
Academic Journal of Science and Technology 
ISSN: 2771-3032 | Vol. 14, No. 2, 2025 

 

263 

Study	on	Erosion	Results	of	Temporary	Venting	Device	
in	Shale	Gas	Pipeline	Station	
Yong Chen1, 2, *, Zheng Zhang1, Dongying Meng3, Jinjin Tan4 

1School of Mechanical and Electrical Engineering, Southwest Petroleum University, Chengdu 610500, China 
2Oil and Gas Equipment Technology Sharing and Service Platform of Sichuan Province, Chengdu, China 
3Gas Transmission Management Department of PetroChina Southwest Oil and Gasfield Company, Chengdu, China 
4Chengdu HOLY Industry & Commerce CORPLtd. (Group), Chengdu, China 
*Corresponding author: swpucy1412@163.com 

 

Abstract: A temporary venting device for shale gas pipeline station is designed. After one year of adhibition, there are pits in 
the elbow of the venting pipe, which is presumed to be caused by the erosion of the elbow by untreated shale gas in the gas 
collector. The erosion model is simplified. The sand is set as the discrete phase, and the gas and liquid are set as the continuous 
phase. Based on the VOF model and the DPM discrete phase model of multiphase flow, the erosion rate of U-shaped pipe is 
studied by ANSYS Fluent. The internal flow field of multiphase flow in the pipe is studied. The influence of solid particle 
velocity, mass flow, particle diameter, curvature-to-diameter rate and pipe diameter on the erosion rate of the elbow is studied 
by using the control variable method. The influence of various factors on the erosion rate is analyzed by grey correlation analysis. 
It provides a basis for reducing the erosion rate of U-shaped pipeline and prolonging the service life of pipeline. 
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1. Introduction 
The " West-East Gas Transmission " and " Sichuan-East 

Gas Transmission " projects have benefited nearly 500 
million people in western China, the Yangtze River Delta, the 
Pearl River Delta and central China[1]. After a temporary 
venting device for a shale gas transmission station has been 
in service for a period of time, there are pits inside the elbow, 
which may be the erosion of the elbow caused by untreated 
shale gas. It is found that untreated shale gas often contains 
solid particles such as sand. Sudden changes in the diameter 
and direction of the pipeline will cause sudden changes in the 
rate and direction of the fluid flow, which is easy to cause 
erosion damage to the device. 

Experimental tests and CFD simulations were used to study 
the erosion of continuous pipelines. The mechanism of 
erosion process was discussed. The effects of flow rate,solid 
particle size and density, fluid viscosity, particle acceleration 
pressure and retention distance on erosion rate and particle 
impact rate were studied[2~4]. The failure analysis of the 
macroscopic characteristics and SEM of the high pressure 
elbow is carried out, and the failure reason and mechanism 
are obtained. The erosion wear test bench and experimental 
system were further established, and the main parameters 
affecting erosion wear were extracted[5]. Costa et al.[6] used 
an additional CFD method to optimize the geometry of typical 
pipe elbows, and used ANSYS Fluent CFD software and 
discrete solvers to guide pipe type correction in a step-by-step 
manner to reduce pipeline pressure drop. Finally, the 
influence of optimized shape configuration on the prediction 
of three commonly used erosion models was discussed. In the 
study of 90° bend pipe, considering the solid-liquid 
interaction, V.Singh et al.[4] used the continuous / fluid phase 
flow k-ε turbulence model to track the solid particles, 
evaluated the erosion rate, and studied the effects of velocity, 
particle size and concentration on erosion. Jashanpreet 
Singh[7] used the discrete phase erosion wear model and 

solved the control equation by Euler-Lagrange format to 
predict the erosion of 90° elbow. The standard k-ε turbulence 
scheme was used to study the particle tracking of bottom ash 
slurry flow. The variation of erosion wear with velocity 
distribution and turbulence intensity was studied. Mikilkumar 
B.Gandhi et al.[8] used Eulerian-Lagrangian method to 
analyze the continuous phase and particle tracking of coal 
particles.The obtained particle velocity and trajectory data 
have been used to predict the erosion degree of the selected 
area of the boiler.Wacław et al.[9] used Fluent numerical 
simulation software to study the influence of steam and air 
convection on boiler erosion through mass loss measurement 
and numerical calculation. Based on the basic theory of solid-
liquid two-phase flow and erosion model, the effects of 
support particle size, particle mass flow rate, half cone angle 
of pump valve, inlet radius of valve seat hole and lift of valve 
plate on erosion characteristics of pump valve were studied 
by CFD method[10]. The discrete phase model was used to 
simulate the erosion failure process of sand particles in gas-
liquid mixing. The effects of fluid velocity, sand volume 
fraction,liquid volume fraction and opening height on the 
erosion rate under three-phase flow were analyzed[11]. Kun 
Ding and M. Amara et al.[12, 13] used Fluent software and 
numerical simulation method to study the erosion wear of 
tools with different media containing different particle sizes. 
Using Fluent, based on four erosion models, the discrete 
phase model was used to simulate the influence of different 
particle sizes on the erosion rate, and the maximum erosion 
wear rate near the outlet of the curve was obtained[14]. Based 
on CFD-DEM, considering the interaction between 
multiphase flow and boundary, the erosion of liquid-particle 
two-phase flow at the elbow joint was simulated[15]. 

In summary, ANSYS Fluent is mainly used to study the 
erosion at home and abroad. The classical erosion model is 
used. The conventional variables include fluid velocity, 
particle size, pipe bending diameter ratio, discrete phase 
particle mass flow rate etc. The pipeline erosion rate under 
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different parameter conditions is calculated by changing the 
parameters. However, there are few studies on the 
simultaneous existence of gas-liquid-solid three-phase in the 
current erosion research. However, gas-liquid-solid may exist 
at the same time under most actual working conditions. 
Therefore, based on this, according to the venting device 
model, from the influence of multiple factors on the erosion 
rate, the influence of various factors on the erosion rate is 
studied, and the influence degree of various factors on the 

erosion rate is analyzed. 
As shown in figure 1, the external morphology of the elbow 

of the temporary venting device, and the external morphology 
of the elbow of the temporary venting device, and the internal 
erosion situation of the pipeline in Figure 2 has been marked 
in the figure, and it can be seen that after a period of use, there 
is an obvious erosion pit at the elbow, and the wall thickness 
of the elbow is thinned, which may affect the working life of 
the elbow. 

 

 

Figure 1. Venting pipe elbow 
 

 
Figure 2. Erosion pits inside the vent pipe elbow 

 

2. Geometric Model of Venting 
Pipeline 

As shown in figure 3, the working principle of the venting 
device is designed. The arc plate of the assembled sealing ring 
is fixed on the pipeline through the fastening device. During 

the first assembly, the valve and the arc plate connecting pipe 
are connected by thread (for rapid installation, the subsequent 
use is no longer disassembled). The valve is also connected 
with the fast joint of the buckle type through the thread, the 
fast joint is connected with the venting pipe, and the venting 
pipe is fixed with the bracket. 

 

 

Figure 3. Working principle of venting device 

erosion pits 
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3. Erosion Numerical Analysis of Vent 
Pipe Elbow 

3.1. Basic Condition Settings 
The discrete phase DPM model is used to calculate the gas-

liquid-solid three-phase steady state at the elbow of the 
pipeline. The Realizable k-ε turbulence model and the DPM 
model are used to track the particle trajectory. The continuous 
phase fluid is a mixture of gas-phase methane and liquid water. 
Methane uses the default parameters in the FLUENT material 
library, with a density of 0.6679 kg/m3 and a viscosity of 
1.087×10-5kg/(m·s). The liquid water density is 998.2kg/m3 
and the viscosity is 0.001003kg/(m·s). The turbulence 
intensity is determined to be 5%, and the hydraulic diameter 
(pipe diameter) is 219 mm. The discrete phase is released 
from the inlet through the surface type injection source, and 
the velocity inlet is selected. The velocity is equal to the 
continuous phase velocity, the particle diameter is 1×10-4m, 
and the particle mass flow rate is 1kg/s. The outlet boundary 
condition is set as ' outflow ', and the particle phase boundary 
condition is set as ' escape '. The general erosion model is 
selected for the wall erosion model, and the discrete model 
condition is ' reflect '. The normal rebound coefficient and 
tangential rebound coefficient of the discrete phase are 
determined by formula (1) and formula (2) respectively. The 
impact angle is bilinear input [16]. 

 
4 2 6 30.993 0.037 4.75 10 2.61 10ne           (1) 

 
4 2 6 30.988 0.0209 6.43 10 3.56 10te           (2) 

 

3.2. Calculation settings 
In the calculation of circulation, due to the large velocity 

difference between gas and liquid, the combined use of Euler-
Euler hybrid model and VOF model can solve the error 
caused by only using VOF model, and Multi-Fluid VOF 
model is used for calculation. By calculating the governing 
equations of each phase in the mixed phase, the dynamic 
evolution and transient characteristics of each component in 
the mixing process can be accurately simulated. The 
continuity equation and momentum equation of the fluid are 
respectively (3) and (4) [17-20]: 
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Among them:  
ρf is the fluid density; εf is the porosity; u is the fluid 

velocity; p is pressure, Pa; μ is the viscosity of the mixture, 
N·s/m2; Fpf the reaction force of the interaction between 
particles of the fluid; Fst is the surface tension of the free 
surface. 

3.3. Erosion rate calculation 
Solid particles are regarded as discrete phases, so the Euler-

Lagrange method (5) is selected for the calculation of gas-
liquid-solid three-phase. The erosion wear model is [21]: 
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Among them:  
mp is the mass flow rate of particles; C（dp） is the particle 

size function; f(α) is the impact angle function; Vp is the 
relative velocity of particles impacting the wall; b(Vp) is a 
function of this relative velocity; Aface is the surface area of 
the calculation unit. The piecewise linear input impact angle 
function is selected in the finite element calculation. The input 
angle and the corresponding value are shown in Table 1. 

 
Table 1. Impact angle 

Position Angle/° f(α) 
1 0 0 
2 20 0.8 
3 30 1 
4 45 0.5 
5 90 0.4 

3.4. Mesh division 
The finite element software is used to mesh the pipeline. 

For example, figure 4 is a mesh model.In the division of the 
mesh,watertight geometry is selected, and the size function 
type is face size; the maximum size of the generated surface 
mesh is 0.005 m, and the minimum size is 0.0005 m, as shown 
in figure 4-a; in order to accurately obtain the effect of the 
flow field near the wall, the boundary layer is added. The 
boundary layer has a total of 5 layers, and the growth rate is 
1.2; finally, the volume grid is generated on the basis of the 
surface grid, and the grid type is ' ploy-hexcore '. 

 

    
a)surface mesh                           b)body mesh 

Figure 4. Mesh division 
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3.5. Mesh independence verification 
The pipe diameter is set to 0.05m, the multiphase flow 

velocity is 10m/s, the particle mass flow rate is 1kg/s, the 
particle density is 2650kg/m3, and the particle size is 0.0001m. 
Draw figure 5 according to the results. When the number of 
grids increases from 147091 to 413229, the maximum erosion 

rate increases. After the number of grids reaches 656586, the 
maximum erosion rate almost no longer increases. It is 
considered that after the number of grids, the increase in the 
number of grids has limited improvement in the calculation 
accuracy and reaches the calculation threshold of grid 
independence. 

 

 

Figure 5. Mesh independence verification 
 

4. Analysis of Erosion Results 

4.1. Internal flow field analysis 
According to the actual working conditions, the pipe 

parameters were selected for flow field analysis. Figure 6 
describes the velocity contours of two-phase flow and gas-
liquid-solid three-phase flow with liquid volume fraction of 
10% under V=5m/s, particle size of 100 μm and 0.1kg/s 

respectively. As shown in figure 6-a, the flow velocity in the 
pipe is almost unchanged; under the three-phase flow 
condition, the velocity of the inner arc and the outer arc at the 
elbow is obviously different, that is, the velocity at the inner 
arc is large and the velocity at the outer arc is small, as shown 
in figure 6-b. This is due to the centrifugal effect at the bend 
and the secondary flow caused by the increase of turbulence 
level in the bend region. 

 

  

a) Two-phase flow b) Three-phase flow 

Figure 6. Comparison of flow velocity 
 

Under the same tube parameters, the turbulence intensity 
of two-phase flow and three-phase flow tube with 10% liquid 
volume fraction is analyzed, as shown in figure 7. As shown 
in figure 7-a, the turbulence intensity at the elbow is not 
obvious under the two-phase condition, and there is a large 

turbulence at 45°. Figure 7-b shows that there are more large 
turbulence in the three-phase flow condition. The turbulence 
intensity increases from 0° to 90° in the figure, and the 
turbulence intensity on the outer ring is greater than that on 
the inner ring on the same section. 

 



 

267 

  

a) Two-phase flow b) Three-phase flow 

Figure 7. Turbulence intensity analysis 

 
The results of pressure analysis in the tube show that there 

is almost no pressure difference on the same section under the 
condition of two-phase flow. In the case of three-phase flow, 

the pressure at the elbow is always greater than the outer arc, 
as shown in figure 8. 

 

  

a) Two-phase flow b) Three-phase flow 

Figure 8. Pressure comparison 

 

4.2. Analysis of solid particle velocity erosion 
results 

The diameter of the pipe is set to a fixed value of 219 mm, 
and the influence of the incident velocity of solid particles on 
the erosion rate of the pipe is studied. The solid particle 
diameter is 100μm, the bending diameter ratio is 1, the mass 
flow rate is 0.05 kg/s, and the incident velocity is (1m/s, 2m/s, 
4m/s, 6m/s, 8m/s, 10m/s, 12m/s, 14m/s). When calculating 
the influence of incident velocity on erosion rate, the above 
velocity parameters are changed in turn to obtain the 
calculation results of erosion rate. 

As shown in figure 9, the maximum erosion rate cloud 

diagram of the pipeline at different flow rates. It can be seen 
from the figure that pipeline erosion mainly occurs at the 
elbow of the pipeline. Through the particle trajectory, it is 
found that the above reasons are mainly that the solid particles 
with kinetic energy collide directly with the pipe elbow and 
rebound. At the same time, because most of the solid particles 
collide with the flow direction of the U-shaped tube, the 
erosion phenomenon mainly occurs in the direction of the 
flow. By comparing the erosion rate at different flow rates, it 
is found that with the increase of flow rate,the erosion at the 
U-shaped pipe bend is more and more concentrated, and the 
erosion rate is more and more large. 
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Figure 9. The maximum erosion rate cloud diagram of pipeline at different flow rates 

 

Figure 10 shows the variation curve of the maximum 
erosion rate of the pipeline under different incident velocities 
of solid particles. It can be seen from the curve that the 
maximum erosion rate increases with the increase of velocity, 
which indicates that the flow rate has a great influence on the 
erosion rate. When other conditions remain unchanged, the 
greater the flow rate, the greater the kinetic energy obtained 
by the solid particles, the greater the relative velocity when 
colliding with the pipe wall,and the greater the erosion rate. 
Figure 11 shows the curve of the maximum erosion rate under 
two-phase flow and three-phase flow. Under the premise of 
other conditions unchanged, the erosion rate of the three-
phase flow is greater than the maximum erosion rate in the 
gas-solid two-phase state. This also shows that the fluid 
containing solid particles has a stronger erosion effect on the 
pipe wall. 

 

 

Figure 10. The curve of maximum erosion rate changing 

with flow velocity 

 

Figure 11. Comparison of maximum erosion rate of two-

phase flow and three-phase flow 

4.3. Analysis of the influence of mass flow 
The mass flow rate (0.05kg/s, 0.1kg/s, 0.2kg/s, 0.4kg/s, 

1.0kg/s) was changed in turn, and other parameters were set 
as constants: the pipe diameter was 219 mm, the solid particle 
diameter was     100   μm, the bending diameter ratio was 1, 
and the incident velocity was 10m/s. 

As shown in figure 12, at the same flow rate,with the 
increase of particle mass flow rate, the range of erosion marks 
on the pipe wall gradually expands, and the maximum erosion 
rate increases accordingly. This is because as the number of 
particles per unit volume increases, the number of collisions 
between the particle phase and the U-shaped tube increases; 
at the same time, because of the randomness of the movement 
of solid particles, the collision range of solid particles here is 
larger, forming a larger erosion trace; due to the repeatability 
of the particle phase movement, more solid particles collide 
multiple times in the pipeline, thus forming deeper erosion 
pits and increasing the erosion rate. 

 

increase the flow rate 
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Figure 12. The maximum erosion rate cloud diagram under different mass flow rates 

 

Figure 13 shows the influence of mass flow rate on erosion 
rate. It can be seen from the figure that the erosion rate 
increases with the increase of mass flow rate.This is because 
with the increase of mass flow rate, the fluid mass passing 

through the effective section of the pipeline in unit time 
increases, the number of particles carried by the fluid 
increases, more particles will repeatedly collide with the wall 
surface,and the erosion rate of the bend increases. 

 

 

Figure 13. Effect of mass flow rate on erosion rate 

 

4.4. Effect of particle diameter on erosion rate 
The effect of particle diameter on the maximum erosion 

rate was studied. The pipe is directly fixed to 219 mm, the 
bending diameter ratio is 1, the incident velocity is 10 m/s, 
and the mass flow rate is  0.2 kg/s. The particle diameters 
were 50μm, 100μm, 150μm, 200μm, 250μm, 300μm, 500μm 
and 1000μm respectively. By changing the above particle size 
parameters in turn, the influence on the erosion rate of the 
pipeline is calculated,and the results are shown in figure 14. 

It can be seen from figure 14 that the smaller the particle 
diameter, the greater the erosion rate of the pipeline. This is 

because when the sand diameter is small, the mass flow rate 
is constant, and the smaller the particle diameter, the more 
sand particles will collide with the pipe wall. With the 
increase of particle size, the erosion rate shows a decreasing 
trend as a whole, and the erosion marks left on the elbow also 
increase with the increase of particle size. By analyzing the 
above erosion phenomenon, it can be seen that with the 
increase of particle size and the contact surface of the pipe 
wall, the impact force decreases when the particles with the 
same momentum collide with the pipe wall every time, the 
erosion rate decreases,and the erosion surface increases. 

 

increase the mass 
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a) 50μm b) 100μm c) 150μm d) 200μm 

    

e) 250μm f) 300μm g) 500μm h) 1000μm 

Figure 14. Effect of particle diameter on erosion rate 

 

It can be seen from figure 15 that as the particle diameter 
increases, the maximum erosion rate of the pipeline decreases, 
and gradually slows down and tends to be stable. Due to the 
small particle size of the particles, the contact surface is 
smaller when colliding with the pipeline, so the force is 
greater and the erosion rate is greater. From the diagram, it 
can be seen that the overall erosion rate decreases with the 
increase of particle size. However, the erosion rate increases 

under the two working conditions when the particle size is 
between 50μm and 100μm. After more than 100μm, the 
erosion rate decreases with the increase of particle size, and 
the maximum erosion rate under gas-solid two-phase is 
smaller than that of gas-liquid-solid three-phase. The change 
trend of the two is consistent, but the difference between the 
two is not significant. 

 

 

Figure 15. Relationship between particle diameter and maximum erosion rate of pipeline 

 

4.5. The effect of curvature-to-diameter ratio 
on erosion rate 

The influence of the bending diameter ratio at the elbow on 
the maximum erosion rate was studied. The diameter of the 
pipe was set to 219mm, the diameter of the vent pipe was set 
to 50mm, the diameter of the solid particle was set to 100μm, 

the incident velocity was set to 10 m/s, and the mass flow rate 
was set to 0.2 kg/s. The ratio of bending diameter is set to 1, 
2, 3 and 4 respectively. When calculating the influence of the 
bend diameter ratio on the erosion rate of the pipeline, the 
above bend diameter ratio parameters are changed in turn. 

Figure 16 describes the erosion cloud diagram and particle 
trajectory of gas-liquid-solid three-phase flow pipeline with 
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different bending diameter ratios. Obviously, with the 
increase of the bending diameter ratio, the corner transition 
radius of the pipeline gradually becomes larger and smoother. 
Through the particle trajectory in the tube, it can be seen that 
in the model with a small bending diameter ratio, the particles 
are more concentrated in the fixed area of the elbow. With the 

increase of the bending diameter ratio, the trajectory of the 
contact between the particles and the bending angle is longer. 
The effect of this particle trajectory is the reduction of the 
maximum erosion rate, but the erosion trace changes from a 
fixed concentrated area to a dispersed area along the elbow. 

 

  

a) R/D=1 b) R/D=2 

  

c) R/D=3 d) R/D=4 

Figure 16. The erosion rate cloud diagram of pipeline wall under different bending diameter ratio 

 
As the bending diameter ratio increases, the erosion rate 

decreases, as shown in figure 17. When the bend diameter 
ratio of the pipe elbow changes from 1 to 2, the maximum 
erosion rate decreases rapidly; when the bending diameter 
ratio changes from 2 to 4, the maximum erosion rate 
decreases slowly. Comparing the change trend of the erosion 
rate curve of the two-phase flow and the three-phase flow, the 
change trend of the erosion rate of the two working conditions 

is basically the same. The erosion rate of the three-phase flow 
is always greater than that of the two-phase flow. This is 
because the viscosity of the gas phase is small, and the effect 
of increasing the velocity of the solid particles is not obvious. 
The viscosity of the liquid phase in the fluid is large, which 
affects the movement of the solid particles and increases the 
kinetic energy of the solid particles. 

 

 
Figure 17. The relationship curve between the maximum erosion rate of the pipeline and the bending diameter ratio 

 

4.6. Effect of pipe diameter on erosion rate 
The particle incident velocity is set to 10m/s, the diameter 

is 100μm, and the bending diameter ratio is 2. The inner 

diameter of the pipe (30mm, 50mm, 70mm, 90mm, 110mm) 
is changed in turn, and the erosion results of the pipe diameter 
of 30mm, 70mm and 110mm are given, as shown in figure 18. 
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a) D=30mm b) D=70mm c) D=110mm 

Figure 18. The erosion rate cloud diagram of pipeline wall under different pipe diameters 

 
According to the erosion results, it is not difficult to see that 

under the condition that other influencing factors remain 
unchanged, when the pipe diameter is small, the erosion on 
the pipe wall is more concentrated and the erosion effect is 
more obvious. This is because when the mass flow rate is 
constant, the diameter of the pipe is small, and the sand 
particles will collide with the pipe wall more intensively when 
passing through the elbow; as the pipe diameter increases,the 
pipe space increases, and the sand particles are more 
dispersed when they collide with the wall. With the increase 
of pipe diameter, the maximum erosion area gradually 
disappears, which shows that increasing the pipe diameter can 
effectively prevent the destruction of a certain area of the 
pipeline due to erosion concentration. 

Figure 19 shows the curve of the maximum erosion rate 

under two-phase flow and three-phase flow by changing the 
pipe diameter.On the whole trend, with the increase of pipe 
diameter, the maximum erosion rate decreases. When the pipe 
diameter increases from 30mm to 50mm, the maximum 
erosion rate decreases rapidly. When the pipe diameter 
exceeds 50mm, the maximum erosion rate hardly changes. 
This shows that in the small pipe diameter, the change of pipe 
diameter has obvious influence on the erosion rate, and in the 
large pipe diameter, the change of pipe diameter has little 
effect on the change of erosion rate. It can also be seen from 
the figure that the erosion rate curves of two-phase flow and 
gas-liquid-solid three-phase flow are basically the same,and 
the erosion rate of three-phase flow in the presence of liquid 
phase is greater than that of two-phase flow. 

 

 

Figure 19. The relationship between the maximum erosion rate and the diameter of the pipe. 

 

5. Correlation Analysis of Influencing 
Factors of Erosion Rate 

The grey correlation degree method is used to analyze the 
correlation degree between the maximum erosion rate of the 
pipeline and the diameter, bending diameter ratio, flow rate, 
particle diameter, particle mass flow rate and other factors in 
the numerical simulation calculation, and the influence degree 
of the above influencing factors on the maximum erosion rate 
of the pipeline can be judged.  

The mean value of the correlation coefficient between each 
index and the corresponding elements of the reference 
sequence is calculated to reflect the correlation between each 
evaluation object and the reference sequence: 

1
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               (6) 

 

Where: m is the number of indicators; ξi(k) is the 
correlation coefficient; k＝1, 2, …, m. 

The above data are brought into the above formula to 
calculate the correlation coefficient of each influencing factor 
on the erosion rate, as shown in Table 2. There is a large 
difference in the values obtained by each factor, indicating 
that the influence of each factor on the erosion rate is large, 
and r2＞r1＞r4＞r3＞r5. 
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Table 2. Correlation coefficient of each influencing factor 

influencing factor flow rate mass flow partical size 
curvature-to-
diameter rate 

pipe diameter 

r 0.7327 0.7596 0.5346 0.5689 0.4784 
 

Under the premise of only considering the above factors, it 
can be seen from figure 20 that the influence of flow rate and 
mass flow rate on erosion rate is the closest, and both exceed 
20%, while the influence of particle size, bending diameter 
ratio and pipe diameter on erosion rate is close, all less than 
20%. It can be known from the calculation results of the 
correlation degree that the mass flow rate of the particles has 
the greatest influence on the erosion rate, followed by the 
flow rate, and the influence of the fluid in the pipeline on the 
erosion rate exceeds 65%, while the influence of the pipeline 
structure on the erosion rate is less than 35%. This is because 
with the increase of flow rate and mass flow rate, the fluid 
carries more kinetic energy to impact the pipeline, and the 
particle size affects the flow resistance of the fluid more, so 
the influence on the erosion rate is smaller than that of flow 
rate and mass flow rate. 

 

 
Figure 20. Correlation between parameters and erosion rate 

of pipeline elbow 

6. Results and Discussion 
Based on the finite element software,the mesh 

independence of the U-shaped tube was verified. The flow 
field in the pipeline under the condition of gas-solid two-
phase flow was analyzed by computational fluid dynamics. 
The influence of particle velocity, mass flow rate, particle 
diameter, bending diameter ratio and pipe diameter on the 
change of pipeline erosion rate and the location of maximum 
erosion are analyzed. Finally, according to the erosion 
calculation results under various factors and the correlation 
analysis of the influencing factors of erosion rate, the 
influence degree of each factor on erosion is obtained. The 
main conclusions are as follows: 

(1) When V=5m/s, particle size 100μm, 0.1kg/s, two-phase 
flow and gas-liquid-solid three-phase flow with liquid phase 
volume fraction of 10%, the three-phase has more obvious 
turbulence intensity change at the elbow than the two-phase 
action, and the turbulence of the outer arc of the bending 
diameter is larger than that of the inner arc. The change of 
pressure and flow velocity in the tube is more obvious than 
that of gas-liquid-solid three-phase, and there is a greater 
difference in the same cross section at the elbow. 

(2) When other conditions are the same, the erosion rate of 
the gas-liquid-solid three-phase flow with a liquid phase 

volume fraction of 10% is greater than that of the two phases. 
The flow rate and particle diameter have no obvious effect on 
the change of the two, but the mass flow rate has a great 
influence on the erosion rate of the three-phase flow. 

(3) Under the conditions of V =5m/s, particle size 100 and 
0.1kg/s, in three-phase flow with different liquid volume 
fractions, the erosion rate increases with the increase of 
volume fraction when the volume fraction is less than 6%, but 
decreases when the volume fraction is more than 6%. 
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