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ABSTRACT

Transportation of hydrocarbon gas in industry often carries
contaminants such as scale, rust, and weld metal particles that
can disrupt the flow and damage components such as
compressors. Strainers are used to filter impurities before the
fluid enters the main system. At high flow rates, strainers,
especially perforated plates, are susceptible to structural
damage. Because experimental tests are expensive and risky,
Finite Element Analysis (FEA) simulations are used. This
study analyzes the effect of variations in methane gas flow
rates on the strength of carbon steel strainers with plate
thicknesses of 0.8 mm, 1 mm, and 2 mm. The tested velocities
were 7.59 m/s, 9.59 m/s, and 11.59 m/s at a pressure of 10
bars and a temperature of 55°C. The results showed the
highest stress at the base of the strainer: 32,826 N/m? 0.8
mm), 30,472 N/m* (1 mm), and 21,975 N/m? (2 mm). The
maximum deformations occurred at the strainer tip: 2.35x10
m, 2.91x10® m, and 2.82x10% m. All values are below the
yield strength limit of carbon steel (2.5x10%-5x10% N/m?),
indicating a safe design against high flow loads.

KEYWORDS: Hydrocarbon gas, Strainer, Von mises
stress, Total deformation, FEA.

NOMENCLATURE
O Von mises stress
0 Angle

] Thickness

d Hole diameter

D Strainer diameter
Toy Shear stress

L Large

1.0 INTRODUCTION

Fluid distribution in the gas industry through piping systems
often leads to damage in sensitive equipment, such as
compressors [1],[2]. This damage is primarily caused by
contaminants carried within the fluid, whether it is oil or gas
[3]. Common contaminants include scale, rust, welding
debris, and various other solid particles [4]. To mitigate
compressor damage and thereby enhance oil and gas
production, a filtration device known as a strainer is utilized
[5]. A strainer is specifically designed to remove particulate
matter from fluids before they enter sensitive components like
compressors [6]. The use of strainers is expected to reduce
maintenance frequency, lower maintenance costs, and
minimize operational downtime. However, it is important to
note that strainers can also alter fluid flow characteristic,
including causing pressure drops [7].

In the oil and gas industry, strainers are commonly
manufactured from carbon steel or stainless steel due to their
durability and resistance to corrosion [6],[8]. The structural
integrity of a strainer is a critical factor to consider, as
inadequate strength can lead to mechanical failure [9]. Such
failures may compromise the filtration efficiency [10],
allowing contaminants to reach sensitive equipment like
compressors. Potential damage to strainers includes cracks,
deformation, and dents, all of which can impair their
performance and reliability [11].

Other parameters that can influence the structural
condition of a strainer include variations in strainer angle,
hole diameter, and plate thickness. Previous studies have
investigated various aspects of strainer design [6],[11];
however, the distinguishing factor in this study lies in the
simulation parameters employed. These include plate
thicknesses of 3 mm and 5 mm, a strainer angle of 81.35°, and
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the use of different fluid types.

The limited number of references on the structural
performance of strainers, combined with the various
challenges associated with experimental studies, makes
numerical analysis the preferred approach. Several factors
hinder the feasibility of experimental testing, including the
high cost of acquiring components such as large-diameter
pipes and strainers, the need for high fluid flow rates, and the
use of hydrocarbon gases [12],[13]. Hydrocarbon gases pose
significant risks due to their explosive, flammable [14], and
hazardous nature [15]. Furthermore, experimental setups
require gas storage tanks and strict safety measures to ensure
the secure distribution of hydrocarbon gases [16],[17].

Due to the significant challenges and limitations
associated with experimental testing of strainers, numerical
simulation has emerged as a practical and effective alternative
[18],[19]. In analyzing strainers, various modeling approaches
have been employed, including Finite Element Analysis
(FEA), which is widely used to evaluate the structural
performance and validate the feasibility of strainer designs
[6],[20]. Numerical analysis enables detailed evaluation of
stress, strain, deformation, and other structural behaviors,
facilitating design optimization and enhancing the overall
safety and reliability of strainers [21].

In this study, structural analysis of a strainer design was
performed using Finite Element Analysis (FEA) [22].
Numerical simulations were carried out to determine stress
and deformation responses, highlighting the importance of
design optimization and structural safety in strainers [23]. The
objective of this study is to investigate the effects of
variations in strainer plate thickness (0.8 mm, 1 mm, and 2
mm) and fluid flow velocity on the resulting stress and
structural deformation in carbon steel strainers. The primary
focus is to identify the locations of maximum stress
concentration and peak deformation within the strainer
structure, as well as to evaluate whether the design remains
within safe material limits under specified flow conditions.
The findings of this study are expected to serve as a reference
for designing industrial strainers that are structurally stronger,
more efficient, and safer under high-flow conditions.

2.0 METHODS

In this study, the test geometry was designed based on
parameters and specifications relevant to the hydrocarbon gas
industry [24], as outlined in Table 1. The test material used is
carbon steel with a straight hole pattern [25],[26]. According
to previous research [27], the pressure drop (AP) across a
straight hole configuration is higher compared to a staggered
hole configuration, resulting in a greater structural load on the
strainer with a straight hole pattern.

Table 1: Strainer test geometry specifications [28]

D (Inch) d (mm) Pitch s (mm) L (mm)
(mm)
6 4 6 0.8, 1 and 432

2

Based on these specifications, three strainer test
geometries were developed, corresponding to three variations
in plate thickness, as illustrated in Figure 1.

Symbol Information
L Large
D Diameter
a Angle
s
d

Thickness
Hole Diameter

Figure 1: Strainer geometry [6]

2.1 Fluid Regions [29]

In areas containing fluid, flow simulation calculates the
Navier Stokes equations, which describe the principles of
conservation of mass, momentum, and energy.
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In flow simulation, the transport equation is used to
determine the turbulent kinetic energy and its dissipation rate,
by applying the k-omega model. The modified k-omega
turbulence model with the damping function of Lam and
Bremhorst (1981), which is used to describe laminar,
turbulent, and transitional flow in homogeneous fluids, is
based on the following turbulence conservation law:
gkl
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2.2 Von Mises Stress

Von Mises stress, also known as equivalent stress,
represents a combined measure of multiple stress components
acting on a material [30]. In the strainer, von Mises stress
arises from the fluid pressure exerted on the strainer walls.
This interaction between the fluid flow and the structure is
commonly referred to as Fluid-Structure Interaction (FSI)
[31].
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2.3 Simulation with FEA

In Figure 2 depicted the flowchart illustrates the stages of
the data collection process in this study. It begins with
creating the strainer test geometry based on the specified
parameters, along with defining the flow domain representing
the fluid flow path. This is followed by the fluid flow
simulation stage using the Fluent solver, which includes
meshing, setting boundary conditions, and assigning material
properties. Upon completion, the flow simulation results are
transferred to the static structural analysis stage to evaluate
the strainer’s structural response. This stage involves
meshing, defining fixed supports, assigning material
properties, applying pressure loads, and solving the model.
Finally, the simulation results are analyzed to draw
conclusion.

3.0 RESULT AND DISCUSSION

In this study, the structural resistance of the strainer is
evaluated under pressure exerted by a fluid in the form of
hydrocarbon gas (methane). A comparative analysis is
conducted to examine the effect of varying plate thicknesses
(0.8 mm, 1 mm, and 2 mm) under different flow velocities
(7.59 my/s, 9.59 nv/s, and 11.59 m/s).

3.1 Straight Type Strainer Results Plate Thickness 0.8 mm

The FEA simulation results for the strainer with a straight
holes configuration and a plate thickness of 0.8 mm were
evaluated under flow velocities of 7.59 m/s, 9.59 m/s, and
11.59 m/s. The analysis focused on von Mises stress and total
deformation to assess the structural response under varying
flow conditions.

a. Velocity 7.59 m/s

As shown in Figure 3, the strainer with a straight hole
configuration and a plate thickness of 0.8 mm undergoes
deformation due to von Mises stress induced by a fluid flow
velocity of 7.59 m/s. The highest stress concentration is
observed at the bottom (base) of the strainer, with a value of
14,158 N/m?, while the lowest stress occurs at the tip (outlet
end) of the strainer, measuring 1.2245 N/m?.

START
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Figure 2: Data collection flowchart
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Figure 4: Total deformation result on 0.8 mm thick strainer at 7.59 m/s flow velocity
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As shown in Figure 4, the deformation results exhibit an
inverse pattern relative to the stress distribution. The
maximum deformation occurs at the tip (outlet end) of the
strainer, with a value of 1.0274 x 10® m, while the minimum
deformation is found at the base of the strainer, with a value

of 1.1416 x 10 m.

Using the same method, the total deformation and von
Mises stress results for flow velocities of 9.59 m/s and 11.59
m/s were obtained, as summarized in Table 2.

Table 2: Results of von Mises stress and total deformation of 0.8 mm plate strainer

Von Mises Stress (N/m?)

Total Deformation (m)

Velocity (m/s)

Max Min Max Min
7.59 14,158 1.2245 1.0274x107 1.1416x107
9.59 22,474 2.8878 1.6241x10° 1.8045x107
11.59 32,826 2.7887 2.3532x10° 2.6146x107

3.2 Straight Type Strainer Results Plate Thickness 1 mm

The FEA simulation results for the strainer with a straight
hole configuration and a plate thickness of 1 mm were
analyzed under flow velocities of 7.59 m/s, 9.59 m/s, and
11.59 m/s. The results include von Mises stress and total
deformation, which reflect the structural response of the
strainer under varying flow conditions.

a.  Velocity 7.59 m/s

Figure 5: Figure 5: Von mises stress distribution on 1

As shown in Figure 5, the strainer with a straight hole
configuration and a plate thickness of 1 mm experiences
deformation due to von Mises stress generated by a fluid flow
velocity of 7.59 m/s. The highest stress concentration is
observed at the bottom (base) of the strainer, with a value of
12,953 N/m?, while the lowest stress occurs at the tip (outlet
end) of the strainer, with a value of 2.28 N/m?.

mm thick strainer at 7.59 m/s flow velocity
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Figure 6: Total deformation result on 1 mm thick strainer at 7.59 m/s flow velocity

As shown in Figure 6, the deformation results display an
inverse relationship to the stress distribution. The maximum
deformation occurs at the tip (outlet end) of the strainer, with
a value of 1.2641 x 10°* m, while the minimum deformation
is observed at the base of the strainer, with a value of 1.4045
x 107° m.

Using the same method, the total deformation and von
Mises stress results for flow velocities of 9.59 m/s and 11.59
m/s were obtained, as summarized in Table 3.

3.3 Straight Type Strainer Results Plate Thickness 2 mm
The FEA simulation results for the strainer with a straight
holes configuration and a plate thickness of 2 mm were

analyzed under flow velocities of 7.59 m/s, 9.59 m/s, and
11.59 m/s. The results include von Mises stress and total
deformation, which reflect the structural response of the
strainer under varying flow conditions.

a. Velocity 7.59 m/s

As shown in Figure 7, the strainer with a straight hole
configuration and a plate thickness of 2 mm experiences
deformation due to von Mises stress induced by a fluid flow
velocity of 7.59 m/s. The highest stress is concentrated at the
bottom (base) of the strainer, with a value of 9,513.5 N/m?,
while the lowest stress occurs at the tip (outlet end) of the
strainer, measuring 3.4532 N/m>

Table 3: Results of von Mises stress and total deformation of 1 mm plate strainer

Von Mises Stress (N/m”)

Total Deformation (m)

Velocity (m/s) Max Min Max Min
7.59 12,953 2.2800 1.2641x107 1.4045x107
9.59 20,733 4.1644 1.992x10°® 2.2133x107
11.59 30,472 5.5468 2.9067x10° 3.2297x10°
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Figure 8: Total deformation result on 2 mm thick strainer at 7.59 m/s flow velocity
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As shown in Figure 8, the deformation results exhibit an
inverse relationship to the stress distribution. The maximum
deformation occurs at the tip (outlet end) of the strainer, with
a value of 1.2206 x 10°* m, while the minimum deformation
is observed at the base of the strainer, with a value of 1.3562
x 107 m.

Using the same method, the total deformation and von
Mises stress results for flow velocities of 9.59 m/s and 11.59
m/s were obtained, as summarized in Table 4.

Figure 9 presents the relationship between fluid flow
velocity and von Mises stress on strainers with varying plate
thicknesses of 2 mm, 1 mm, and 0.8 mm. It is evident that von
Mises stress increases with higher flow velocities.
Additionally, plate thickness significantly influences the
magnitude of stress; the thinner plate (0.8 mm) experiences

higher stress levels compared to the thicker plate (2 mm). At
the highest velocity of 11.59 m/s, the stress reaches 32,826
N/m? for the 0.8 mm plate. These results highlight the critical
role of plate thickness in resisting fluid pressure loads, which
intensify as flow velocity increases.

Figure 10 illustrates the relationship between fluid flow
velocity and total deformation in strainers with plate
thicknesses of 2 mm, 1 mm, and 0.8 mm. The graph indicates
that total deformation increases with rising flow velocity.
Notably, the highest deformation occurs in the strainer with a
1 mm plate thickness, reaching up to 2.91 x 10®* m at a
velocity of 11.59 m/s. Conversely, the thickest plate (2 mm)
exhibits the lowest deformation. These results demonstrate
that material thickness plays a crucial role in resisting
deformation under increasing fluid load conditions.

Table 4: Results of von Mises stress and total deformation of 2 mm plate strainer

Von Mises Stress (N/m?)

Velocity (m/s)

Total Deformation (m)

Max

Min

Max Min

7.59
9.59
11.59

9,513.5
15,119
21,975

3.4532
5.3255
7.439

1.2206x10° 1.3562x107
1.9463x10° 2.1626x10”
2.8229x10°® 3.1365x10”

32826

Velocity (m/s)
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Figure 9: Velocity vs Von mises stress
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Figure 9 and Figure 10 show that the fluid flow velocity
and plate thickness have a significant effect on the von Mises
stress and total deformation of the strainer.

In Figure 9 illustrates that as the flow velocity increases,
the von Mises stress also rises. The 0.8 mm plate experiences
the highest stress of 32,826 N/m? at a velocity of 11.59 m/s,
whereas the 2 mm plate only reaches 21,975 N/m?. Figure 10
shows a similar trend in deformation. The maximum
deformation occurs in the 1 mm plate at 2.91 x 10°® m, while
the 2 mm plate exhibits a deformation of only 2.82 x 10°® m
at the highest velocity. These results indicate that thinner
plates tend to experience greater stress and deformation
concentrations due to their limited capacity to withstand fluid
flow loads. Compared to the findings in studies [32,33], this
increase in stress and deformation in thinner plates aligns with
fundamental material strength theory, where a reduction in
material thickness decreases the moment of inertia, making
the structure more susceptible to elastic and plastic
deformation. The technical implication is that plate design in
high-velocity fluid flow systems must consider a minimum
thickness to prevent structural failure.

The simulation results indicate that the highest von Mises
stress occurs at the bottom or base of the strainer, where the
fluid pressure load is greatest. Conversely, the total
deformation exhibits an opposite trend, with the maximum
deformation occurring at the tip of the strainer and the
minimum deformation at its base. After validation, these
results and phenomena are consistent with similar studies
conducted by [6]. Therefore, selecting the appropriate plate
thickness is crucial in strainer design to maintain structural
integrity against fluid pressure and velocity.

4.0 CONCLUSION

Based on the Finite Element Analysis (FEA) simulation
conducted on a 6-inch strainer with a straight-hole pattern and
plate thickness variations of 0.8 mm, 1 mm, and 2 mm, the
following conclusions can be drawn: This study demonstrates
that the structural performance of the strainer under varying
fluid flow velocities is significantly influenced by plate
thickness. Thinner plates exhibit higher stress and
deformation concentrations, making them more susceptible to
structural failure due to their reduced capacity to withstand
fluid-induced loads. The location of maximum von Mises
stress at the base of the strainer and maximum deformation at
its tip identifies critical zones that require special attention in
the design process. These findings are consistent with
fundamental principles of material strength and are supported
by previous research, emphasizing the importance of selecting
a minimum plate thickness to maintain adequate structural
integrity. For future strainer designs operating under high-
velocity fluid flow conditions, engineers should prioritize
optimizing plate thickness to achieve a balance between
durability and material efficiency, thereby preventing
premature failure and improving operational safety. Among
the tested configurations, the 2 mm plate demonstrates
superior structural response compared to the 0.8 mm and 1
mm plates. However, all thickness variations remain within
safe limits, as the maximum stresses observed are well below
the yield strength of carbon steel, which ranges from 2.5 x 10®
- 5 x 108 N/m?. Therefore, the strainer design used in this

study is deemed structurally feasible and safe against potential
failure.
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