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Abstract 

Hydraulic pipeline flushing is an important process step in the construction of hydraulic 
system. Removing various impurities in the system to meet the use standard is an 
important guarantee to ensure that the hydraulic system can work normally for a long 
time. However, pipeline flushing is affected by many factors, such as poor flushing effect 
and long time. In view of the above problems, this paper summarizes the methods to 
improve the flushing efficiency. 
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1. Introduction 

With the development of science and technology, hydraulic technology is more and more 
widely used in various fields. The large-scale application of hydraulic technology reflects its 
degree of modernization. Especially in the field of metallurgy, hydraulic technology is widely 
used in many professional production lines in the iron and steel industry, including cold rolling, 
hot rolling, bar and wire, continuous casting, etc. For users, the primary condition for the 
normal operation of the hydraulic system is that the inside of the system must be clean. It is 
inevitable that the hydraulic system will be polluted before the operation of new equipment. 
Even the new oil will contain some unexpected pollutants. Measures must be taken to filter out 
the pollutants as soon as possible, otherwise faults may occur soon after the equipment is put 
into operation, Moreover, the early failures are often very serious, and the pumps and motors 
may be fatally damaged; Therefore, the goal of hydraulic pipeline flushing is to improve the 
cleanliness of oil and keep the cleanliness of system oil within the pollution tolerance of key 
hydraulic components in the system, so as to ensure the working reliability of hydraulic system 
and the service life of components. 

In large-scale hydraulic system, good flushing effect determines the cleanliness of the system, 
which is the key to ensure the normal operation of the hydraulic system for a long time. For 
metallurgical engineering, there are many and complex hydraulic systems and short 
construction period, especially in some key positions, the system has very high requirements 
for cleanliness. Therefore, how to improve the flushing effect and efficiency of hydraulic system 
pipeline is an important measure to improve project quality, shorten construction period and 
save cost. 

2. Pipeline flushing theory 

The theoretical basis of pipeline flushing is the laminar and turbulent theory of hydrodynamics. 
Liquid has two flow patterns due to its viscosity. The form in which liquid particles move 
orderly and do not mix with each other is called laminar flow. The irregular movement of liquid 
particles, mixing with each other and tortuous and chaotic trajectory is called turbulence. The 
transfer rate of turbulent flow is much higher than that of laminar flow. According to the 
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characteristics of the two states, the flushing efficiency is higher when the fluid is in turbulent 
state. 

Reynolds number is the dimensionless number that represents the relative size of the inertial 
force and viscous force of the liquid flow and can be used to distinguish the flow pattern. It is 
also an important parameter used to define the laminar flow and turbulent flow state of the 
fluid. It is defined as the ratio of inertial force and viscous force (internal friction), as shown in 
the formula: 

𝑅𝑒 =
𝜌𝑉𝑑

𝜇
 (1) 

Where re is the Reynolds number, 𝜌  Is the fluid density, 𝑉  is the fluid velocity, 𝑑  is the 
characteristic size of the fluid, 𝜇 is the dynamic viscosity coefficient. among 𝜇 = 𝜌𝑣. 𝑣 is the 
kinematic viscosity, which is substituted to obtain the following formula: 

𝑅𝑒 =
𝑉𝑑

𝑣
 (2) 

From the above formula, it can be found that the value of Reynolds number depends on three 
parameters: fluid velocity, fluid characteristic size and kinematic viscosity. According to the 
unit change, the following formula: 

𝑉 =
𝑄

𝑆
=

𝑄

𝜋(
1
2
𝑑)2

=
4𝑄

𝜋𝑑2
 (3) 

Substituting (3) into (2), we get: 

𝑅𝑒 =
4𝑄

𝜋𝑣𝑑
 (4) 

The above formula can be applied to the calculation of the Reynolds number of the fluid flushing 
state of the hydraulic pipeline. According to the above formula, it can be seen that the size of 
the Reynolds number is only related to the flow rate, the pipe specification, and the kinematic 
viscosity. 

When the Reynolds number is small, the effect of the viscous force on the flow field is greater 
than the inertia, and the flow rate disturbance in the flow field will be attenuated by the viscous 
force, and the fluid flow is stable and laminar; on the contrary, if the Reynolds number is large, 
the inertial convection The influence of the field is greater than the viscous force, the fluid flow 
is relatively unstable, and small changes in the flow velocity are easy to develop and increase, 
forming a turbulent and irregular turbulent flow field. In pipe flow, the flow with the Reynolds 
number less than 2300 is laminar flow, the Reynolds number is equal to 2300～4000 is a 

transitional state, and the Reynolds number is greater than 4000 is a turbulent flow. Therefore, 
when the pipeline is flushed, keeping the fluid in a turbulent state is an effective means to 
improve the flushing efficiency. The turbulent state of the fluid can be formed by increasing the 
Reynolds number, or using some phenomena and methods. 

3. Flushing method 

At present, the flushing methods of hydraulic pipeline are generally divided into two categories: 
independent flushing device flushing and on-line circulating flushing. 

Independent flushing device flushing: an independent flushing device (including flushing pump, 
oil tank, distributor, filter, etc.) completes the flushing of main pipeline and branch pipeline. 
After reaching the flushing accuracy required by the design and drawings, restore the 
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connection between pipeline and oil station, pipeline and valve station, and use production oil 
for secondary flushing; 

On line circulating flushing: the system working pump, system working oil tank and system 
working filter are directly used for on-line flushing, and the valve station is also directly 
involved in flushing when flushing the branch pipe. 

In engineering practice, whether the flushing scheme of independent flushing device or on-line 
circulating flushing scheme is adopted for the flushing of hydraulic pipeline, there are many 
excellent methods to improve the flushing quality and flushing cycle of pipeline. The following 
methods are the most common and effective. 

3.1. Adjust appropriate flushing parameters 

According to the derived Reynolds number formula, on the premise of determining the pipe 
size, selecting the appropriate flow and kinematic viscosity can improve the flushing efficiency. 
The flow in the pipeline is related to the flow velocity, and the flow velocity is related to the 
pressure difference. According to Bernoulli equation: 

𝑃1
𝜌𝑔

+
𝑉2

2𝑔
=
𝑃2
𝜌𝑔

+
𝑉2

2𝑔
+
𝜆𝑙𝑉2

2𝑑𝑔
 (5) 

The resulting fluid flow rate in the tube: 

𝑉 = √
2𝐷(𝑃1 − 𝑃2)

𝜌𝜆𝑙
 (6) 

It can be seen that the flow rate is directly proportional to the square of the pressure difference 
at both ends of the pipe. Therefore, the method of increasing the outlet pressure of the flushing 
pump can be adopted to increase the flow of pipeline fluid, or multiple flushing pumps can be 
used in series for flushing. During long pipeline flushing, overflow valve and throttle valve can 
also be added at key positions such as the middle section or elbow to improve the flow there, 
so as to improve the flushing efficiency. 

The kinematic viscosity depends on the selected flushing medium. The ratio of the dynamic 
viscosity of the flushing medium to the density at the same temperature is the kinematic 
viscosity. The dynamic viscosity of the fluid is significantly related to the temperature. When 
the temperature increases, the dynamic viscosity decreases, the kinematic viscosity decreases, 
the Reynolds number increases, and the flushing efficiency is improved. However, it is 
necessary to avoid oil emulsification due to water when raising the oil temperature, which will 
greatly reduce the performance of emulsified oil and seriously affect the flushing efficiency. The 
ideal flushing temperature is about 50 ℃. In order to prevent oil emulsification, the flushing oil 

can be added to the oil tank after vacuum filtration. By selecting hydraulic oil with good 
demulsibility, anti emulsifier can be added, or by installing air filter valve at the vent, the filtered 
air is not only clean and dry, so as to reduce the occurrence of oil emulsification. 

3.2. Using the oil shock in the pipeline to improve the flushing efficiency 

The impact phenomenon in hydraulic pipeline is common, and usually causes the cracking of 
hydraulic pipeline weld, resulting in pipeline oil leakage, component life reduction and so on. 
However, if we make full use of this phenomenon, we can ensure that the increase of pressure 
in the pipeline is lower than the strength of the pipeline and pipeline accessories. By adding an 
accumulator at the input end of the oil circuit and a valve at the outlet end. When the valve is 
opened, the pipeline flow is constant. When the valve is closed, the flow at the outlet end 
suddenly changes to zero, resulting in a sudden increase in the pressure here. Due to the action 
of the accumulator, the inlet pressure decreases. When the fluid in the pipeline flows back, the 
outlet pressure begins to decrease again. Therefore, in this phenomenon, the pressure in the 
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pipe oscillates repeatedly, which can achieve the effect similar to knocking the pipe, so as to 
improve the flushing efficiency. 

3.3. Gas liquid mixing to improve flushing efficiency 

When the pressure of the liquid in contact with the solid surface is lower than the vapor 
pressure of the liquid, bubbles will be formed near the solid surface. When the bubble flows to 
the place where the liquid pressure exceeds the bubble pressure, the bubbles will collapse. At 
the moment of collapse, great impact force and high temperature will be generated, resulting 
in the destruction of the solid surface, which is called "cavitation phenomenon". The solid 
surface is subjected to the repeated action of this impact force for many times, and the material 
falls off. Using this feature, the pipeline can be flushed by gas-liquid two-phase mixing in the 
flushing process. The pipeline flushing condition is complex. A section of pipeline can be added 
at the oil outlet of the flushing device to introduce an appropriate amount of clean gas along the 
flow direction of the flushing liquid, or one or more clean gas inlet points can be selectively 
added on the temporary pipeline in the middle of the whole flushing circuit according to the 
size of the flushing circuit, which can not only promote the unstable state of the fluid and make 
the fluid develop to the turbulent state, Moreover, cavitation is easy to occur on the inner wall 
of the pipe after two-phase mixing, which helps to separate the impurities on the pipe wall and 
improve the flushing efficiency. 

3.4. Optimization of flushing pipeline 

Whether complex hydraulic pipeline system or simple hydraulic pipeline system, it is composed 
of various joints, straight pipes, elbows, etc. When flushing the hydraulic pipeline system, the 
flushing effect of the flushing fluid on the inner wall of the pipeline is basically the same as that 
of the straight pipe before entering the elbow and joint. However, when the flushing fluid passes 
through the elbow and reducing joint, it will leave a flushing blind area of different lengths, 
resulting in the flushing effect of the elbow and joint is not as good as that of the straight pipe 
section, so as to prolong the flushing time of the whole system. 

Causes of blind flushing area caused by elbow flushing: when the flushing liquid enters the 
elbow from the straight pipe, due to the inertia of the flushing liquid, the flushing liquid is closer 
to the inside and outside of the elbow, so that the flushing effect on the inside of the elbow is 
reduced and the blind flushing area is generated. 

Causes of flushing blind area caused by joint flushing: when flushing fluid flows through the 
joint, the flow rate will increase rapidly because the liquid flow channel suddenly becomes 
smaller; When flowing out of the joint, the liquid flow channel becomes larger, so the flushing 
liquid first enters the pipeline in a jet shape, and then slowly diffuses. Therefore, a section of 
flushing blind area is caused at the jet, and the larger the pipe diameter is, the longer the 
flushing blind area is. 

To sum up, the back flushing method can be used to solve the flushing blind area of elbows and 
joints during hydraulic pipeline flushing. When the pipeline is flushed in one direction, the 
elbow and joint will produce a flushing blind area, and the two-way flushing of the pipeline will 
cover the flushing blind area of the elbow and joint produced by the one-way flushing. To 
complete the two-way flushing of pipeline, a set of reversing device needs to be added. The 
reversing device is added between the oil outlet pipe and oil return pipe of the flushing device 
to optimize the whole flushing circuit. 
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A-pipe orifice, B-pipe orifice, a-valve, b-valve, c-valve, D-valve 

Fig. 1 Schematic diagram of reversing device 

During the forward flushing of the pipeline, the flushing oil enters the reversing device from 
port A, then opens valves a and b, closes valves c and d, and then returns to the flushing device 
through port B. after the forward flushing of the pipeline is completed for a certain time, close 
valves a and b, and open valves c and d to realize the reverse flushing of the pipeline. 

3.5. Erection of pipe knocking device 

The hydraulic pipeline flushing is mainly to effectively remove the particulate pollutants in the 
hydraulic pipeline, and the necessary condition for flushing is that the flow state of the flushing 
medium is turbulent, and the turbulent flow of the medium can ensure that the particulate 
pollutants in the pipeline system can fall off and be filtered through the filter. 

To make the flow state of flushing medium become turbulent state, it can be realized not only 
by increasing the flushing flow rate, but also by external measures; Erecting a percussion device 
on the flushing pipeline is a common external measure. The knocking device is erected at the 
pipeline weld, elbow, tee, joint and flushing dead corner. The vibration generated by knocking 
with a certain frequency can not only effectively fall off the sundries attached to the inner wall 
of the pipeline and the welding slag at the weld, but also make the flushing medium easier to 
reach the turbulent state due to the vibration generated by knocking. 

3.6. Quality control during construction 

The purpose of hydraulic pipeline flushing is to ensure that the inside of the hydraulic system 
pipeline is clean and prevent the sundry particles inside the pipeline from damaging the 
equipment during production. In the process of hydraulic pipeline construction, the 
construction quality of the pipeline will affect the flushing efficiency of the pipeline, so the 
quality control in the construction process can also improve the flushing efficiency of the 
pipeline. 

The control measures in the process include: (1) the purchased pipes and fittings must be 
qualified products and meet the requirements of material production specifications; (2) The 
pipes and fittings of the hydraulic lubrication system made of carbon steel shall be pickled 
according to the specifications, and the inner wall of the pickled pipe shall be free of rust, scale 
and other attached foreign matters; (3) Both ends of pipes and pipe fittings qualified in acid 
pickling shall be blocked and stacked neatly to prevent foreign matters from entering the inner 
wall of pipes and pipe fittings; (4) Mechanical processing method shall be adopted for pipe 
cutting and pipe groove. Iron filings, burrs and other sundries shall be cleaned after groove and 
notch processing; (5) When the hydraulic lubrication pipeline is butted, argon arc welding or 
argon arc welding backing and electric arc welding filling shall be adopted, stainless steel 
pipeline shall be welded, and the pipe shall be filled with protective gas; (6) Before pipeline 
flushing, pipeline purging shall be carried out. During purging detection, white cloth or target 
plate coated with oil and white paint shall be placed at the exhaust port of pipeline purging. 
After continuous purging for 5 minutes, it is qualified if there is no dirt on the target plate by 
visual inspection. 
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4. Summary 

Nowadays, hydraulic system is widely used in modern industrial development and construction, 
and pipeline hydraulic flushing is an indispensable and important process in hydraulic system. 
In practical production and application, hydraulic pipeline flushing often faces problems such 
as low flushing efficiency and poor flushing effect. This paper analyzes the methods to improve 
the flushing efficiency of hydraulic pipeline from the aspects of the principle of hydraulic 
pipeline flushing, the factors affecting the flushing effect of pipeline, the phenomena in the 
flushing process and the quality control in the construction process. 
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