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Heat supply of buildings in reality can be viewed as a process of dynamic changes. Simply 

increasing the amount of heat supply on the secondary heat network side can result in 

overheating of near-end users and a greater heat loss. Existing studies generally pay 

insufficient attention to the pressure fluctuations of heat supply control devices at the 

thermal inlet of buildings, such as pressure regulating valves and pressure difference 

balancing valves, the existing methods are of poor applicability to flow-varying systems, 

so they can not solve the mutual inhibition with the regulating function of temperature 

control valves at radiator terminals. In view of these matters, this paper studied an 

intelligent control method for thermal inlet of buildings based on the thermal balance of 

entire heat network. At first, the structure and principle of heat supply control devices 

were given; then based on the energy balance method, the heat supply of buildings was 

adjusted by changing the opening degree of pressure regulating valves on the return pipes, 

and the specific principle was analyzed in detail. Then, this paper proposed a thermal inlet 

control method for buildings with the time-based heat supply balance taken into 

consideration, and constructed a thermal balance equation for heat network based on 

actual control objectives of operation and regulation. At last, experimental results verified 

the effectiveness of the proposed method. 
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1. INTRODUCTION

The heat supply of buildings in reality can be viewed as a 

process of dynamic changes. The change of outdoor 

temperature during heating seasons can cause changes in the 

heat load of buildings [1-7], however, since often there is no 

monitoring devices of heat supply at terminals of heat network 

of buildings, the supply side can only learn the heat supply 

situation from heat exchange stations, so it can not guarantee 

that the current heat load of all buildings can match with the 

heat supply, and the problem of heat supply imbalance occurs 

sometimes in the heat network, that is, the heat demand of far-

end users could not be met from time to time [8-15]. However, 

simply increasing the amount of heat supply on the secondary 

heat network side can result in overheating of near-end users 

and a greater heat loss, so it’s of particular importance to 

perform scientific operation and regulation on the heat 

network of buildings from the perspective of the thermal 

balance of entire heat network [16-19]. Thermal inlet is 

usually arranged in the trench in front of each building, it 

consists of valves, pressure regulating orifice plates, pressure 

gauge, thermometer, and steam trap, etc. By adjusting the heat 

supply control devices at the thermal inlet of buildings, the 

heat flow and pressure can be changed to adapt to the operating 

conditions of buildings so as to meet the residents’ 

requirement for thermal comfort [20-21]. 

Tyutyunov et al. [22] pointed out in their paper that testing 

and controlling algorithms for temperature conditions in heat 

supply systems of buildings and structures provide necessary 

information and support for controlling flows of working 

media (liquid, gas) in heat load, and such methods enable us 

to monitor the distribution of heat flows in real time, the 

authors created a model to control this process and determine 

the time interval for restarting the heat flow control algorithm 

in the heat supply system with a dependent connection to the 

heat source, based on the proposed model, a discretization 

interval of the heat supply system state probing time was 

attained, the differential equation of the heat balance of the 

dependent heat supply system of buildings and structures was 

studied, and a working formula of discrete interval for 

controlling the parameters of specified heating system was 

obtained. Benuzh et al. [23] introduced the special 

characteristics of mathematical modeling of process control 

and argued that in a resource efficient heat supply system of 

industrial buildings and facilities, constant temperature 

maintenance is especially critical for the process. In their paper, 

a functional diagram of operations in the continuous heat 

supply process was presented, the dependence of temperature 

at the point of heat-transfer fluid mixing on environmental was 

analyzed, and a control system operation algorithm was 

proposed. Jacobs et al. [24] tell us that the use of Combined 

Heat Distribution Circuits (CHDC) in apartment buildings is 

on the rise, authors employed Reinforcement Learning (RL), a 

machine-learning technique to develop new control strategies 

for CHDC with floor heating and domestic hot water tanks, 

and their research findings show that an increasing gamma and 

decreasing learning rate during training could lead to better 

performance and that the agent with the largest flexibility had 
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developed a better control strategy that resulted in up to 23% 

primary energy savings. Sun et al. [25] discussed a renewable 

energy technology called the Air Source Heat Pump (AHP) 

which has been widely used in space heating, during actual 

application, the setting value of supply water temperature was 

long-term fixed, resulting in a poor coefficient of performance 

(COP) under partial load conditions, so in order to improve the 

COP of ASHP, the authors proposed a real-time variable water 

temperature (VWT) control method of supply water 

temperature which calculates optimal supply water 

temperature based on supply-demand balance and takes it as 

the setting value of supply water temperature. Then the paper 

took an ASHP-radiant floor heating system as an example to 

verify the feasibility and energy saving performance of the 

proposed control method through simulation experiments.  

After reviewing the research of previous scholars in related 

research fields, it’s found that existing studies generally pay 

insufficient attention to the pressure fluctuations of heat 

supply control devices at thermal inlet of buildings, such as 

pressure regulating valves and pressure difference balancing 

valves, the existing methods are of poor applicability to 

variable flow systems, so they can not solve the mutual 

inhibition with the regulating function of temperature control 

valves at radiator terminals; in the meantime, existing water 

supply temperature compensation curves of secondary 

network are of poor accuracy, and inevitably the response of 

this temperature adjustment and control compensation method 

to the heat supply pipe network and enclosure structure has 

time lag and attenuation features. In view of these matters, this 

paper studied an intelligent control method for thermal inlet of 

buildings based on the thermal balance of the entire heat 

network. In the second chapter, the structure and principle of 

heat supply control devices were given; then based on the 

energy balance method, the heat supply of buildings was 

adjusted by changing the opening degree of pressure 

regulating valves on return pipes, and the specific principle 

was analyzed in detail. In the third chapter, this paper proposed 

a thermal inlet control method for buildings with time-based 

heat supply balance taken into consideration, and constructed 

a thermal balance equation for heat network based on actual 

control objectives of operation and regulation. At last, 

experimental results verified the effectiveness of the proposed 

method.  

2. PRINCIPLE OF HEAT SUPPLY CONTROL

DEVICES

Heat supply control devices are a multi-input multi-output 

system with time-varying feature, its structure is given in 

Figure 1. Since heat media in heat pipe network generally have 

great thermal inertia, if a pipeline is too long, the temperature 

of return water of the building can not give timely respond to 

flow changes of heat media, which will result in large inertia 

and time lag in heat supply control devices. Therefore, in order 

to make the entire heat network reach the state of thermal 

balance, two adjustment methods, quality adjustment and 

quantity adjustment, are usually adopted to adjust the 

circulation flow of hot water in heat supply network of the 

building, and the temperature difference control strategy is 

usually adopted to get a small circulation flow on the basis that 

the heat load is met.  

Assuming: heat load is proportional to indoor-outdoor 

temperature difference, that is: 
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Quality adjustment method and quantity adjustment method 

were respectively used to adjust the return water temperature 

and the hot water circulation flow of heat supply control 

devices. The formulas below respectively calculate the 

circulation flow and return water temperature corresponding 

to the quantity adjustment method: 
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Between the two adjustment methods, the quantity method 

has more advantage in terms of energy saving. For direct-

connected heat supply network without mixed water, this 

paper adopted the quantity adjustment method to control the 

heat supply operation of buildings by changing the opening 

degree of pressure regulating valves on the return pipe based 

on energy balance method. Here, the energy balance method 

sets the control quantity as the amount of heat supplied by the 

heat network to the building, and the control quantity is the 

difference between it and the amount of heat actually 

dissipated from radiator terminals in the building. The quantity 

adjustment method controls the circulation flow of hot water 

in the heat supply network of buildings by adjusting the 

opening degree of pressure regulating valves on the return 

water pipe in heat supply control devices. 

Assuming: W represents the amount of heat supply at 

thermal inlet, κo represents the specific heat capacity of water, 

H represents the circulation flow of the pipeline, U represents 

the external volume of the building, σ represents the density of 

hot water in the pipeline, Eh represents the water supply 

temperature at thermal inlet, Ef represents the return water 

temperature at thermal inlet, then the formula below calculates 

the amount of heat supply at thermal inlet W: 
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Assuming: Wi represents the amount of heat dissipated from 

radiator terminals, L represents the heat transfer coefficient of 

radiator terminals, X represents the heat dissipation area of 

radiator terminals, Ei represents average indoor temperature, 

Eoj represents average temperature of heat media in radiator 

terminals, then the amount of heat actually dissipated from 

radiator terminals in the building can be calculated by the 

following formula: 
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Default W and Wi are equal, considering the thermal balance 
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relationship of heat network shown in Figure 2, the heat supply 

of the building in any state satisfies: 
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Assuming: Em represents the control quantity of the indoor 

temperature of the building, then the amount of heat dissipated 

from radiator terminals is the amount of heat corresponding to 

Em, that is: 
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To maintain thermal balance in the heat network, the indoor 

temperature of the building should always be kept at Em, then 

the amount of heat needs to be provided by heat supply control 

devices is W=Wm=LX(Eoj-Em), and the amount of heat actually 

provided by heat supply control devices is W=Wi=LX(Eoj-Em). 

Therefore, if Wi is equal to Wm, then under the condition of a 

same return water temperature, Ei is equal to Em. If Ei is not 

equal to Em, then it’s considered that there’s a deviation 

between Ei and Em, and the heat supply control devices need 

to adjust the amount of heat supply. 

Assuming: x and y represent experimental coefficients, then 

the formula for calculating heat transfer coefficient of radiator 

terminals is: 

( )
2

y

h fb

oj i i

E E
L x E E x E

− 
= − = − 

 
(8) 

Assuming: △E=(Eoj-Ei) represents the average temperature 

difference between heat media in radiator terminals and the 

indoor air, this temperature difference is an important factor 

affecting the heat transfer coefficient of radiator terminals and 

the amount of dissipated heat; assuming β and γ are heat 

dissipation constants of radiator terminals, by introducing the 

known △E, Formula 3 can be re-written as: 
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Similarly, under the condition that Em is determined, 

Formula 4 can be re-written as: 
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When Wi is greater than Wm, Wi/Wm is greater than 1, that is: 
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Then it’s solved that Ei is smaller than En. Similarly, when 

Wi is less than Wm, Wi/Wm is less than 1, then it’s solved that Ei 

is greater than Em. 

According to analysis, if the relationship between Wi and 

Wm is known, then the relationship between Ei and Em can be 

judged directly, that is, when Wi=Wm, Ei is equal to Em; when 

Wi is greater than Wm, Ei is smaller than Em; When Wi is smaller 

than Wm, Ei is greater than Em. 

Then it’s known that, the setting of Em is reflected by Wm, 

which belongs to the method of controlling the set value, and 

the range of Ei can be determined by the comparison between 

Wi and Wm. Therefore, when the energy balance method is 

adopted to control the heat supply control devices of the 

building, we’ll only need to judge the real-time relationship 

between Wi and Wm. 

Figure 1. Structure of heat supply control devices 

Figure 2. Thermal balance relationship of heat network 

3. THERMAL INLET CONTROL OF BUILDINGS

CONSIDERING TIME-BASED HEAT SUPPLY

BALANCE

Based on the principle of heat supply control devices, this 

paper proposed a thermal inlet control method of buildings 

considering time-based heat supply balance, which not only 

can supply heat according to demand and meet thermal 

comfort requirements of users with different heating time 

requirements, but also solve the thermal imbalance of heat 

network caused by pipeline network expansion, different 

radiator terminal conditions, and natural acting pressure head 
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according to the heating characteristics of buildings while 

saving the energy source to the greatest extent. 

By the adopting the said scheme, the indoor temperature 

demand of buildings during normal operating hours could be 

met by the heat supply network, while the indoor temperature 

of buildings during abnormal operating hours could be 

controlled by adjusting the heating time of heat supply 

network, that is, appropriately reducing the heating time of 

over-heating users and increasing the heating time of over-

cooling users. By lowering the demand of pipeline network for 

circulation flow, the scheme can perform uniform heating and 

on-demand heating of different users, in this way, it could 

realize accurate heating and maintaining thermal balance in 

the heat network.  

The operation adjustment of heat supply control devices 

considering time-based heat supply is actually to monitor and 

measure the temperature and flow of hot water in the heat 

supply network, the amount of heat gained by radiator 

terminals, and the system energy consumption using the heat 

supply control devices according to the heat demand of users 

and the current indoor and outdoor temperature, and then 

adjust the amount of heat supply of current users’ requirements 

by remotely controlling the valve switching frequency. Figure 

3 shows the control methods of supplied water and return 

water at thermal inlet.    

Satisfying the indoor temperature demand of users is 

actually the goal of operation adjustment of heat supply 

control devices considering time-based heat supply, based on 

this goal, a basic thermal balance equation could be 

established for the heat network. Assuming: W1 represents the 

actual heat supply load of the building, w represents the 

volume heating index of the building, U represents the external 

volume of the building, em represents the calculated indoor 

temperature, eq represents the calculated outdoor temperature, 

then the heat supply load of the building can be expressed as: 

( ) ( )1 m q m qW lG e e wU e e= − = − (12) 

Assuming: W2 represents the amount of air-side heat 

dissipation of radiator terminals, X and Y represent coefficients 

of radiator terminals determined by experiment, eh represents 

the predicted water supply temperature, ef represents the 

predicted water return temperature, Gr represents the design 

circulation mass flow, then the amount of air-side heat 

dissipation of radiator terminals is given by the following 

formula: 

( )
1

1

2
2

Y

Yh f

m r o m

e e
W XG e XG e e

+

++ 
= − = − 

 
(13) 

Assuming: W3 represents the amount of water-side heat 

dissipation of radiator terminals, H represents the operation 

circulation mass flow, κ represents the mass specific heat of 

hot water, then the amount of water-side heat dissipation of 

radiator terminals is given by the following formula: 

( )3 h fW H e e= − (14) 

During the normal operating hours of the building, if the 

heat loss of heat supply network during the process of hot 

water supply is ignored, the heat supply of the network can be 

considered as equal to the heat load of the building (namely 

the amount of heat dissipation of radiator terminals) by default, 

then there is:  

1 2 3W W W= = (15) 

Assuming: W2e represents the amount of air-side heat 

dissipation of radiator terminals after the temperature of 

supplied water has been increased, ehe represents the water 

supply temperature after the temperature of supplied water has 

been increased. Under the control strategy of stabilizing the 

return water temperature and adjusting the temperature 

difference of supply and return water, we can use the following 

formula to compare the amount of air-side heat of radiator 

terminals at this time: 
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Assuming: W3e represents the amount of water-side heat 

dissipation of radiator terminals after the temperature of 

supplied water has been increased, then the following formula 

can be used to compare the  amount of water-side heat of 

radiator terminals: 

( )
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Assuming: W1r represents the design heat load of the 

building, W2r represents the amount of air-side heat dissipation 

of radiator terminals under design operating conditions, W3r 

represents the amount of water-side heat dissipation of radiator 

terminals under design operating conditions, then, under the 

operating condition of design outdoor temperature eqr, there is: 

1 2 3r r rW W W= = (18) 

Assuming: eqr represents the design outdoor temperature, 

then the formula for calculating W1r is: 

( ) ( )1r m qr m qrW lG e e wU e e= − = − (19) 

Assuming: efr represents the design return water temperature, 

eor represents the average design supply-return water 

temperature, then the formula for calculating W2r is: 
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Assuming: ehr represents the design water supply 

temperature, then the formula for calculating W3r is: 

( )3r r hr frW H e e= − (21) 

Under the operating condition of design outdoor 

temperature eqr, the ratio of heat load W to the heat load under 

operating condition eqr can be calculated by the following 

formula: 
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Similarly, the ratio of operation circulation mass flow H to 

the design flow under operating condition eqr can be calculated 

by the following formula: 

r

H
H

H
= (23) 

Considering the thermal comfort of users, default the 

amount of heat dissipation of radiator terminals is proportional 

to indoor-outdoor temperature difference, then the basic 

relationship of the operation and adjustment of heat supply 

control devices considering time-based heat supply can be 

expressed as: 
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Figure 3. Control methods of supplied water and return 

water at thermal inlet 

4. EXPERIMENTAL RESULTS AND ANALYSIS

In case that the heat transfer coefficient of radiator terminals 

was 30%, the time-based heat supply of users didn’t cause 

much change in the flow at thermal inlet of the building, which 

had a certain impact on the accuracy of data collection, so in 

this paper, the heat transfer coefficient of radiator terminals in 

the method validity verification experiment had been enlarged 

to make the variation of flow at thermal inlet more obvious. 

Table 1 shows the influence of time-based heat supply on the 

total flow at thermal inlet in case of different user numbers. 

Figure 4 shows the variation of total flow at thermal inlet 

caused by time-based heat supply in case of different user 

numbers. The time-based heat supply of users was turned off 

one by one starting from the bottom layer over-heating users, 

and the operations of each layer were similar. 

Figure 5 and Figure 6 respectively show the relationship 

between flow control of single user and the total flow and 

pressure drop at thermal inlet of the building. In this paper, the 

heat transfer coefficient of radiator terminals was set as 0.5, 

and the single user flow was controlled at 0, 10, 20, and 30 l/h, 

respectively. The two column charts give the influence of 

time-based heat supply of users on the total flow and pressure 

drop at thermal inlet, the inevitable errors of data collection 

can result in errors in the thermal inlet of the building, however, 

judging from the two figures, after adopting the proposed 

thermal inlet control method considering time-based heat 

supply balance, the influence of flow control of single user on 

the total flow and pressure drop of thermal inlet was not much. 

Figure 7 and Figure 8 respectively compare the 

experimental results and model calculation results in case of a 

30% and a 50% heat transfer coefficient of radiator terminals. 

As can be seen from the figure, the experimental results were 

basically consistent with the calculation results, that is, starting 

from overheating users in the bottom layer, the heat supply of 

users was controlled layer by layer, and the comparison clearly 

showed that, in case that the proposed control method hadn’t 

been adopted, when the heat transfer coefficient of radiator 

terminals was 30%, the flow-varying feature at thermal inlet 

of the building caused by time-based heat supply of users was 

not obvious, and the increase of the heat transfer coefficient of 

radiator terminals made the flow-varying feature at thermal 

inlet become more obvious, but even when the heat transfer 

coefficient of radiator terminals reached 50%, still the change 

of total flow at thermal inlet was small, which had further 

verified that the proposed control method won’t lead to a good 

flow-varying feature of the thermal inlet of buildings. 

Furthermore, this paper analyzed the thermal features of the 

thermal inlet of buildings, and Table 2 shows the influence of 

time-based heat supply on other users. 

According to Table 2, the feature of constant flow at thermal 

inlet of the building determined that the influence of time-

based heat supply on the flow of other users was small, but 

there were changes in the amount of heat dissipated from 

radiator terminals of other users. When time-based heat supply 

was adopted for bottom layer users, the influence on users in 

upper layers was small, and when time-based heat supply was 

adopted for upper layer users, the influence on users in bottom 

layer was not much as well. In the meantime, compared with 

constant pressure difference control method, the probability of 

thermal imbalance in the heat network caused by adopting the 

constant flow control method at thermal inlet of the building 

was slightly lower. 

To further determine a reasonable time-based heat supply 

control method, in this paper, the influence of time-based heat 

supply on flow at thermal inlet under different operating 

conditions and control methods was compared and analyzed, 

and the results are given in Figures 9 and 10. 

As can be known from the figure, when constant flow 

control method was adopted at the thermal inlet of buildings, 

the change in flow caused by time-based heat supply under 

different operating conditions was small, and there were 

certain differences in the change of total flow caused by time-

based heat supply under vertical and horizontal control 

methods. In case of a same time-based heat supply ratio of 

users, whether the position of users is scattered or not 

determines the degree of influence on the total flow at thermal 

inlet of buildings. Table 3 gives the flow change caused by 

time-based heat supply in case that users are extremely 

scattered. According to the data in the table, the biggest change 

was close to one-fifth, but in actual cases, it is impossible that 
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all users would choose time-based heat supply or all radiator 

terminals are completely turned off, so the flow change at 

thermal inlet of buildings can be ignored. The above results 

further verified the effectiveness of the proposed method. 

Table 1. Influence of time-based heat supply on total flow at 

thermal inlet of the building in case of different user numbers 

30% Initial 1 3 5 7 9 11 13 

Total flow 321 318 318 318 317 302 301 300 

Proportion 1 0.994 0.994 0.994 0.990 0.985 0.981 0.974 

50% Initial 1 3 5 7 9 11 13 

Total flow 324 313 312 308 306 306 300 307 

Proportion 1 0.970 0.966 0.958 0.933 0.913 0.885 0.864 

Table 2. Influence of time-based heat supply on other users 

Control 

method 

Constant flow in 

stand pipes 

Constant pressure 

difference at thermal inlet 

Layer 

3 

Layer 

2 

Layer 

1 
Layer 3 Layer 2 Layer 1 

Heat supply 

pipeline 1 
17.8 19.8 18.1 18 18 18 

Layers 1 and 

2 are closed 
/ / 25 / / 24.1 

Layers 1 and 

3 are closed 
/ 21.3 / / 21.3 / 

Layers 2 and 

3 are closed 
18 / / 17.9 / / 

Layer 3 is 

closed 
/ 21.3 20.9 / 20.8 20.6 

Layer 2 is 

closed 
18 / 20.6 18 / 20.6 

Layer 1 is 

closed 
18 18 / 18 18 / 

Table 3. Flow change caused by time-based heat supply in 

case that users are extremely scattered 

Control method 
Control 

No. 

Initial 

condition 

Pipe 

1 

Pipes 1 

and 2 

Pipes 1, 

2, and 3 

Constant pressure 

difference at 

thermal inlet 

1 312.6 300.6 304.9 309.6 

2 312.9 301.5 307.6 289.6 

3 312.5 303.6 283.5 289.6 

4 312.4 287.4 283.6 289.6 

Constant flow at 

thermal inlet 

1 312.6 350.5 367.6 389.1 

2 312.9 352.4 370.9 308.4 

3 312.5 354.3 251.6 308.4 

4 312.4 285.4 294.6 318.4 

Figure 4. Total flow at thermal inlet caused by time-based 

heat supply in case of different user numbers 

Figure 5. Relationship between flow control of single user 

and the total flow at thermal inlet of the building 

Figure 6. Relationship between flow control of single user 

and pressure drop at thermal inlet of the building 

Figure 7. Comparison of experimental results and calculation 

results in case that the heat transfer coefficient of radiator 

terminals is 30% 
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Figure 8. Comparison of experimental results and calculation 

results in case that the heat transfer coefficient of radiator 

terminals is 50% 

Figure 9. Influence of time-based heat supply on flow at 

thermal inlet 

Figure 10. Change of total flow caused by different control 

methods under constant pressure difference at thermal inlet 

5. CONCLUSION

This paper studied an intelligent thermal inlet control 

method for buildings based on thermal balance of entire heat 

network. At first, the structure of heat supply control devices 

was given, a quantity adjustment method was adopted to 

control the heat supply operation of the building by changing 

the opening degree of pressure regulating valves on the return 

pipe based on energy balance method, and the specific 

principle was analyzed. Then, this paper proposed a thermal 

inlet control method of buildings considering time-based heat 

supply balance, and constructed a thermal balance equation for 

heat network based on actual control objectives of operation 

and regulation. The effectiveness of the proposed method was 

verified by experimental results. In the experiment, the 

relationship between flow control of single user and the total 

flow and pressure drop at thermal inlet was analyzed, the 

experimental results and model calculation results in case of a 

30% and a 50% heat transfer coefficient of radiator terminals 

were compared, which verified that the proposed control 

method won’t lead to a good flow-varying feature of the 

thermal inlet of buildings. Moreover, the thermal features of 

the thermal inlet of buildings were calculated and analyzed, 

the influence of time-based heat supply on flow at thermal 

inlet of buildings under different operating conditions and 

control methods was compared, and the flow change caused 

by time-based heat supply in case of extremely scattered users 

was given, which had verified the effectiveness of the 

proposed method. 
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