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Results of studies of the automatic regulation system of a residential complex along the street of
Academician Sakharov in the city of Chelyabinsk are given in article. The analysis of actual indica-
tors of volumes of consumed gas within several months 2015-2017 is carried out depending on ave-
rage daily temperature of external air. It is shown that the adjustment of the controller by the factory
method does not ensure the effective functioning of the heat supply system, especially at ambient
temperatures close to 0 °C. The comparison was carried out in two ways: by the method of equiva-
lent trends and by the average temperature and consumption of gas per month. The conducted analy-
sis convincingly proves that the control system with monotonic processes is not only more effective
from the point of view of the operation of the equipment, but also from the point of view of energy
efficiency.

Keywords: optimization of heating system, energy efficiency of buildings, coolant temperature
control, process optimization, coolant flow.

Introduction

For three years, studies were carried out to optimize the regulation of the heat supply of the residen-
tial complex by automatic means. In March 2016, in the system of automatic regulation of a residential
complex along the street of Academician Sakharov in the city of Chelyabinsk. After the studies, parame-
ters of the ECL Comfort 200 controller were installed, providing monotonic transients without oscilla-
tion. In May 2017, the volume of gas consumption was analyzed in the automated heating system of this
residential complex. The results of optimization of the coolant temperature control processes are shown
in the paper [1]. It is shown how the amplitude and the period of self-oscillations of the controlled tem-
perature are significantly reduced from 10 °C for a period of 30 minutes to 1 °C for a period of
5 minutes (Fig. 1, 2).

Statement of the problem

At the same time, despite the obvious advantages of monotonous transient processes, due regard is
not paid to their tuning, since fluctuations in the temperature of the coolant are not noticeable to the con-
sumer, and direct saving of resources is not obvious at the same time. The latter is due to the fact that in
the theory of automatic control of heat supply systems there is an idea of processes as processes in
linear or close to them systems. So most often the object of heating is represented by a combination of
links of lag and inertia [2]. In such a system, oscillation is not a sign of an increased consumption of
resources. In addition, the documentation for regulators [3, 4] states that oscillatory processes are
normal regulation. In the course of experiments with the control system conducted at the individual
heat point of the house in February 2016, parameters were established to ensure practically monoto-
nous control processes.

Methods and solutions
Figure 2 shows diagrams of gas consumption and outdoor temperatures for October, November and
December 2015 and 2016, as well as for January, February and March 2015, 2016 and 2017. The con-
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sumption data are recorded by the operation services [5], and the temperature is taken from the Internet
resource [6], which provides the weather archive to the weather station. The comparison was conducted
in two ways:

— Average temperature and gas consumption for a month;

— The method of equivalent trends (the comparable charts reveal similar temperature trends (not less
than 5-6 days) and gas consumption and determine the efficiency of resource consumption — for
the same temperature or low temperature for the same consumption).

Throughout these methods, efficiency with monotonic processes is higher.
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Fig. 1. Processes in the heating system with controller settings recommended by the instructions
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Fig. 2. Processes in the boiler room and heating circuits with the optimum settings of the controller
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KpaTtkme coobLieHus

1. By average values (according to the data in Tables 1-3)

Table 1
Summary table consumption of gas and average daily temperature
of external air by months (2014-2015)

March | February | March | October | November | December

2014 2015 2015 2015 2015 2015
g??l‘(’)ﬁnsump“on per month, | 57 694 636 491 715,5 767
Average daily temperature
for the month, °C -1,5 -8,5 -3,4 +1,8 —6,8 7,2
(information from the site)
Heating coefficient 32,22 26,2 29,7 30,3 28,85 30,56
(room temperature 18 °C)

The tables show calculated “Heating coefficients”, as the ratio of the volume of gas consumed per
month to the average temperature on which the room was warmed — from the average outside air tem-
perature to the average “comfortable” temperature — 18 °C. As can be seen from the above results, this
coefficient depends on the external air temperature. If the outside temperature is about 0°C, the coeffi-
cient is higher. This is explained by the fact that with the intensive operation of the control system, its
efficiency decreases, and at low temperatures, when the operation of the heating system is required to its
full capacity, its efficiency increases. There are no costs for regulating the supplied heat. This circum-
stance once again confirms the important role of the quality of automatic control processes in the opera-
tion of heating systems. In support of this provision, we will review the data on heat costs for 2015 and
early 2016. In these months, the regulators worked with the manufacturer's recommended settings, i.e.
with oscillatory processes (Fig. 1). At an air temperature of — 2 to + 2 °C, the coefficient is 32 and
above, and at a temperature of —10 °C and below it is about 27. This shows the prospects in saving re-
sources due to the quality of regulation of more than 20%. After setting the parameters of the regulators
that ensure a minimum oscillation of the processes, these coefficients decrease, although the trend per-
sists: at high ambient temperatures the coefficients are 25-26, and at low 29-30. The heating factor im-
proved by 7-10%. This confirms the hypothesis of the energy efficiency of a regulatory system with
monotonic processes, shows that the effect of improving regulatory systems can be even more signifi-
cant, for which it is required to continue theoretical analysis and research.

Table 2

Summary table consumption of gas and average daily temperature
of external air by months (2016)

October | November | December | January | February | March
2016 2016 2016 2016 2016 2016
g??l‘(:)?nsumptlon permonth, | 555 | 6944 8574 954,8 6846 | 6673
Average daily temperature
for the month, °C +1,4 -9.,5 -15,5 -16,4 -6,22 -3,84
(information from the site)
Heating coefficient
(room temperature 18 °C) 30,272 25,25 25,6 27,8 25,6 30,55
Table 3

Summary table consumption of gas and average daily temperature
of external air by months (2017)

January 2016 February 2016 March 2016
Gas consumption per month, m’- 10’ 809,12 726,2845 603,5045
Average daily temperature for the month, °C

(information from the site) 13,36 12,61 —081
Heating coefficient (room temperature 18°C) 25,801 23,727 27,331
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11. By trends (according to the graphs in Fig. 3)

All the graphs below were analyzed for the presence of close-in-temperature outdoor air or gas con-
sumed time periods. There were quite a few such intervals. It is:

1. October 2015, 2016 (Fig. 3a):

—according to the gas consumption: from 6 to 9 October, from 14 to 19 October and from 26 to
29 October. In all cases of the same gas consumption, the outside temperature with “monotone regula-
tors” was lower;

— according to the outdoor temperature: from 23 to 28 October 2016 gas consumption is lower.

2. November 2015, 2016 (Fig. 3b):

— according to the gas consumption: all days from 1 to 20 November, special from 12 to 20 Novem-
ber. With the same gas consumption, the outdoor air temperature in November 2016 with “monotonic
regulators” is lower.

3. January 2015, 2016 and 2017 (Fig. 3d):

—according to the gas consumption: On the graphs of gas consumption are close areas from 4 to
10 January 2015 and 2017, but the temperature in 2017 is lower;

— according to the outdoor temperature: coincides with the interval from 7 to 13 February 2015 and
2017, but gas consumption in 2017 is lower.

There is no trend with “opposite” trends on the charts. One should pay attention to the diurnal de-
lay between the temperature peaks and consumption under oscillatory tuning, which is not present in
monotonic processes. So in Fig. 3a the peak of the decrease in the outside air temperature falls on
9.10.2015, but the gas consumption continues to increase on October 9 and 10. The next minimum
temperature was on 13.10.2015, but the increase in gas consumption continued until 14.10.2015. Such
delays can be observed on other dates. After the introduction of monotonic regulators, there are no
such examples.
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Fig. 3. Graphs of gas consumption and outdoor air temperature by months
(see also pp. 160-162)
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Fig. 3. Continuation
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Fig. 3. Ending

Conclusions

Thus, the conducted analysis convincingly proves that the control system with monotonic processes
is not only more effective from the point of view of the operation of the equipment, but also from
the point of view of energy efficiency.
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CPABHUTENbHbIA AHANU3 CUCTEM ABTOMATUYECKOIO
YMPABJIEHUA ONA TENJIOCHABXEHUSA XUNbIX 30AHUNA

B MOHOTOHHbIX MEPEXOAHbIX MPOLIECCAX U B NMPOLIECCAX,
PEKOMEHOOBAHHbLIX MPOU3BOOUTENAMU PEIMNYNATOPOB

B.J1. KodkuH, A.C. AHUKuH, A.A. BandeHkos
HOxHo-Yparnbckul eocydapcmeeHHbil yHUsepcumem, 2. HensbuHck, Poccus

[IpuBencHBI pe3ynbTaThl MCCICIOBAHUN CHCTEMBI aBTOMATHUYCCKOTO PETYIHPOBAHUS KHIOTO
KoMILIeKca 1o yi. Akamemuka Caxaposa B ropoae YensOuHcke. AHaN3 (PaKTHISCKUX TTOKa3aTelei
00BEMOB MTOTPEOIIIEMOT0 Ta3a B TeYCHUE HECKONBKIX MecsmeB 2015-2017 Tr. ocyIiecTBisuics B 3a-
BHCHUMOCTH OT CPEJHECYTOYHOH TemIepaTyphl HapyKHOTo Bo3myxa. IlokazaHo, 4TO peryaupoBKa
KOHTpOJUIEpa MO PEeKOMEHAAIUH 3aBOJa M3TOTOBUTENS He oOecrednBaeT 3PPEeKTUBHOTO (PyHKIHO-
HUPOBAHHUS CHUCTEMBI TEIUIOCHAOKEHUS, 0COOEHHO TPH TEMIIEPAType OKpYKaroIel cpebl, OJIN3KOM
k 0 °C. CpaBHeHHE IPOBOJIIOCH ABYMS CIIOCOOAMH: METOOM SKBHUBAJICHTHBIX TCHICHLIUN U cpen-
Hell Temmepatypoil U moTpebIeHrneM ra3a B Mecsn. [IpoBeneHHbIN aHATN3 YOSIUTEIHHO TOKa3bIBa-
€T, YTO CHUCTEeMa YIpaBJICHHs C MOHOTOHHBIMHU ITPOIIECCAMHU HE TOJIBKO Oosiee I3 PEeKTUBHA C TOUKU
3peHus padoTel 000PYIOBaHUS, HO U C TOYKH 3pCHUS YHEProd(Hh(HEeKTHUBHOCTH.

Knouesvie cnosa: onmumuzayus cucmemvl OMonieHus, SHepeo3hhexmusHocms 30aHull, KOH-
Mpoib MeMnepamypuvl HCUOKOCHU, ONMUMUZAYUSL NPOYECCO8, NOMOK HCUOKOCHIU.
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