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EP 4 227 586 A1
Description
CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This patent application claims the benefit and priority of Chinese Patent Application No. 202111629309.3 filed
on December 28th, 2021 and Chinese Patent Application No. 202111626239.6 filed on December 28th, 2021, the
disclosure of which is incorporated by reference herein in their entirety as part of the present application.

TECHNICAL FIELD

[0002] The present disclosure relates to the technical field of central heating, in particular to a pipe network heat
storage system based on series connection of a supply main pipe and a return main pipe in a heating network and a
control method thereof.

BACKGROUND

[0003] As an important way of efficient and clean utilization of energy in power and heat industries, cogeneration of
heat and power has become an important method for the development of thermal power generation in the world, and
has been included in key energy-saving projects and becomes a main way of clean heating in China. In recent years,
the rapid development of new energy power generation has brought severe power peak regulation requirements to the
thermal power generation. However, the operation way of conventional cogeneration units based on heat and power,
in which the electricity is determined by the heat, has severely restricted the flexible adjustment of thermal power,
resulting in a serious conflict between heat supply and power peak regulation.

[0004] At present, the conventional solution for the low efficiency of the cogeneration heating system is to increase
thermal energy storage equipment(s). The excess heat can be stored through the heat storage technique when the load
of the cogeneration unit is high, and the heat can be supplied to external device(s) through heat storage device(s) when
the power peak regulation is difficult, thereby replenishing the insufficient heating capacity of the cogeneration unit
caused by the reduced power generation load and improving the power peak regulation ability of the cogeneration unit.
However, this greatly increases the construction investment cost for enterprises.

[0005] The existing patent "Balance Adjustment Method and Heating System for Heat Storage and Release in Heat
and Hydraulic Network" (Application No.: CN202110294128.3) discloses that a heating pipe network can be used to
store heat, and the huge heating pipe network is a natural heat storage equipment. If the heating pipe network is used
for heat storage to increase the peak regulation capacity of the cogeneration unit, huge construction investment costs
can be saved with a significant economic benefit. However, when the number of heat stations in the heating system is
too large using the technology of the existing patent, it shall need to add a large number of heating network water
bypasses, valves and other related facilities, which also increases the construction investment cost to a certain extent,
and at the same time, the control becomes complicated which makes the precise heating be difficult.

SUMMARY

[0006] Embodiments of the present disclosure provide a pipe network heat storage system based on series connection
of a supply main pipe and a return main pipe in a heating network and a control method thereof.
[0007] Detailed technical solutions are as follows:

A first aspect of the present disclosure provides a pipe network heat storage system based on series connection of
a supply main pipe and a return main pipe in a heating network. The pipe network heat storage system comprises
a heat supply pipe network including a heating network initial station, heat station(s), a circulating water pump, a
primary network water return pipe and a primary network water supply pipe, in which the heating network initial
station is communicated with a primary network of the heat station(s) through the primary network water return pipe
and the primary network water supply pipe, the number of the heat station(s) is n which is not less than 1, the heating
network water is driven by the circulating water pump to flow among the heating network initial station, the heat
station(s), the primary network water return pipe and the primary network water supply pipe; wherein,

a heating network water bypass is installed between the primary network water supply pipe and the primary network
water return pipe, an adjustment component is arranged on the heating network water bypass for adjusting the
flowrate and pressure of the heating network water in the heating network water bypass, the adjustment component
comprises a first temperature-pressure-flowrate measuring instrument, a pressure relief device and a first regulating
valve which are arranged on the heating network water bypass in sequence along the water flow direction, and a
pressure measuring instrument is provided at an upstream position in the water flow direction of the primary network
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water return pipe, in which the upstream position is at the connection position between the heating network water
bypass and the primary network water return pipe;

a water outlet regulating valve for adjusting the water supply flowrate of the heating network water is arranged on
a water outlet of the heating network initial station, and a water inlet regulating valve for adjusting the water return
flowrate of the heating network water is arranged on a water inlet of the heating network initial station;

when the heat supply pipe network is storing heat, the heating network initial station is used to increase the heat
supply and increase the water supply temperature and/or water supply flowrate of the heating network water; and
when the heat supply pipe network is releasing heat, the heating network initial station is used to reduce the heat
supply and reduce the water supply temperature and/or water supply flowrate of the heating network water;

the first regulating valve is used to be in a normally closed state to make the flowrate of the heating network water
in the heating network water bypass be zero when the heat supply pipe network is not storing or not releasing heat,
the first regulating valve can be adjustably open to make the flowrate of the heating network water in the heating
network water bypass be gradually increased while storing heat, and the first regulating valve can be adjustably
closed to make the flowrate of the heating network water in the heating network water bypass be gradually decreased
while releasing heat; and,

the pressure relief device is used to reduce the pressure of the heating network water in the heating network water
bypass to match with the pressure measured by the pressure measuring instrument, and then the heating network
water can be returned to the primary network water return pipe.

[0008] In some embodiments, a second regulating valve and a second temperature-pressure-flowrate measuring
instrument are arranged on a water inlet pipe connecting the heat station(s) with the primary network water supply pipe,
and a third regulating valve and a temperature-pressure measuring instrument are arranged on a water outlet pipe
connecting the heat station(s) with the primary network water return pipe;

when the heat supply pipe network is storing heat and the water supply temperature of the heating network water is
increased by the heating network initial station, the second regulating valve and the third regulating valve are used to
be adjustably closed in order to reduce the flowrate of the heating network water entering the heat station(s) and increase
the flowrate of the heating network water entering the heating network water bypass; and, when the heat supply pipe
network is releasing heat and the water supply temperature of the heating network water is decreased by the heating
network initial station, the second regulating valve and the third regulating valve are used to be adjustably open in order
to increase the flowrate of the heating network water entering the heat station(s) and reduce the flowrate of the heating
network water entering the heating network water bypass.

[0009] Insome embodiments, the pipe network heat storage system further comprises a water replenishing component
including a primary network water replenishing pipe, a water replenishing pump, a fourth regulating valve and a third
temperature-pressure-flowrate measuring instrument, in which the third temperature-pressure-flowrate measuring in-
strument, the water replenishing pump and the fourth regulating valve are arranged on the primary network water
replenishing pipe in sequence along the water flow direction, and the primary network water replenishingpipe is connected
to the primary network water return pipe;

a fourth temperature-pressure-flowrate measuring instrument is provided at an upstream position in the water flow
direction of the primary network water return pipe, in which the upstream position is at the connection position
between the primary network make-up water pipe and the primary network water return pipe; and, the fourth regulating
valve is operated to be open when the pressure of the primary network water return pipe measured by the fourth
temperature-pressure-flowrate measuring instrument is lower than the setting pressure, and the fourth regulating
valve is operated to be closed when the pressure of the primary network water return pipe measured by fourth
temperature-pressure-flowrate measuring instrument is not lower than the setting pressure; and,

a fifth temperature-pressure-flowrate measuring instrument is provided at a water outlet of the heating network initial
station.

[0010] In some embodiments, the heating network water bypass is arranged at the jth heat station, in which 1<j<n,
and the pressure measuring instrument is arranged on the primary network water return pipe connecting to the jth heat
station.

[0011] In some embodiments, the heating network water bypass is arranged at the jth heat station, and number j
represented in the jth heat station can be calculated as follows:

the maximum heating network water flowrate G' of the heat supply pipe network can be determined according to
the design flowrate GO (unit: t/h) of the circulating water pump: G" = GO;

the minimum storage heat Q,;;,, (unit: GJ) required by the heat supply pipe network can be determined according
to the heat storage required by the cogeneration unit for power peak regulation;
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[0012] In some embodiments, the maximum value A
HO (unit: m) of the circulating water pump and the resistance loss of different pipe sections used to connect the heat
supply pipe network with each heat station during the heating period, and the maximum value A,,, can be calculated
as follows:
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station
the minimum heating network water flowrate ' (unit: t/h, 1<i<n) required by each heat station during the

heating period can be determined according to the maximum heating load W, (unit: GJ/h, 1<i<n) required by each
heat station during the heating period and the maximum temperature difference between the heating network water
supply temperature and water return temperature of the heat supply pipe network, and the water supply temperature
station _
and the water return temperature can be respectively indicated as T (unit: °C) and T02 (unit: °C): ¢
106 xW;
C'(TOI_TOZ)max .

the maximum heating network water flowrate GS of the heat supply pipe network used for heat storage in the heating
station

period can determined according to the minimum heating network water flowrate ~¢ required by each heat
station during the heating period and the maximum heating network water flowrate G' of the heat supply pipe network:

S — T n station
the maximum value A, of number j can be determined according to the design head H° (unit: m) of the circulating
water pump and the resistance loss of different pipe sections used to connect the heat supply pipe network with
each heat station during the heating period;
the minimum value B ;;, of number j can be determined according to the minimum heat storage required by the
heat supply pipe network; and,
the final value of number j can be determined according to the following relationship:

when B A

the final value of number j is A nd,

min 2 max’ max: &
when B i < Anqax: the final value of number j is A, if the heat dissipation loss rate and water leakage loss
rate of the heat power pipe network can be ignored, and the final value of number j is B, if the heat dissipation

loss rate and water leakage loss rate of the heat supply pipe network can not be ignored.

max Of number j can be determined according to the design head

pipe
calculating the heating network water flowrate i in different pipe sections connecting each heat station by the
following equations:

x =16 =¢G"

x—1
L<x<j, GIP* =67~ ) Gyation
y=1
x—1

, pipe __ tati
j<x<nG —Gr—GS—ZG§a‘°”
y=1

calculating the resistance loss R, (unit: Palm) in different pipe sections connecting each heat station by the following
equation:

K025 . (Gpipe)z
X

R, =6.88x1073"
* p Dy

and calculating the total pressure drop of the heat supply pipe network during the heating period by the following
equations:
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[0013] In some embodiments, the minimum value B
storage required by the heat supply pipe network, and the minimum value B,,;, can be calculated as follows:
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K0.25 . (Gr)Z
z=1P =P, =0.00688X ————-(14+¢) L,
p-Dy

z ,

K0.25 . Gr _ t—=1 Gstatlon 2

1<z<jP =P+ » 000688 x [ pZ.yD:( ) “(1+¢)- L,

t=2
z .

KO.ZS [GT -GS — t—_1 Gstatlon 2

j<z§n,PZ:P1+Pj+ZO.OO688X [ p_DZty‘l(y W ave)-L,

t=j+1

and, then the design head HO of the circulating water pump is compared with the total pressure drop of the heat
supply pipe network during the heating period, and the maximum value A, of number j can be determined according
to the relationship: 1O><H020.002><PZ;

in which: the design head HO of the circulating water pump is a known parameter; K (unit: m) is the equivalent
absolute roughness of the heat supply pipe network; ¢ (unit: %) is the local resistance equivalent length percentage
of the heat supply pipe network; L; (unit: m, 1<i<n) is the length of each pipe section connecting each heat station
to the heat supply pipe network; D; (unit: m, 1<i<n) is the diameter of each pipe section connecting each heat station
to the heat supply pipe network; and, p (unit: kg/m3) is the density of the heating network water.

min Of NUMber j can be determined according to the minimum heat

calculating the design heat storage of the heat supply pipe network by the following equation:

j
Q°=107"5X G- C- (T%' = T%%) 0 - Z

x=1

1.57 x 1073 X L, - (D)% p
Gpipe
x

and, the minimum value B ;;, of number j can be determined according to the relationship Q®>Q,;,; in which: p
(unit: kg/m3) is the density of the heat supply network water; and, C (unit: J/(kg - °C)) is specific heat capacity of the
heat supply network water.

[0014] A second aspect of the present disclosure provides a pipe network heat storage control method based on series
connection of a supply main pipe and a return main pipe in a heating network. The control method uses any one of the
aforementioned pipe network heat storage system and comprises the following steps:

when the heat supply pipe network is not storing or not releasing heat, the first regulating valve is used to be in a
normally closed state to make the flowrate of the heating network water in the heating network water bypass be
zero, the heating network water from the heating network initial station is transported to the heat station(s) through
the primary network water supply pipe, and then the heating network water is returned to the heating network initial
station through the primary network water return pipe in a continuous cycle;

when the heat supply pipe network is storing heat, the heat supply of the heating network initial station is increased
and the water supply temperature and/or water supply flowrate of the heating network water is increased, the first
regulating valve can be adjustably open to make the flowrate of the heating network water in the heating network
water bypass be gradually increased; and, the pressure relief device is used to reduce the pressure of the heating
network water in the heating network water bypass to match with the pressure measured by the pressure measuring
instrument, and then the heating network water can be returned to the heating network initial station through the
primary network water return pipe; and,

when the heat supply pipe network is releasing heat, the heat supply of the heating network initial station is decreased
and the water supply temperature and/or water supply flowrate of the heating network water is decreased, the first
regulating valve can be adjustably closed to make the flowrate of the heating network water in the heating network
water bypass be gradually decreased.

[0015] In some embodiments, the second regulating valve and the second temperature-pressure-flowrate measuring
instrument are arranged on a water inlet pipe connecting the heat station(s) with the primary network water supply pipe,
and the third regulating valve and the temperature-pressure measuring instrument are arranged on a water outlet pipe
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connecting the heat station(s) with the primary network water return pipe;

when the heat supply pipe network is storing heat, the heat supply of the heating network initial station is increased
and the water supply temperature of the heating network water is increased, the second regulating valve and the
third regulating valve are used to be adjustably closed in order to reduce the flowrate of the heating network water
entering the heat station(s) and increase the flowrate of the heating network water entering the heating network
water bypass; and,

when the heat supply pipe network is releasing heat, the heat supply of the heating network initial station is decreased
and the water supply temperature of the heating network water is decreased, the second regulating valve and the
third regulating valve are used to be adjustably open in order to increase the flowrate of the heating network water
entering the heat station(s) and reduce the flowrate of the heating network water entering the heating network water
bypass.

[0016] In some embodiments, the control method further comprises a water replenishing step:

the pipe network heat storage system comprises the water replenishing component including the primary network
water replenishing pipe, the water replenishing pump, the fourth regulating valve and the third temperature-pressure-
flowrate measuring instrument, in which the third temperature-pressure-flowrate measuring instrument, the water
replenishing pump and the fourth regulating valve are arranged on the primary network water replenishing pipe in
sequence along the water flow direction, the primary network water replenishing pipe is connected to the primary
network water return pipe, and the fourth temperature-pressure-flowrate measuring instrument is provided at an
upstream position in the water flow direction of the primary network water return pipe, in which the upstream position
is at the connection position between the primary network water replenishing pipe and the primary network water
return pipe; and

according to a pressure value measured by the fourth temperature-pressure-flowrate measuring instrument, the
fourth regulating valve is operated to be open when the pressure of the primary network water return pipe is lower
than the setting pressure, and the water replenishing pump replenishes water to the primary network water return
pipe; and, the fourth regulating valve is operated to be closed when the pressure of the primary network water return
pipe is not lower than the setting pressure, and the water replenishing pump stops replenishing water .

[0017] The present disclosure achieves the following beneficial effects:

the present disclosure provides a pipe network heat storage system and a control method thereof, which utilizes the
heating network water bypass connecting the primary network water supply pipe with the primary network return water
pipe to change the flowrate and temperature of heating network water through the heat station at an appropriate time,
thereby realizing the function of storing heat by using the pipe network. For the heating system of the cogeneration unit,
the heat storage capacity of the existing huge heating pipe network can be made full use to increase the peak regulation
capacity of the cogeneration unit and can also save the huge investment cost of new energy storage devices. At the
same time, in the heat storage process, through the heating network water bypass, part of the heating network water
can be directly returned to the primary network water return pipe without passing through the heat station(s), which
reduces the pressure loss of the heating system and effectively saves the power consumption of the circulating water
pump; and, in the heat storage and release process, by adjusting the heating network water flowrate in the heating
network water bypass, the heating network water flowrate required by each heat station can be ensured, which fully
exerts the heat storage capacity of the existing heating pipe network and also effectively guarantees the heating require-
ment of each heat station.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The accompanying drawings described here are provided for further understanding of the present disclosure,
and constitute a part of the present disclosure. The exemplary embodiments of the present disclosure and illustrations
thereof are intended to explain the present disclosure, but do not constitute inappropriate limitations to the present
disclosure. In the drawings:

FIG. 1is a schematic diagram of a pipe network heat storage system provided in embodiments of the invention according
to an embodiment of the present disclosure;

Reference numerals:

[0019] 1 - heating network initial station; 11- fourth temperature-pressure-flowrate measuring instrument; 12 - fifth
temperature-pressure-flowrate measuring instrument; 13 - water outlet regulating valve; 14 - water inlet regulating valve;
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2- heat station(s); 21 - second regulating valve; 22 - third regulating valve; 23 - second temperature-pressure-flowrate
measuring instrument; 24 - temperature-pressure measuring instrument; 3 - circulating water pump;4 - primary network
water return pipe; 41 - pressure measuring instrument; 5 - primary network water supply pipe; 6 - heating network water
bypass; 61 - first temperature-pressure-flowrate measuring instrument; 62 - first regulating valve; 63 - pressure relief
device; 7 - primary network water replenishing pipe; 71 - water replenishing pump; 72 - fourth regulating valve; 73 - third
temperature-pressure-flowrate measuring instrument.

DETAILED DESCRIPTION

[0020] To make the objectives, technical solutions, and advantages of the present disclosure clearer, the present
disclosure is described below with reference to the accompanying drawings and embodiments. It should be understood
that the embodiments described herein are merely used to explain the present disclosure, rather than to limit the present
disclosure. All other embodiments obtained by those of ordinary skill in the art based on the embodiments of the present
disclosure without creative efforts should fall within the protection scope of the present disclosure.

[0021] Apparently, the accompanying drawings in the following description show merely some embodiments of the
present disclosure, and a person of ordinary skill in the art may apply the present disclosure to other similar scenarios
according to these drawings without creative efforts. In addition, it can also be appreciated that, although it may take
enduring and complex efforts to achieve such a development process, for those of ordinary skill in the art related to the
present disclosure, some changes such as design, manufacturing or production made based on the technical content
in the present disclosure are merely regular technical means, and should not be construed as insufficiency of the present
disclosure.

[0022] The "embodiment" mentioned inthe present disclosure means that a specific feature, structure, or characteristic
described in combination with the embodiment may be included in at least one embodiment of the present disclosure.
The phrase appearing in different parts of the specification does not necessarily refer to the same embodiment or an
independent or alternative embodiment exclusive of other embodiments. It may be explicitly or implicitly appreciated by
those of ordinary skill in the art that the embodiment described herein may be combined with other embodiments as
long as no conflict occurs.

[0023] Unless otherwise defined, the technical or scientific terms used in the present disclosure are as they are usually
understood by those of ordinary skill in the art to which the present disclosure pertains. The terms "one", "a", "the" and
similar words are not meant to be limiting, and may represent a singular form or a plural form. The terms "include",
"contain”, "have" and any other variants in the present disclosure mean to cover the non-exclusive inclusion, for example,
a process, method, system, product, or device that includes a series of steps or modules (units) is not necessarily limited
to those steps or units which are clearly listed, but may include other steps or units which are not expressly listed or
inherent to such a process, method, system, product, or device. The term "multiple" in the present disclosure means
two or more. The term "and/or" describes associations between associated objects, and it indicates three types of
relationships. For example, "A and/or B" may indicate that A exists alone, A and B coexist, or B exists alone. The character
"/" generally indicates that the associated objects are in an "or" relationship.

[0024] Theterms "center", "upper", "lower", "left", "right", "vertical", "horizontal", "inner", "outer" and so on in the present
disclosure are intended to indicate orientation or positional relationship shown in the accompanying drawings, which is
only for describing the present disclosure and simplifying the description, rather than indicating or implying the device
orelement with a specific orientation, a specific construction or a specific operation, and therefore should not be construed
as limiting the present disclosure. The terms "first", "second"”, "third" and so on in the present disclosure are intended to
distinguish between similar objects but do not necessarily indicate a specific order of the objects.

[0025] The terms "installed", "communicated", "interconnected", "coupled" and similar words in the present disclosure
are not restricted to physical or mechanical connections, but may include electrical connections, whether direct or indirect.
The terms should be understood in a broad sense, unless otherwise expressly specified and limited, for example, it may
be a fixed connection or a detachable connection, or integral connection; can be mechanical connection, can also be
electrical connection; can be directly connected, can also be indirectly connected through an intermediate medium, can
be internal communication between two elements. For those of ordinary skill in the art, the specific meanings of the
above terms in the present invention can be understood in specific situations.

[0026] Referring to FIG. 1, an embodiment of the present disclosure provides a pipe network heat storage system
based on series connection of a supply main pipe and a return main pipe in a heating network. The pipe network heat
storage system comprises a heat supply pipe network where the heating network water flows. The heat supply pipe
network includes a heating network initial station 1, heat station(s) 2, a circulating water pump 3, a primary network
water return pipe 4 and a primary network water supply pipe 5, in which the heating network initial station 1 is commu-
nicated with a primary network of the heat station(s) 2 through the primary network water return pipe 4 and the primary
network water supply pipe 5. The number of the heat station(s) 2 is n which is not less than 1. The heating network water
is driven by the circulating water pump 3 to flow among the heating network initial station 1, the heat station(s) 2, the
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primary network water return pipe 4 and the primary network water supply pipe 5.

[0027] Specifically, the heating network initial station 1 is used to provide heat, and the circulating water pump 3 is
used to drive the heating network water to flow in the heating network. The primary network water supply pipe 5 is
connected with the heating network initial station 1 and a water inlet of the heat station(s) 2, and the high-pressure and
high-temperature heating network water can be transported to the heat station(s) 2 through the primary network water
supply pipe 5. The primary network return pipe 4 is connected with a water outlet of the heat station(s) 2 and the heating
network initial station 1, and the cooled and depressurized heating network water can be transported back to the heating
network initial station 1 through the primary network return pipe 4. The heating network water can be pressured and
driven to enter the heating network initial station 1 by the circulating water pump 3, and then can be heated and transported
back to the heat station(s) 2 for circulation.

[0028] For a cogeneration heating system, the huge heat supply pipe network is used as a natural heat storage
equipment. While the heat storage capacity of heat supply pipe network is achieved by increasing the water supply
temperature of the heating network initial station 1, since the total heat output by the heating network initial station 1 is
increased by the increasing the water supply temperature, the heating network water output by the heating network
initial station 1 can only pass through the heat station(s) 2 for heat exchange and then can be returned to the heating
network initial station 1. After the excess heat supplied by the heating network initial station 1 enters the heat station(s)
2, most of the heat is absorbed by the heat station(s) 2 and then supplied to outside, instead of being stored in heat
supply pipe network, which causes the excessive heat supply of the heat station(s) 2 resulting in energy waste.

[0029] Thus, in one preferred embodiment, a heating network water bypass 6 is installed between the primary network
water supply pipe 5 and the primary network water return pipe 4. An adjustment component is arranged on the heating
network water bypass 6 for adjusting the flowrate and pressure of the heating network water in the heating network
water bypass 6. By setting the heating network water bypass 6, the excess heat output by the heating network initial
station 1 is no longer transferred to the heat station(s) 2, instead to be transferred to the primary network water return
pipe 4 through the heating network water bypass 6, so as to realize that the excess heat output by the heating network
initial station 1 can be stored in the primary network water supply pipe 5 and the primary network return water pipe 4,
which well exerts a heat storage capacity of heat supply pipe network.

[0030] Specifically, the adjustment component comprises a first temperature-pressure-flowrate measuring instrument
61, a pressure relief device 63 and a first regulating valve 62 which are arranged on the heating network water bypass
6 in sequence along the water flow direction. The first temperature-pressure-flowrate measuring instrument 61 is used
to measure the temperature, pressure and flowrate of the heating network water flowing into the heating network water
bypass 6, thus the heat of the heating network water passing through the heating network water bypass 6 can be
calculated. The first regulating valve 62 is used to adjust the flowrate of the heating network water in the heating network
water bypass 6. The first regulating valve 62 is used to be in a normally closed state to make the flowrate of the heating
network water in the heating network water bypass 6 be zero when the heat supply pipe network is not storing or not
releasing heat, the first regulating valve 62 can be adjustably open to make the flowrate of the heating network water in
the heating network water bypass 6 be gradually increased while storing heat, and the first regulating valve 62 can be
adjustably closed to make the flowrate of the heating network water in the heating network water bypass 6 be gradually
decreased while releasing heat. The control method of an opening degree of the first regulating valve 62 is as follows:
the heat passing through the heating network water bypass 6 is equal to a value which is a heat difference between the
heat supplied by the heating network initial station 1 and the heat flowing into each heat station 2. The opening degree
of the first regulating valve 62 can be adjusted according to the required heat passing through the heating network water
bypass 6. The heat supplied by the heating network initial station 1 and the heat required by each heat station 2 are
both known parameters. While storing heat, the opening degree of the first regulating valve 62 can be increased so as
to increase the flowrate of the heating network water flowing through the heating network water bypass 6. When the
flowrate of the heating network water in the heating network water bypass 6 is needed as a maximum set value, the first
regulating valve 62 can be fully opened. While releasing heat, the opening degree of the first regulating valve 62 can
be reduced. If the heat stored in heat supply pipe network is needed to be completely released, the opening degree of
the first regulating valve 62 can be adjusted to a minimum opening degree, and the first regulating valve 62 can be
completely closed, so that the flowrate of the heating network water in the heating network water bypass 6 can be
reduced until to be zero. If there is no need to completely release the heat stored in heat supply pipe network, the opening
degree of the first regulating valve 62 can be appropriately reduced so as to reduce the flowrate of the heating network
water in the heating network water bypass 6 to a set value.

[0031] In one preferred embodiment, a pressure measuring instrument 41 is provided at an upstream position in the
water flow direction of the primary network water return pipe 4, in which the upstream position is at the connection
position between the heating network water bypass 6 and the primary network water return pipe 4. The pressure measuring
instrument 41 is used to measure the pressure of the heating network water in the primary network water return pipe 4.
The pressure relief device 63 is used to reduce the pressure of the heating network water in the heating network water
bypass 6, thus the pressure of the high-temperature and high-pressure heating network water can be decreased to
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match with the pressure measured by the pressure measuring instrument 41, so that the heating network water can be
smoothly returned to the primary network water return pipe 4 and then can be returned to the heating network initial
station 1. The pressure relief device 63 includes a throttle pressure reducing valve, an ejector pressure reducer and so on.
[0032] In any one of the aforementioned embodiments, a pipe network heat storage control method comprises the
following steps:

when the heat supply pipe network is not storing or not releasing heat, the first regulating valve 62 is used to be in
a normally closed state to make the flowrate of the heating network water in the heating network water bypass 6 be
zero, the heating network water from the heating network initial station 1 is transported to the heat station(s) 2
through the primary network water supply pipe 5, and then the heating network water is returned to the heating
network initial station 1 through the primary network water return pipe 4 in a continuous cycle;

when the heat supply pipe network is storing heat, the heat supply of the heating network initial station 1 is increased,
which can achieved by increasing the water supply temperature of the heating network water, increasing the water
supply flowrate of the heating network water, or both; the first regulating valve 62 can be adjustably open to make
the flowrate of the heating network water in the heating network water bypass 6 be gradually increased; and,
specifically, if the heat supply of the heating network initial station 1 is increased only by increasing the water supply
temperature of the heating network water, itis necessary to reduce the flowrate of the heating network water entering
the heat station(s) 2 and increase the flowrate of the heating network water flowing through the heating network
water bypass 6; if the heat supply of the heating network initial station 1 is increased only by increasing the water
supply flowrate of the heating network water, it is unnecessary to change the flowrate of the heating network water
entering the heat station(s) 2, and the increased water supply flowrate of the heating network water can be returned
to the heating network initial station 1 through the heating network water bypass 6; and, if the water supply temperature
and water supply flowrate of the heating network water are both increased, it is necessary to reduce the flowrate of
the heating network water entering the heat station(s) 2 and increase the flowrate of the heating network water
flowing through the heating network water bypass 6;

the heating network water flowing through the heating network water bypass 6 is the water with a high temperature
and a high pressure; and, the pressure relief device 63 is used to reduce the pressure of the heating network water
in the heating network water bypass 6 to match with the pressure measured by the pressure measuring instrument
41, and then the heating network water can be returned to the heating network initial station 1 through the primary
network water return pipe 4; and,

when the heat supply pipe network is releasing heat, the heat supply of the heating network initial station 1 is
decreased, which can achieved by reducing the water supply temperature of the heating network water, reducing
the water supply flowrate of the heating network, or both; the first regulating valve 62 can be adjustably closed to
make the flowrate of the heating network water in the heating network water bypass 6 be gradually decreased; and,
specifically, if the heat supply of the heating network initial station 1 is decreased only by reducing the water supply
temperature of the heating network water, it is necessary to increase the flowrate of the heating network water
entering the heat station(s) 2 and reduce the flowrate of the heating network water flowing through the heating
network water bypass 6, and the opening degree of the first regulation valve 62 can be gradually decreased; if the
heat supply of the heating network initial station 1 is decreased only by decreasing the water supply flowrate of the
heating network water, it is unnecessary to change the flowrate of the heating network water entering the heat
station(s) 2, the flowrate of the heating network water flowing through the heating network water bypass 6 can be
gradually decreased, and the opening degree of the first regulating valve 62 can be gradually decreased; and, if the
water supply temperature and water supply flowrate of the heating network water are both decreased, it is necessary
to increase the flowrate of the heating network water entering the heat station(s) 2 and reduce the flowrate of the
heating network water flowing through the heating network water bypass 6, and the opening degree of the first
regulating valve 62 can be gradually reduced.

[0033] Heat storage in heat supply pipe network means that when the cogeneration unit needs to reduce its output
capacity in the power grid peak regulation process, the output capacity can be reduced by increasing the heating
extraction steam flowrate of the cogeneration unit. The excess heat generated by the increased extraction steam flowrate
of the cogeneration unit is stored by the pipe network heating system. Due to the increased extraction steam flowrate
of the cogeneration unit, the heat supply of the heating network initial station 1 can be increased. If the hearing network
water bypass 6 is not provided, the excess heat will be transported the to outside from the heat station(s) 2, resulting in
waste.

[0034] As anexample, the heat supply of the heating network initial station 1 is increased only by increasing the water
supply temperature of the heating network water. In this embodiment, when heat storage is required in the pipe network
heating system, the first regulating valve 62 is controlled to be adjustably open, thus part of the heating network water
in the primary network water supply pipe 5 does not flow into the heat station(s) 2 and can be directly returned to the
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primary network water return pipe 4 through the heating network water bypass 6, and the other part of the heating
network water continues to flow through the heat station(s) 2. The water flowrate of the heating network water flowing
through the heating network water bypass 6 can be determined by the heat value difference between the total heat
supply of the heating network initial station 1 (heat = flowrate X temperature difference X specific heat capacity as
shown in below related equation) and the heat required by each heat station 2. In this case, the heat supply increased
in the heating network initial station 1 can be stored among the primary network water return pipe 4, the heating network
water bypass 6 and the primary network water supply pipe 5, and the heating network water corresponding to the
increased heat supply can flow between the primary network water return pipe 4 and the primary network water supply
pipe 5 to avoid waste. At the same time, as the temperature of the heating network water is increased, the heat supply
of the heat station(s) 2 remains unchanged.

[0035] After passing through the heat station(s) 2, the temperature and pressure of the heating network water in the
primary network return pipe 4 are both relatively low. If the high pressure heating network water in the heating network
water bypass 6 directly flows into the primary network water return pipe 4, it tends to cause uneven pressure, thereby
affecting water return effect and increasing the burden of the circulating water pump 3. Therefore, in this embodiment,
the pressure relief device 63 is provided on the heating network water bypass 6, and the pressure relief device 63 is
used to reduce the pressure of the high pressure heating network water in the heating network water bypass 6, thus the
pressure can be decreased to match with the pressure of the heating network water in an upstream position of the
primary network water return pipe 4, in which the upstream position is at the connection position between the primary
network water return pipe 4 and the heating network water bypass 6, so that the water in the heating network water
bypass 6 can normally flow into the primary network water return pipe 4 and then can be returned to the heating network
initial station 1.

[0036] Heatrelease in heat supply pipe network means that when the cogeneration unit needs to increase its output
capacity in the power grid peak regulation process, the output capacity can be increased by reducing the heating
extraction steam flowrate of the cogeneration unit. Insufficient heat load caused by the reduced extraction steam flowrate
of the cogeneration unit needs to be satisfied by the release of the stored heat in the pipe network heating system. As
an example, the heat supply of the heating network initial station 1 is decreased only by reducing the water supply
temperature of the heating network water. When the heat supply is decreased in the heating network initial station 1,
the temperature of the heating network water is decreased, and the first regulating valve 62 is controlled to be adjustably
closed, thus the flowrate of the heating network water flowing into the heating network water bypass 6 is decreased and
the flowrate of the heating network water entering the heat station(s) 2 is increased, thus ensuring the heating load
balance of the heat station(s) 2. In this case, it is necessary to combine the peak regulation demand of the cogeneration
unit and the heat storage of heat supply pipe network to determine if the heat release process can be finished or not. If
the cogeneration unit continues to have a peak regulation demand to increase the output capacity of the unit, the heat
release process of the heat supply pipe network can be finished until all the heat stored in heat supply pipe network is
released. While the total heat supply of the heating network initial station 1 is equal to the total heat required by the heat
station(s) 2, the first regulating valve 62 is completely closed. If there is still some heat stored in the pipe network heating
system and there is a peak regulation demand to reduce the output capacity of the cogeneration unit, it is necessary to
finish the heat release process of the heat supply pipe network and start the heat storage process, and at this time, the
opening degree of the first regulating valve 62 can be increased and a new heat storage process can be started. It is
worth noting that no matter whether the heat stored in the heat pipe network is completely released, according to the
peak regulation demand, the heat release process shall be finished immediately and the heat storage process shall be
started. That is, at the end of the heat release process, the heat supply pipe network can still have a remained heat
store and can also completely release all the stored heat, according to the specific peak regulation demand.

[0037] The above-mentioned embodiments describe three adjustment methods for changing the heat supply of the
heating network initial station 1. In one example, the flowrate of the heating network water in the heat station(s) 2 needs
to be adjusted when adopting the adjustment method for changing the water supply temperature of the heating network
water in the heating network initial station 1. Therefore, a second regulating valve 21 and a second temperature-pressure-
flowrate measuring instrument 23 are provided on a water inlet pipe connecting the heat station(s) 2 and the primary
network water supply pipe 5, and a third regulating valve 22 and a temperature-pressure measuring instrument 24 are
provided on a water outlet pipe connecting the heat station(s) 2 and the primary network water return pipe 4. The second
regulating valve 21 and the third regulating valve 22 are used to adjust the flowrate of the heating network water in the
heat station(s) 2 and assist in adjusting the flowrate of the heating network water flowing through the heating network
water bypass 6 atthe same time. The second temperature-pressure-flowrate measuring instrument 23 is used to measure
the temperature, pressure and flowrate of the heating network water entering the heat station(s) 2, and the temperature-
pressure measuring instrument 24 is used to measure the temperature and pressure of the heating network water from
the heat station(s) 2. According to the total heat supply of the heating network initial station 1 and the heat required by
each heat station 2, the flowrate of the heating network water flowing into the heat station(s) 2 can be controlled by
adjusting the opening degrees of the second regulating valve 21 and the third regulating valve 22 of each heat station
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2. The second regulating valve 21 and the third regulating valve 22 both use a directly regulated way so that the heating
load balance of the heat station(s) 2 can be easier to be regulated. The number of the second regulating valve 21, the
second temperature-pressure-flowrate measuring instrument 23, the third regulating valve 22 and the temperature-
pressure measuring instrument 24 matches with the number of the heat station(s) 2 respectively. If the number of the
heat station 2 is n, each number of the second regulating valve 21, the second temperature-pressure-flowrate measuring
instrument 23, the third regulating valve 22 and the temperature-pressure measuring instrument 24 is also n, in which
n is not less than 1.

[0038] Specifically, the second regulating valve 21 and the third regulating valve 22 are used to be adjustably closed
when storing heat, so that the flowrate of the heating network water entering the heat station(s) 2 is decreased, and the
flowrate of the heating network water flowing through the heating network water bypass 6 is increased. The second
regulating valve 21 and the third regulating valve 22 are used to be adjustably open when releasing heat, so that the
flowrate of the heating network water entering the heat station(s) 2 is increased, and the flowrate of the heating network
water flowing through the heating network water bypass 6 is decreased. The second temperature-pressure-flowrate
measuring instrument 23 and the temperature-pressure measuring instrument 24 are respectively provided on the water
inlet pipe and the water outlet pipe of the heat station(s) 2. According to the total heat supply of the heating network
initial station 1 (specifically reflected in the temperature and flowrate of the heating network water flowing into and out
ofthe heating network initial station 1) and the heatrequired by each heat station 2 (specifically reflected in the temperature
and flowrate of the heating network water flowing into and out of the heat station(s) 2), the opening degrees of the second
regulating valve 21 and the third regulating valve 22 can be adjusted to ensure the heating load balance in the heat
station(s) 2.

[0039] A specific control method comprises the following steps:

when the heat supply pipe network is storing heat, the heat supply of the heating network initial station 1 is increased
and the temperature of the heating network water is increased, the second regulating valve 21 and the third regulating
valve 22 are used to be adjustably closed in order to reduce the flowrate of the heating network water entering each
heat station 2 and increase the flowrate of the heating network water entering the heating network water bypass 6; and
when the heat supply pipe network is releasing heat, the heat supply of the heating network initial station 1 is
decreased and the temperature of the heating network water is decreased, the second regulating valve 21 and the
third regulating valve 22 are used to be adjustably open in order to increase the flowrate of the heating network
water entering each heat station(s) 2 and reduce the flowrate of the heating network water entering the heating
network water bypass 6 until it is zero.

[0040] In order to facilitate the regulation of the pipe network heat storage system, in one preferred embodiment, a
water outlet regulating valve 13 for adjusting the water supply flowrate of the heating network water is arranged on a
water outlet of the heating network initial station 1, and a water inlet regulating valve 14 for adjusting the water return
flowrate of the heating network water is arranged on a water inlet of the heating network initial station 1. The circulating
water pump 3 is arranged at a position where the primary network water return pipe 4 is close to the water inlet of the
heating network initial station 1. A fifth temperature-pressure-flowrate measuring instrument 12 is provided at a water
outlet of the heating network initial station 1 for measuring the temperature, pressure and flowrate of the heating network
water from the heating network initial station 1. A fourth temperature-pressure-flowrate measuring instrument 11 is
provided at a water inlet of the heating network initial station 1 for measuring the temperature, pressure and flowrate of
the heating network water entering the heating network initial station 1.

[0041] All regulating valves in the aforementioned embodiments are electric regulating valves, and all measuring
instruments in the aforementioned embodiments are instruments in the internet of things, which can perform wireless
remote transmission of measurement data.

[0042] Itisworth noting thatthe adjustably open and adjustably closed state of each regulating valve in the embodiments
means that the opening degree of each regulating valve is adjusted between fully open and fully closed state. Specifically,
the opening degrees of the second regulating valve 21 and the third regulating valve 22 can be adjusted according to
the heat required by the heat station(s) 2, so as to control the heat transferring into each heat station 2. The heat of the
heating network water bypass 6 is equal to a value which is the heat difference between the heat supply of the heating
network initial first station 1 and the heat required by each heating station 2. According to the heat required by the heating
network water bypass 6, the opening degree of the first regulating valve 62 can be adjusted, in which the first regulating
valve 62 can be fully opened, partially opened or fully closed.

[0043] In one preferred embodiment, the pipe network heat storage system further comprises a water replenishing
componentincluding a primary network water replenishing pipe 7, a water replenishing water pump 71, a fourth regulating
valve 72 and a third temperature-pressure-flowrate measuring instrument 73, in which the third temperature-pressure-
flowrate measuring instrument 73, the water replenishing pump 71 and the fourth regulating valve 72 are arranged on
the primary network make-up water pipe 7 in sequence along the water flow direction. The primary network make-up
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water pipe 7 is connected to the primary network water return pipe 4. The fourth temperature-pressure-flowrate measuring
instrument 11 is provided at an upstream position in the water flow direction of the primary network water return pipe 4,
in which the upstream position is at the connection poisiton between the primary network make-up water pipe 7 and the
primary network water return pipe 4. After the parameter of the heating network water being measured by the fourth
temperature-pressure-flowrate measuring instrument 11, the heating network water flows through the connection position
of the primary network water return pipe 4 and a primary network make-up water pipe 7. The fourth regulating valve 72
is operated to be open when the water pressure in the primary network water return pipe 4 measured by the fourth
temperature-pressure-flowrate measuring instrument 11 is lower than a set pressure, and the fourth regulating valve 72
is operated to be closed when the water pressure in the primary network water return pipe 4 measured by fourth
temperature-pressure-flowrate measuring instrument 11 is not lower than the set pressure.

[0044] A specific water replenishing step comprises:

according to a pressure value measured by the fourth temperature-pressure-flowrate measuring instrument 11, the
fourth regulating valve 72 is operated to be open when the water pressure in the primary network water return pipe 4 is
lower than the set pressure, and the water replenishing pump 71 replenishes water to the primary network water return
pipe 4; and, the fourth regulating valve 72 is operated to be closed when the water pressure in the primary network water
return pipe 4 is not lower than the set pressure, and the water replenishing pump 71 stops replenishing water.

[0045] In one preferred embodiment, the heating network water bypass 6 is arranged at the jth heat station 2, in which
1<j<n, and the pressure measuring instrument 41 is arranged on the primary network water return pipe 4 connecting to
the jth heat station 2. In order to improve the heat storage effect of the pipe network, the location of the heating network
water bypass 6 can be optimized. Number j represented in the jth heat station can be calculated as follows:

firstly, the maximum heating network water flowrate G' of the heat supply pipe network can be determined according
to the design flowrate of the circulating water pump 3, and the design flowrate GO (unit: t/h) is a known parameter,
thereby the maximum heating network water flow is defined as G' = GO; then the minimum storage heat required
by the heat supply pipe network can be determined according to the heat storage required by the cogeneration unit
in the power peak regulation process, and the minimum storage heat Q,;;,, (unit: GJ) is a known parameter;

station
secondly, the minimum heating network water flowrate 't (unit: t/h, 1<i< n) required by each heat station 2

during the high cold period can be determined according to the maximum heating load W, (unit: GJ/h, 1<i<n) required
by each heat station 2 during the high cold period and the maximum temperature difference between the heating
network water supply temperature and water return temperature of the heat supply pipe network, and the water
supply temperature and the water return temperature can be respectively indicated as T0 (unit: °C) and T2 (unit:
°C) which are both known preset parameters; the actual temperature measured by the first temperature-pressure-
flowrate measuring instrument 61 and the second temperature-pressure-flowrate measuring instrument 23 can be

station
adjusted to the preset parameters accordingly; and, thus the minimum heating network water flowrate ! is

G_station _ 106xW;
i

) T C(TO1—T02
defined as ( Imax :

thirdly, the maximum heating network water flowrate GS of the heat supply pipe network used for heat storage in
) ) ‘ . o . G_station ‘
the heating period can be determined according to the minimum heating network water flowrate ~'t required
by each heat station 2 in the heating period and the maximum heating network water flowrate G' of the heat supply
pipe network: GS = G’ - { ;
fourthly, the maximum value A, of number j can be determined according to the design head HO (unit: m) of the
circulating water pump 3 and the resistance loss of different pipe sections used to connect the heat supply pipe
network with each heat station 2 during the heating period, in which HO is the design head of the circulating water
pump, K (unit: m) is the equivalent absolute roughness of the heat supply pipe network, ¢ (unit: %) is the local
resistance equivalent length percentage of the heat supply pipe network, L; (unit: m, 1<i<n) is the length of each
pipe section connecting each heat station to the heat supply pipe network, and D; (unit: m, 1<i<n) is the diameter
of each pipe section connecting each heat station 2 to the heat supply pipe network; and, HO, K, ¢, L; and D; are all
known parameters;
the minimum value B, of number j can be determined according to the minimum heat storage required by the heat
supply pipe network; and,
the final value of number j can be determined according to the following relationship:

n station
=1 Gi
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when B A the final value of number j is A,,,; and,

min 2 max’
when B, < Anax the final value of number j is A, if the heat dissipation loss rate and water leakage loss
rate of the heat power pipe network can be ignored, and the final value of number j is B, if the heat dissipation
loss rate and water leakage loss rate of the heat supply pipe network can not be ignored. The heat dissipation
loss rate can be calculated according to the heating network water parameters measured by each measuring
instrument, and the water leakage loss rate can be determined according to the water replenishment amount
of the water replenishing component. When the heat dissipation loss rate and water leakage loss rate of heat
supply pipe network are both less than the advanced level values in the industry, the heat dissipation loss rate
and water leakage loss rate of heat supply pipe network can be ignored. For example, when the advanced level
values in the industry refer to standard CJJ/T185-2012 , the water leakage loss rate should not be greater than
0.3%, and the heat dissipation loss rate should not be greater than 0.1 °C /Km according to the temperature
drop along the route.

[0046] Inone preferred embodiment, the maximum value A5, of number j can be determined according to the design
head HO (unit: m) of the circulating water pump 3 and the resistance loss of different pipe sections used to connect the
heat supply pipe network with each heat station 2 during the heating period, and the maximum value A_,,, can be
calculated as follows:
pipe
calculating the heating network water flowrate & in different pipe sections connecting each heat station 2 by
the following equations:

x=1GPP =¢G"

x—1
P
y=1
x—1

: pipe _ station
Jj<x<nG, —Gr—Gs—ZGy
y=1

calculating the resistance loss R, (unit: Palm) in different pipe sections connecting each heat station 2 by the following
equation:

K025 . (Gpipe)z
X

R, =6.88x1073"
* p Dy

calculating the total pressure drop of the heat supply pipe network during the heating period by the following equation:

' f ) K025 . (Gr)Z
z=1,P, =P, =000688 X —— (1 +¢) L,
p-Dy
zZ ,
K0.25_ Gr _ t—=1 Gstatlon 2
) 1<z<jP =P + ) 0.00688x [ Z_yDl(y )] c(1+¢) L,
= P
z ,
KO.ZS [GT — GS — t—_1 Gstatlon 2
j<zsn,PZ=P1+Pj+Zo.00688>< [ pDzy‘l(y ) (14 @)L
Ut

\ t=j+1

and, then comparing the design head HO of the circulating water pump 3 with the total pressure drop of the heat
supply pipe network during the heating period, and determining the maximum value A,,,,, of number j according to
the relationship: 1O><H020.002><PZ;

in which the design head HO of the circulating water pump 3 is a known parameter, K (unit: m) is the equivalent
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absolute roughness of the heat supply pipe network, ¢ (unit: %) is the local resistance equivalent length percentage
of the heat supply pipe network, L; (unit: m, 1<i<n) is the length of each pipe section connecting each heat station
2 to the heat supply pipe network, D; (unit: m, 1<i<n) is the diameter of each pipe section connecting each heat
station 2 to the heat supply pipe network and p (unit: kg/m3) is the density of the heating network water.

[0047] Inone preferred embodiment, the minimum value B ,,;, of number j can be determined according to the minimum
heat storage required by the heat supply pipe network, and the minimum value B,,;, can be calculated as follows:

calculating the design heat storage of the heat supply pipe network by the following equation:
j

Q°=107"5X G- C- (T%' = T%%) 0 - Z

x=1

1.57 x 1073 X L, - (D)% p
Gpipe
x

and, determining the minimum value B,;, of number j according to the relationship: Q&> Q;,, in which p (unit: kg/m3)
is the density of the heat supply network water and C (unit: J/(kg- °C)) is specific heat capacity of the heat supply
network water.

[0048] Based on the above calculation method, the value of number j can be determined, and the position of the
heating network water bypass 6 can be determined, so as to meet the use requirements of the pipe network heat storage.
[0049] Those skilled in the art should understand that, the technical features of the above embodiments can be
arbitrarily combined. In an effort to provide a concise description, not all possible combinations of all the technical features
of the embodiments are described. However, these combinations of technical features should be construed as disclosed
in the description as long as no contradiction occurs.

[0050] The above embodiments are merely illustrative of several implementation manners of the present disclosure,
and the description thereof is more specific and detailed, but is not to be construed as a limitation to the patentable
scope of the present disclosure. It should be pointed out that several variations and improvements can be made by
those of ordinary skill in the art without departing from the conception of the present disclosure, but such variations and
improvements should fall within the protection scope of the present disclosure. Therefore, the protection scope of the
present disclosure should be subject to the protection scope defined by the claims.

Claims

1. A pipe network heat storage system based on series connection of a supply main pipe and a return main pipe in a
heating network, characterized in that the pipe network heat storage system comprises a heat supply pipe network
including a heating network initial station (1), heat station(s) (2), a circulating water pump (3), a primary network
water return pipe (4) and a primary network water supply pipe (5), in which the heating network initial station (1) is
communicated with a primary network of the heat station(s) (2) through the primary network water return pipe (4)
and the primary network water supply pipe (5), the number of the heat station(s) (2) is n which is not less than 1,
the heating network water is driven by the circulating water pump (3) to flow among the heating network initial station
(1), the heat station(s) (2), the primary network water return pipe (4) and the primary network water supply pipe (5);
wherein,

a heating network water bypass (6) is installed between the primary network water supply pipe (5) and the
primary network water return pipe (4), an adjustment component is arranged on the heating network water
bypass (6) for adjusting the flowrate and pressure of the heating network water in the heating network water
bypass (6), the adjustment component comprises a first temperature-pressure-flowrate measuring instrument
(61), a pressure relief device (63) and a first regulating valve (62) which are arranged on the heating network
water bypass (6) in sequence along the water flow direction, and a pressure measuring instrument (41) is
provided at an upstream position in the water flow direction of the primary network water return pipe (4), in
which the upstream position is at the connection position between the heating network water bypass (6) and
the primary network water return pipe (4);

a water outlet regulating valve (13) for adjusting the water supply flowrate of the heating network water is
arranged on a water outlet of the heating network initial station (1), and a water inlet regulating valve (14) for
adjusting a water return flowrate of the heating network water is arranged on a water inlet of the heating network
initial station (1);
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when the heat supply pipe network is storing heat, the heating network initial station (1) is used to increase the
heat supply and increase the water supply temperature and/or water supply flowrate of the heating network
water; and when the heat supply pipe network is releasing heat, the heating network initial station (1) is used
to reduce the heat supply and reduce the water supply temperature and/or water supply flowrate of the heating
network water;

the first regulating valve (62) is used to be in a normally closed state to make the flowrate of the heating network
water in the heating network water bypass (6) be zero when the heat supply pipe network is not storing or not
releasing heat, the first regulating valve (62) can be adjustably open to make the flowrate of the heating network
water in the heating network water bypass (6) be gradually increased while storing heat, and the first regulating
valve (62) can be adjustably closed to make the flowrate of the heating network water in the heating network
water bypass (6) be gradually decreased while releasing heat; and,

the pressure relief device (63) is used to reduce the pressure of the heating network water in the heating network
water bypass (6) to match with the pressure measured by the pressure measuring instrument (41), and then
the heating network water can be returned to the primary network water return pipe (4).

2. The pipe network heat storage system according to claim 1, wherein

a second regulating valve (21) and a second temperature-pressure-flowrate measuring instrument (23) are
arranged on a water inlet pipe connecting the heat station(s) (2) with the primary network water supply pipe (5),
and a third regulating valve (22) and a temperature-pressure measuring instrument (24) are arranged on a
water outlet pipe connecting the heat station(s) (2) with the primary network water return pipe (4); and,

when the heat supply pipe network is storing heat and the water supply temperature of the heating network
water in the heating network initial station (1) is increased, the second regulating valve (21) and the third
regulating valve (22) are used to be adjustably closed in order to reduce the flowrate of the heating network
water entering the heat station(s) (2) and increase the flowrate of the heating network water entering the heating
network water bypass (6); and, when the heat supply pipe network is releasing heat and the water supply
temperature of the heating network water in the heating network initial station (1) is decreased, the second
regulating valve (21) and the third regulating valve (22) are used to be adjustably open in order to increase the
flowrate of the heating network water entering the heat station(s) (2) and reduce the flowrate of the heating
network water entering the heating network water bypass (6).

The pipe network heat storage system according to claim 1, wherein the pipe network heat storage system further
comprises a water replenishing component including a primary network water replenishing pipe (7), a water replen-
ishing pump (71), a fourth regulating valve (72) and a third temperature-pressure-flowrate measuring instrument
(73), in which the third temperature-pressure-flowrate measuring instrument (73), the water replenishing pump (71)
and the fourth regulating valve (72) are arranged on the primary network water replenishing pipe (7) in sequence
along the water flow direction, and the primary network water replenishing pipe (7) is connected to the primary
network water return pipe (4);

a fourth temperature-pressure-flowrate measuring instrument (11) is provided at an upstream position in the
water flow direction of the primary network water return pipe (4), in which the upstream position is at the
connection position between the primary network water replenishing pipe (7) and the primary network water
return pipe (4); and, the fourth regulating valve (72) is operated to be open when the pressure of the primary
network water return pipe (4) measured by the fourth temperature-pressure-flowrate measuring instrument (11)
is lower than a set pressure, and the fourth regulating valve (72) is operated to be closed when the pressure of
the primary network water return pipe (4) measured by the fourth temperature-pressure-flowrate measuring
instrument (11) is not lower than the set pressure; and,

a fifth temperature-pressure-flowrate measuring instrument (12) is provided at a water outlet of the heating
network initial station (1).

The pipe network heat storage system according to claim 1, wherein the heating network water bypass (6) is arranged
at the jth heat station (2), in which 1<j<n, and the pressure measuring instrument (41) is arranged on the primary

network water return pipe (4) connecting to the jth heat station (2).

The pipe network heat storage system according to claim 4, wherein the heating network water bypass (6) is arranged
at the jth heat station (2), and number j represented in the jth heat station (2) can be calculated as follows:

the maximum heating network water flowrate G' of the heat supply pipe network can be determined according
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to the design flowrate GO (unit: t/h) of the circulating water pump (3): G' = G9;
the minimum storage heat Q,,,;, (unit: GJ) required by the heat supply pipe network can be determined according
to the heat storage required by the cogeneration unit for power peak regulation;

station
the minimum heating network water flowrate ' (unit: t/h, 1<i<n) required by each heat station (2) during

the heating period can be determined according to the maximum heating load W; (unit: GJ/h, 1<i<n) required
by each heat station (2) during the heating period and the maximum temperature difference between the heating
network water supply temperature and water return temperature of the heat supply pipe network, and the water
supply temperature and the water return temperature can be respectively indicated as T01 (unit: °C) and T02

G;tation _ 108xW;
i o ToL a2
(unit: °C): ¢ Imas ;
the maximum heating network water flowrate GS of the heat supply pipe network used for heat storage in the
STATION
heating period can be determined according to the minimum heating network water flowrate 't required

by each heat station (2) in the heating period and the maximum heating network water flowrate G' of the heat
5 _ pr 7L station

supply pipe network: G° =G = LG :

the maximum value A,,, of number j can be determined according to the design head HO (unit: m) of the

circulating water pump (3) and the resistance loss of different pipe sections used to connect the heat supply

pipe network with each heat station (2) during the heating period;

the minimum value B ,;, of number j can be determined according to the minimum heat storage required by

the heat supply pipe network; and,

the final value of number j can be determined according to the following relationship:

when B, 2 Apax: the final value of number j is A, and,

when B ,in<Aax the final value of numberj is A, if the heat dissipation loss rate and water leakage loss
rate of the heat power pipe network can be ignored, and the final value of number j is B, if the heat
dissipation loss rate and water leakage loss rate of the heat supply pipe network can not be ignored.

6. The pipe network heat storage system according to claim 5, wherein the maximum value A, of number j can be
determined according to the design head HO (unit: m) of the circulating water pump (3) and the resistance loss of
different pipe sections used to connect the heat supply pipe network with each heat station (2) during the heating
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period, and the maximum value A, can be calculated as follows:

pipe
calculating the heating network water flowrate ~ © in different pipe sections connecting each heat station
(2) by the following equations:

x =1,6P%¢ =G
x—1

L<x<j, GIP* =67~ ) Gyation
y:

1

x—1
: pipe _ rr s station
J<x<nG, " =G -G —sz

y=1

calculating the resistance loss R, (unit: Palm) in different pipe sections connecting each heat station (2) by the
following equation:

0.25 , (Gfipe)z

R, =688x%x1073-
¥ p Dy

calculating the total pressure drop of the heat supply pipe network during the heating period by the following
equations:
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K0.25 . (GT)Z
z=1P, =P, =0.00688 X ————— (1+¢) L,
p-Dy
z ,
K0.25 . Gr _ t—_1 Gstatlon 2
) 1<z£j,PZ:P1+ZO.OO688>< [ Z_YD‘l(y )] (1+¢)- L,
= P
z ,
KO.ZS . Gr _ Gs _ t—=1 Gstatlon 2
j<z§n,PZ:P1+Pj+ZO.OO688X [ p_DZty 16y )] (1+¢)- L,
t=j+1

and, then comparing the design head HO of the circulating water pump (3) with the total pressure drop of the
heat supply pipe network during the heating period, and determining the maximum value A,,, of number j
according to the relationship 1O><H020.002><PZ;

in which: the design head HO of the circulating water pump (3) is a known parameter; K (unit: m) is the equivalent
absolute roughness of the heat supply pipe network; ¢ (unit: %) is the local resistance equivalent length per-
centage of the heat supply pipe network; L; (unit: m, 1<i<n) is the length of each pipe section connecting each
heat station (2) to the heat supply pipe network; D, (unit: m, 1<i<n) is the diameter of each pipe section connecting
each heat station (2) to the heat supply pipe network; and, p (unit: kg/m3) is the density of the heating network
water.

7. The pipe network heat storage system according to claim 5, wherein the minimum value B,,;, of number j can be
determined according to the minimum heat storage required by the heat supply pipe network, and the minimum
value B, can be calculated as follows:

calculating the design heat storage of the heat supply pipe network by the following equation:

F , .
B 1.57 X103 x L, - (D) p
Q°=10"°XG5-C-(T**—T%%), 0 Z Gpipex :
x

x=1

and, determining the minimum value B, of number j according to the relationship: Q®>Q,;,; in which: p (unit:
kg/m3) is the density of the heat supply network water; and, C (unit: J/(kg- °C)) is specific heat capacity of the
heat supply network water.

8. A pipe network heat storage control method based on series connection of a supply main pipe and a return main
pipe in a heating network, characterized in that the control method uses the pipe network heat storage system as
described in any one of claim 1 to claim 7 and comprises the following steps:
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when the heat supply pipe network is not storing or not releasing heat, the first regulating valve (62) is used to
be in a normally closed state to make the flowrate of the heating network water in the heating network water
bypass (6) be zero, the heating network water from the heating network initial station (1) is transported to the
heat station(s) (2) through the primary network water supply pipe (5), and then the heating network water is
returned to the heating network initial station (1) through the primary network water return pipe (4) in a continuous
cycle;

when the heat supply pipe network is storing heat, the heat supply of the heating network initial station (1) is
increased and the water supply temperature and/or water supply flowrate of the heating network water is in-
creased, the first regulating valve (62) can be adjustably open to make the flowrate of the heating network water
in the heating network water bypass (6) be gradually increased; and, the pressure relief device (63) is used to
reduce the pressure of the heating network water in the heating network water bypass (6) to match with the
pressure measured by the pressure measuring instrument (41), and then the heating network water can be
returned to the heating network initial station (1) through the primary network water return pipe (4); and,
when the heat supply pipe network is releasing heat, the heat supply of the heating network initial station (1) is
decreased and the water supply temperature and/or water supply flowrate of the heating network water is
decreased, the first regulating valve (62) can be adjustably closed to make the flowrate of the heating network
water in the heating network water bypass (6) be gradually decreased.
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9. The pipe network heat storage control method according to claim 8, wherein the second regulating valve (21) and
the second temperature-pressure-flowrate measuring instrument (23) are arranged on a water inlet pipe connecting
the heat station(s) (2) with the primary network water supply pipe (5), and the third regulating valve (22) and the
temperature-pressure measuring instrument (41) (24) are arranged on a water outlet pipe connecting the heat
station(s) (2) with the primary network water return pipe (4);

when the heat supply pipe network is storing heat, the heat supply of the heating network initial station (1) is
increased and the water supply temperature of the heating network water is increased, the second regulating
valve (21) and the third regulating valve (22) are used to be adjustably closed in order to reduce the flowrate
of the heating network water entering the heat station(s) (2) and increase the flowrate of the heating network
water entering the heating network water bypass (6); and,

when the heat supply pipe network is releasing heat, the heat supply of the heating network initial station (1) is
decreased and the water supply temperature of the heating network water is decreased, the second regulating
valve (21) and the third regulating valve (22) are used to be adjustably open in order to increase the flowrate
of the heating network water entering the heat station(s) (2) and reduce the flowrate of the heating network
water entering the heating network water bypass (6).

10. The pipe network heat storage control method according to claim 8, wherein the control method further comprises
a water replenishing step:

the pipe network heat storage system comprises the water replenishing componentincluding the primary network
water replenishing pipe (7), the water replenishing pump (71), the fourth regulating valve (72) and the third
temperature-pressure-flowrate measuring instrument (73), in which the third temperature-pressure-flowrate
measuring instrument (73), the water replenishing pump (71) and the fourth regulating valve (72) are arranged
on the primary network water replenishing pipe (7) in sequence along the water flow direction, the primary
network water replenishing pipe (7) is connected to the primary network water return pipe (4), and the fourth
temperature-pressure-flowrate measuring instrument (11) is provided at an upstream position in the water flow
direction of the primary network water return pipe (4), in which the upstream position is at the connection position
between the primary network water replenishing pipe (7) and the primary network water return pipe (4); and,
according to a pressure value measured by the fourth temperature-pressure-flowrate measuring instrument
(11), the fourth regulating valve (72) is operated to be open when the pressure of the primary network water
return pipe (4) is lower than the set pressure, and the water replenishing pump (71) replenishes water to the
primary network water return pipe (4); and, the fourth regulating valve (72) is operated to be closed when the
pressure of the primary network water return pipe (4) is notlower than the set pressure, and the water replenishing
pump (71) stops replenishing water.
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