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Statement of the problem. When carrying out design calculations of heating networks, in particular, calculating the thickness of thermal insulation structures, thermal elongations during thermal
expansion, standard losses during the transportation of thermal energy to the consumer, it is often
necessary to use the design values of the average annual temperatures of the coolant indicated depending on the design temperature schedule in modern standards [18, 24]. According to a number
of researchers, the recommended values of average annual coolant temperatures do not take into
account climatological characteristics and their use can lead to significant errors [1––3]. In addition, recommended temperatures have changed over the past few years and there has been a contradiction in regulations. Currently, there are no substantiated values of the design average annual
temperatures of the heat carrier in the heating network, taking into account climatological data.
Results. For the design temperatures of the temperature graphs of the central quality regulation
95 / 70––150 / 70 for the settlements of the territory of the central federal district, presented in the
latest edition of building climatology, the values of the average annual water temperatures in the
supply line of the heating network have been determined. The averaged values of temperatures for
the considered temperature graphs are obtained.
Conclusions. For most of the temperature graphs, significant discrepancies have been established
between the calculated values of the average annual water temperatures in the heating network and
those recommended by the JV “Heating Networks” of the latest edition. The maximum difference
is observed for the 150/70 graph and is 12 ° C.
Keywords: heating network; temperature graph; average annual temperature of the heating medium.

Introduction. While designing heating networks, one of the important factors is the average
annual temperature of the heat carrier. It is necessary for calculating the heat-insulating
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structures of the network, identifying the heat losses during the transportation of the heat carrier
involved in the formation of the heat energy tariff [5, 8]. This indicator is necessary while creating promising programs and schemes for the development of heating networks and sources of
heat generation, energy-saving strategies at heating network and generating enterprises [20––22].
Improving the accuracy of calculations in the design of heat supply systems is an urgent task.
In engineering practice, it is commonly necessary to employ the recommended values of the
average annual temperatures for the supply and return lines of the heating network [14, 16]. In
the guidelines for the design of heating networks, similar values for the supply main line are
indicated depending on the design values of the temperature schedules of quality control.
Average annual values of the coolant temperature are calculated as weighted averages over
the monthly average values of the coolant temperature in the pipeline, which, in turn, are
identified using the temperature schedule in compliance with the monthly average values of
the outside air temperature [19, 23]. Such calculations are time-consuming and are thus neglected using the rules recommended by the guideline [9, 10].
The objective of the study is to identify the design values of the average annual water temperatures in the supply line of the heating network for the possible range of the employed temperature graphs of the central quality control for the heating load considering the latest climatic data for the area of the Central Federal District.
1. Identifying the average annual water temperatures in the network. With a high-quality
control mode of the heating network and a heating schedule, the temperature of the heat carrier in the supply pipeline of the heating network

 1 under conditions of an arbitrary outside

air temperature is given by the formula [4.17]:
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where tв is the design air temperature in facilities, ºС; tн is the arbitrary temperature of the
outside air, ºС; t р.о is the design temperature for the heating design, ºС;  1о is the water temperature in the main pipeline of the network at t р.о , ºС;  пр.о is the average water temperature
in the heating device, ºС given by the formula  пр.о 

1
 см.о   2о  ;  см.о ,  2о is the water
2

temperature in the user’s setup and in the reverse pipeline of the heating supply system at
the design parameters of the heating system, ºС; n is an empirical index depending on the
type of a heating device and its installation scheme.
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The average annual water temperature is given by the formula:

 1год  

 1i ni 

nоп  nноп

,

(2)

where  1i is the temperature of a heat carrier in the main pipeline at the average temperature
of the outside air of a corresponding month, ºС; ni is the operation period of the network in
the i-th month; nоп , nноп are heating and non-heating seasons respectively.
For the climatic conditions of the city of Kashira, Moscow region, a heating temperature
schedule was designed for high-quality regulation of the heating network considering the installation of modern heating devices in buildings [7, 11, 13]. The calculations were performed
for the design temperatures of the supply pipeline 150, 130, 105, 95 °C. The average monthly
values of the water temperatures in the network were identified considering the average
monthly values of the outside air temperatures in each month of the heating season according
to the latest edition of the JV “Construction Climatology”. In Fig. 1 there are the considered

Design temperature of the heating network
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temperature graphs considering the fracture temperature of 70 °C [6, 12, 15].

Design temperature of the outside air

Fig. 1. Temperature graphs for the main pipe of the heating network

Fig. 1 also shows the average temperatures of the months of the heating period allowing one
to conclude on the average temperature in the supply line of the heating network.
2. Average annual water temperatures for the territory of the Central Federal District.
Similarly the average annual values of water temperatures in the supply line of the heating
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network for the settlements of the Central Federal District (CFD) were identified whose climatic data are in the latest edition of JV “Construction Climatology”.
About 27 % of the total population of the Russian Federation lives on the territory of the Central Federal District and largely in cities (about 82 %). Such indicators make district heating in
this area critically important. The Central Federal District includes 18 constituecies of the
Russian Federation. The current Set of Guidelines (СП) on climatology contains information
on 28 settlements included in the Central Federal District. According to climatology data, the
calculated outdoor air temperature tр.о is in the range from –24 to –32 °С and the heating season n is from 190 to 230 days.
Table 1 presents the values of the average annual temperatures of the supply line of the heating network for the capitals of the subjects of the Russian Federation located in the territory
of the Central Federal District for the corresponding temperature schedule.
Table 1
Average annual temperatures of the supply line of the heating network

Settlement

Design temperature graphs

tр.о °С

n, days

95/70

105/70

130/70

150/70

Voronezh

70

70.961

75.337

79.9

Kursk

70

70.883

75.325

79.886

Bryansk

70

70.822

75.177

79.71

Belgorod

70

70.538

74.415

78.803

189

Smolensk

70

70.643

74.964

79.456

209

Moscow

70

70.784

75.107

79.626

Oryol

70

70.782

75.125

79.648

Tula

70

70.715

74.93

79.54

Ryazan

70

71.034

75.566

80.173

Lipetsk

70

70.629

74.686

79.126

Vladimir

70

70.985

75.522

80.12

Kaluga

70

70.571

74.528

78.938

Tambov

70

70.703

74.887

79.365

Tver

70

70.286

73.734

77.994

Ivanovo

70

70.793

75.104

79.623

Kostroma

70

70.446

74.171

78.513

Yaroslavl

70

70.429

74.169

78.511
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190
–24

–25

194
199

205
199

–26

203
202
197

–27

209
208
197

–29
–31

212
214
216
217
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Fig. 2 shows the values of the average annual water temperatures in the supply pipe of
the heating network for temperature graphs 150/70 and 130/70 and in Fig. 3 –– for 105/70
and 95/70. Figures 2 and 3 also show the average temperatures for the corresponding tem-

Temperature in the heating network

perature graphs.

Design temperature of the outside air

Temperature in the heating network

Fig. 2. Design values of the annual water temperatures in the supply pipeline for the graphs 150/70 and 130/70

Design temperature of the outside air

Fig. 3. Design values of the average annual water temperatures in the supply pipeline
for the graphs 105/70 and 95/70

3. Analysis of the results. The data in Table 1 and Fig. 2 and 3 enable us to make the following conclusions. For almost all of the cities, while using the temperature graph of 95/70, the
average annual water temperature is 70 °C. The highest value of –70.159 °C is observed for
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the city of Kashira, Moscow region. The temperature rise in three more cities can be considered inconsiderable. With an increase in the temperature graph, there is a rise in the temperature range spread. The difference in temperature values for the temperature graphs 105/70,
130/70 and 150/70 is 1.05, 2.67 and 3.18 °C, respectively. Due to the inconsiderable difference in the temperature values, it is recommended that the approximate constant values of the
average annual temperatures for temperature graphs 105/70, 130/70 and 150/70: 70.8, 75.15
and 79.7 °C are used.
Table 2 shows the results of a comparison of the average annual water temperatures in the
supply pipeline with the quality regulation recommended by the latest edition of the Set of
Guidelines (СП) “Heating Networks” and obtained as a result of a calculation.
Тable 2
Comparison of the recommended and design average annual temperatures
Design temperature graph

95/70

105/70

130/70

150/70

65

70

85

90

Design average values

70

70.82

75.15

79.68

Maximum difference

5.159

1.337

11.266

12.006

Minimum difference

5

0.286

8.595

8.827

Recommended average annual temperatures in the Set of Guidelines
(СП) “Heating Networks”

According to Table. 2, the average calculated values of the average annual water temperatures
for the temperature graph 95/70 are 5 °C higher, for 105/70 they differ inconsiderably (0.82 °C),
for 130/70 and 150/70 the values are obtained, 9.85 °С and 10.32 °С lower, respectively. The
use of values recommended in the Set of Guidelines (СП) for the temperature graph other than
105/70 can lead to considerable errors in the calculations of heating networks and their technical
and economic parameters. It is essential to perform similar calculations in each case.
Conclusions. The design values of the average annual water temperatures in the supply pipeline of the heating network for the territory of the Central Federal District may differ considerably from the recommended guidelines. The maximum discrepancy can be 12 °C. The closest are the design values recommended by the guideline with the temperature schedule of
105/70 and as the design temperatures increase, so does the difference.
The use of the values recommended in the Set of Guidelines (СП) can lead to considerable
errors in the design of heating networks and calculations of technical and economic characte-
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ristics. It is suggested that the average annual values are identified by means of a calculation
that considers the average monthly temperatures of the coolant depending on the average
monthly values of the outside air temperatures for each month of the heating season.
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