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It is of practical significance to analyze the time-sharing and zoning heat load demand and 

fine heating control of large heating buildings in order to reduce the building energy 

consumption. The existing research lacks the time-sharing and zoning form of refined 

heating for different functional zones of large heating buildings. For this reason, this paper 

carried out the time-sharing and zoning heat load demand analysis and research on heating 

control of large heating buildings. First, the mathematical model for the main heating links 

of the heating system of the large building based on the heat balance equation is constructed 

to realize the simulation of the dynamic change of the performance of the large building 

heating system. Then, the size, characteristics and influencing factors of heat load of 

various heating units in the building are analyzed, and three possible ways of mass 

regulation, mass-flow regulation and intermittent regulation that can change the flow by 

stages are introduced. The experimental results verify the effectiveness of the proposed 

heating control mode, which can effectively reduce the building heating energy 

consumption. 
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1. INTRODUCTION

In recent years, with the promotion of urbanization in China, 

large buildings or annexed buildings have shown a trend of 

increasing year after year [1-5]. However, due to the lack of 

practical heating energy saving strategies, most new buildings 

still use the traditional continuous undifferentiated centralized 

heating mode. Although most of the heat load demand has 

been met, it has led to the waste of heating energy consumption 

in some building areas with low heat load demand, which 

hinders the implementation of energy conservation and 

emission reduction policies advocated in China [6-12]. In 

particular, the heating energy consumption of large buildings 

is higher in cities with a heating cycle of 5-6 months and in 

severe cold climate regions [13, 14]. Therefore, it is of 

practical significance and an urgent need to conduct time 

sharing and zoning heat load demand analysis and refined 

heating control research for large heating buildings to reduce 

the energy consumption. 

Building energy consumption prediction has become an 

important research issue in the context of sustainable housing 

and smart city. Wang et al. [15] proposed a set model, which 

has higher performance in cooling and heating load prediction. 

In addition, the effects of different performance on heating and 

cooling loads are also studied. Chaganti et al. [16] proposed 

IEHO–BP neural network algorithm and applied the new 

algorithm to building cooling and heating load forecasting. 

The experimental results show that compared with other 

swarm intelligent optimization algorithms, the output results 

of the cooling and heating load forecasting model based on 

IEHO–BP neural network algorithm are more accurate and 

have less oscillation. Wang et al. [17] proposed that the zoning 

system can adjust the working state of equipment according to 

user preferences to meet the heat demand of each area, monitor 

the air temperature, and ensure the thermal comfort in each 

area. Under the framework of this goal, compared with 

complex and expensive control systems, Hernández et al. [18] 

proposed a new zone control system, which is based on the 

thermostat and electric damper, control board and 

communication gateway in each zone, allowing 

communication between the unit and control board to set 

operating parameters such as fan speed or air supply set point 

temperature. The results show that the thermal zoning control 

is helpful to adapt the thermal energy to each zone in a more 

effective way.  

At this stage, domestic and foreign scholars have conducted 

in-depth research on time-sharing and zoning heating, and 

preliminarily explored the heating mode that comprehensively 

considers the heating time, space and temperature differences, 

but the division of the above factors is not clear, and there is a 

lack of research on refined time-sharing and zoning heating 

mode for different functional zones of large heating buildings. 

For this reason, this paper carried out an analysis of the time-

sharing and zoning heat load demand and heating control 

research of large heating buildings. First, in Chapter 2, the 

mathematical model of the main heating links of the large 

building heating system based on the heat balance equation is 

constructed to simulate the dynamic changes of the heating 

system performance of the large building. Then, in Chapter 3, 

the size, characteristics and influencing factors of heat load of 

various heating units in the building are analyzed, and three 

possible methods of mass regulation, mass flow regulation and 

intermittent regulation that may be used to change the flow by 

stages are introduced. The experimental results verify the 
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effectiveness of the proposed heating control mode, which can 

effectively reduce the building heating energy consumption. 

 

 

2. CONSTRUCTION OF HEATING EQUIPMENT 

MODEL 

 

In order to accurately describe the operation of the large 

building heating system, the comprehensive effect of various 

heating parameters on the heating performance of the large 

building heating system is explored. Figure 1 shows the 

schematic diagram of the heating control framework of the 

large building heating system. In this paper, the mathematical 

model of the main heating links of the large building heating 

system is built based on the heat balance equation to realize 

the simulation of the dynamic changes of the performance of 

the large building heating system. 

Figure 2 shows the relationship diagram of zoning heating 

equipment of large heating buildings. It can be seen from the 

figure that the specific heating links include heat exchanger, 

heating pipe network, variable frequency water pump and 

radiator. The specific modeling process is as follows: 

In order to obtain larger average temperature difference, 

large building heating systems often use countercurrent heat 

exchangers to improve the heat exchange effect of cold and 

hot water in the pipe network and the economic benefits of 

heating. Assuming that the efficiency of the heat exchanger 

and the inlet temperature of cold and hot fluids are respectively 

expressed by p1r and p2f, and the minimum heat capacities of 

hot and cold fluids are expressed by Dmin, then the ratio of the 

actual heat exchange capacity of the heat exchanger Ẇ to the 

maximum heat exchange capacity Ẇmax is the efficiency ρ of 

the heat exchanger, which can be calculated by the following 

formula: 
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The outlet temperature p2r and p1f of the cold and hot fluid 

side of the heat exchanger can be calculated by the following 

formula: 
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The heat transfer coefficient HT of heat exchanger can be 

calculated by the following equation: 
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The heating pipe network of large building heating system 

is large and long, which leads to the difference in heat loss and 

heat storage in the actual heating process of large buildings. In 

this paper, the long pipe of heating pipe network is divided into 

several pipe segments with uniform fluid temperature. It is 

assumed that the mass flow of the fluid in the pipe is expressed 

by ṅ, the temperature of the fluid in the jth pipe section is 

expressed by Pj, the temperature of the external environment 

of the pipe is expressed by Pout, the time step is expressed by 

Δp, the comprehensive heat loss coefficient of the pipeline is 

represented by HT, the thermal resistance of the inner wall of 

the pipeline and the pipeline fluid is represented by SIN, the 

thermal resistance of the pipeline is represented by RPI, the 

thermal resistance of the insulation layer is represented by STN, 

the thermal resistance of the outer wall of the insulation layer 

of the pipeline and the external environment is represented by 

SOU, and the heat dissipation of the jth pipe section to the 

external environment is represented by ẆEN,j. The product of 

Δp and ṅ determines the length of the pipe section unit, so the 

temperature of the fluid flowing out of the pipe can be 

calculated by the following formula: 
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Large building heating system has the demand of energy 

conservation, so its heating pipe network usually uses 

frequency conversion water pump with small power 

consumption. Assuming that the head of delivery of the pump 

under rated working condition is expressed by F0, the 

corresponding flow is expressed by R, and the coefficient of 

the head of delivery-flow relationship is expressed by β0, β1 

and β2, then there is the following unary quadratic polynomial 

expression: 

 
2

0 0 1 2F R R  = + +  (11) 

 

The working frequency of the water pump can be adjusted 

according to the actual working conditions. Assuming that the 

four parameters of pump speed, flow, head of delivery and 

power under a certain working condition are respectively 

represented by m, R, F and T, the parameters under 

corresponding rated working conditions are represented by m0, 

R0, F0 and T0, and the speed ratio of the pump is represented 

by k, the following equations shall be met for similar working 

conditions when adjusting the pump frequency: 
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Figure 1. Schematic diagram of heating control framework for heating system of large building 

 

 
 

Figure 2. Diagram of the relationship of zoning heating 

equipment of large heating building 

 

By combining the above two expressions, the following 

expression of head of delivery-flow curve cluster can be 

obtained: 

 
2 2

0 1 2F k k R R  = + +  (13) 

 

When the pump works with a certain frequency, its 

corresponding working state point is determined. Assuming 

that the operating state points of the water pump at the speed 

of m1, m2 and m3 are represented by x, y and z, the lifting 

pressure of the water pump ΔT can be calculated by the 

following formula: 

 

1000
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 =  (14) 

Assuming that the full efficiency is represented by EFOV and 

the mechanical efficiency is represented by EFMO, the pump 

efficiency EFPU can be calculated by the following formula: 
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Assuming that the pump flow is expressed by ṅ, the shaft 

power ṪSHA can be calculated by the following formula: 
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PU
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The calculation formula of input power Ṫ is: 
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Assuming that the proportion of motor heat lost to the fluid 

is expressed by gMO, the heat transmitted to the fluid by the 

water pump when the fluid goes through the water pump can 

be calculated by the following formula: 
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The calculation formula of the heat release ẆAM from the 

pump to the environment is as follows: 

 

( )( )1AM SHAt MOW T T g= − −  (19) 

 

The calculation formula of fluid temperature PF, OU at pump 

outlet is: 
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The radiators of different heating units of the large building 

heating system are considered as a whole. The temperature of 

supplied water and returned water entering a heating unit 

through the pipe network are represented by pr and pf 

respectively. The coefficient related to the heat transfer 

coefficient of the radiator is represented by x and y, and the 

radiator area is represented by G. The heat dissipation capacity 

of the radiator can be calculated by the following formula: 
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3. TIME SHARING AND ZONING HEATING 

OPERATION ADJUSTMENT MODE 

 

The function types of different heating units in large heating 

buildings are complex and diverse, so the key to heat control 

and operation management of large heating buildings is to 

explore the size, characteristics and influencing factors of heat 

load of various heating units in buildings. 

In heating season, the heat load of large heating buildings is 

periodic. The heat load of different heating units in large 

heating buildings varies with time change of the daily 

activities of people in the buildings. The main activity areas of 

people in the daytime are mainly concentrated in the 

production area, living area, office and learning area. During 

this period, the heat demand in buildings is high. At noon, 

most people are active in restaurants and rest areas. At this 

time, there is a large demand for heat in these areas. At night, 

people are scattered for home activities. At this time, the heat 

demand of all heating units in large buildings is small. 

In the traditional operation and regulation mode of heating 

system, the response speed of quality regulation is slow, and 

the power consumption of water pump is large, while the 

quantity regulation is easy to cause hydraulic imbalance. 

Figure 3 shows the schematic diagram of time-sharing and 

zoning heating control system for large heating buildings. 

According to the heating demand characteristics of large 

heating buildings, the time-sharing and zoning heating 

operation regulation mode is selected in this paper. The 

following three possible modes, namely, quality regulation, 

quality-flow regulation and intermittent regulation that change 

the flow by stages are introduced. 

The quality regulation mode of phased variable flow is to 

divide the heating season into several sub stages according to 

the outdoor temperature of the heating building. Different sub 

stages adopt different quality regulation modes. The method 

has the advantages of simple execution process, low power 

consumption and high hydraulic stability. The flow ratio of 

each sub stage can be calculated by the following formula: 

The quality regulation mode of phased variable flow is to 

divide the heating season into several sub-stages according to 

the outdoor temperature of the heating building. Different sub-

stages adopt different quality regulation modes. The method 

has the advantages of simple execution process, low power 

consumption and high hydraulic stability. The flow ratio of 

each sub-stage can be calculated by the following formula: 

 

R CO = =  (23) 

 

The corresponding calculation formula of supplied and 

returned water temperature is given by the following formula: 
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Mass-flow regulation is to synchronously regulate the hot 

water circulation flow and supply water temperature of the 

heating system pipe network of large heating buildings. This 

regulation mode features inferior hydraulic stability and less 

water pump power consumption, but automatic heating control 

system needs to be equipped, so the basic cost of heating is 

high. When the mass-flow adjustment mode is adopted, let 

Δp*=pr-pf/p’r-p’f, then: 

 

W R p=   (26) 

 

After the logarithm transformation of the above formula, the 

following formula is obtained: 
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The flow optimization adjustment coefficient n and quality 

optimization adjustment coefficient m of the heating system 

are defined to represent the impact of flow adjustment and 

quality adjustment on the operation adjustment of the heating 

system of large heating buildings, which are expressed by the 

following formula: 

 

lg lg
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The value range of n and m is 0~1, and after the deformation 

of the above formula, the following is obtained: 

 
n

R W=  (29) 

 
m

p W =  (30) 

 

When n=1 and m=0, the heating system of large heating 

buildings adopts quantity regulation, and the designed 

temperature difference of the heating system is the 

temperature difference between supply water and return water. 

When m=1 and n=0, the heating system of large heating 

buildings adopts quality regulation, and the designed flow of 

the heating system is the cyclic flow. The following formula 

gives the calculation formula of supply water and return water 

temperature under this regulation mode: 
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Intermittent regulation mode does not regulate the hot water 

circulation flow and water supply temperature of the pipe 

network of the heating system of large heating buildings. It 

only adjusts the daily heating duration, and the water pump 

consumes less power. However, there is a problem that the 

heat demand of remote heating units cannot be met in real time. 

When intermittent regulation is adopted, the circulation flow 

and water supply temperature of the heating system in large 

heating buildings are fixed. With the increase of outdoor 

temperature, the daily working time k of the heating system 

decreases. Assuming that the outdoor temperature at the 

beginning of intermittent regulation is expressed by p''q, the 

calculation formula of k is given by the following formula: 
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Figure 3. Schematic diagram of time-sharing and zoning heating control system for large heating buildings 

 

 

4. EXPERIMENTAL RESULTS AND ANALYSIS  

 

The heating units of large heating buildings are divided 

based on the functional types of different areas, and the 

division results are given in Table 1. 

Table 2 shows the heat load analysis results of each heating 

unit. It can be seen from the table that the operation regulation 

modes of the heating system involved in the analysis include 

quality regulation (mode 1), quality-flow regulation (mode 2) 

and intermittent regulation (mode 3), which change the flow 

by stages. Generally, the heat load coefficient of the top floor 

heating unit is much higher than that of the bottom floor when 

Mode 1 and Mode 2 are adopted, and the heat load coefficient 

of the middle floor may be higher when Mode 3 is adopted. 

Comparing the heat load of each heating unit under the three 

modes, it can be seen that the difference between the three 

heating modes is that Mode 3 lowers the designed heating 

temperature of the secondary heating units with relatively 

dispersed working hours, and the corresponding average heat 

load coefficient is less than 1, while the heat load coefficient 

of the main heating units with long working hours is increased, 

making the average heat load coefficient greater than 1. 

 

 
 

Figure 4. Water temperature regulation curve under 

intermittent regulation mode 

In this paper, the experimental analysis is carried out by 

taking the time-sharing and zoning heating system of an 

teaching area in a university as an example. The designed 

temperature of the supply and return water of the heating pipe 

network is 95/70℃ respectively. The water temperature 

regulation curve under the intermittent regulation mode is 

shown in Figure 4. The water temperature regulation curve 

under different flow optimization regulation coefficients is 

shown in Figure 5(A), (B). 

 

  
(A) 

 
(B) 

Figure 5. Water temperature regulation curve under different 

flow optimization regulation coefficients 
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Figure 6. Comparison of energy consumption between 

traditional centralized heating mode and time-sharing and 

zoning heating mode 

 

Table 1. Results of heating unit division of large heating 

building 

 
Number 

of main 

heating 

unit 

Covered 

area 

Working 

hours 

Number of 

secondary 

heating unit 

Covered 

area 

Working 

hours 

001 415 
00:00-

24:00 
101 125 8:00-9:00 

002 436 
00:00-

24:00 
102 362 8:00-9:00 

003 328 
7:00-

23:00 
103 125 7:00-9:00 

004 262 
7:00-

23:00 
104 263 

15:00-

18:00 

005 302 
7:00-

23:00 
105 392 

14:00-

18:00 

006 152 
7:00-

23:00 
106 574 

16:00-

18:00 

007 135 
7:00-

23:00 
107 602 

16:00-

19:00 

 

Table 2. Heat load analysis of each heating unit 

 

Number of 

heating unit 

Average heat load coefficient 

Way 1 Way 2 Way 3 

001 1.20/1.36/1.69 1.48/1.62/1.38 1.04/1.36/1.07 

002 1.01/1.69/1.34 1.14/1.62/1.59 1.30/1.29/1.25 

003 1.04/1.03/1.27 1.03/1.59/1.27 1.14/1.06/1.28 

004 1.92/1.37/1.42 -- 0.13/0.55/0.79 

005 1.36/1.27/1.82 1.07/1.62/1.95 1.51/1.39/1.27 

006 1.30/1.59/1.37 -- 0.25/0.68/0.71 

007 1.52/1.37/1.48 -- 0.02/0.67/0.85 

101 1.39/1.35/1.14 1.04/1.69/1.57 1.27/1.27/1.30 

102 1.67/1.28/1.11 1.20/1.62/1.84 1.05/1.27/1.39 

103 1.69/1.57/1.05 1.38/1.29/1.07 1.28/1.14/1.09 

104 1.69/1.84/1.37 -- 0.32/0.61/0.88 

105 1.50/1.36/1.51 1.62/1.30/1.69 1.20/1.25/1.37 

106 1.81/1.26/1.95 -- 0.25/0.68/0.83 

107 1.37/1.52/1.48 -- 0.46/0.51/0.82 

 

It can be seen from the Figure 6 that compared with the 

traditional centralized heating mode, the heating energy 

consumption under the time-sharing and zoning heating mode 

adopted in this paper is significantly lower, which can reduce 

nearly 1/4 of the heating energy consumption. It is found from 

the analysis that the time-sharing and zoning heating method 

adopted in this paper greatly reduces the heating energy 

consumption at 0:00~6:00 at night, and reduces the heating 

design temperature of the secondary heating units with 

relatively scattered working hours. It is only necessary to 

maintain the temperature of the corresponding heating units 

within the low temperature range that can meet the needs of 

comfortable temperature. Based on the above analysis, the 

time-sharing and zoning heating adopted in this paper has 

obvious advantages in energy consumption. 

 

 

5. CONCLUSION  

 

In this paper, the analysis of time-sharing and zoning heat 

load demand and research on heating control of large heating 

buildings are studied. First, the mathematical model of the 

main heating links of the heating system of the large building 

based on the heat balance equation is constructed to realize the 

simulation of the dynamic change of the performance of the 

heating system of the large scale building. Then, the size, 

characteristics and influencing factors of heat load of various 

heating units in the building are analyzed, and three possible 

ways of mass regulation, mass flow regulation and intermittent 

regulation that can change the flow by stages are introduced. 

Combined with the experiment, the heating units are divided 

based on the functional types of different areas of large heating 

buildings, and the heat load analysis results of each heating 

unit are provided. The water temperature regulation curve 

under the intermittent regulation mode and the water 

temperature regulation curve under the conditions of different 

flow optimization regulation coefficients are drawn, and the 

energy consumption of the traditional centralized heating 

mode and time-sharing and zoning heating mode are compared, 

which verifies that time-sharing and zoning heating adopted in 

this paper has obvious advantages in energy consumption. 
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