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Abstract. With the increasing requirements of energy saving and indoor envi-
ronment, variable flow technology is widely used in heating system, and the
adjustment of resistance is the throttle adjustment of valve. However, the eco-
nomic loss of this adjustment method is too great. Therefore, a new intelligent
adjustment method of university heating water flow is designed based on adap-
tive control algorithm. First, a single loop network is connected. Secondly, an
intelligent adjustment system of university heating water flow is designed based
on adaptive control algorithm. Experiments show that the designed intelligent
adjustment of heating water flow is achieved.
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1 Introduction

In the traditional double-pipe heating pipe network system, regardless of the branch pipe
network or the ring pipe network, the hydraulic conditions of the parallel branch lines in
the pipe network system are mutually influenced, that is, if the hydraulic conditions of a
branch line change, it will lead to the change of the hydraulic conditions of the parallel
branch lines, thus changing the hydraulic conditions of the whole heating system [1]. In
actual engineering, if the hydraulic condition of a branch changes greatly and the system
itself cannot meet the requirements [2–4], in order to ensure the operating pressure of a
branch line, a booster pump [5] should be installed on the branch line without increasing
the head of the heat source circulating pump. However, this way will change the flow of
the trunk line, and then change the hydraulic condition of the trunk line, which will lead
to changes in the operating flow and pressure of other branches.

Because the water supply and backwater share the same pipe, the hot water in the
pipe flows out of the heat source and flows through each branch trunk line in turn along
the water flow direction, and finally flows back to the heat source [7]. In the process, the
hot water in the ring trunk line flows into the branch trunk line and then flows back to
the ring trunk line, so the circulating flow of each point of the ring trunk line is equal,
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and its value is equal to the flow of the heat source outlet pipe section [8]. It can be
seen that the hot water flow of each branch trunk line is independent and unaffected.
The hydraulic condition of the ring trunk line of the unidirectional ring heating system
affects the hydraulic condition of the branch line [9], while the hydraulic condition of
the branch line does not affect the hydraulic condition of the ring trunk line.

Because the traditional double-pipe heating system needs to lay twowater supply and
return pipes at the same time, the initial investment and operation cost of the pipe network
are high, and the hydraulic condition of the system is complex [10], and the stability is
poor. Reasonable design and planning of the heating pipe network system can ensure
the high operating efficiency of the heating system and the heat medium transmission
and distribution capacity under network expansion or accident conditions, which is of
great benefit to reducing the initial investment and operating cost of the heating pipe
network system and improving the heating quality of the heating network. One-way
loop network has the greatest advantages of simple and stable hydraulic conditions and
convenient adjustment of hydraulic conditions. However, this kind of system has been in
existence for a short time. In order to ensure the heating quality of the system, meet the
heat demand of users, make the heat energy production, transmission and distribution
reasonable and economical, and reduce the operating cost of the heat supply network, it
is necessary to study the operation regulation mode of the unidirectional ring network
heating.

Intelligent regulation of university heating water needs to consider the increase of
heating area, and solve the aboveproblems such as large initial investment, high operating
cost and complicated hydraulic conditions. It has become a trend to use multi-heat
source combined heating. Compared with single heat source heating system, multi-
heat source combined heating system has outstanding advantages, which disperses the
supply position of heat sources, reduces the pipe diameter and flow rate of heating
system, and increases the investment of pipe network and the energy consumption of
system operation. The operation cost of heating system is very high, and its operation
consumes huge power. Therefore, the research on heating regulationmode and operation
regulation ofmulti-heat source combinedheating system is of great significance to reduce
the operation energy consumption of heating system.

2 Design of Intelligent Regulation Method of University Heating
Water Flow Based on Adaptive Control Algorithm

2.1 Connect the Single Ring Network

One-way loop network system is composed of heat source, heat network and heat users,
which is a heating system based on loop pipe network, while the core of double-pipe
heating pipe network is heat source, which is different from each other. The unidirec-
tional ring network system mainly includes unidirectional ring trunk line, ring trunk
line boosting point, ring trunk line heating point and ring trunk line cooling point; The
circulation schematic diagram of branch trunk water supply pipe, branch trunk return
pipe, heating station and single ring network is shown in Fig. 1 below.

As can be seen from Fig. 1, the unidirectional ring trunk line: the hot water flows
circularly along the unidirectional ring trunk line after flowing out from the heating point,
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Fig. 1. Schematic diagram of single ring network connection

and some of the hot water flows out of the ring trunk line through the cooling point during
the circulation process, and then flows back to the ring trunk line after cooling down,
so that the temperature of the hot water in the ring trunk line gradually decreases along
the flow direction, but the circulation flow of the ring trunk line is constant along the
way, and the pressure of the pipe network gradually decreases along the circulation flow
direction. Finally, the hot water in the one-way ring flows back to the heating point for
heating, thus continuing to circulate.

Ring heating point of trunk line: In the one-way loop heating system, if the heat
source heats the hot water in the loop, the heat source is the heating point of the one-
way loop network. Cooling point of ring trunk line: When there is a branch trunk line
connected to the ring trunk line, part of hot water flows into the branch trunk line from
the ring trunk line to deliver heat to the heat users, and then flows back to the ring trunk
line after the temperature drops. Ring-shaped trunk line boosting point: A circulating
water pump is set on the ring-shaped trunk line to provide circulating power to eliminate
the along-way resistance and local resistance caused by the hot water flowing along the
one-way ring network, and then the device circulating water pump of the ring-shaped
trunk line is the ring-shaped trunk line boosting point. One-way ring network system
consists of three cycles-heat source cycle, heat network cycle and heat user cycle.

The operating temperature level of heat medium in the three-stage cycle is different,
the heat source cycle temperature level is the highest, the loop trunk cycle temperature
level is the second, and the heat user cycle temperature level is the lowest. Increasing the
water supply temperature of heat source can increase the temperature difference between
supply and return water of heat source circulation, thus reducing the power consumption
of heat source circulation; The mixed temperature of the circulating water supply of heat
source and the hot water of the ring trunk line decreases through the heating point of
the ring trunk line, thus lowering the operating temperature of the ring trunk line and
reducing the insulation investment of the ring trunk line network to a certain extent; As
the heat is gradually transferred from the ring trunk line to the heat users along the flow
direction of heat medium, the temperature of hot water on the ring trunk line gradually
decreases, while the water supply temperature obtained by the heat users located in
different branch trunk lines gradually decreases along the flow direction of hot water
on the ring trunk line, and the temperature of hot water on the ring trunk line presents



Intelligent Regulation Method of University Heating Water Flow 589

a stepwise distribution. Therefore, it can be seen from the form of unidirectional ring
network system that the energy in unidirectional ring network system is in the form of
cascade utilization.

The circulating water pump located at the heat source of the common double-pipe
heating pipe network system provides the transmission power of the whole heating
system. However, when the heating scale of the heating system is large, it is necessary
to make the head of the circulating water pump large enough to meet the pressure
requirements of the most unfavorable users at the end of the system, resulting in high
operating pressure of the pipe network and heat users near the heat source. Excessive
operating pressure of the system increases the investment cost of pipe network and
equipment, and increases the damage probability of heating equipment. Moreover, the
heat users close to the heat source need to reduce the operating pressure of the secondary
network system by throttling and depressurizing, which leads to the waste of energy
consumption and increases the operating cost of the system.

In the traditional double-pipe heating system, the change of hydraulic condition of
any heat user will cause the change of hydraulic condition of the main line. Compared
with the traditional double-pipe heating system [11], the trunk line of the unidirectional
ring network system adopts the form of a single pipe, and the system has only one water
supply pipe. The resistances of the ring trunk line and the branch trunk line of the heating
system are powered by the pumps located on the ring trunk line and the branch trunk line
respectively, and the required lift of the circulating pump on the ring trunk line is reduced,
which reduces the pressure bearing capacity of the pipe network. This arrangement of
power transmission equipment theoretically eliminates the throttling loss on the branch
lines and reduces the operating cost. The hydraulic conditions of branch trunk lines in
unidirectional ring network system do not affect the hydraulic conditions of trunk lines,
and the hydraulic conditions of branch trunk lines do not affect each other.

In the traditional double-pipe heating system, because of the complex series-parallel
control between pumps and the mutual influence of hydraulic conditions, it is not con-
ducive to the application of distributed variable frequency pump system. However, in
the unidirectional ring network system, the system operates in different levels, and each
level of operation is relatively independent. The hydraulic condition of the secondary
side of the branch trunk line does not affect the hydraulic condition of the ring trunk line.
And the pressure loss of each branch line is overcome by the circulating pump on the
branch line, which avoids the throttling loss and reduces the operation energy consump-
tion compared with the double-pipe system. In the unidirectional loop network system,
the pressure difference between the water supply and return branch lines from a branch
node is small, and each heat user of the secondary network at the branch line side can
select the appropriate distributed variable frequency pump according to the hydraulic
calculation data. In the traditional double-pipe heating system, when the heat load in the
area under its jurisdiction increases, the demand of load increase can only be met by
increasing the circulating water volume of the pipe network. However, the increase of
circulating water volume will lead to the increase of the hydraulic loss of the system,
which will lead to the situation that the pressure difference for return pipe in the system
becomes smaller or even negative.
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The heat transfer capacity of single pipe system can be improved not only by increas-
ing the circulating water flow, but also by raising the hot water temperature, so that the
heat transfer and heat source configuration of the system are no longer limited by the
circulating water. According to the distribution of heat load in the heating area, the pipe
network and heat sources are scientifically arranged. When the heating load increases
in the future, new heat sources can be installed at appropriate locations to provide the
heating capacity of the high-heat network, thus improving the heat load carrying capac-
ity of the heating system. Compared with the traditional double-pipe heating system,
when new users are added, the supply and return water pressure of some branch end
users does not meet the requirements and the heating effect becomes worse. Because the
unidirectional ring network system is a cascade heating system, the hydraulic conditions
of branch lines do not affect the hydraulic conditions of ring trunk lines.When new users
are added to branch lines, the circulating water pump head of ring trunk lines remains
unchanged, and the resistance of new users to branch lines is borne by the internal water
pump of branch lines. For the increase of heating load of the system caused by new user
branch lines, it is only necessary to increase the water supply temperature of the heat
source or add new heat sources in the heating system to meet the demand of increasing
heating load. The connection mode between heat network and heat users has differ-
ent effects on the initial investment, hydraulic and thermal conditions, and operating
costs of the heating system. Therefore, we should try our best to choose the appropriate
heating connection mode. There are three traditional connection modes: direct connec-
tion, mixed water connection and indirect connection. The latter two connection modes
are also suitable for one-way loop system. The schematic diagram of heating station
connection at this time is shown in Fig. 2 below.

Fig. 2. Schematic diagram of thermal station connection

As can be seen from Fig. 2, the indirect connection form in the one-way loop network
heating station is that the primary and secondary sides of the heating station are two
independent circulation systems, and the calculation of the user heating heat load Q′

i of
the heating station at this time is shown in the following (1).

' 6

10i fQ q F −= × (1)
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In the formula (1), qf represents the thermal index of heating buildings of heat users, and
F represents the heating area of users of heating stations. For the primary and secondary
sides of the thermal station, ignoring the heat loss along the heat network and the heat
exchange efficiency of the heat exchanger, the heat balance equation for the primary side
of the thermal station is shown in (2).

Qi = cGi1 · (τi − τih) (2)

In formula (2), Gi1 represents the water supply flow of the branch line, τi represents the
water supply temperature of the branch line on one side, and τih represents the backwater
temperature of the branch line. At this time, the thermal balance equation of the branch
line will be shown in the following (3).

(Gc − Gi1)cτi + Gi1cτi1 = Gccτi+1 (3)

In formula (3), Gc represents the hot water circulating flow of the ring trunk line, and
τi+1 represents the water supply temperature at the cooling point. By integrating the
above formulas, we can get the temperature of the cooling node of the ring trunk line
and the primary side flow of the thermal station as shown in (4) and (5) below.

τi+1 = τi − Qi

cGc
(4)

Gi1 = Qi

c(τi − τih)
(5)

When themixed water pressurizing pump is installed in the heating station in the system,
when the mixed water direct connection is adopted, compared with the direct connection
without mixed water, the mixed water connection can increase the temperature differ-
ence between the supply and return water of the ring trunk line and the branch trunk
line, reduce the flow in the ring network, reduce the pipe network diameter, reduce the
initial investment cost and also reduce the operation power consumption. Compared
with indirect connection, hybrid connection has stronger adaptability to the temperature
of heat medium on the primary side of thermal power station.

However, when the mixed water direct connection mode is adopted, the hydraulic
condition of the secondary side of the thermal power station will be affected by the
primary side. When the traditional double-pipe heating system adopts mixed water con-
nection, there are three forms of mixed water pump installed on the water supply pipe
of the secondary network, return pipe and bypass pipe respectively. Because there is no
return pipe in the unidirectional ring network system, the pressure head provided by the
ring trunk line to the heating station is only the loss of hot water along the way between
the connection point of the ring trunk line and the branch line for return pipe section.
The pressure head is very small and negligible, so it cannot be used as the pressure
head for hot water flow in the secondary side of the heating station. The mixed water
pressurizing pump is needed to overcome the resistance loss in the secondary side of the
heating station. However, when the water mixing pump is installed on the bypass pipe,
it cannot overcome the resistance of the user side, so the water mixing connection of the
circulating pump installed on the water mixing pipe is not suitable for the single-pipe
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water mixing direct connection system. As shown in the figure below, the water mixing
connection of the water pump installed on the secondary water supply pipe is suitable
for the middle and lower reaches of the heating system. In this area, the pressure of the
pipe network is low, and the water supply of the water pump is pressurized, which not
only meets the pressure requirements of the hydrostatic pressure line of the users on
the secondary side, but also does not cause overpressure on the users’ side. The mixed
water connection of the water pump installed on the return pipe on the secondary side
is suitable for the upper and middle reaches of the heating system. In this area, the pipe
network pressure is high, and the backwater of the water pump is pressurized, so that
the backwater on the secondary side can meet the pressure of the pipe network on the
primary side. At this time, the circulating water flowmeter of the users on the secondary
side of the thermal station is shown in the following formula (6). Among them, the eco-
nomic ratio of hydraulic calculation of indoor mechanical circulating hot water heating
system is set to 0.86.

Gi2 = 0.86
Qi

tg − th
(6)

In formula (6), tg represents the water supply temperature of heat users and th represents
the backwater temperature of heat users. At this time, assuming that Gih represents the
backwater quantity drawn from the backwater of the secondary side of the heat station,
the mixing water of the heat station at this time is as shown in (7) and (8) below.

Gi1 = 0.86Qi

τi − h
(7)

ui = Gih

Gi1
(8)

From the above formula, we can know the relationship between water mixing ratio and
temperature, and the relationship between water supply from the primary side of the
thermal power station, water withdrawal from the secondary side and circulating water
from the secondary side of the thermal power station.

Because the user system of the secondary side of the heating station is a traditional
double-pipe heating system, the traditional double-pipe user system regulation mode is
also suitable for the operation regulation of the secondary side of the heating station of
the unidirectional ring network system, that is, the user system. When the user adopts
quality control, the circulating water flow of the user system is a fixed value, and only the
water supply temperature of the system can be adjusted. When the secondary network
adopts quality control of changing flow by stages, the operating flow of the system is
different in different operation stages. In each operation stage, the flow of the system is
a fixed value. The water supply and return temperature formulas of quality control of
changing flow by stages are shown in (9) and (10) below.

Gi1 = Gi2

Gi1 + 1
(9)

j = Gi2 − 1

Gi1 + 1
(10)
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When the user system adopts the quality regulation of changing flow by stages, the
larger the temperature difference between the supply and return water at the user side
and the smaller the relative operation flow, the smaller the power of the water pump at
the user side, the smaller the operation energy consumption of the system and the better
the energy-saving effect. However, when the flow of the user system is too small, it will
affect the heating effect of the user system. For the double-pipe user heating system,
the user circulation flow is too small, which will lead to an increase in the proportion
difference of gravity circulation effect among users at all levels, resulting in the vertical
imbalance of the system. For a single-pipe user heating system, the circulation flow is
too small, which leads to different degrees of change of heat transfer coefficient values
of radiators of users in each floor, and also causes vertical misalignment of the user
system.

2.2 Design an Intelligent Water Flow Regulation System Based on Adaptive
Control Algorithm.

The adaptive process is a process of approaching the target continuously. The path
it follows is expressed by mathematical model, which is called adaptive algorithm.
Gradient-based algorithm is usually used, especially the least mean square error algo-
rithm. Adaptive algorithm can be implemented by hardware or software. The former
designs the circuit according to the mathematical model of the algorithm, while the
latter compiles the mathematical model of the algorithm into a program and realizes it
with a computer. There are many kinds of algorithms, and its selection is very important,
which determines the performance, quality and feasibility of the processing system. In
order to avoid vertical misalignment of user system, an intelligent water flow regulation
system is designed based on adaptive control algorithm. The temperature of hot water
on the ring trunk line of unidirectional ring network system gradually decreases with
the direction of hot water flow, which is different from that of the ring trunk line.

The flow of branch trunk lines can be adjusted synchronously or asynchronously.
The regulation of one-way loop network system includes hierarchical regulation of loop
trunk line, primary side regulation of thermal station and secondary side regulation
of thermal station. Therefore, when choosing the adjustment mode of unidirectional
loop network system, the adjustment of primary and secondary sides of loop trunk line
and thermal station must be considered at the same time. When the heating range of
the heating system is relatively small, the single heat source and single loop ring pipe
network system can meet the heating requirements of heat users. When the heating
system adopts different regulation modes, the energy consumption of the system pumps
is different. Because the study of heating regulation mode is of great significance to the
economic and reliable operation of heating system, it is necessary to study the heating
regulation mode of single heat source unidirectional ring network system as the basic
model of multi-heat source unidirectional ring network system.

Under the condition that all the heating stations in the unidirectional loop network
system are connected by mixed water, the regulation rules of the loop trunk line, branch
trunk line and user side with different regulationmodes are obtained, and the energy con-
sumption of the system pumps combined by various regulation modes and the stability
of the user system hydraulic conditions are analyzed, as well as the thermal accessibility
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of the heat users in the unidirectional loop network system with different regulation
modes of the heat source water supply temperature.

When the heating stations in the unidirectional ring network system are connected by
mixedwater, in somecases (the user’s geographical location is higher or the pressure level
of the user’s node is lower), the user-side circulating pump should not only overcome the
system resistance but also pressurize the system. At this time, for the normal operation
of the user-side, the head change of the user-side circulating pump should not be too
large, thus limiting the change of the user-side operating flow. At this time, the user side
can only use quality adjustment. Because each branch trunk line adopts quality control,
and the temperature of the cooling point of the ring trunk line is equal to the water supply
temperature of the primary side of the water mixing station, the temperature control of
each cooling point of the ring trunk line also meets the quality control law, so when the
ring trunk line keeps constant flow operation, the regulation law of the ring trunk line is
also quality control, so it is necessary to design the design working condition parameters
of the ring trunk line, as shown in Table 1 below.

Table 1. Working condition parameters

Cooling point Temperature (°C) Flow rate t/h Water mixing ratio

1 130 54 3

2 124 58 2.7

3 118 63 2.4

4 112 69 2.1

5 106 77 1.8

6 100 86 1.5

7 94 98 1.2

8 88 113 0.9

9 82 134 0.6

10 76 165 0.3

It can be seen from Table 1 that the unidirectional ring network is also a hot water
heating pipe network, and its heat medium parameters have little difference compared
with the traditional double pipe system, so the diameter of the ring trunk line is selected
according to the specific friction recommended by the design specification of heating
pipe network.

On the premise that the secondary side of the heating station is subject to quality
control, when the loop trunk line and branch trunk line adopt quality control at the same
time, the temperature of heat source supply and return water and the temperature of each
cooling point gradually decrease with the increase of outdoor temperature. The loop
trunk line and the secondary side of the heating station both operate at a constant flow
rate, and the water mixing ratio of each water mixing station remains unchanged with
the outdoor temperature. However, the lower the water supply temperature at the cooling
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point along the direction of hot water circulating flow, the smaller the water mixing ratio
of the water mixing station, and the larger the hot water flow from the primary side is
required. When this regulation method is adopted, the system only needs to adjust the
water supply temperature of the heat source of the unidirectional ring network system to
meet the heat load demand of heat users with the change of outdoor temperature. This
adjustmentmethod has the advantages of small adjustment amount and simple operation.
At the same time, the water pressure diagram of the ring trunk line has been kept at the
design working condition, and the pressure at each cooling point remains unchanged,
which does not affect the normal operation of the users on the secondary side, and
the heating network runs stably. However, the circulating flow rates at all levels of the
unidirectional ring network system are all constant, which makes the pump operation
energy consumption of the system very high.

When the annular trunk line runs at a constant flow rate and the water supply temper-
ature of the heat source remains unchanged, with the increase of outdoor temperature,
the heat load of heat users decreases, the backwater temperature of the heat source
increases, and the water supply temperature of the primary side of each cooling point
also increases correspondingly, so the hot water flow from the annular trunk line into the
water mixing station through the branch trunk line decreases, while the backwater flow
of the secondary side pumped by the bypass pipe in the water mixing station increases,
and the water mixing ratio of the water mixing pumps in each heat station increases with
the increase of outdoor temperature. Under this regulation mode,

Under the operation mode of constant flow and constant water supply temperature of
the ring trunk line, only the hot water flow supplied by the primary side of each mixing
station and the return water flow of the secondary side pumped by the bypass pipe
need to be adjusted, with few adjustment parameters. However, during the operation, the
mixing ratio of eachmixing station is constantly changing, and the above two parameters
need to be constantly adjusted, which requires high operation requirements. In addition,
when this regulation mode is adopted, the operation flow of the ring trunk line of the
unidirectional ring network and the secondary side of the water mixing station are all
designed flow, which leads to high operation energy consumption. Because the heat
source water supply keeps the design temperature all the time, it is not conducive to the
utilization of low-grade energy, and the heat source efficiency is low. The temperature
of water supply at each cooling point of the ring trunk line increases with the increase
of outdoor temperature, which requires higher pipeline insulation materials for the ring
trunk line and larger initial investment of pipeline system. Although there are some
disadvantages in the operation regulation mode of constant flow rate and constant water
supply temperature of the ring trunk line for the unidirectional ring network heating
system with single heat source, it has great applicability for the operation mode of the
main heat source in the unidirectional ring network system with multiple heat sources,
because the main heat source in the system runs at full load for a long time, and with the
increase of outdoor temperature, the change law of water supply temperature of each
cooling point within the heating range of the main heat source is the same as this.
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2.3 Realize Intelligent Regulation of Heating Water Flow in Colleges
and Universities

The temperature change of the supply and return water in the one-way loop network
systemwith the quality control mode of changing the flow by stages is different from that
of the double-pipe system. The increase of the supply water temperature in the two-pipe
system is equal to the decrease of the return water temperature, while the temperature
change of the heat source supply water in the one-way loop network system is larger,
the change range of the return water temperature is smaller than that of the supply water
temperature, and the supply and return water temperature of the heat source all show
temperature increase. Along the circulating water flow direction of the ring trunk line,
the increasing range of the primary water supply temperature of the heating station at
each cooling point at the flow staging point gradually decreases.

On the premise that the secondary side of the heating station is of quality control,
when the loop trunk line and branch trunk line simultaneously adopt the quality control
of changing the flow by stages, the loop trunk line and the primary side of the heating
station both operate at constant flow by stages, and the water mixing ratio of each water
mixing station remains unchanged at each stage. In the lowflowoperation stage, thewater
mixing ratio of each heating station is greater than that of the design flow operation stage.
In each operation stage, the system only needs to adjust the water supply temperature
of heat source to meet the heat load demand of heat users with the change of outdoor
temperature.When switching between different stages, it is necessary to adjust the water
mixing ratio of each water mixing station. This combination of adjustment modes also
has small adjustment amount and simple operation.

When the outdoor temperature rises, when the flow rate of the ring trunk line drops
to 75% of the designed flow rate, the backwater temperature of the heat source decreases
to expand the temperature difference between the supply and the backwater to ensure the
heat supply; At the same time, the water supply temperature of each cooling point also
decreases, and the cooling range of the water supply temperature of each cooling point
is different, and the temperature of the cooling point decreases more along the direction
of hot water circulating in the ring trunk line; On the contrary, the water supply flow
of the primary side of each cooling point thermal station increases more along the hot
water circulation direction of the ring trunk line.

During the operation of the system, it is only necessary to adjust the hot water flow
in the primary side of each thermal station and the backwater flow in the secondary
side of pumping, with few adjustment parameters. However, the mixing ratio of each
mixing pump is constantly changing, so the above two parameters need to be constantly
adjusted, and the operation requirements are high. The water supply temperature of the
heat source in this regulation mode is always kept at the design temperature, which
reduces the thermal efficiency of the heat source and wastes high-grade energy.

When equal temperature difference adjustment is adopted for the ring trunk line
and branch trunk line, the temperature difference between the supply and return water
of the heat source and the water supply temperature difference between the cooling
points remain unchanged. With the increase of outdoor temperature, the flow rate of the
primary side of the ring trunk line and branch line gradually decreases, and because of
the constant flow rate of the secondary side of the heat station, the amount of backwater
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pumped by the heat station through the bypass pipe increases, and the water mixing ratio
of the water mixing pump of each heat station gradually increases. During the operation
stages of the heating system with different flow rates, the loop trunk line, branch trunk
line and the three-stage pipe network on the secondary side of the heating station are
all regulated by constant flow rate, and the water mixing ratio of each heating station
keeps constant. When the system is switched from the high flow rate stage to the low
flow rate stage, the temperature of the supply and return water of the heat source and the
temperature of each cooling point increase, which is different from that of the ordinary
double-pipe system, and the temperature increase degree of each cooling point decreases
along the circulation direction.

When the secondary side of the thermal station is changed from the high-flow stage
to the low-flow stage, the temperature difference between the supply and return water
temperature of the heat source and the water temperature of each cooling water supply
decreases by the same temperature difference, but at the same time, the flow rate of the
primary side of the thermal station increases significantly along the direction of hot water
circulation along the ring trunk line, especially at the last cooling point, and the water
mixing ratio becomes negative, which shows that the water temperature of the cooling
point at the end is lower than that of the secondary side of the thermal station. Under
this combination mode, when the secondary side of the thermal station runs at low flow
rate, the water supply temperature of the heat source decreases too much, which directly
leads to the water supply temperature of the lower cooling point on the ring trunk line
being lower than that of the users on the secondary side of the thermal station, resulting
in poor heating effect of the end users.

3 Experiment

In order to test the conditional effect of the intelligent regulation method of heating
water flow in colleges and universities designed in this paper, it is compared with the
traditional intelligent regulation method of water flow. Ensure the environment of the
control group and the experimental group is consistent. Methods Each experiment was
repeated ten times. The experiment is as follows.

3.1 Experimental Preparation

The operation requirements of the adjustment mode combination when the primary
side flow of the thermal station and the return water flow of the pumping secondary side
continuously change are relatively high. The combination of variable flow regulation has
a higher energy-saving rate.When the loop trunk line and branch trunk line are regulated
by equal temperature difference, the combination of quality regulation by changing flow
in stages at the user side has the highest energy-saving rate. The connection table of
intelligent water supply regulation at this time is shown in Table 2 below. Among them,
the energy saving rate exceeding 8% is regarded as a higher level, and the hydraulic
condition of users is stable the stability of users’ hydraulic state means that when other
users’ flow changes, it is a higher level to keep their own flow changes within 2%.
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Table 2. Intelligent connection table of water supply

Operation requirement 1 2 3

Energy saving rate Low High low

Insulation investment 1 1 26%

The hydraulic condition of users is stable Low High low

Meet the water supply needs of end users Yes Yes no

Avoid energy waste Yes Yes yes

Table 3. Results of traditional intelligent regulation method of hot water flow

Operation requirement 1 2 3

Energy saving rate Low Low Low

Insulation investment 67% 54% 23%

The hydraulic condition of users is stable Low Low Low

Meet the water supply needs of end users No Yes No

Avoid energy waste No No No

It can be seen from Table 2 and Table 3 that the water flow adjusted by the automatic
adjustmentmethoddesigned in this paper ismore stable,whichproves that the adjustment
effect of the designed method is better and has certain application value.

4 Discussion

Through the analysis of the hydraulic and thermal conditions of the unidirectional ring
network, it can be seen that the hydraulic and thermal conditions of the unidirectional ring
network system are more independent than those of the traditional double-pipe system.
According to the analysis of thermal conditions, the temperature of the ring trunk line
cooling point of the unidirectional ring network is calculated and determined, and the
temperature characteristics of the unidirectional ring network system are obtained. It is
concluded that the determination of the inlet temperature of heating point of trunk line
of unidirectional ring network should meet the heating demand of end users.

For the single heat source unidirectional loop network system, under the mixed
water connection or indirect connection mode, the operation regulation modes of the
system are solved with different regulation modes combinations for the loop trunk line,
branch trunk line and the secondary side of the thermal station, and the regulation rules
of various regulation modes combinations are obtained. When the ring trunk line and
branch trunk line are regulated by equal temperature difference, and the secondary side
of the thermal station is regulated by changing the flow by stages, the combined system
has the lowest energy consumption. When the same regulation mode combination is
adopted, the power consumption of water pump in mixed water connection mode of the
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system is lower than that in indirect connectionmode. The indirect connection systemhas
more obvious energy-saving effect than the mixed water connection system by adopting
the operation mode of constant water supply temperature of the ring trunk line, but
this mode wastes high-grade energy. Moreover, the operation mode of constant water
supply temperature and constant flow of the ring trunk line requires higher pipeline
insulation materials, which increases the initial investment of the pipeline. When mixed
water connection is used in the heating system, the equipment investment of the system
is low, and the adaptability to the water supply temperature of the primary side of the
heating station is strong. However, the operation regulation mode of the ring trunk line
with variable flow will affect the normal operation of the user system, and the operating
pressure of the ring trunk line should not be too high.

5 Conclusion

In this paper, the intelligent regulationmethod of university heatingwater flow is studied,
and the unidirectional loop network system is introduced. By virtue of its superior
hydraulic and thermal conditions compared with the traditional double pipe network
system, the operation regulationmodes such as trunk line, branch line and thermal station
of heating water flow regulation loop network are improved. Experiments show that this
method has the performance of more stable flow regulation, lower energy consumption
and lower investment cost, and has certain application value.
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