Petroleum Science 23 (2026) 4320-4335

KeAil

CHINESE ROOTS
GLOBAL IMPACT

journal homepage: www.keaipublishing.com/en/journals/petroleum-science

(2}

Petroleum
Science

Contents lists available at ScienceDirect

Petroleum Science

Original Paper

Failure mechanism and structure optimization of sand control screen  f)
in water-bearing gas well o

Fu-Cheng Deng*“", Jun Gong?, Ning Gong¢, Yao-Tu Han ¢, Yi-Mou Li"

2 College of Mechanical Engineering, Yangtze University, Jingzhou, 434000, Hubei, China

b Sinopec Northwest Oilfield Company, Urumgqi, 830011, Xinjiang, China

€China National Offshore Oil Corporation, Tianjin Branch, Tianjin, 300459, China

d Guangzhou Institute of Energy Conversion, Chinese Academy of Sciences, Guangzhou, 510640, Guangdong, China

ARTICLE INFO

Article history:

Received 8 April 2025

Received in revised form

9 October 2025

Accepted 14 December 2025
Available online 18 December 2025

Edited by Min Li

Keywords:

Water producing gas well

Sand screen erosion

Computational fluid dynamics (CFD)
Erosion mechanism model
Structural optimization

ABSTRACT

The prospect of natural gas reservoir is broad. As the mining channel, the state of gas well determines
the mining efficiency of the whole natural gas reservoir. After long-term mining of gas wells, the
problem of water production will lead to the destruction of sand control screens, resulting in a large
amount of sand production, which seriously endangers the safe production of gas wells. The “punched
seam sleeves (PSS) + metal woven meshes (MWM)” is the main sand control structure, which failure
mechanism needs to be explored. In this study, based on the erosion and corrosion environment, a
simulation test with water content and gas production rate as single factor variables was designed. The
dynamic grid layer laying method was used to simulate the corrosion environment, and the influence of
erosion wear on sand control failure of screen pipe in water-bearing gas well under corrosive envi-
ronment is analyzed. Through multi-factor comparison and evaluation, the structure of the screen pipe
was optimized. The results show that when the water content increases from 0.5% to 7%, the maximum
erosion rate of the PSS increases first and then decreases, reaching a maximum value of 5.341 x 107> kg/
(m?-s) when the water content is 2%. The maximum erosion rate of MWM is linearly positively corre-
lated with the water content. When the gas production rate increases from 3 to 10 m/s, the maximum
erosion wear of defects increases from 5.108 x 1077 to 1.247 x 10~ kg/m?, and the maximum erosion
wear of MWM increases from 4.728 x 108 to 1.743 x 10~® kg/m?. Through orthogonal experimental
analysis, it is found that the velocity has a significant effect on the erosion of the PSS. Based on this, the
inlet and outlet flow channels of the screen pipe are optimized. The maximum erosion rate of the
optimized PSS model is reduced by 25.7%, and the maximum erosion rate of MWM is reduced by 19.7%.
The water-bearing gas well should properly control the mining speed at the initial stage of mining, and
then increase after the formation of a stable sand bridge, and reduce the concentrated erosion caused by
the drag force by optimizing the width of the inlet and outlet of the flow channel, which can effectively

improve the service life of the screen pipe of the water-bearing gas well.
© 2025 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).

1. Introduction

how to produce gas with low cost and high efficiency is an urgent
problem to be solved. After a period of time of gas well mining, a

As a low-carbon clean energy, natural gas has the characteris-
tics of abundant reserves and is widely used in power generation,
chemical industry and other fields (Akash et al., 2024). However,
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large amount of water is produced, which will not only reduce the
gas production rate and increase the cost of wastewater treatment,
but also cause corrosion and erosion to the production casing and
reduce the service life of the production casing. Especially in un-
consolidated sandstone gas reservoirs (Li et al.,, 2023; Liu et al,,
2024), the sandstone near the wellbore is easily damaged by
strong stress, and the fine sand enters the wellbore with the fluid,
resulting in sand production (Dong et al., 2017). Sand production in
gas wells will not only cause erosion of production equipment
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(Yang et al., 2024; Xie et al., 2025), but also cause excessive sand
production and even cause sand burial in production layers or
wellbores, which will seriously affect the production of gas wells
(Wang et al., 2024; Dou et al., 2025). Therefore, it is of great sig-
nificance for the long-term safe exploitation of natural gas re-
sources to improve the service life of water-bearing gas well
screens.

Erosion wear is one of the main reasons for the failure of sand
control screen (Alghurabi et al., 2021; Amadi et al., 2024; Chen
et al.,, 2024; Zambrano et al., 2025). CFD-based erosion model-
ling is an approach that enables erosion prediction for a variety of
conditions (Alghurabi et al., 2021; Ismail et al., 2022; Deng et al.,
2024b). Many scholars try to use CFD simulation to explore the
influence of various engineering factors on the erosion of screen
pipe or establish the erosion model of screen pipe (Zeng et al.,
2023; Chi et al., 2024). Procyk (Procyk et al., 2015) proposed an
empirical erosion model for MWM based on experimental
research and CFD. Zhang et al. (2020) used CFD to simulate the
erosion wear of deep-water gas well screen, developed an erosion
model, and predicted the life of the screen. Ismail et al. (2022) and
Abduljabbar et al. (2024) used four erosion models of CFD to study
the effect of different particle size distributions on screen erosion.
Previous studies have revealed the local erosion mechanism of the
screen and established different erosion models using experi-
mental and numerical simulations. However, these studies are not
able to accurately describe the impact of a single particle on the
erosion of the screen pipe during the sand escape process.

Corrosion will accelerate the failure of sand control screens in
water-bearing gas wells (Safaei et al., 2023; Jing et al., 2024; Sarkar
et al., 2023). Domestic oil and gas reservoir development has
entered a period of high temperature, high pressure and high
water cut. The corrosion environment with high content of CO5,
Cl~, Hy0O causes internal corrosion of production casing, which
causes great harm to oil and gas exploitation (Zhu et al., 2021; Ye
et al., 2025). Scholars have successively studied the effect of
corrosion on the life of downhole production tools. Mansour et al.
(2025) studied the effects of temperature, CI~ and CO, partial
pressure on the corrosion of N80 casing. Zhou et al. (2024)
established a life prediction model considering the attenuation of
mechanical properties and the fluctuation of casing stress. The
effects of internal pressure and CO5/H,S partial pressure on service
life are analyzed. However, for sand control screen, corrosion is the
main chemical reaction process of failure, and erosion is the main
physical process of failure (Wong et al., 2003). It is necessary to
combine the two to analyze the failure mechanism of sand control
screen (Chen et al.,, 2022; Fu et al., 2025; Li et al.,, 2025).

The commonly used calculation models of screen pipe erosion
include Discrete Phase Model (DPM) (Constien and Skidmore,
2006; Zhu et al., 2020), Discrete Element Method (Ismail et al.,
2022), Dense Discrete Particle Model (Shi et al, 2023; Wang
et al., 2023), etc. Considering that the volume fraction of sand is
very small. In the process of gas-water carrying sand, sand is
mainly affected by gravity and fluid drag, and it is necessary to
accurately track the path of a single particle, so the DPM model is
selected for simulation.

In this paper, based on the production data of X well in a gas
field in western China, the Computational Fluid Dynamics coupled
with Discrete Phase Model (CFD-DPM) method and the self-made
experimental device are used to study the screen erosion mecha-
nism of water-bearing gas wells. The dynamic mesh layer laying
method is used to simulate the downhole corrosion environment.
By tracking the trajectory of a single particle (Ding et al., 2021),
three sand flow erosion models were established according to the
trajectory characteristics, and the effects of different working
conditions on the erosion rate of PSS and MWM were discussed.
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The root causes of the influence of water content and gas pro-
duction rate on the service life of sand control screen are revealed,
and the structure of PSS for water-bearing gas wells is optimized.
The optimized new screen structure can reduce the maximum
erosion rate of the screen pipe by 26%. By optimizing the scheme of
gas production rate, the sand production time of water-bearing gas
wells can be further delayed, and the long-term safe development
of natural gas can be realized. The research scheme of this paper is
shown in Fig. 1.

2. Feasibility verification of the model
2.1. Erosion experiment of the screen

Considering the low sand content and the need to accurately
track the trajectory of particles to study the erosion mechanism,
the DPM model is selected for simulation. The DPM model does
not consider the particle volume so cannot simulate particle
blockage. In the actual erosion process of the MWM, a small sand
bridge may be formed at the gap of the mesh, thus forming a local
blockage. Therefore, it is necessary to test the error of the DPM
model through the erosion test of the MWM. The erosion experi-
ment uses multiple sets of repeated experiments to take the mean.
The comparative analysis of erosion experiment and simulation is
shown in Fig. 2, including mass loss and erosion morphology.

In this paper, a self-made erosion experimental device was
used to simulate the downhole environment for erosion experi-
ments. The experimental device consists of three parts: simulation
system, circulation system and erosion system. The main compo-
nent of the experimental device is a high-pressure kettle (HPK),
which is designed as an annulus. The erosion bench divides the
space in the HPK into two parts, and the experimental samples are
installed on the erosion bench. The connection relationship be-
tween each system component and HPK is shown in Fig. 2(a). The
parameters used in the test are taken from well X, as shown in
Table 1.

The high-pressure pump sends experimental oil into the HPK
through the pipeline. Inside the reactor, the experimental oil mixes
with the sand samples and flows through the experimental sam-
ples, simulating the downhole erosion process. The sand samples,
pre-placed at the bottom of the HPK according to the experimental
requirements, are sampled and analyzed for particle size distri-
bution. At the bottom of the HPK, four oil inlets are symmetrically
arranged, pointing towards the bottom to facilitate sand washing.
In the upper part of the HPK, there is an oil inlet facing the
experimental sample, used to clean the mud cake from the sample.
The MWM sample is welded onto a positioning plate to create the
experimental sample, as shown in Fig. 2(c). Before the test, the
experimental samples are cleaned and then dried in an oven. The
original weight of the samples is recorded. After the test, the same
steps are repeated, and the weight of the sample is recorded again.

The test results of the experiment are shown in Table 2. The
sample pairs before and after the experiment are shown in
Fig. 2(c). After the experiment, there were still a small number of
sand samples on the MWM, and there were many bright spots in
the middle, indicating that the mass loss in this area is large.

The flow channel model and mesh division of the experimental
samples are shown in Fig. 2(b). The boundary conditions, as well as
the settings for the inlet and outlet, have been clearly indicated. To
control the number of meshes and ensure mesh quality, the MWM
was expanded from a circular to a square shape. The total number
of tetrahedral meshes exceeded 1.7 million. The interface between
the two grids is the internal surface, where the data from the
tetrahedral grid is transmitted to the hexahedral grid interface to
enable hybrid grid computing.
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Table 1
Data in the process of underground environment simulation test.

Petroleum Science 23 (2026) 4320-4335

Fluid viscosity, mPa-s Median size D50, pm

sand concentration, %

Screen sand
retaining accuracy, pm

Maximum production
pressure difference in annulus, MPa

20 35 3 350 5
Table 2
Data in the process of fixed production pressure difference test.
Production pressure differential, Erosion time, Quality before Quality after the Erosion rate, g/  Fluid flow rate, kg/ Fluid flow velocity,
MPa min experiment, g experiment, g min min m/s
2 787 30.734 30.568 2.109 x 1074 14.8 2.383

The numerical simulation calculates the ideal boundary condi-
tions, with the maximum erosion rate representing the ideal result.
However, sand blockage and deformation of the MWM in the
experiment cannot be simulated in real time, so the maximum
erosion rate cannot be used as a verification index. Instead, the
erosion morphology, erosion area, and cumulative mass loss can be
compared between the numerical simulation and the experimental
results. Fig. 2(d) illustrates the erosion morphology characteristics
of the MWM. The experimental results show that erosion occurs on
the weft yarn, with the weft yarn beneath the warp yarn experi-
encing the largest mass loss. The numerical simulation results
indicate that erosion is primarily concentrated at the bottom of the
“U”-shaped part of the weft. The experimental results align closely
with the erosion distribution observed in the numerical simulation,
confirming that the DPM model method is feasible.

As shown in Fig. 2(e), according to the numerical simulation
results, the average erosion rate of the MWM is 5.112 x 10~° kg/
(m?:s), and the mass loss of the MWM will be 0.155 g in 787 min
(calculated by the sum of mass loss on all grids), which is 6.6%
smaller than the experimental mass loss. The error of the nu-
merical simulation results is within a reasonable range, and the
DPM model method is feasible.
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2.2. Corrosion experiment of the screen

The service life of sand control screen in X well is much lower
than the design expectation. It is necessary to study the failure
mechanism of sand control screen. During the abnormal shut-in
period, the X well was overhauled, and sand samples were
collected at the wellhead and in the wellbore. Through the
component analysis of the produced water, it was found that the
Cl~ concentration in the water was abnormal, and the Cl~ con-
centration was kept above 30.23 g/L. In the produced water, a small
amount of CO3~ and SO~ were detected, indicating that the un-
derground environment was highly corrosive.

Acid gases such as CO, and H>S have a strong corrosive effect on
the sand control screen pipe. When these gases react with water,
they become even more corrosive. To investigate this, the down-
hole environment of X well in a condensate gas field in the Tarim
Basin, which contains CO, and H,S gases, was simulated, and a
corrosion experiment was conducted. Well X is a water-bearing
gas well, and the water-gas ratio significantly increased before
the shut-in maintenance, as shown in Fig. 3(a). Therefore, it is
essential to focus on the impact of water content changes on
corrosion.
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(a) Daily water production and water-gas ratio curve
0.05

20 40 60 80 100

Water content, %
(b) The corrosion rate of S13Cr at different water contents

i
i
1
1
i
i
i
1
i
i
i
g 0.04 - . ; i (d) Schematic diagram of corrosion coupon
%‘ ///74 i
/ ! % ‘Tﬁ%:—
E 003 1 s i P Recycle
9] / [ i system
® i L= |
S / ! O O
g 0.02 1 / | Heater O ©
@ /@\ 1 Q O
o / ! o o
= * = y=0.03914 +0.02769/(1 + et-*5147/57%4) | / Sample
8 0.01 4 | Thermo- =1 O
i
1 couple
i Tem. control
0 T T T T T T 1 <
i ( )
i
i
i
i
1
i

Pressure measurement

Fig. 3. Corrosion experiment of S13Cr under different water content.
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Condensate gas can change its state under certain conditions
and liquefy into condensate oil. To measure the corrosion rate and
defect morphology of the sand control screen under varying water
content, a corrosion medium was prepared using a mixture of
water and condensate oil in a specific volume ratio. The average
corrosion rate of the material was determined using the weight
loss method in the corrosion experiment. The material tested for
the hanging piece was S13Cr martensitic tubing steel, with its
chemical composition shown in Table 3. The raw S13Cr stainless
steel materials were processed into hanging pieces, as illustrated
in Fig. 3(d).

In this study, the effect of water content on the corrosion of
S13Cr stainless steel was investigated. 5 different corrosive media
with varying water content were prepared by mixing water and
condensate oil according to volume percentage. Other environ-
mental conditions were set based on the results of downhole
measurements. The experimental conditions for corrosion are
shown in Table 4. Fig. 3(e) presents the schematic diagram of the
high-temperature reactor device, where the corrosion reactions
were carried out under high temperature and high pressure.
During the experiment, the motor drove the clamping device to
rotate the hanging piece, simulating the gas flow process.

In the preparation stage of the experiment, the corrosive me-
dium was prepared according to the experimental plan. The metal
hanging pieces were degreased and dehydrated, and then their
sample size was measured and weighed. In the experimental as-
sembly stage, after the hanging piece was securely fixed, the
prepared corrosive medium was added to the HPK according to the
experimental requirements. The solution depth was adjusted to
ensure that the hanging piece was completely immersed. Finally,
the HPK reactor was sealed and installed.

In the experimental stage, N was first introduced into the HPK
for 2 h to remove O, from the reactor. After the deoxygenation is
completed, the resistance wire was heated to reach the specified
temperature in the reactor, and then the H,S and CO, gas were
injected into the reactor and allowed to stand for 30 min to fully
dissolve. The CO; and H,S partial pressure were maintained at the
set value respectively throughout the experiment. Finally,the
motor was started and then maintained a certain speed.

Each experiment lasted for 14 days. At the end of the experi-
ment, the surface corrosion of the hanging piece and the adhesion
of the corrosion products were recorded. After the reaction, the
hanging piece underwent dehydration treatment, followed by
immersion in an acidic cleaning solution for 5 min. The hanging
piece was then removed, and the corrosion products were wiped
off. The acid was removed by washing with water and other
methods. The dehydration and weighing procedures were then
repeated. The experimental results were processed using the
weight loss method. The average corrosion rate of the coupon was
calculated using Eq. (1) for different water contents.

Table 3
Chemical constituents of S13Cr.

Petroleum Science 23 (2026) 4320-4335

3650 x (mg — my)

V
¢ pSt

(1)

In the formula, V¢ is the corrosion rate, mmy/year; p is the coupon
density, g/cm?; s is the surface area of the coupon, cm?; ¢ is the
corrosion time, d; mg is the mass of the coupon before corrosion, g;
m, is the mass of the coupon after corrosion, g.

At different water content, the average corrosion rate of S13Cr
is shown in Fig. 3(b). The maximum water-gas ratio recorded by X
well is 3.36 x 103 m?/m>, that is, the water content is 0.336%.
According to the fitting curve of the average corrosion rate and
water content in Fig. 3(b), when the water content is 0%-20%, the
increase of corrosion rate is less than 0.1%. Therefore, it is
considered that the corrosion rate of sand control screen in X well
is 0.0115 mm/year in the production cycle.

After the corrosion experiment, the corrosion products on the
surface of the hanging piece were removed. The appearance of the
hanging pieces with different water contents is shown in Fig. 3(c).
The hanging pieces exhibited uniform corrosion characteristics,
with no particularly prominent pitting.

e When the water content was 0%, the surface of the hanging
piece retained its metallic texture, and the traces of mechanical
processing were more visible.

At 30% water content, the lower part of the hanging piece
became dark brown, showing significant corrosion, though the
traces of mechanical processing were still apparent.

When the water content exceeded 50%, corrosion products
increased, and the corrosion area covered the entire hanging
piece, except for the part covered by the nut.

At 100% water content, the hanging piece was observed under a
microscope (Fig. 3(f)). The surface was heavily covered with
corrosion products, and many cracks appeared in the corrosion
product layer. These cracks exposed the raw material under-
neath and accelerated the corrosion rate.

The hanging piece with a water content of 100% was taken to
find a deeper corrosion point for laser confocal measurement. The
3D morphology of a corrosion pit is shown in Fig. 3(g). The depth of
the corrosion pit is 27.644 pm. The shape of the corrosion pit is
similar to the funnel. The section is circular, the radius of the
funnel nozzle is 40 pm, the height is 19.866 pm, the radius of the
funnel body is 177 pm, and the height is 7.778 pm.

3. Establishment of the model
3.1. Physical model

A MWM model with a nominal aperture of 160 pm was
established, and adjusted according to the optimization method of
the flow channel model. The physical model is shown in Fig. 4.

In the numerical simulation of corrosion defects, scholars
typically model the distribution of corrosion defects as double-
point corrosion, with the cross-section of corrosion pits generally

Element C Si Mn Mo Cr Ni Cu S P . . .
being circular or rectangular (Deng et al., 2024a). The corrosion
Content, % 003 022 041 227 1351 532 005 0002 0.02 test results indicate that S13Cr stainless steel undergoes uniform
corrosion, meaning corrosion defects can develop at any part of
Table 4
Corrosion test conditions.
Temperature, CO, partial H,S partial Corrosion medium Experimental Material
°C pressure, MPa pressure, kPa time, d
180 5.81 1.69 100% water; 80% water +20% condensate oil; 50% water +50% condensate oil; 30% 14 S13Cr

water +70% condensate oil; 100% condensate oil
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Fig. 4. The process and details of PSS physical model establishment.

the screen pipe. The numerical simulation reveals that the most
vulnerable area of the PSS is the edge of the bottom surface. In
areas with higher erosion rates, the corrosion rate is greater,
leading to a faster growth rate of defects. Additionally, these de-
fects alter the boundary of the basin, creating a positive feedback
loop that accelerates erosion and significantly shortens the service
life of the screen pipe.

Therefore, the defect is set at the bottom of the edge area. Since
the cross section of the corrosion pit is circular, the cross section of
the corrosion defect is set to a circular or semi-circular radius of
0.5 mm. The discontinuity line in Fig. 4(b) is to read the position of
the erosion wear amount. In this paper, the bottom surface of the
PSS is divided into three regions, the middle region, the edge
middle region and the edge four corner region, which is conve-
nient to describe the erosion distribution area below.

3.2. Numerical model

3.2.1. Particle trajectory tracking

In the Lagrangian coordinate system, the motion equation of
the particles is integrated to obtain the motion trajectory of the
particles. The Euler-Lagrangian method is used to describe the
particle motion. The particles are assumed to be mass points,
ignoring the interaction between particles, the particles will not
break, and the small deformation of the wall is not considered.
Under these assumptions, according to Newton's second law, the
motion control equation of solid particles per unit mass is ob-
tained by integral operation as follows (Bozzini et al., 2003; Parsi
et al., 2014):

dvt

dt = Fp + Fp + Fother

(2)

In the formula, Fp and Fp are the drag force and pressure gradient
force per unit mass of particles, N/kg, respectively; Fother i the

4325

other force per unit mass of particles, N/kg. Drag force is the most
important force on solid particles. The form is as follows
(Dickenson and Sansalone, 2009):

184 CyRep (vs-5)

Fp =
o2 24

(3)

In the formula, v, is the particle velocity, m/s; v, is fluid velocity,
m/s; u is the hydrodynamic viscosity, Pa-s; pp is particle density,
kg/m?>; dp, is the particle diameter, m; Rep is the relative Reynolds
number (Morsi and Alexander, 1972):

Rep = Padp |VP_"3|

(4)
U
Cq is the drag coefficient (Haider, 1989):
a; a3
G=a1+5=+5— 5
¢ =0t gt Rep (5)

In the formula, ay, ay, as are constants, and their values change
with the Reynolds number (Morsi and Alexander, 1972). If there is
a pressure gradient in the flow field where the particles are
located, the particles will be subjected to a force caused by the
pressure gradient. The pressure gradient force per unit mass of
particles is as follows:

Pp

After the solid particles collide with the wall, the velocity of the
solid particles decreases, and its kinetic energy decreases. The
particle-wall collision rebound model is used to define the re-
covery coefficient, and the recovery coefficients e, and e; are used
to measure the energy loss. According to the particle-wall collision
rebound model, the change of velocity and energy after the

(6)
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collision of particles with the wall surface is solved (Finnie and
McFadden, 1978). For carbon steel, the values of e, and e; are:

{

3.2.2. Erosion rate model

There are four commonly used erosion rate models, Finnie et al.
(1992), McLaury et al. (1997), Oka et al. (1993) and Haugen et al.
(1995), which are suitable for the prediction of erosion rate of
various materials (Abduljabbar et al., 2021). The material of the
PSS is carbon steel, and the standard erosion model can be used
(Finnie et al., 1992). The expression is as follows:

en = 0.993 — 0.0307« + 0.000475a° — 0.00000261a>

er = 0.988 — 0.029« + 0.0006430% — 0.000003560° (7

NZ myC(dp)f(O)p"”
Aface

(8)

Rerosion =
n=1

where, Rerosion 1S the erosion wear rate of material surface, kg/
(mz-s); Nparticles is the number of particles colliding with the wall;
my, is the particle mass flow rate, kg/s; ((dp) is the function of
particle diameter, and the fixed value is 1.8 x 10~%; @ is the impact
angle between the particle and the wall, rad; vy, is the velocity of
particles impacting on the material surface, m/s; b(v) is the ve-
locity function of the particle relative to the wall surface, and the
fixed value is 2.6; Afce is the area of erosion calculation unit, m?;
f(0) is the impact angle function of the particle and the wall, and
the piecewise polynomial function is used to fit the impact angle
function. The impact angle function of the collision between par-
ticles and carbon steel is shown in Table 5 (Edwards et al., 2000).

3.3. Simulation procedure

3.3.1. Computational parameter

The simulation process includes gas-liquid-solid three phases,
namely methane, water, and sand. Their parameters such as ve-
locity and flow rate are shown in Table 6. The particle diameter is
0.05 mm, the particle mass flow rate is 0.01 kg/s, the injection
velocity is set to 3 my/s, the inlet velocity of liquid water and
methane is 3 m/s, the volume fraction of particles is 3.52%, and the
volume percentage of methane is set to 0.995.

According to the corrosion characteristics and rate of the
corrosion sample (Deng et al., 2024a), the relevant parameters for
the dynamic mesh are extracted, as shown in Table 7. The average
corrosion rate is 0.0115 mmy/year, so the dynamic mesh rate of
controlling corrosion defects is 3.65 x 10~ mm/s. The bottom
surface of the defect is set as the moving surface, and the attribute
is rigid body. The grid height at the defect is 0.05 mm. Adhering to
the principle of grid consistency, the reference grid height is set to
0.05 mm, the collapse factor is 0.3, and the splitting factor is 0.4.

3.3.2. Turbulent flow model

The standard k-¢ model has good adaptability in high Reynolds
number flow. By comparing with the experimental results, it is
found that the model can provide results consistent with the
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Table 6

Detailed erosion parameter.
Item Value Unit
Methane density 103.5 kg/m?
Dynamic viscosity of methane 0.018 mPa-s
Injection velocity 3 m/s
Flow rate 0.01 kg/s
Particle diameter 50 pm
uc 1.5 -
Inlet velocity 3 m/s
Volume percentage of methane 99.5 %

actual flow field. Therefore, the standard k- model is selected in
this study.

3.3.3. Boundary conditions

Water-liquid and methane are added to the material-
continuum phase, with the first phase set as liquid water and
the second phase as methane. The gas phase flow field is governed
by the non-slip boundary condition, while the wall grid area uses
the standard wall function method. The inlet surface is defined as
the velocity inlet, with the volume fraction set for the second
phase, and the outlet surface is set as a free outflow boundary.

In the channel model of the screen pipe, the wall surface
generated by the PSS and the MWM adopts the reflection condi-
tion, while the other surfaces adopt the escape condition, as
shown in Fig. 5(a). The inlet surface is defined as the injection
source for the particles, with the initial velocity of the particles
matching the inlet velocity of the fluid. It is assumed that the mass
of the particles remains unchanged, and there is no heat transfer.
Only the particle density and mass flow rate are specified. The
particles are assumed to be uniformly spherical, with sand added
as the material-solid phase.

3.4. Grid independence verification

An unstructured hexahedral mesh is used to mesh the flow
channel of the PSS, with local refinement applied to the defects.
The flow channel of the MWM is an irregular model, which is
meshed using tetrahedral elements. 6 different mesh configura-
tions for the PSS channels are used in the numerical simulation.
Based on the production conditions of X well, the liquid phase in
the well is primarily water, and the injection source is defined as
the fluid inlet surface.

The maximum erosion rate results for different grid sizes are
shown in Fig. 5(b). When the number of grids exceeds 150,000, the
maximum erosion rate changes by no more than 5%. Increasing the
number of grids further does not result in significantly higher
calculation accuracy. Therefore, the fourth grid configuration is
chosen for subsequent calculations. The results of the fourth grid
configuration are shown in Fig. 5(a), with the boundary conditions
and inlet/outlet settings clearly marked in the figure.

Table 5 Table 7
Impact angle function. Detailed corrosion parameter.
Serial number [ flo) Item Value Unit
1 0 0 Average corrosion rate 0.0115 mm/year
2 20 0.8 Corrosion defects 3.65 x 10710 mm/s
3 30 1 Grid height at the defect 0.05 mm
4 45 0.5 Collapse factor 0.3 -
5 90 0.4 Splitting factor 0.4 -
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(a) The meshing results of the flow channel model of the PSS
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(b) Grid independence analysis results

Fig. 5. Meshing and independence verification of the PSS.

4. Result and discussion
4.1. The influence of corrosion

In this paper, the layering method is used to control the
deformation of the defect, ensuring that the defect surface moves
unidirectionally at a constant speed. Based on the corrosion test
results, the average corrosion rate of S13Cr stainless steel was
determined to be 0.0115 mm/year, and the dynamic mesh rate was
set to 3.65 x 1071 mm/s. From the perspective of the model
boundary, the defect depth changes over time, and the dynamic
mesh rate is set to 0 mm/s to compare the effect of corrosion on the
erosion behavior. Fig. 6 shows the maximum erosion wear of the
PSS and MWM when the dynamic mesh rate is 0 mm)/s.

The velocity and impact angle of all particles are counted, as
shown in Fig. 7. It is found that the particle velocity is distributed in
two intervals of 0.7-1.8 m/s and 2.7-3.7 m/s, corresponding to the
impact angle distribution of 15°-55° and 75°-90°. When the dy-
namic mesh rate is 0 and 3.65 x 10~'° mm/s, the average velocity
of particles is 2.991 and 3.002 m/s, respectively, and the average
velocity increases by 0.37%. When the dynamic mesh rate is 0 and
3.65 x 10719 mm/s, the cumulative number of nodes is 870, and
the cumulative erosion wear is 1.323 x 10~% and 1.333 x 10~ kg/
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(a) The errosion rate of defects of PSS under different dynamic mesh

m?, respectively. This shows that the corrosion increases the ve-
locity and impact angle function values, and slightly reduces the
number of particles, resulting in an increase in the cumulative
erosion wear at the defect of PSS.

4.2. The influence of water content on erosion law

With the exploitation of gas wells, the natural gas reserves in
the formation are gradually reduced, and the water content will
increase significantly while maintaining a certain amount of pro-
duction. The water content has a certain influence on the erosion
law of the sand control screen, and the water content is set to 0.5%,
1%, 2%, 3%, 5% and 7%, respectively. At different water content, the
maximum erosion wear amount of the defect is shown in Fig. 8(a).
When the water content is from 0.5% to 7%, the maximum erosion
wear amount of the defect increases first and then decreases. The
maximum erosion area (red) gradually changes from point dis-
tribution to linear distribution, and the area of the main erosion
area (cyan) decreases obviously and moves to the edge. The posi-
tion and size of the maximum erosion wear zone of MWM at
different water contents are shown in Fig. 8(b). When the water
content is from 0.5% to 7%, the maximum erosion wear of MWM
continues to increase, the area of the maximum erosion wear area

® 0mm/s

The size represents ® 3.65%x10-"° mm/s

erosion rates \
-

Max erosion rates:

./ 4.114e-8 kg/m?
- - 6.3% increase
\Q

Max erosion rates:
4.783e-8 kg/m?

-1.0 -05 0 0.5 1.0 15 2.0
x-axis, mm

(b) The position and erosion rate of MWM under different dynamic mesh

Fig. 6. Comparison of dynamic mesh and non-dynamic mesh of the PSS and MWM.
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(b) The position and size of the erosion zone of MWM at different water content

Fig. 8. The maximum erosion rate of PSS and MWM at different water content.

continues to expand, and the displacement of the erosion area
along the x-axis is increasing. It can be seen from the drag force Eq.
(3) that the drag force is related to the fluid viscosity. The dynamic
viscosity of water is two orders of magnitude larger than that of
methane. The larger the water content, the greater the drag force
on the particles, and the greater the displacement along the x-axis.

Fig. 9 is the position distribution map of particles when the
water content is 0.5%. Between the PSS and the MWWM, the

I Erosing punching sleeve
11 Escaped particles

11T Erosing wire woven mesh

Edge particle flow

Intermediate particle flow

Channeling effect

PP o
o ST

Aol RS S X
£ S

S S S

|

—_

particles are obviously divided into two parts. One part of the
particles directly rushes to the MWM, and the other part of the
particles escapes from the side of the x-axis direction and rushes
to the MWM outside the model. These two parts of particles have
their own characteristics. The former has a small number, but the
velocity is large, and the erosion area is more concentrated. The
latter has a large number, but after multiple erosions on the wall
surface, the velocity after the rebound is greatly reduced, and the

Fig. 9. The distribution of particles on the mid plane at different water content.
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erosion area is very wide. According to the erosion model Eq. (8)
and the numerical simulation results, the former is the main
reason for the damage of the MWM. In order to confirm the tra-
jectory of the particles, only the position of a single particle flow is
viewed. According to the trajectory of these particle flows, it can be
divided into three categories.

e Type I particles are injected from the middle area, and the ve-
locity decreases greatly after hitting the bottom of the PSS.
Under the action of drag force, it escapes from the side of the x-
axis direction;

e Type Il particles are injected from the area directly opposite to
the defect. After hitting the bottom of the defect, there is a
significant rebound, which is obviously affected by the drag
force, and the motion trajectory is relatively concentrated,
escaping from the side of the x-axis direction;

e Type III particles are injected from the vicinity of the wall on
both sides, and directly impact the MWM through the double-
slit outlet under the action of drag force. The most serious
erosion for MWM is type III particles.

Due to the complex structure of MWM, the data of directly
processing type III particles is more complex, and type III particles
will erode MWM many times. Therefore, this paper uses indirect
method to study the influence of water content on type III
particles.

Through the velocity vector and its change, the three types of
particles are divided more accurately in mathematical form:

[:Av<0
II: Av>0,tanAgp >0
Il : Av>0,tanAp <0

(9)

In the formular, Av, The velocity increment when the particles
enter the PSS to first collision; 4¢, The change angle of velocity
vector after the first collision of the PSS.

At different water content, the position distribution of the same
particle flow is shown in Fig. 10. It can be seen from Fig. 10 that the
emergence angle « and the erosion angle ¢ are complementary,
thatis a + 6 = 90°. When the water content is 0.5%-7%, the number
of particles in the flow channel model gradually decreases. At the
same time, the emergence angle o« becomes larger, and the
displacement of particles along the x-axis direction becomes
larger. This shows that the greater the water content, the greater
the drag force on the particles, and the greater the particle velocity.

Punched seam sleeve (PSS)

Simplified

_

o . — — — — — — — — — — — — — — — — — — — — — — —

Punched seam sleeve
erosion plane

Emergence angle «

Metal woven mesh
erosion plane

Erosion angle 6
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At the same time, it can be seen that the larger the water content,
the smaller the angle of particle erosion MWM, the larger the
impact angle function value, and the greater the erosion rate. The
maximum dynamic erosion rate of MWM is linearly positively
correlated with water content. Within the scope of this study, the
maximum dynamic erosion rate of the PSS is greater than the
maximum dynamic erosion rate of the MWM. When the water
content exceeds a certain value, the maximum dynamic erosion
rate of the MWM may be greater than the maximum dynamic
erosion rate of the PSS, which requires further research.

The number of particles and the average velocity of erosion
defects at different water content are shown in Fig. 11. When the
water content is 0.5%-7%, the number of particles with erosion
defects gradually decreases, and the average rate increases
significantly. Because the number of type I particles is fixed and
escapes directly from the side, the erosion rate of MWM is not
affected. With the increase of water content, the drag force of
particles increases greatly, and some type II particles are trans-
formed into type Il particles, which directly erodes MWM. The
increase of particle number is one of the reasons for the increase of
maximum dynamic erosion rate of MWM. Moreover, it can be seen
from Figs. 10 and 11 that the average velocity of type III particles
increases with water content, which is one of the reasons for the
increase of the maximum dynamic erosion rate of MWM.

4.3. Effect of velocity on erosion law

After the water-bearing gas well is mined for a period of time,
the sand control screen is gradually blocked by sand, and the
permeability is greatly reduced. After the implementation of
plugging removal measures, the permeability of sand control
screen will be restored to a certain level. The permeability of sand
control screen reflects the flow rate of gas well mining, and the
inlet flow velocity are set to be 3, 4, 5, 6, 8 and 10 m/s, respectively.
The flow velocity here is the gas velocity flowing into the PSS. It is
calculated according to the production rate of the gas well. The
specific formula is as follows:

n
~ 3600 x 24 x (ndLd)

(10)

v

In the formula: v is the flow velocity of the gas through the PSS, m/
s; n is the daily gas production rate, m>/d; & is the PSS opening
rate; d is the diameter of the sand control screen in the production
section, m; L is the length of gas production section, m.
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Fig. 10. The distribution of the same particle flow at different water content.

4329



E-C. Deng, J. Gong, N. Gong et al.

18.0

Petroleum Science 23 (2026) 4320-4335

16
o o

25 — _— 02
€2 s — ° i
@ +3 €

Q ©
o9 —@— Veloci _ ' o / 38
oD ‘elocity of particle eroding defect a =%
QT 9.0 1 . . re o3
€ o —@ — The number of particle eroding defect \ -
2E ® ° £
c5 / \0 o3
28 459 P 4+ L2
= [+ ] [}

0 T T T T T T 0

» - - _

E T~ o 9

- 4 ~ 8 o

S 48 ~ - 2

k>3 0\0 T T T = == ©

o N

S ~ o— te @

= 324 > o o

< : —@— Erosion rate of defect N N c

5 —@— Erosion rate ofplain woven meshes N N 4 g

S 164 ~ — Erosionrateratio Tt - - > Lle.l

g 5 "9 2

.
] ] 9
0 T T T T T T 0

0.02

0.03

Water content, %

Fig. 11. Particle velocity and number at the defects of PSS (above) and the maximum dynamic erosion rate at different water content (below).

At different velocity, the maximum erosion wear of the defect is
shown in Fig. 12(a). When the velocity increases from 3 to 10 m/s,
the maximum erosion wear of the defect increases from
5.108 x 1077 to 1.247 x 10> kg/m?. The distribution area of the
maximum erosion wear amount of the defect presents an “L”
shape, and the width of the “L” increases with the velocity.
Fig. 12(b) shows the position distribution of the same particle
flow at different velocities. The impact angle of type III particles
has no change, so the impact angle function value remains un-
changed. The particle flow at this place is mainly type III particles,
and a very small part is type II particles. This distribution feature is
not affected by velocity changes. Therefore, the maximum erosion
wear of MWM increases from 4.728 x 10~ to 1.743 x 10~% kg/m?,
but the location and area of the maximum erosion area are almost
unchanged. Finally, it can be found that with the increase of ve-
locity, the number of type III particles decreases significantly, and
the ratio of defect to the maximum dynamic erosion rate of MWM
decreases instead, indicating that the velocity of type III particles
relative to MWM should increase significantly.

From Fig. 13, it can be seen that with the increase of velocity, the
maximum dynamic erosion rate ratio of defect and MWM
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(a) The maximum erosion wear cloud of PSS at different velocity

becomes smaller and smaller, which indicates that the type of
particles is still affected by the change of velocity. With the in-
crease of velocity, the number of particles of erosion defects
gradually increases, but the number of particles cannot exceed the
total number of particles injected in this section. The maximum
number of particles in the erosion defect is 157, 000, that is, the
maximum number of particles in each erosion defect is 393 (the
number of inlet grids in the defect section is 540). When the ve-
locity increases from 3 to 10 m/s, the number of type I particles is
1877, 2003, 2081, 2279, 2431 and 2680, respectively. Comparing
the change of the total number of particles, it shows that some
type III particles are converted into type II particles.

4.4. Analysis of orthogonal experimental results

Sections 4.2 and 4.3 reveal the influence of water content and
gas production rate on sand screen erosion. However, the main
factors affecting the erosion of the PSS also include particle
diameter and mass flow rate. Therefore, the orthogonal experi-
mental analysis method is used to analyze the multi-factor erosion
of the PSS in the water-bearing gas well.

Drag force f

(b) The particle flow at the same place at different velocity

Fig. 12. Erosion wear of PSS and MWM at different velocity.
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4.4.1. Numerical simulation results of orthogonal experiment

The level of each factor in Table 8 is substituted into the
orthogonal experiment table Lig (5%), and the numerical simula-
tion is carried out by using the flow channel model of the PSS with
defects. Then, the maximum dynamic erosion rate of the PSS and
MWM is collected, and the results are shown in Table 9.

4.4.2. Analysis of orthogonal experimental results

In practical application, we hope that the maximum dynamic
erosion rate of the PSS is as small as possible. In order to quickly
find out the influence degree of each factor on the maximum dy-
namic erosion rate, range and variance analysis is needed and gray
correlation analysis method is also introduced for auxiliary anal-
ysis. Different from the general orthogonal experimental analysis,
this range analysis only needs to arrange the order of each factor,
and does not need to select the optimal combination. The analysis
results are shown in Figs. 14 and 15.

Both variance and gray correlation analysis point to the same
result. For both the PSS and MWM, the velocity (factor B) has the
greatest influence on the maximum dynamic erosion rate, and the
velocity also has a significant effect on the maximum dynamic
erosion rate of the PSS. Therefore, controlling the mining speed of
water-bearing gas wells can greatly reduce the erosion wear speed.
After the sand control screen is in service for a period of time, the
sand particles are blocked by the MWM, and the sand bridge is
formed in the PSS. The stable sand bridge can act as the sand
control medium. After the sand bridge is formed, the mining speed
can be appropriately increased. The influence of water content
(factor A) on the maximum dynamic erosion rate of MWM is the
second. The increase of water content not only reduces the service

Table 8

Factors and levels of orthogonal test table.
Factor Level

1 2 3 4

Water content (A) 0.5 2 3 5
Velocity (B) 3 4 5 6
Particle diameter (C) 0.05 0.06 0.08 0.10
Mass flow rate (D) 0.002 0.006 0.010 0.015
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Table 9
Numerical simulation results of orthogonal experiment.

Experimentalnumber A B C D Error column Maximum
dynamic erosion
rate, 10> kg/
(m?s)

PSS MWM

1 11 1 1 1 0.942 0.093

2 12 2 2 2 2.865 0.352

3 1 3 3 3 3 5.54 0.872

4 1 4 4 4 4 13.197 1.536

5 2 1 2 3 4 2.307 0.519

6 2 2 1 4 3 7.311 1.74

7 2 3 4 1 2 1.637 0.286

8 2 4 3 2 1 7.608 2.299

9 31 3 4 2 2.608 0.866

10 32 4 3 1 4.637 0.98

11 3 3 1 2 4 7.739 2.03

12 3 4 2 1 3 4.672 0.908

13 4 1 4 2 3 1.387 0.484

14 4 2 3 1 4 1.752 0.381

15 4 3 2 4 1 18.199 3.745

16 4 4 1 3 2 19495 6.185

life of sand control screen, but also greatly increases the mining
cost. It is necessary to study the relevant water control technology.

4.5. PSS structure optimization and numerical simulation results

4.5.1. Structure optimization of PSS

Through orthogonal experimental analysis, it is observed that
reducing the particle velocity should be the primary focus for
optimizing the structure of the sand control screen. Near the
double-slit outlet of the PSS, the velocity of the continuous phase
increases significantly. At this point, the particles experience the
maximum drag force, which does positive work on the particles.
This increases the velocity of type II particles, thereby raising the
erosion rate of the PSS, and also increases the number of type III
particles, which raises the erosion rate of the MWM. By optimizing
the structure of the PSS to reduce the velocity of the continuous
phase near the double-slit outlet, the drag force can be minimized,
thereby reducing the erosion rates of both the PSS and the MWM.
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Fig. 14. Range and variance analysis of maximum erosion rate of PSS (left) and MWM (right).
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The opening height of the PSS is designed according to the
particle size distribution of the reservoir and cannot be changed at
will. Then, only the specifications and arrangement of the PSS can
be optimized. Under the condition of ensuring a certain opening
rate, the specifications of the PSS are optimized, and the optimi-
zation scheme is shown in Table 10.

4.5.2. Analysis of optimization results of PSS

The water content was set to 1%, the velocity was 3 m/s, the
particle diameter was 0.05 mm, and the mass flow rate was
0.01 kg/s. For different specifications, the maximum erosion wear
cloud diagram of the PSS is shown in Fig. 16(a). The maximum
erosion wear cloud diagram of MWM with different specifications

Table 10
Specifications of PSS.

Model Specification of PSS, mm Inlet area/outlet area

Longevity Width Open height

Original model 22 3 0.5 3.27
Contrast model 1 20 33 3.63
Contrast model 2 25 2.64 2.84
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is shown in Fig. 16(b). Due to the different width of the PSS, the
erosion area of the MWM is different. When the width is 2.64 mm,
the erosion area covers one weft yarn. When the width is 3.3 mm,
the erosion area covers two weft yarns. The larger the width of the
erosion area along the x-axis direction, the greater the drag force,
the greater the velocity and the more the number of type Il
particles.

Inside the PSS, the maximum flow velocity area is at the upper
end of the outlet (as shown in Fig. 9). When the inlet area is
constant, with the increase of width, the ratio of inlet area to outlet
area increases, the continuous phase velocity at the slit increases,
the drag force increases, and the maximum erosion rate of the PSS
and MWM increases. From 2.64 to 3.30 mm, the maximum ve-
locities of continuous phase are 8.088, 9.526 and 11.518 m/s,
respectively.

The particle data of erosion defects are shown in Table 11. From
2.64 to 3.30 mm, the number of particles of erosion defects
gradually decreases. When the outlet width increases from 2.64 to
3.30 mm, the average velocity of the particles eroding defect in-
creases in turn, which indicates that the drag force has obvious
work on the particles and the velocity increases significantly. The
maximum erosion rate of the PSS is positively correlated with the
particle velocity, and the influence of the velocity is significantly
greater than the number of particles, so the erosion rate of the PSS
increases.

Keeping the production pressure difference constant, the in-
fluence of different specifications of the punching sleeve structure
on the yield was studied. The production rate is calculated by the
average flow rate (reference Eq. (8)), and the relationship between
relative productivity is obtained (as shown in Table 11).

Near the outlet of the PSS, the effect of the drag force on the
particles cannot be ignored, and the velocity of the continuous
phase has a significant effect. Reasonable design of the specifica-
tions of the PSS and reduction of the velocity of the continuous
phase can effectively control the erosion rate of the PSS and MWM,
and improve the service life of the sand control screen. According
to Tables 10 and 11, the smaller the ratio of the inlet area to the
outlet area, the smaller the maximum velocity of the continuous
phase, and the smaller the erosion rate of the PSS and MWM.
Compared with the original model, Model 2 can greatly reduce the
erosion rate of sand control screen and improve the service life of
sand control screen (under the condition of ensuring that the
output does not decrease).
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Fig. 16. The maximum erosion wear of PSS and MWM with different specifications.

Table 11
Numerical simulation results.

Model Number of particles Average velocity, m/s Relative yield Maximum dynamic erosion
rate, 10> kg/(m?-s)
PSS MWM
Original model 137071 3.094 1.000 4413 0.466
Contrast model 1 122620 3.231 0.933 4.191 0.721
Contrast model 2 151136 2.995 1.206 3.277 0.374

5. Conclusions

In this paper, the dynamic erosion mechanism of sand control
screen is studied by erosion experiment and dynamic numerical
simulation, and the corresponding conclusions are obtained.

(1) Based on corrosive environment, the erosion model of three
kinds of particles is established. Among them, type I parti-
cles directly erode the middle part of the flow channel, type
Il particles erode the edge of the flow channel, and type III
particles directly erode the MWM.

(2) When the water content increases from 0.5% to 7%, the
maximum erosion wear of the defect increases first and then
decreases, and the maximum erosion wear of the MWM
continues to increase. When the gas production rate in-
creases from 3 to 10 m/s, the maximum erosion wear of the
defect of PSS and MWM increase exponentially.

(3) In the process of sand control screen erosion, the erosion
rate of the PSS is one order of magnitude higher than that of
the MWM. In the process of screen structure optimization,
priority should be given to how to reduce the erosion rate of
the PSS.

(4) Among the factors water content, velocity, particle diameter,
mass flow rate, that affect the erosion rate, velocity has the
greatest influence on the maximum dynamic erosion rate of
the PSS and MWM, and only the velocity has a significant
influence on the maximum dynamic erosion rate of the PSS.

(5) According to the research results, the ratio of the inlet area
to the outlet area of the PSS is optimized. Compared with the
original model, the maximum erosion rate of the optimized
model is reduced by 26%, thereby improving the life of the
screen pipe.

Based on the characteristics of low sand volume fraction in gas
wells, this paper uses CFD-DPM model to study the erosion
mechanism. In future studies, other models can be used to study
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the erosion mechanism of sand control screens containing gravel
layers or considering clogging. On the basis of a single PSS unit, the
influence of unit distribution on sand control of screen pipe can be
considered.
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Appendix

Optimization method of flow channel model.

The warp and weft intersect at one point. When the software is
operated, this point is infinitely small, and it is easy to not
converge, so the flow channel model cannot be solved. In order to
establish the flow channel model of metal woven mesh, it is
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necessary to increase the intersection volume of warp and weft or
interval a certain distance during modeling.

According to the erosion experiment and simulation results of
the metal woven mesh, under the condition of no blockage, the
erosion area is mainly distributed on the weft wire and concentrated
on the downward bending part. As shown in Fig. Al, the exposed
area of the warp is less than 10% of the whole, and the erosion of the
warp is small, so the optimization of the warp does not affect the
overall characteristics. In actual production, it is impossible to
completely close contact between the weft yarns, and the inspection
can reach the national standard. When modeling, there is a certain
gap between the weft yarns (it is reccommended to be less than 10%
of the diameter of the weft yarn), but the actual aperture of the
model must be guaranteed to meet the national standards.
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Fig. Al. The structure of metal woven mesh.

Fig. A1 shows that a certain diameter of the warp and weft
yarns are woven according to the standard, forming a metal woven
mesh with a nominal aperture dg. The optimization of the warp
must ensure that the nominal aperture dyp remains unchanged, that
is, the actual aperture d; remains unchanged. According to the
specifications specified in the national standard, a metal woven
mesh model is established, and then a warp wire model with an
elliptical cross section is established to cover the original warp
wire model, and the optimization of the metal woven mesh model
is completed. Finally, the cutting function is used to cut the flow
channel model away from the metal woven mesh model, and the
flow channel model with the characteristics of the metal woven
mesh is established.

Abbreviations

PSS Punched seam sleeves

MWM Metal woven meshes

HPK High-pressure kettle

CFD Computational fluid dynamics
DPM Discrete phase model
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