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Abstract: As a new heating system operation mode, distributed variable frequency 

pump centralized heating system has been more and more applied in central heating 

system because of its obvious advantages in energy consumption. On the basis of 

analyzing the difference between the traditional central heating system and the 

distributed heating system, this paper uses the experimental platform of distributed 

variable frequency pump heating system in Inner Mongolia University of Technology to 

summarize the relationship between the occurrence of zero differential pressure point 

and the frequency of the total pump and the distributed frequency conversion pump 

under different heating conditions; and the relation between the frequency of the 

distributed pump and the frequency of the distributed pump. The influence of the 

system on the heating system. 

Keywords: Distributed variable frequency pump; pump frequency; experimental 

platform; zero pressure differential. 

 

1. Introduction 

The theoretical research on distributed frequency conversion system in the existing 

literature mainly includes the analysis of energy saving effect of distributed frequency 

conversion system, the research of distributed system design and the research of 

system stability and tunability. Jiang Yi [1], di Hong hair put forward the idea of using 

the variable speed fan and the variable speed pump to adjust the wind and water 

system in the heating and air conditioning system to adjust the wind and water system, 

that is, the distributed frequency control system, and through the engineering example, 

the economy of the system is studied. The application of distributed frequency 

conversion system in cold and heat supply network is studied, and the characteristics of 

the system are summarized. The method of simulation calculation of system hydraulic 
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conditions is put forward by Fulin [2]. The comparison of different system schemes is 

carried out and the superiority of the distributed system form is analyzed. Dr. Qin 

Xuzhong [3] quantified the hydraulic stability of the distributed frequency conversion 

system and concluded that the system could greatly improve the stability and 

adjustability of the system. 

In general, the call of the domestic heating industry to the application of frequency 

conversion technology in the heating system is becoming more and more high, but at 

present, the research on the distributed frequency conversion system is still not perfect, 

and the system based on frequency conversion is rarely used in practical engineering, 

and it has not been relatively mature and finished. The theoretical system and design 

method of good. This paper uses the experimental platform of distributed variable 

frequency pump heating system in Inner Mongolia University of Technology, the 

relationship between the zero differential pressure point in different heating conditions 

and the total pump of heating system and the distributed frequency conversion pump, 

and the influence on the heating system under this relationship. 

 

2. Comparative Analysis of Traditional Central Heating System and 

Distributed Variable Frequency Pump Heating System Flutter Mechanism 

2.1 Traditional Central Heating System 

The traditional central heating system is a heating system that connects a large 

number of hot users with the heat network and provides the heat required by the 

agreed heat sources for each user. The system generally consists of three parts, which 

are the main part of heat source, heat network and. heat source of heat users. "China's 

Urban Construction Statistical Yearbook 2017" is China’s central heating capacity 

(steam and hot water) was 3 billion 321 million 600 thousand GJ in 2017. As shown in 

Figure 1, cogeneration accounts for 69.3% and other accounts for 30.7%. In 2017, 

about 83.3% of the central heating in China was heated by water, and the hot water 

heating system played a dominant role. The hot water heating system mainly adopts 

two systems: closed type and open type. The circulating water in the heat supply 

network is partly or completely removed from the heat supply network for users to use 

the open system. Conversely, the circulating water in the closed system cannot be 

removed and used. In closed system, there are two ways of direct connection and 

indirect connection. The main difference between them is the connection mode 

between pipe network system and thermal user. In the traditional heating system, the 

heat source circulating pump is chosen according to the most unfavorable user of the 

system to overcome the resistance of heat source heat network and user system. The 

position of the heat source in the near household will often form more than the limited 
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range of the capital pressure head, increasing the probability of the heating system to 

form the hydraulic imbalance. 

 

2.2 Distributed Frequency Conversion Pump Heating System 

The rapid development of frequency conversion technology has promoted the 

development of heating system and made it possible for distributed heating system to 

run in variable flow. The distributed heating system uses the variable frequency pump 

in the pipe network to change the flow rate and ensure the balance of hydraulic 

conditions, instead of using the valve to regulate the flow. In the distributed heating 

system, the heat source circulating pump only needs to overcome the resistance loss 

within the heat source. From Fig. 1, we can see the flow of the distributed heating 

system. The heat source circulation pump transfers the hot water into the pressure 

sharing tank, and the flow of the pump is the total flow of the heating system. The lift 

and flow of the water pump on the user side are selected according to the demand of 

the user. One of the important equipment in the distributed heating system is the 

pressure sharing tank, which connects two hydraulic and thermal related loops. The 

heat flow body of the boiler is mixed in the pressure sharing tank. After the cold and hot 

exchange, the cold fluid is transported to the boiler by the heat source pump to the 

boiler. On the user side, the heat medium is transferred from the pressure tank to the 

user side, and the heat medium is released to the pressure tank after heat release, 

thereby completing the whole system's circulation process. 

 

Fig. 1 Distributed heating system diagram 

 

2.3 Advantages of Distributed Frequency Conversion Pump Heating System 

The distributed frequency conversion pump system is aimed at the traditional heating 

mode and is designed to achieve uniform distribution of the design flow. Compared to 

the traditional heating system and distributed heating system, the first distributed 

heating system uses frequency conversion pump instead of the traditional throttle 

valve, there is no useless work consumption, electricity saving is about 1/3 to improve 
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the transmission and distribution efficiency. Secondly, in distributed heating system, 

the heat source pump only bears the resistance loss of the heat source side, and the 

user pump is based on the different needs of the user. The distributed heating system 

has improved the problem of uneven heat and cold heat in the heat supply, and the 

quality of heating has been greatly improved. In the end, the distributed heating 

system can adjust the variable flow rate flexibly and adjust it to be more convenient for. 

In the distributed variable frequency pump system, the position of the zero-pressure 

difference in the system affects the energy consumption of the system, the pump 

selection, operation mode and control mean. This paper summarizes and analyzes the 

relationship between the zero-pressure difference and the frequency conversion pump 

through different working conditions. 

 

3. Experimental Analysis 

3.1 Experimental Equipment 

The experimental platform of the distributed frequency conversion pump heating 

system of Inner Mongolia University of Technology is used, including power circulation, 

frequency modulation device, pressure measuring device and quantity adjusting device. 

The experimental platform has ten groups of branches (hot users and corresponding 

frequency pumps) and a set of main circulating pumps. The types of frequency 

conversion pumps are: corrosion resistant plastic centrifugal pumps, and cold and hot 

water type booster pumps. 

 

3.2 Measurement and Analysis 

The initial heating system only relies on the main pump cycle, the main pump 

frequency is set to F=31Hz, at this time the system can be regarded as the traditional 

heating form. Its hydrographic diagram is shown as shown in Fig. 2 

 

Fig. 2 Water pressure diagram of heating system at F=31HZ 

From Fig. 2, it can be seen that when the frequency of the total pump is 31HZ, the 

water pressure difference is not obvious, whether it is near the end user or the remote 
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user, the water balance is not obvious, but there is no water imbalance, but there is no 

zero pressure difference. On the basis of initial adjustment, the frequency of the 

master pump is modulated to F=35HZ hydrograph, as shown in Fig. 3. 

It can be analyzed from Fig. 3 that the traditional heating system increases with the 

increase of the total pump frequency, the water supply pressure line and the backwater 

pressure line of the remote user increase, but the supply back water pressure 

difference of the near end users is small, and the serious water conservancy 

misalignment appears. Although only the frequency of the total pump can be adjusted 

to zero pressure difference, it is not advisable to find a serious water imbalance in the 

whole heating system when the zero differential pressure point is found. On the basis 

of F=35HZ, we do not change the frequency of the main pump and adjust the thermal 

user variable frequency pump to find the zero differential pressure point. The 

hydrograph is shown in Fig. 4. 

 

Fig. 3 F=35HZ, water pressure diagram of heating system 

 

Fig. 4 Water pressure diagram of heating system 

It can be seen from Fig. 4 that in the condition of the constant pump frequency, the 

variable frequency pumps of 2, 4, 6, 8 and 10 of the hot users are opened, and the flow 

of these users is basically satisfied, but the flow of the users of 3, 5, 7 and 9 cannot 

meet the requirements. In this case, the zero-pressure difference appears in the near 

end of the heat source, and there is no water imbalance in the water pressure diagram, 
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but the water balance in the flow is analyzed from the data. However, a large number 

of studies have shown that when the zero-pressure difference is near the end user, all 

the pumps in the heating system are effectively consumed in their respective journeys, 

and there is no invalid power consumption. On the basis of above, the zero-pressure 

differential is used to modulate the middle pressure diagram as shown in Fig. 5. 

From Fig. 5, it can be seen that all the frequency conversion pumps of each hot user are 

debugged, the position of the zero pressure difference is easy to be transferred out, 

and the water imbalance phenomenon can not be seen from the water pressure map, 

and the water imbalance is still not existed on the user's flow. This debugging result is 

more applicable. But when the zero-pressure difference is in the middle, the remote 

user of the heat source has no pump state, which needs to be adjusted by the valve, 

and the part of the power pump is consumed by the reactive power. In this paper, on 

the basis of the full opening of the user, the zero pressure difference is fixed to the heat 

source again, and the relationship between the most energy saving zero pressure 

difference position and the frequency of each user pump is analyzed. The water supply 

pressure diagram is shown in Fig. 6. 

 

Fig. 5 Heating pressure diagram of the user when the zero-pressure difference is in the 

middle 

 

Fig. 6 water pressure diagram of zero pressure differential near the end user under full 

open pump condition 
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When the zero pressure difference is adjusted by a frequency conversion pump, the 

zero pressure difference gradually moves to the heat source, and the water supply 

pressure difference of the remote user is gradually increased. When the zero pressure 

difference appears in the near heat source, the end user can supply the water pressure 

head larger and the user flow can basically meet the demand. Compared with figure 4 

and figure 5, this paper thinks that Under the condition that the main pump and the 

users' pumps are all opened, the heating system with the zero-pressure difference at 

the inlet of the heat source is the most energy efficient. 

 

4. Conclusion 

TIt is not feasible to achieve the zero pressure difference of the distributed variable 

frequency pump heating system and the stability of the system. When the distributed 

frequency conversion pump heating system is in the state of the total pump and each 

user pump, the zero pressure difference is adjusted in turn, both in the stability of the 

system or on the flow of each user, all of them meet the requirements. This also proves 

that the distributed frequency conversion pump system is aimed at the traditional 

heating form. In order to realize the uniform distribution of the design flow, it reduces 

the energy loss by reducing the valve or reducing the diameter of the pipe to increase 

the excess pressure of the impedance. When the zero pressure difference is considered 

at the near end of the heat source, the heating system is most energy saving, and the 

system stability is most stable considering the zero pressure difference in the middle. 
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