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Abstract 

This paper introduces the application principles and characteristics of dry gas seals in 
centrifugal compressors. Through investigation and analysis of a large number of dry 
gas seal failure cases, due to improper installation or operation, dry gas seals may occur 
during the operation of dry gas seals with liquid and rotor. Problems such as jamming 
and other problems lead to failure, forcing the device to shut down, which seriously 
affects the long-term operation and economic benefits of the device. In order to avoid or 
reduce the occurrence of such problems, the reasons for the failure of dry gas seals are 
deeply studied and analyzed, and effective measures to effectively ensure dry gas seals 
are proposed. 
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1. Introduction 

Centrifugal compressor dry gas sealing is a type of technology that realizes gas sealing 
processing by means of the basic principles of fluid dynamics[1], and is widely used in modern 
industrial production activities[2]. Compared with the traditional mechanical seal mode, it has 
advantages and values in many fields, including non-contact sealing, which can effectively 
reduce wear and power consumption, and also help to improve the smoothness of operation to 
meet the requirements of high speed and high pressure[3]. The actual demand for production 
equipment. However, due to its high requirements for personnel's technical operation and 
maintenance management, if the operation is not in place in the actual use process, the problem 
of dry gas seal failure of the centrifugal compressor is likely to occur, which affects the 
realization of economic benefits[4]. For specific cases, the troubleshooting of dry gas seals of 
centrifugal compressors is explained as follows. 

2. Principle and characteristics of dry gas seal 

2.1. Principle of dry gas sealing 

Dry gas seal is a new type of non-contact shaft seal, which is used to seal gas or liquid media in 
rotating machines[5]. Compared with other seals, dry gas seals have the advantages of less 
leakage, less wear, long life, low energy consumption, simple and reliable operation, and low 
maintenance[6]. Therefore, in the field of compressor applications, dry gas seals are gradually 
replacing floating ring seals, labyrinth seals and oil-lubricated mechanical seals. 

In the dry gas seal, there are many basic components. Like the general cartridge mechanical 
seal, there are mainly moving rings, static rings and springs, etc., but the dry gas seals are 
different in the design of the end face, and the coordination of the moving ring components On 
the surface, there are many spiral grooves, and based on the rotation of the main shaft, the gas 
is transported from the outside to the inside to the root position of the spiral groove. Except for 
the root, it belongs to the no-groove area, which is called the sealing dam. The biggest function 
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of the sealing dam is to effectively prevent the flow of gas and increase the pressure of the gas 
film. In addition, there are many reverse helical grooves on the inner side of the sealing dam. 
These reverse helical grooves can not only effectively improve the pressure distribution of the 
mating surface, but also realize reverse pumping, thereby making the static ring And the ability 
of the moving ring assembly is further enhanced. In addition, there is also a sealing dam at the 
inner side of the reverse spiral groove, which can effectively prevent the flow of gas and further 
increase the pressure of the gas film. A relatively stable equilibrium gap is established when the 
closing pressure actually generated by both the gas pressure and the spring force is exactly 
equal to the opening pressure of the gas film. A stable sealing area is formed, which can 
effectively prevent the leakage of the medium and achieve the sealing effect[7]. 

2.2. Features of dry gas seal 

The work of dry gas sealing of centrifugal compressors often needs to comply with certain 
working characteristics and technical principles, which are analyzed as follows: First, avoid 
back pressure. From a technical point of view, the dry gas seal mainly relies on the downstream 
pumping processing mode. During the rotation process, the sealing gas pump will be 
transmitted to the inside of the spiral groove, and at the same time, a new gas film will be 
formed under the action and influence of the dam, and then the sealing end face will be reached. 
Effect. Under the condition that the upstream pressure is lower than the downstream, the gas 
will not enter the inside of the spiral groove from the side. At this time, the gas film cannot be 
formed, and the end face cannot be opened in a direction. The second is to avoid carrying 
particles inside the sealed gas. Carrying particles will not only lead to changes in the opening 
gap of the end face, but also affect the control of the sealing surface, resulting in an increase in 
the number of scratches on the internal sealing surface, and even the existence of unclean 
sealing gas, which will affect the change of tiny particles, and the air The formation of the film 
also has some influence, which is an important cause of failure. 

3. Dry gas seal failure situation and cause analysis 

Dalian Petrochemical failed in July 2015 and 1 series in May 2017 due to installation reasons; 
Shanghai Petrochemical's dry gas seal failed after one year of operation in 2014. After adding 
steam coils and wind blocking measures, the situation improved, and then the leakage pressure 
increased abnormally in May 2017. The reason for the investigation was the check valve of the 
exhaust torch; Jinling Petrochemical had a failure on the non-driving end in October 2012, the 
reason was The main seal gas and liquid entered the sealing surface, causing the dry gas seal to 
fail, which was improved by adding a steam heat tracing coil. In April 2018, the dry gas seal at 
the drive end of Refinery and Chemicals failed, due to the damage of the C-ring; Guangxi 
Petrochemical was damaged during the first cycle of operation and shutdown due to the 
damage caused by the liquid; Maoming Petrochemical in 2017 The main sealing gas rotameter 
failed in October 2018, and the exhaust torch rotameter failed in March 2018, because the rotor 
flow was easy to jam after long-term use. The analysis of dry gas seal failures based on these 
examples is as follows: 

(1) Caused by installation problems. Compared with the ordinary cartridge mechanical seal, the 
dry gas seal is very different. Between the mating surfaces of the moving ring and the fixed ring, 
the dry gas seal must have a gap, and it must reach a stable state[8]. very thin. The actual dry gas 
seal gap is about 3 microns. Therefore, it is necessary to effectively maintain the cleanliness of 
the static ring and the dynamic space of the dry gas seal, and at the same time, ensure the 
dryness of the end face. For dry gas seals, the main reason for the failure is that the seals are 
contaminated, and the source of pollution is the process gas flowing into the equipment. When 
the external gas enters the closed cavity When , there will be obvious solid particles, which will 
have a great impact on the normal use of the dry gas seal. During the installation and use of dry 
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gas seals, special attention should be paid to cleanliness and dryness to ensure that the 
cleanliness of the installation environment is always maintained, especially during the entire 
process of installation, relevant operators must wear clean gloves, and After installation, clean 
the sealing hole to avoid any impurities. 

(2) The impact of starting and stopping work. In the process of starting and stopping the 
centrifugal compressor, the overall speed is very slow, and the moving ring and the static ring 
are in contact with each other, and the overall thickness of the gas film does not meet the 
corresponding standard, which makes the sealing surface The wear is further increased. At the 
same time, during the long-term operation of the dry gas seal, it is necessary to avoid long-term 
low-speed operation as much as possible. At the same time, the compressor crank must be 
applied when the corresponding equipment is stopped or running. Comprehensive protection 
of the machine. If the dry gas seal is used in a centrifugal compressor unit, the startup process 
of the centrifugal compressor should be guaranteed to be completed within 10 minutes. In 
addition, the number of shutdowns of the centrifugal compressor unit should be reduced as 
much as possible. Only in this way can the formed gas film be stabilized and the friction on the 
surfaces of the moving ring and the stationary ring can be further reduced. 

(3) Damage to the C-ring. The C-type sealing ring of the push ring is composed of a filled PTFE 
jacket and a coil spring, and its position is very important. At present, the C-ring in the domestic 
sealing industry still relies on imported manufacturers, and the PTFE material is selected by 
foreign suppliers under high pressure, with high dimensional accuracy and reliable 
performance. However, there may be occasions when the quality is unstable. The quality 
defects of tetrafluoroethylene may be that there are many impurities in a certain part, the 
density of the mixture of tetrafluoroethylene powder is not uniform during pressing, or there 
are local defects during machining. Such quality problems are usually not found in sealed 
factory tests and short-term field operations, and may gradually appear after a long period of 
operation. 

(4) Liquid substances enter the dry gas sealing system. Due to the characteristics of dry gas 
seals, during normal operation, small fluctuations in process parameters will not cause 
permanent damage to the operation of the gas supply seal. However, in special stages such as 
plant start-up or shutdown, or due to weather reasons, it is possible that the dry gas sealing 
system is filled with liquid due to improper parameter settings, resulting in reduced sealing 
performance or complete failure. To ensure that the steam tracing coil or electric heater of the 
panel station is easy to use, windproof measures should be added depending on the conditions 
to ensure that the temperature of the main sealing gas does not drop rapidly to the dew point 
temperature and cause the medium to condense; if the insulation and heating measures of the 
main sealing gas are not satisfactory, it is recommended to Before entering the disk station, add 
a serpentine casing for steam heating, and the control temperature should not exceed the 
design value; if the deliquoring capacity in the main sealing gas disk station is limited, it is 
recommended to set up a buffer tank in front of the main sealing gas disk entering station to 
increase the pressure resistance and prevent The main sealing gas medium with a large amount 
of liquid penetrates the disc station. 

4. Conclusion 

To sum up, the dry gas seal of centrifugal compressor is one of the core components of the 
compressor at this stage, and it is also a key equipment type to improve production efficiency 
and stability. From an objective point of view, the quality and efficiency of dry gas seals are the 
efficiency of the compressor, so the selection of auxiliary equipment and the training of 
operators are the basic prerequisites for significantly improving the use of centrifugal 
compressor dry gas seals. On the basis of the failure analysis, it is necessary to further improve 
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the operation technology, select more targeted technologies to meet the actual needs of 
accident analysis, and create conditions for improving the dry gas seal failure processing effect 
and meeting the needs of modern development. 
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