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Abstract. The article examines the operation of distribution heat networks at different
temperatures of the coolant in the heat supply system according to the heating temperature schedule
of quality regulation. Comparisons are made of heat and hydraulic losses when changing the
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Anomauia. Y cmammi posenanymo pooomy po3noOilbHUX Menjiosux Mepexnc 3 pisHUMU
memnepamypamu menioHOCIAMU 8 CUCIeMI MeNnIONOCMAYaAHHSA 3d ONANIO8AILHUM MeMNepamypHUM
epaghixom siKicnoeo peeyntosanus. llopisnano mennosi ma 2iopaeniuni eémpamu 30 3MIHOH
memnepamyp ONAN0BANbHO20 MeMNepamypHo2o 2paghika 3 NOCMIUHUM HAAGHUM OlAMempom
mensiogoi mepeoici. 30inblienHs memnepamypu MmMenioHOCis Npu3eo0ums 00 3MEHUIeHHs U020
gumpam, a omoice, 3MEHUWEHHS 2I0OPABIIYHUX MPAam y CYYACHUX menniosux mepexcax. Kpiv moeo,
PEMOHMYIOUU ADO PEKOHCMPYIOIOUU MENN08) MEPexCy, MOXCHA 3meHuyeamu ii diamempu. OOHax
30I1bUWEHHST MeMnepamyp MenioHoCiss 8 O0esKUX BGUNAOKAX MOdce Npu3eecmu 00 000AMKOBUX
sumMpam, nNo8's3aHux i3 HeOOXIOHICMIO 81AUMYBAHHS THOUBIOVATbHUX MENN0BUX NYHKMIB i3 8Y31AMU
3MiuLy8aHHsa abo 8CMAHOBIEHHS MENIO0OMIHHUX anapamie 3a He3dNedCHOi cxemu RIOKI0YeHHs
cucmem onaneHHs 00 Menylo8uUx mepexc, i HeOOXiOH020 3HUNCEHHS MEeMNEPAMYPHO20 NOMEHYIATY.

Takxooic BUKOPUCMAHHA «3HUJICEHO20» MeMNepamypHo2o 2pagika 8 CY4acHux cucmemax
onanenus 3a0y0oeu XX cmonimms npuzeo0ums 00 3MeHUEHHs Menio8io0ayi Has8HUX HACPIBANbHUX
npunadis, fAKi OYIU 3aNPOEKMOBAHI MA 6CMAHOBIEHI 8 YMO8AX poOOMU 3a MeMnepamypHumu
epagikamu, 3acmocosyganumu pauiwe. Hasedeno 3axoou, HeoOXiOHI O BUKOPUCMAHHA
«3HUIICEHO20» MeMNepamypHO20 2padiKa 8 CyuacHux cucmemax onaieHus. J{o Hux MoxicHa ionecmu
PEKOHCMPYKYII0 cucmemu ONANeHHs, NO8'A3aHy 3i 30LIbUUEHHAM NIoWi HaA2piey HACPIBATbHUX
npunadis;, MmooepHizayito 0yo0ieni, nog'sazany 3 niosuweHHAM il eHepeoeheKmUusHOCmI, ULIAXOM
BAWMYBAHHS MENNI0801 1301aYii 020POOHCYBALHUX KOHCMPYKYIL, BCMAHOBNEHH CYUYACHUX
CKIONAKemis mouwjo, wo 3HU3UmMs HeoOXioHe mennioge HA8AHMANCEHHS CUCTNEMU ONAIeHHS.
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Kniouosi cnosa: memnepamypuuii  epagix,

eumpamu MenoHoCIise, Mmenaoei empaniu,

2I0paesiuHi empamu, Mmenyio8a eHepeis, CROACUBAY, MENO8L MepPeiCl.

Introduction. Currently, many heat
supply organizations have switched to the
operation of heat supply sources with a
«reduced» temperature schedule of quality
regulation. This also applies to the city of
Kharkiv. For example, the heat supply source
that provides thermal energy to a significant
part of the city, TPP-5, previously worked
according to a temperature schedule of 150-
70 °C, and from the beginning of the 21st
century to the present, it has been working
according to a «reduced» temperature schedule
of 124-61 °C. Other heat supply sources have
also reduced the coolant temperatures, TPP-3
and many large regional boiler houses, which
previously worked according to a temperature
schedule of 135-70 °C, now work according to
a temperature schedule of 118-59 °C.

In the city of Kharkiv, regulation of heat
energy supply is qualitative — changing the
temperature of the coolant depending on the
outside air temperature, while the coolant flow
rate is a constant value (true for the heating
temperature schedule). Existing types of regu-
lation of heat energy supply and requirements
for heating network pipelines are described in
[1]. Issues related to the rational use of one or
another type of regulation of heat energy supply
are considered in articles [11, 12].

Analysis of recent research and
publications. The centralized heat supply
system consists of a heat supply source, heat
networks and a consumer. Heat losses in heat
network pipelines depend on the temperature of
the coolant, the type of thermal insulation, the
type of installation, the outside air temperature,
the presence of solar radiation, etc. The
requirements for heat network pipelines and the
type of installation are determined by [1].
Hydraulic losses depend on the coolant flow
rate, the pipeline diameter, the material of the
heat network pipes, and the service life
(especially for steel pipes, taking into account
their overgrowth and, accordingly, an increase
in the wall roughness coefficient).

The main part of the development of the
city of Kharkiv dates back to the second half of
the 20th century. The heating systems in these
buildings are mainly single-pipe (with upper or
lower wiring, as well as U-shaped). These
heating systems are unregulated. The efficiency
of reconstruction of these heating systems
comes down to the transition from single-pipe
unregulated heating systems to two-pipe
systems, with the possibility of regulation by
installing thermostatic elements (i.e. the
possibility of instrumental regulation). In this
case, the consumer can independently choose
the temperature inside the premises, which is
comfortable for him. This is especially
economically  feasible  with  horizontal
(apartment) wiring of the heating system and
the installation of a distribution unit for
metering the thermal energy of the heating
system in a given apartment. The possibility
and efficiency of such reconstruction are
discussed in articles [13-17].

Calculations of heat losses in heating
networks, as well as their methods, are
considered in works [18-21, 23], and the
calculation of hydraulic losses in [22-24].

The existing works do not reflect how,
from an economic point of view, it is more
efficient to transfer thermal energy to the
consumer with an increased temperature or with
an increased flow rate of the coolant. In
addition, there is no analysis of the effect of a
decrease in the temperature of the coolant, and,
consequently, the temperature pressure, in
existing heating systems of the 20th century
buildings.

Goal and task setting. The main
objective of this work is to determine the
economic feasibility of using a «reduced»
temperature schedule. The amount of thermal
energy is determined as the product of the
coolant flow rate and the temperature difference
between the supply and return pipelines of the
heating networks, and, therefore, when the
temperature difference decreases, we increase
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the coolant flow rate, which leads to an increase
in hydraulic losses.

The second aspect of this work is to
determine how much the amount of heat
supplied to the consumer will decrease for
existing heating systems of the 20th century
buildings, with a decrease in temperature
pressure. With previously existing temperature
schedules of 150-70 °C and 135-70 °C, the
maximum calculated temperature of the coolant
supplied to the heating systems after the mixing
unit was 95-70 °C, and in some cases, with a
single-pipe heating system in sixteen-story
residential buildings, a temperature schedule
for heating systems of 105-70 °C was used.

Today, according to [2], the maximum
permissible temperature of the coolant supplied
to the heating system of residential and
administrative buildings for two-pipe heating
systems is 95 °C, and for one-pipe heating
systems of these buildings it can reach up to
105 °C.

The main part of the study. For the
study, we considered a dead-end distribution
(intra-block) section of the heating network
with a heat load of the heating system of the
connected consumer of 0.37 Gcal/h or 0.43 MW.
The heat supply system is closed, four-pipe;
coolant is water; regulation is high-quality,
according to the heating temperature schedule;
hot water supply is provided by separate
pipelines from the central heating station
(CHS), where the heat exchanger of the hot
water supply system is installed. The heat
source operates according to the temperature
schedule of 118-59 °C. The mixing unit is
provided at the individual heating station (IHS),
which reduces the coolant temperature from
118 °C to 78 °C. Before the beginning of the
21st century, the heat supply source operated
according to the temperature schedule of 135-
70 °C, and after the IHS, the temperature
schedule was 95-70 °C. The section of the
heating network in question is laid above
ground, the existing pipelines of the heating
network are made in accordance with the
requirements of [1], these are pre-insulated
factory-made pipes in polyurethane foam

thermal insulation with a protective shell made
of galvanized metal sheet («Spiro» pipes). The
diameters of the pipelines of the existing
section of the heating network are 76/140*3.5
[8];

where 76 — outer diameter of steel pipe
according to [7], mm;

140 — total diameter of pipe, taking into
account thickness of thermal insulation, mm;

3.5 — wall thickness of steel pipe, mm.

The length of the existing section of the
heating network is 82 m.

In a residential building, cast iron
radiators of the M-140 brand are installed in the
heating system, which have a maximum heat
output of 160 W, with a temperature pressure of
70 °C.

In the first part of the study, we will
consider two options for the operation mode of
heating networks, with different temperature
characteristics: with a temperature schedule of
118-59 °C and with a temperature schedule of
135-70 °C. We will determine the hydraulic and
thermal losses of the section under
consideration.

Option 1. We determine the hydraulic and
thermal losses of a section of the heating main
with a temperature schedule of 118-59 °C.

To determine the hydraulic losses, it is
necessary to determine the flow rate of the
coolant. The flow rate of the coolant, t/hour, for
the needs of the heating system is determined
according to [1]

_ 3,6:Qomax . -3
Gomax = 7. op,y 1077 @

where Qpmaxy — maximum heat load of the
heating system, W;

¢ — specific heat capacity of water,
4.187 kJ/(kg-°C) is assumed in calculations;

11 — coolant temperature in the supply
pipeline, °C;

T2 — coolant temperature in the return

pipeline, °C.

Having determined the coolant flow rate
and knowing the pipeline diameter, using tables
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[24] we determine the specific pressure losses,
Pa/m. The hydraulic calculation table is made
for a coolant density of 958 kg/m? and ke = 0.5.

For the actual coolant temperature, it is
necessary to recalculate using the formula
Rt =Ry pv /(p1), )

where py — coolant density, which depends on
its temperature, kg/m?3.

Formula (2) is valid for new pipes with
ke=0.5.

We find the speed of the coolant, m/s,
using the formula

4'Go.max'106
w = ,
3,14-d2:3,6:pf

3)

where d — internal diameter of the pipeline,
mm.

We determine the value of the reduced
length of the heating main, m, using the formula

e =1-(1+0), @)

where [ — length of the heating main section,
according to the plan, m;

a — the coefficient that takes into account
pressure losses in local resistances is
determined from tables [24].

Pressure losses in a network section, Pa,
are determined by the formula
AP =R - L, (5)
where R — specific pressure losses, which are
determined based on the known diameter and
the found flow rate, according to hydraulic
calculation tables [24], Pa/m.

Based on the pressure losses found, we
determine the head loss, m.water column, using
the formula

AH = AP/(prg) , (6)

where g — acceleration of gravity, which we
take to be 9.807 m?/s.

Using formula (1), with a temperature
graph of 118-59 °C, we find the value of the
coolant flow rate, which is 6.3 t/h; 1.74 kg/s or
6.7 mh.

The data for constructing the heating
temperature graph, with coolant parameters of
118-59 °C, were obtained at an air temperature
inside residential premises of +20 °C [2] and are
presented in Table 1.

Table 1
Data for constructing a heating temperature graph at a calculated coolant temperature of 118-59 °C
t, °C -23 -20 -15 -10 -5 -1 0 +5 +8
T4, °C 118 | 114,0 | 111,9 | 101,7 | 91,3 72,1 69,9 | 58,8 | 52,0
T,, °C 59 57,7 57,0 | 53,7 | 50,1 433 | 425 | 38,3 | 355
T11, °C 118 | 114,0 | 111,9 | 101,7 | 91,3 | 52,6 | 51,3 | 449 | 408

where t — outside temperature, °C;

T41 — coolant temperature in the supply pipeline, which is supplied to the heating system, °C.

The data on the calculated heating
temperature of the outside air are taken
according to parameters B, for the city of
Kharkiv. The calculated heating temperature

and the average outside air temperature for the
heating period are taken according to the data
of [3]. The heating temperature graph, coolant
flow rate graph, «operating point» and
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hydraulic characteristic curves of the section The average temperature of the coolant in
under consideration and the consumed power of the supply pipeline during the heating period is
the electric motor are presented in Fig. 1-4. 72.1 °C, and in the return pipeline 43.3 °C.
T 140
r,°C
- 120

20
t, C
| i : ; i i . f 0
20 15 10 5 0 5 -10 15 -20
Fig. 1. Heating temperature graph at calculated coolant temperatures of 118-59 °C

Using the data from the tables for As can be seen from Fig. 4, to overcome
hydraulic calculation [24] and formulas (2-6), the hydraulic resistance of the considered
perform a hydraulic calculation of the section section of the network, the pump electric motor
of the heating network under consideration. The power of 0.058 kW is required. Fig. 3-4 show
calculation is summarized in Table 2. the characteristics of the energy-efficient pump
with a frequency converter Magna3 32-40 [25].

Table 2
Hydraulic calculation of the considered section of the heating network at the calculated coolant
temperature of 118-59 °C

H, >H,
AP, Pa | m.water | m.water
column column

Lpr, d, W, R Rf,

G kgls | I,m| a m mm | m/s | Pa/m | Pa/m

1.74 82 | 0.3 | 10666 | 76 | 0.47 | 51.8 | 52.5 | 5596.5 0.6 1.2
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Fig. 2. Heat carrier flow rate graph, at calculated heat carrier temperatures of
118-59 °C, high-quality regulation

Next, we determine the heat losses of the
heating network pipelines, which have a
diameter of 76/140*3.5. The laying is above
ground, the pipes are steel, pre-insulated,
factory-made. The average temperatures of the
coolant during the heating period are: supply
pipeline 72.1 °C, return pipeline 43.3 °C.

The calculation is performed according to
the method given in [4].

We find the ratio of the total diameter of
the pipe, taking into account thermal insulation,
to the outer diameter of the pipe.

di

where d; — total pipe diameter, taking into
account thermal insulation, m;

d — outside diameter of the pipe, m.
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Fig. 3. Operating point and hydraulic performance curves of the pump
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Fig. 4. Power characteristic of the pump electric motor

Defining the natural logarithm B (In B).

We determine the total thermal resistance
of the thermal insulation layer and additional
thermal resistances along the heat flow path
using the formula

InB 1
2 agm(d+1)’

(8)

Ttot =

where A;, — thermal conductivity of the heat-
insulating layer, W/(m?°C), we take 0.027
according to the data [26];

a. — heat transfer coefficient from the
outer surface of thermal insulation, taken
according to data [4], W/(m?-°C).

We determine the specific thermal loss,
W/m, using the formula

T—t,
e = ) )

Ttot

where T — average temperature of the coolant
during the heating period, °C;

t — average outside air temperature
during the heating period, taken according to
[3], °C.

The calculation of heat losses through
heating network pipelines is summarized in
Table 3.
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Table 3
Average thermal losses by pipelines during the heating period, with a calculated coolant
temperature of 118-59 °C

Thermal losses
Qe, Wm | g, W | gq,, kW
72.1 -1 0.076 | 0.14 | 1.842 | 0.611 82 |3.65 20.03 1642.2 | 7055.1
43.3 -1 0.076 | 0.14 | 1.842 | 0.611 82 |3.65 12.14 995.2 | 42755

Total 11330.6

,°C | t,°C | d, m dim B InB Lm | reor

where L — length of the considered section, m;

q, — average thermal losses by pipelines during the heating period, the heating period for the
city of Kharkiv is taken as 179 days, according to data [3].

Option 2. We determine the hydraulic and presented in Table 4. The data on the calculated
thermal losses of a section of the heating main heating temperature of the outside air are taken
at a temperature schedule of 135-70 °C. according to parameters B, for the city of

According to formula (1), at a Kharkiv. The calculated heating temperature
temperature schedule of 135-70 °C, we find the and the average outside air temperature for the
value of the coolant flow rate, which is 5.7 t/h; heating period are taken according to the data
1.58 kg/s or 6.1 m¥/h. of [3]. The heating temperature schedule,

The data for constructing the heating coolant flow schedule, «operating point» and
temperature schedule, at coolant parameters of hydraulic characteristic curves of the section
118-59 °C, were obtained at an air temperature under consideration and the consumed power of
inside residential premises of +20 °C [2] and are the electric motor are presented in Fig. 5-8.

Table 4

Data for constructing a heating temperature graph at a calculated coolant
temperature of 135-70 °C

t, °C -23 -20 -15 -10 -5 -1 0 +5 +8
Ty, °C 135 | 130.3 | 128.0 | 116.1 | 104.0 | 81.7 79.1 66.1 | 58.1
Tp, °C 70 68.3 67.5 | 63.2 58.7 | 49.9 | 489 | 434 | 39.9
T11,°C 95 922 | 90.7 | 835 76.1 62.1 60.5 522 | 46.9
Using the data from the tables for section of the heating network under
hydraulic calculation [24] and formulas (2-6), consideration. The calculation is summarized in
we perform a hydraulic calculation of the Table 5.
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Fig. 5. Heating temperature graph at calculated coolant temperatures of 135-70 °C
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Fig. 6. Heat carrier flow rate graph, at calculated heat carrier temperatures of
135-70 °C, high-quality regulation
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Table 5

Hydraulic calculation of the considered section of the heating network at the calculated coolant
temperature of 135-70 °C

L d | w | R | Re H, 2H,

pr, ) ) ) '

G, kgls | ILm | a m mm | m/s | parm | Pa/m AP, Pa | m.water | m.water
column column

1.58 82 0.3 | 106.6 76 0.45 | 51.8 | 42.7 | 4551.8 0.5 1.0

H,m

4.0+

MAGNAD 32-40, Mogens E | &
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204 L 40
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_’% \
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Fig. 7. Operating point and hydraulic performance curves of the pump
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Fig. 8. Power characteristic of the pump electric motor

As can be seen from Fig. 8, to overcome
the hydraulic resistance of the considered
section of the network, the pump electric motor
power of 0.046 kW is required. Figures 7-8
show the characteristics of the energy-efficient
pump with a Magna3 32-40 frequency
converter [25].

Next, we determine the heat losses of the
heating network pipelines, which have a

diameter of 76/140*3.5. The laying is above
ground, the pipes are steel, pre-insulated,
factory-made. The average temperatures of the
coolant during the heating period are: supply
pipeline 81.7 °C, return pipeline 49.9 °C.

The calculation of heat losses by the
heating network pipelines is summarized in
Table 6.

36ipHuk HaykoBux npans YkpAY3T, 2025, Bun. 211



30ipHUK HAYKOBHX Npanb YKPATHCHKOIr0 AePKaBHOr0 YHIBepCHTETY 3aJi3HHYHOT0 TPAHCIIOPTY

Table 6

Average thermal losses by pipelines during the heating period, with a calculated coolant
temperature of 135-70 °C

Thermal losses
1,°C | t,°C d m dim B InB Lm | 7ot de,
wim | @ Wl Go kW
81.7 -1 0.076 | 0.14 | 1.842 | 0.611 82 3.65 | 22.66 | 1858.1 | 7982.4
49.9 -1 0.076 | 0.14 | 1.842 | 0.611 82 3.65 | 13.95 | 1143.9 | 4914.2
Total 12896.6
Next, we conduct an economic Data on the cost of thermal energy are

comparison of the obtained results of hydraulic
and thermal losses obtained for options 1 and 2.
We summarize the calculation in Table 7.

of a

«reduced»

temperature

taken from [27]. Data on the cost of electrical
energy are taken from [28].

The results in Table 7 show that the use
schedule
currently an economically feasible solution.

1S

Table 7
Summary comparison table
Thermal Power. i . .
l0SSES consumption Tariff for | Price for Price of
Tempe- | during of the PUMp | o riff 1 kW/h therma_ll electric Total
electric of loss during | energy, for
rature the 1 Gcal, . : . costs,
) motor, electric | the heating | the heating
graph heating during th UAH od od UAH
eriod uring the energy, period, period,
chaI ' | heating UAH UAH UAH
period, KW
118-59 9.74 249.2 1539.5 10.05 14994.73 2504.46 17499.19
135-70 11.1 197.6 1539.5 10.05 17088.45 1985.88 19074.33

In addition, when connecting consumer
heating systems to heating networks after a
mixing unit or using a heat exchanger of the
heating system (with an independent scheme),
which can be located at the central heating
point, it is necessary to take into account that
when the coolant temperature increases above
the standards specified in [2], it is necessary to
provide for the installation of a separate mixing
unit or heat exchanger at the central heating
point at each consumer. However, combined
regulation consisting of: central; local,
individual is more economically advantageous

than combined regulation consisting of: central;
group; individual [11].

The second question of our research is to
consider the impact of reducing the coolant
temperatures in existing heating systems of the
20th century buildings.

In modern construction, the design and
installation of heating systems and heating
points are carried out in accordance with
existing, modern regulatory documents, taking
into account energy-efficient technologies,
according to the requirements of [1, 2]. In
addition, all modern buildings are constructed,
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taking into account the requirements for energy
efficiency, according to the requirements of
[5, 6].

As for five-story, nine-story, twelve-
story, fourteen-story, sixteen-story residential
buildings of the 20th century, these are mainly
panel residential buildings that were built
without taking into account energy efficiency
requirements.

For example, let's consider a residential
building with a heating system heat load of
0.37 Gcal/hour or 430.31 kW. The heating
system is two-pipe. Heating devices are cast-
iron radiators M-140, 500 mm high. The heat
output of one section, at a temperature pressure
of 70 °C, 1s 0.16 kW. Currently, the temperature
schedule in the heating system is 78-59 °C. At
the time of design and construction, the
temperature schedule of the heating system was
95-70 °C. In the calculations, we neglect the
heat losses of the heating system pipelines that
run through basements, attics, stairwells, etc.

We determine the actual temperature
head, °C, using the formula

_T11+72

where t,, — indoor air temperature, °C, is taken
according to the requirements [2].

We determine the actual heat output of
one section, KW,

A‘L’f

) (11)

Qf = Qp (

where @, — heat output of one section, at a
temperature head of 70 °C, kW.

We determine the required number of

radiator sections using the formula

_ %
Qr

n : (12)

where @}, — maximum heat load of the heating
system, W.

We calculate the required number of
heating device sections at a temperature
schedule of 95-70 °C (the schedule that was
used when designing and installing the heating
system), and at a temperature schedule of 78-59
°C (which is the current one). We summarize

Atf=——= t,, (10) the calculations in Table 8.
2
Table 8
Summary comparison table
Temperature graph, Az, °C Q,, kBt Q £, KBT N, wr.
°C

78-59 48.5 430.31 0.099 4334

95-70 62.5 430.31 0.138 3118
Difference 1216

From the results of the table we see that
when using the «reduced» temperature
schedule in the heating systems of buildings of
the 20th century, which were designed and built
for higher temperatures of the coolant, 1216
sections are missing to provide the necessary
heat load of the heating system. That is, the
actual heat load of the heating system was
308.68 kW instead of the required 430.31 kW,
which is 28.27 % of the lost heat energy.

Conclusions. When comparing the
operation of heating networks according to the
«reduced» temperature schedule with the
previously used temperature schedule, in the
considered section of the heating network, it
can be said that hydraulic losses have not
actually changed, and thermal losses have
decreased by 1.36 Gcal during the heating
period, which is 12.3 %.
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However, when using a «reduced»
temperature schedule in heating networks, it
also leads to a decrease in the temperature of the
coolant supplied to the heating system. For
modern construction, this is not critical, due to
the fact that modern buildings are designed and
constructed according to the existing
parameters of the heating network, as well as
taking into account energy efficiency
requirements (installation of modern double-
glazed windows, thermal insulation of
enclosing structures, etc.). As for the
construction of the twentieth century, heating
systems were designed for higher temperatures
of the coolant and, therefore, the heating area of

the heating devices was selected based on these
temperatures. When wusing a «reduced»
temperature schedule in these systems, it leads
to a shortfall in thermal energy for consumers.
The following measures can be used to solve
this issue:

- reconstruction of the heating system,
associated with increasing the heating area of
heating devices;

- modernization  of the  building,
associated with increasing its energy efficiency,
by installing thermal insulation of enclosing
structures, installing modern double-glazed
windows, etc., which will reduce the required
thermal load of the heating system.
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