studies of the heating
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mode [2, 3] show that the main requirement for its efficiency is to achieve a comfortable temperature
in the room t,, in a minimum time with a minimum heat consumption. The solution of such a task is
carried out using the theory of optimal control — Pontryagin’s maximum principle [4]. The result of the
solution is the optimal time for the start of morning heating and the maximum possible thermal power

of the heating system Q7™ during this period.

The fulfillment of this requirement has certain limitations, which are primarily determined by:

—nominal installed heat capacity Q7™ of the heat generator in the heating system;

— the maximum operating value of the temperature of the network water of the heating system t> ;

op 1

— type and characteristics of heating devices.

There are many options for technical solutions to overcome these limitations, the most common
of them are:

— increasing the nominal thermal power of the heat generator with “reserve” by 1.5...2 times;

— installation of an additional separate heating system of the appropriate capacity to provide only
morning heating;

— use of daily heat accumulation for morning heating, etc.

The implementation of the specified technical solutions usually requires significant additional
capital costs, however, the use of heat storage is a fairly effective and relatively low-cost means of
increasing heating efficiency. The use of heat accumulators is a fairly common solution in autonomous
systems of energy supply and on-time work [5]. However, the author of the paper suggests using heat
accumulation only to compensate for the system’s generation capacity deficit in certain periods of the
day. Based on the results of research in [6], the author makes an objective conclusion about the need to
increase the power of the intermittent heating system during the heating period, but does not propose
the use of heat storage itself. The main conclusion of the authors based on the results of research in
work [7] is that the thermal energy accumulator can be used to regulate the load of the heating system,
to equalize the load on the energy generation source to ensure peak heat needs with a high utilization
factor of the equipment capacity. But the effect of heat accumulation on the efficiency of the intermit-
tent heating mode was not investigated in the work.

The given analysis of the problem indicates the lack of specific studies on the impact of daily
heat accumulation on the efficiency of morning heating of premises with intermittent heating mode, as
an effective and relatively low-cost means.

The purpose and objectives of the research

The purpose of this work is to optimize the load modes of an autonomous intermittent heating
system (AIHS) with a heat accumulator in order to determine the optimal energy efficiency operating
modes of the main elements of the AIHS and the system as a whole. To achieve this goal, the follow-
ing tasks must be solved:

— to determine the criteria for optimizing the load modes of the main elements of the heating sys-
tem in intermittent mode during mathematical modeling;

—to investigate the influence of daily heat accumulation on the load regimes of the heating system;

— to determine the dependence of the nominal power of the heat generator of the heating system
under variable external conditions, taking into account the daily accumulation of heat.

Research materials and methods

The object of the study is the heating system operating on the principle of intermittent heating of
the building of the educational building of the Odessa National Polytechnic University. The parame-
ters of the building of the heat engineering laboratory of Odessa National Polytechnic University are
given in [8].

Mathematical models of the system elements, given in [9], were used for the simulation of AIHS modes.

In order to achieve the maximum efficiency of the intermittent heating mode, the main directions
for improving the heat supply of buildings in the intermittent heating mode were also applied in the
simulation of AIHS, namely:

— thermal modernization of the building with an external layer of thermal insulation of 0.1 m, and
internal thermal insulation with a thickness of 0.02 m;

— heat accumulation, both for effective heating of the room and for a significant reduction of the
maximum power of the heat generator in the system;

— use of low-inertia heating devices — fan coils.
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The configuration of the studied system is
given in Fig. 1.

The heat accumulator at AIHS works
around the clock: during heating and during
working hours — in discharge mode, during non- | eating
working hours — in charging mode. Such use re- system
quires a significant volume of it, which according
to calculations is 8 m®. The maximum battery
charging temperature is 75 °C.

As a heat generator, you can use a gas boil-
er, an electric boiler, a powerful heat pump, and
others that provide charging of a heat agcumula- Fig. 1. The structure of AIHS regarding the
tor up to a temperature of 75 °C. For this AIHS, optimization of load modes
due to reaching the maximum value of the filling
factor of the load schedule of the heat generator
(round-the-clock operation at the minimum temperature of the outside air to,; = =15 °C), its maximum

power does not exceed Q™ =17 kW.

The study was conducted in the range of changes in the average daily outdoor air temperature
from =15 to +5 °C.

The problem of optimization of the heating duration was solved by searching for the conditional
extremum of the function of many variables using the mathematical apparatus embedded in the Excel
spreadsheets in the “Search for a solution” option.

The task of optimizing the heating duration is part of a more complex task of daily optimization
of the heating system load [10], which as the following general form:

Heat
generator

37 Q¥ — min (TF);

d

%: f,(X., ..., X,) (DE);

dy.

= O

F(X;, .., X,) (MD);

X <% <X (Constraints);
i=0, 23,

where TF — the target function is the total consumption of heat for heating per day;

DE - differential equations describing the dynamics of processes in system elements [9];

MD - the corresponding mathematical description that connects the variables in the mathematical
model;

Constraints — the upper and lower limits of variables in a mathematical model;

i — time of day number.

Research results

The solution to the optimization problem is provided in the form of daily schedules of the heat
load of the heating system.

Fig. 2 shows the optimal daily schedule of the AIHS load at t,,; =15 °C.

Thanks to the implementation of measures to increase the efficiency of the intermittent heating
regime, even at to, = =15 °C, the heating time does not exceed 1 hour, and the thermal power of the
heating system during working hours is Qq, = 25...48 kW.

Fig. 3 shows the daily load schedule of the heat generator.

Optimization of the load schedule of the heat generator made it possible to reduce its maximum
power to 17 kW and reach the value of the schedule filling factor Kg = 0.78. At the same time, the
heat generator works at minimum power only from 4:00 a.m. to 7:00 a.m. in order to compensate for
heat loss in the battery due to its self-discharge.
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Fig. 2. Daily schedule of AIHS load Fig. 3. Daily load schedule of the heat generator
attyy =-15°C attoy =—15°C

Fig. 4 shows the daily temperature schedule of the heat carrier in the heat accumulator at t,; =—-15 °C.

Analysis of Fig. 4 shows that the charging of the heat accumulator continues from non-working
hours from 3 p.m. to 4 a.m. to a temperature of 75 °C, then from 4 a.m. to 7 a.m. the battery does not
work, it maintains a charging temperature of 75 °C, and from 7 a.m. it begins intensive discharge dur-
ing heating and further discharge during working hours. The minimum temperature in the accumulator
tank is 53 °C at 15.00. During the discharge of the accumulator tank, the heat generator works, which
slows down this process.

Fig. 5 shows the daily schedule of indoor air temperature changes. The minimum temperature
tro =8 °C is observed before the start of heating at 7:00 a.m., the working temperature in the room,
thanks to the measures regarding heating efficiency, t,, = 20 °C is reached in 1 hour of heating.
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Fig. 4. Daily temperature graph of the heat Fig. 5. Daily schedule of indoor air temperature
accumulator at ty; =-15 °C changes

Fig. 6 shows the daily schedule of changes in the temperature of the mains water in the heating
system. The maximum value of the direct network water temperature ty, = 72 °C is observed at the
moment of the start of heating, at the end of the working time the temperature of the direct network
water is t, = 37 °C.
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Fig. 6. Daily schedule of changes in the temperature of mains water in the heating system:
1 - Direct mains water; 2 — Return mains water

Regulation t.,, is carried out by a three-way valve by mixing return water with hot water from
the storage tank.
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Modeling of AIHS load modes was also carried out accordingly at different average daily out-
door air temperatures t,,; = -10; -5; 0 and +5 °C.

Fig. 7 shows the daily schedule of the AIHS load at to= +5 °C, as an option at the maximum
value of the outside air temperature.

Under such favorable external conditions, the maximum thermal power of the AIHS during heat-
ing is 40 kW, and during working hours, respectively, 10...20 kW.

Fig. 8 shows the daily schedule of air temperature changes in the room at to; = +5 °C. The mini-
mum temperature in the room t,, = 15 °C is observed before the start of heating at 7.00, the working
temperature in the room t,, = 20 °C is also reached after 1 hour of heating.

tOp:
Qopy OC:
20 e 154ttt e e,
\ " 10
2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 _8 1012 14 16 18 20 22 24
Time of day, hour Time of day, hour
Fig. 7. Daily schedule of AIHS load Fig. 8. Daily schedule of air temperature changes in
atty =+5°C the room at t,,; = +5 °C

Fig. 9 shows the dependence of the filling factor K¢, of the load schedule of the heating system
and the heat generator on the outside air temperature t,,. The value of the filling factor of the load
schedule of the heating system is in the range of 0.09...0.2, which is very low and leads to irrational
use of the power of the heat generator and significant capital costs for it. But thanks to the daily accu-
mulation of heat and the optimization of the power of the heat generator, it was possible to achieve the
value of the filling factor of the load schedule of the heat generator in the range of 0.4...0.78 and re-
duce the maximum power of the heat generator in comparison with the maximum power of the heating
system by 2.4...5.6 times (Fig. 10).

K
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Fig. 9. Dependence of the filling factor of the load Fig. 10. Dependence of the ratio of the maximum load

schedule of the heating system and the heat generator of the heating system Q) to the maximum load of
on the outside air temperature: 1 — heat generator; 2 — max S
heating system the heat generator Q™ on the outside air temperature

According to the results of the optimization of AIHS in the intermittent heating mode, the daily
heat saving compared to the 24-hour heating mode was AE = 25.2%.

Conclusions

1. Daily accumulation of heat for heating systems operating in intermittent mode is an effective
measure to increase the efficiency of morning room heating, achieve the maximum possible thermal
power of the heating system during heating and reduce its duration to 1 hour;

2. Accumulation of heat makes it possible to significantly increase the filling factor of the sched-
ule of the daily load of the Kg; heat generator to values of 0.4...0.8, which is quite a significant result
for intermittent heating mode;

3. Due to the daily accumulation of heat, the ratio of the maximum load of the heating system

Qg;ax to the maximum load of the heat generator Qr?;ax can reach 2.5...5.5 times, which, accordingly,

significantly reduces the nominal thermal power of the heat generator and, accordingly, the capital
costs of the system heating.
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