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ABSTRACT - Structural strainers play a vital role in oil and gas processing facilities by removing solid
contaminants from process fluids and protecting downstream equipment. In a Low Temperature Separation
Unit (LTSU), a premature failure occurred at the handle punching plate connection of a strainer after
approximately five years of continuous operation. This study aims to identify the root cause of the failure
and to evaluate improved design configurations capable of withstanding operational loads. A coupled
Computational Fluid Dynamics (CFD) and Finite Element Analysis (FEA) methodology was employed.
CFD simulations were conducted to determine internal flow characteristics, pressure distribution, and
pressure drop under both normal and contingency operating conditions. The resulting fluid-induced pressure
loads were transferred to structural models for FEA to evaluate von Mises stress, displacement, strain, and
unity check (UC) values for three designs with different punching plate thicknesses. The original design
(Geometry A) exhibited high stress concentration at the handle—plate interface and UC values exceeding
allowable limits, explaining the observed field failure. Geometry B showed improved performance under
normal conditions but approached critical limits during contingency operation. Geometry C demonstrated
the best structural integrity, maintaining UC values within acceptable limits in all cases while reducing peak

stresses and deformation. The results confirm that insufficient plate thickness was the primary cause of
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failure and that increasing thickness significantly enhances structural reliability. The study demonstrates

that the coupled CFD-FEA approach is an effective tool for failure diagnosis and design optimisation of

process equipment subjected to fluid-induced loading in oil and gas operations.

Keywords: low temperature separation unit (LTSU), strainer failure, computational fluid dynamics (CFD),

finite element analysis (FEA), oil and gas.
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INTRODUCTION

Strainers are quite important equipment in
pipeline systems, which are used to mechanically
separate suspended particles in flowing fluids or
gases (Akhyan et al., 2025). They use holes or net-
like materials to sieve debris, thus amplifying the
efficiency of operation and minimising the cost of
maintenance. There are several designs, each of
which is designed to reduce the pressure drop and
easily clean the system, which is vital to ensure the
integrity of systems. Strainer technologies have
been developed to deal with challenges of
performance, which include pressure drop, ease of
maintenance and flexibility of changing fluid
conditions. These advancements can be seen
through different unique designs. Concave design
of the strainer is incorporated with a smooth shell
of a sphere together with a concave perforated
plate, allowing for a large trapping area and
minimal pressure drop across the strainer (Beattie
et al., 1983). The strainer described in the paper
utilises a circular, concave, perforated plate within
a spherical shell to effectively remove debris from
gas flow in a pipeline, minimising pressure drop
while maximising the trapping area for particles
(Beattie et al., 1983). The wrappable mesh strainer
incorporates a straining mesh that can be rolled to
expose fresh material, effectively capturing foreign
particles while maintaining fluid flow (Bruchet &
Kanno 2019). A strainer, as described in the paper,
utilises a wrappable straining mesh to mechanically
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remove foreign particles from fluid introduced
through an inlet, allowing clean fluid to flow out
through an outlet after filtration (Bruchet & Kanno
2019). The omega type of the design minimises
flow channel transformation and maximises
screening surface area, enhancing operational
efficiency and ease of maintenance (Kim 2009).
The strainer described in the paper utilises an
omega-type screen to filter foreign objects from
fluid, preventing malfunctions in machinery and
pipelines. It features a straight-line inlet and outlet,
enhancing operational efficiency and ease of
maintenance (Kim 2009).

In addition to the mechanical issues of filtration,
new strainers offer physical operational advantages
that directly result in the economics and reliability
of systems. The benefit of less energy loss is one of
the major ones. One of the most important aspects
when it comes to pipeline operations is energy
efficiency, and the choice of strainer also
contributes a lot to the maintenance of optimal
hydraulic performance (Akhyan et al., 2025).
Strainers like the in-line pipeline strainer are
designed to minimise energy loss, which can
significantly lower operational expenses (Rea et al.,
1984). The paper describes a pipeline strainer
featuring first and second perforated conical sheet
metal walls, designed to remove particles from
fluid flow. It includes a removable strainer element
for maintenance, ensuring effective filtration within
the pipeline system (Rea et al., 1984). Some
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strainers include features like air release valves and
baffles to manage entrained gas and debris,
ensuring smoother operation (Richter & Martin
2017). Yes, a strainer is a device that uses a
straining element to mechanically remove particles
from a flowing fluid or gas in a pipeline, as
described in the research paper, which details a
pipeline strainer with various features (Richter
Martin 2017). Strainers are a crucial device of the
modern pipeline system because they offer
mechanical filtration, minimise equipment failures,
and enhance the efficiency of work. Design
innovations. These include concave plates,
wrappable mesh elements, as well as omega-type
screens and indicate continuing developments in
the way of improving the performance of filtration
whilst reducing loss of pressure. Nevertheless, their
performance can be controlled to ensure that their
overall performance is optimised through close
attention to the behaviour of fluids, the behaviour
of particles, and system working conditions.
Ongoing strainer design research will help provide
more efficient, reliable and flexible fluid
processing systems.

The low temperature separation unit (LTSU)
strainer is very important in the efficient separation
of gas elements, especially in petrochemical
processes. It is optimised to work in low
temperatures, which makes it easy to eliminate
impurities and allows a higher level of purity of the
gas being separated. The LTSU normally has a
completion of structural constituents that
streamlines its functionality, such as a cylinder
body, demisters, and multiple discharges of gas and
liquid substances. The working of the LTSU
strainer is directly associated with its structural
design, which is designed in such a way that it
leads to a higher rate of phase separation and
eliminates blockages during low temperatures of
operation. The major arrangement of the LTSU is a
vertical cylinder body, into which the internal
separation elements are set. The LTSU typically
features a vertical cylinder with a tangential inlet
for material, a flushing prevention baffle, and a
demister to separate gas from liquid (Zhang & Xiao
2012). The arrangement of components, such as the
demister above the baffle, optimises gas flow and
separation efficiency (Zhang & Xiao 2012). The
paper describes a low-temperature separator

featuring a flushing prevention baffle and a
demister, which are crucial for efficient gas-liquid
separation in petrochemical processes, ensuring
effective separation of liquefied gas components
within the cylinder body (Zhang & Xiao 2012).

The LTSU strainer is used in processing low-
temperature gas, which is inefficient in terms of
operational efficiency. The LTSU utilises a low-
temperature method of taking advantage of
variations in condensation and freezing points of
gas mixtures. This is quite useful in dehydrating
natural gas, separating hydrocarbons, and
condensate  materials. The
processing allows achieving high separation power
with minimal chemical treatment, which improves
the overall performance of the plant (Zhu et al.,
2022). Second, wax management by the oiling
technique. One of the operational problems that
LTSUs face is low-temperature wax precipitation.
A new mitigation process is to inject oil into the
system that will reduce the precipitation
temperature of the wax. This ensures a lower
chance of wax deposition, none of the strainer and
related pipelines is blocked, and it
continuous and safe operation (Zhu et al., 2022).
There is an initial implication of cost in the
application of advanced operation strategies,
especially the oiling process to manage the aspect
of the wax. Nevertheless, in the long-term, there
are proven economic gains in spite of the fact that
the initial investment is significant. The method
enhances the reliability of the system, minimises
unplanned failures, increases the service life of
equipment, and expenses of
maintenance related to the removal of wax (Zhu et
al., 2022). Consequently, the practices lead to
better performance in the lifecycle and overall
profitability of its operation. On the other hand,
although the LTSU strainer is practical, problems
like the deposition of wax in low temperature
conditions may hamper the operation. To solve
these problems and make LTSUs more efficient
overall, constant improvements in design and
operational methods are needed (Zhu et al., 2022).

low-temperature

allows

alleviates the

The modern oil and gas processing facilities
have low-temperature separation units (LTSU) as
part of them. Their main role is the effective
separation of hydrocarbons at low temperatures,
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which is a process necessary in optimising the
extraction and purification of natural gas liquids
(NGLs). Through their effectiveness in separation,
LTSUs ensure high recovery of valuable
hydrocarbons and work to reduce the use of energy
and cut down total operational expenses. Their
design and use point to the industry consideration
of efficiency, safety, and economic viability.

The dynamics of LTSUs lie in the fact that their
success in operations is based on the accurate
control of thermodynamic and fluid dynamic laws.
Diphlegmation and fractionation are some of the
processes commonly used in these units to separate
the lighter hydrocarbons and the heavier
components. The incoming gas stream is, in
practice, cooled first in recuperative heat
exchangers. The condensation of the hydrocarbons
is also caused by this cooling, and it is then
collected and separated using low-temperature
separators  (Vladislavovich ~ 2019).  Utilising
fractionation columns, the lighter hydrocarbons are
separated from heavier components. The process is
enhanced by recycling condensed vapours to
improve efficiency and reduce refrigeration needs
(Currence 2016). Enhanced LTS processes require
less refrigeration while achieving higher recovery
rates of valuable hydrocarbons. This is
accomplished through advanced designs that
minimise compression requirements and optimise
energy use (Currence 2016; Kurochkin 2020). The
paper describes the enhanced low temperature
separation (LTS) process reduces refrigeration
needs while maximising recovery of heavier
hydrocarbons. It utilises an absorber and de-
ethanizer tower, achieving efficient separation with
less compression compared to conventional LTS
processes, ensuring product quality. The
temperature and pressure inside LTSUs are very
sensitive, and the slightest deviation may affect the
performance of the separation process and the
quality of products greatly.

LTSUs provide significant benefits from an
economic perspective. Conventional hydrocarbon
separation processes can be characterised by high
energy requirements, but LTSUs can also achieve
similar or higher separation efficiency with less
energy use, which is directly converted into the low
cost of operation (Zhu et al.,, 2022). Besides
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technological achievements, like the integration of
oiling processes, also improve the unit
performance, reducing wax deposition, which is a
typical operation issue that may hinder the flow
and affect equipment integrity (Zhu et al., 2022).
Although LTSUs, along with their design and
installation, can be expensive, the benefits can
be extremely high in the long run, even though
the initial capital cost may be substantial,
because the technology ensures greater recovery
of hydrocarbons, energy efficiency, and less
maintenance.

To sum up, low-temperature separation units are
a hallmark of effective hydrocarbon processing in
the oil and gas industry (Nursyifa 2017). Using
state-of-the-art cooling, condensing, and separation
methods, LTSUs optimise the yield of useful NGLs
and reduce energy costs and other operational
inefficiencies. Their application is important in
contemporary hydrocarbon processing,
though it involves careful planning and requires a
lot of investment, the operational and economic
returns justify it. With the industry still geared
towards sustainability and efficiency, LTSUs will
still be a vital technology towards the quest to
extract resources in an optimised manner.

cven

The fundamental difference between the two
computational methods of engineering design, that
is, between the Computational Fluid Dynamics
(CFD) and the Finite Element Analysis (FEA) is
the aspect of their specialisation and the problem
they are supposed to address. The behaviour of
fluids, liquids, and gases and the phenomena of
fluid flow, turbulence, pressure distribution and
heat transfer are the main concerns of CFD. This
renders CFD critical in the analysis of components
or systems where the fluid flow is a dominating
factor, e.g. in pipelines, compressors, gas turbines,
heat exchangers and aerodynamics. Mechanically,
on the contrary, FEA is concerned with how solid
structures behave in response to different forms of
loading. It studies the stress distribution,
deformation, vibration properties, and possible
failure modes to make sure that the parts will be
able to sustain the conditions of operation in a safe
and reliable way. CFD is especially useful when an
engineer needs to know about the finer aspects of
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the fluid flow in or around a system. It is able to
display velocity profiles, pressure drops and
temperature gradients that enable designers to
assess the efficiency and performance of fluid-
dependent processes. As noted by Hadebe et al.
(2024), CFD offers sufficient information about the
behaviour of fluids in various situations at the
boundaries. Moreover, in fluid mechanics-based
systems, like gas turbines, the CFD tools are
essential in  optimising the combustion
performance, cooling methods and the entire
performance of the system (Amirante et al., 2012).
Conversely, FEA is the methodology to use in the
evaluation of the structural integrity of
components. It allows engineers to model the
behaviour of materials to mechanical forces,
pressure, vibration and thermal expansion. Hadebe
et al. (2024) have suggested that FEA is used to
determine the ability of a component to withstand
the operational stresses without collapsing. FEA is
essential in complex mechanical systems like
turbochargers, where it is used to determine the life
of fatigue, structural deformation prevention, and
safety at high rotational speeds and varying loads
(Luczynski et al., 2019).

The use of CFD and FEA as a combination is
increasingly becoming important to modern
engineering design, where algorithms like fluid
flow and structural response are strongly coupled.
The latest developments in the field of simulation
technology have provided the capability to perform
thermal coupling, in which the temperature fields
calculated using CFD can be input into FEA
models to determine the resulting thermal stresses.
Sun et al. (2008, 2010) showed that an iterative
data exchange of temperature and heat flux
between the CFD and FEA is an effective means of
improving the accuracy of simulation of complex
thermal interactions. It is particularly essential in
systems with a high temperature like gas or steam
turbines, where fluid behaviour and structural
capabilities affect the general performance and
stability (Amirante et al., 2012). In spite of the fact
that coupled simulations are more complete and
realistic in their predictions, there are situations
when uncoupled methods can be the best. In cases
where computational facilities are scarce or where

the interplay between fluid and structure is not so
strong that complete modelling is of little extra use,
engineers can decide to perform CFD and FEA
independently.  Uncoupled  approaches, as
Luczynski et al. (2019) observe, can affect
accuracy in some way, although they allow quicker
analysis, which can also be worthwhile in the case
of initial design or when a quick iteration is
required. Finally, CFD and FEA play different but
significant roles in engineering design, and the
knowledge of their differences, including the
way these tools can be combined, will enable
engineers to choose the best one to use in every
stage of analysis.

The Low Temperature Separation Unit (LTSU)
strainer plays a very crucial role in the stability and
security of downstream processing procedures,
especially in the gas handling and separation
systems. One of the LTSU strainers suffered a
structural failure five years after being in
continuous service. The fault was found on the
upper part of the unit, at the point of connection of
the punching plate and handle structure. The image
in Figure 1 shows the damaged strainer. This is a
local failure, which indicates the possibility of
mechanical strength weakness, design constraints,
and unexpected operational loads, which are
beyond the initial design expectations. It also poses
safety hazards, downtime in operations, as well as
potential system contamination in case debris or
broken parts get into the downstream equipment.
Since several of the strainers in the system are
designed and operate in the same way, it is
imperative to research whether this operational
mechanism is exclusive or systemic. In order to
avoid recurrence, a thorough analysis that
both fluid behaviour and

response must be conducted. This will assist in the

combines structural
identification of the failure mode, be it due to the

abnormal distribution of pressure, excessive
pressure drop, cyclic stresses, fatigue, or poor
material strength. This kind of understanding is
essential in defining the corrective measures,
design modifications and maintenance measures to
improve the level of reliability of every LTSU

strainer in service.
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Figure 1. Strainer conditions during operation show catastrophic failure, leading to debris pass-through
and potential downstream component damage.

The main goal of this research is to properly
investigate the performance and structural integrity
of the Low Temperature Separation Unit (LTSU)
strainers of SP22-2112, 2119, 2222, and 2229
strainers with a view to trying to figure out what
might have led to the failure observed. This
involves carrying out extensive CFD simulations to
examine the fluid flow behaviour with special
focus on assessing the pressure distribution and in
determining the nature of pressure drop based on
each strainer model. Simultaneously, the paper
would measure the mechanical strength of the
strainer components through the performance of
Finite Element Analysis (FEA) under loading
conditions of fluids. Structural assessment is aimed
at checking the rates of Von Mises stress,
displacement, and strain of the individual parts and
unit tests that determine whether the parts are
working within the reasonable safety margins or
not. These analyses will give a complete picture of
the performance of the strainers and suggestions on
how to enhance the design integrity and prevent
failure of the strainers in future.

METHODOLOGY

In this section, the general methodology used in
the investigation of the structural failure which
took place in the connection between the handle
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and plate of the punching of the LTSU strainer is
described. The method is a combination of both
FEA and CFD in order to encompass the effects of
fluid loading and the structural response. CFD
simulations were performed to model the flow
behaviour of oil and gas fluids within the LTSU
strainer under operational conditions. CFD is
initially used to study the pressure distribution and
pressure drop properties, then, the loads forced by
the fluid are studied in an FEA system to determine
Von Mises stress, displacement, strain, and unit
check. Material properties were defined based on
the low-temperature operating environment typical
in oil and gas processing, ensuring accurate
prediction of brittle or fatigue-prone behaviour
(Sunarjanto et al., 2017).

The failure of the LTSU strainer involves both
fluid behaviour and structural response, requiring
analysis of fluid-structure interaction effects. CFD
was used to determine the pressure distribution and
pressure drop within selected LTSU strainers,
while FEA was applied to evaluate structural
integrity under the resulting fluid-induced loads in
terms of Von Mises stress, displacement, strain,
and unity check. The combined CFD-FEA
approach provides a comprehensive and cost-
effective method for identifying failure
mechanisms in complex pipeline components
where experimental testing is limited.
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The structural failure of the Low Temperature
Separation Unit (LTSU) strainer involves coupled
fluid and mechanical effects, requiring analysis of
both flow behaviour and structural response. The
integration of Computational Fluid Dynamics
(CFD) and Finite Element Analysis (FEA) offers a
robust framework for evaluating complex systems
like the LTSU strainer. CFD excels in simulating
fluid flow, capturing velocity fields, pressure
distributions, and turbulence characteristics
through numerical methods that solve the Navier-
Stokes equations (Giilich 2014); Schmidt 1987).
Conversely, FEA focuses on structural integrity,
assessing stress, strain, and deformation under
various loading conditions (Odabaee et al., 2014).
By combining these methodologies, engineers can
transfer fluid-induced forces from CFD to FEA,
enabling a comprehensive analysis of both fluid
dynamics and structural responses.

CFD provides detailed insights into flow
phenomena, essential for understanding internal
dynamics in enclosed systems (Li et al., 2024). It
allows for analysis without physical alterations to
the system, making it ideal for complex geometries
(Nakayama, n.d.). FEA evaluates how structures
respond to fluid forces, calculating
parameters like stress and displacement (Odabaee
et al.,, 2014). Accurate input data from CFD
enhances the reliability of FEA results, ensuring
realistic assessments of safety factors (Schmidt
1987). While the CFD-FEA approach offers a
comprehensive evaluation, it is important to note
that the accuracy of both methods heavily relies on
the quality of the input data and the assumptions
made during modelling.

critical

While both methods offer significant
advantages in design optimisation and performance
prediction, they also come with notable

disadvantages that can impact their effectiveness in
certain applications. CFD limitations include being
computationally intensive, requiring significant
processing power and time, especially for complex
simulations (Computational Fluid Dynamics, n.d.).
Results can be sensitive to mesh quality and
boundary conditions, potentially leading to
inaccuracies (bakker & marshall, n.d.). While FEA
limitations such as may not accurately capture fluid
-structure interactions unless coupled with CFD,

which can complicate the analysis (Sun et al.,
2009), it requires extensive validation against
experimental data to ensure reliability, which can
be resource-intensive (Li et al., n.d.). While CFD
and FEA are invaluable tools in modermn
engineering, their limitations necessitate careful
consideration of their application contexts. In some
cases, simpler analytical methods may suffice,
particularly when computational resources are
constrained or when rapid assessments are needed.

Simulated strainer geometry

The geometry of the simulated strainers is
composed of a series of connected conical
(simulated strainer) that are permeable to sizable
particles (such as carbon fibre or other porous
materials) but not smaller particles. The geometry
of the simulated strainers is made up of a series of
connected conicals (simulated strainer), which are
permeable to large sized particles (diameters of
carbon fibre or other porous materials) but not
smaller particles. The physical structure and
configuration of the LTSU strainer is digitally
constructed to reflect its physical structure and
operational set-up. The geometry comprises a mesh
screen, a ring plate and a punching plate such that
all the aspects affecting the flow behaviour and
structural loads are captured correctly. Both CFD
and FEA simulations are based on this geometry
model and permit a consistent understanding of
fluid forces and structural performance that can
be used across domains.

Original geometry

The original geometry of the LTSU strainer is
as shown in Figure 2. This geometry was obtained
from the design specifications and includes key
features such as the mesh screen, ring plate, and
punching plate. The geometry has been redrawn in
SOLIDWORKS to accurately reflect the
modifications and to facilitate the CFD and FEA
simulations. The changes in the thickness of the
punching plate are depicted in the redesigned
model. For the purpose of simulations, the
following modifications have been made to the
strainer. These three variants are hereby referred to
as Geometry A, Geometry B, and Geometry C, as
shown in Figure 3.
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Figure 2. The strainer technical drawing, shows the design specifies an A815 UNS S31803 duplex stainless sieel

punching plate, providing a high strength-to-weight ratio and superior resistance to chloride stress corrosion cracking
compared to standard 300-series steel.

Table 1. Strainer geometry for simulation

Geometry Modification Remark
A Unmodified, original model Punching Plate Thickness = 6 mm
B 2 mm increase in the punching plate thickness Punching Plate Thickness = 8 mm
C 4 mm increase in the punching plate thickness ~ Punching Plate Thickness = 10 mm

Figure 3. The strainer model for Geometry A, B, and C in SOLIDWORKS shows the conical shape is specifically
engineered to reduce pressure loss and prevent excessive vortex formation, as confirmed by CFD simulations.
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Strainer porous media

Calculation for the opening area of the strainer
is based on data in 3.2.11 Book 100 of
170 Strainer Dossier. Figure 4 shows data for
strainer porous media. Figure 4 provides
quantitative validation for strainer design. It
calculates the Total Initial Pressure Drop (APi) at
0.0656 barG, ensuring that the strainer provides
enough filtration (122% opening area ratio) without
causing an unacceptable loss in system pressure

during startup.

Fluid properties

The thermophysical properties of the fluid used
in the analysis are extracted from the following
PCHE datasheet (Table 2). PCHE stands for
printed circuit heat exchanger.

Calculated thermophysical properties

The following thermophysical properties have
been calculated from the PCHE Datasheet to
support the CFD and FEA analyses of the LTSU
strainers to determine the specific heat at constant
volume (Cv), specific heat ratio (Cp/Cv), and
molecular mass.

Standard case P =30.51 bar g, T =94.3 °C

Table 3. Thermophysical properties for standard case

Property Value Unit
Specific heat ratio (Cp/Cv) 1.202 -
Molecular mass 0.02897 kg/mol
Dynamic viscosity 0.000016 Pa*s
Specific heat (Cp) 1706 J/kg*K
Thermal conductivity 0.0370  W/(m*K)

Table 2. Flow parameters from printed circuit heat exchanger (PCHE) data sheet (Akhyan et al., 2025)

DS-H2205-9 PCHE DATA SHEET Sheet 5 of 8
Carigali Hess Operating . . .
Operator Company Sdn Bhd Project Cakerawala booster compression project
Contractor Hyundai Heavy Industries Project No 402025-00889
Enquiry/Order No PO: QE532B2Q66 Item No(s) CKX-E-2104-2144-2204-2244-2184
Equipment Ist Stage Aftercooler No. of items required 5
Case 3: HMB Case HP 3 x . .
Case 33% (P =30.51 bar ) Parallel sections per item N/A
Service per item Side A Side B Rev
1 FLUID CONDITIONS In Out In Out
2 Fluid Hydrocarbon Gas Cooling Water
3 Flow rate, total (kg/hr) 653219 [NOTE 3] 682450 [NOTE 3]
4 Flow rate, gas/vapour (kg/hr) 653219 650475 0 0
5 Flow rate, liquid (kg/hr) 0 2744 682450 682450
6 Temperature (°C) 94.3 40.5 33.0 55.0
7 Design ter?op(;)(max/mm) 160 /29 160 / 29
8  Pressure: inlet/design (barg) 30.5/38.0 4.6/16.0 3
9 Pressure d(rg:;)calc/allow 085/1.03 0747103
10 FLUID PROPERTIES Liq Vap Liq Vap Liq Vap Liq Vap
11 Density (lig/vap) (kg/m*) - 29.0 828 354 995 - 986 -
12 Specific heat (J/kg-K) - 1706 3153 1688 4181 - 4181 -
13 Viscosity (cP) - 0.0160 1.984 0.0140 0.769 - 0.517 --
14 Thermal conductivity - 00370 02320 00310 06213 - 0.6477
(W/m-K)
15 Dew point (°C)
16 CONNECTIONS
17 No. of nozzles 1 1 1 1
Nozzle size
18 (mm NB) 600 NB 600 NB 300 300
19 Flange class C1300 RF C1300 RF C1300 RF C1300 RF
20 Max stra}ner aperture 320 320
(microns)
21 MATERIALS
22 Nozzle material UNS S31803 UNS S31803 UNS S31803 UNS S31803
23 Flange material UNS S31803 UNS S31803 UNS S31803 UNS S31803
24 Header material UNS S31803 UNS S31803 UNS S31803 UNS S31803
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3. CALCULATION FOR OPENING AREA OF STRAINER

4.PRESSURE DROP CALCULATION ACROSS STRAINER

1) PERFORATED PLATE. (60° ZIG ZAG)

d : PORE DIAMETER = 10.0 mm
P PITCH = 120 mm
dp : POROUS RATIO
=09lx(d/PR = 0.6319
2) SCREEN (PLAIN WEAVE)
n:MESH = 50
Wd : WIRE DIAMETER = 0193 mm
O : OPENING = 0.315 mm
Pt:PITCH = 254 /n = 0.508 mm
ds: POROUS RATIO
=(0/PY)’ =(P- WP - 0.3845
3) ELEMENT OPENING AREA (Ape)
Ape = Atxdpxds = 0.3321
4) RATIO OF OPENING AREA (R)
R=Ape/Anx 100 = 122 %

W THIS CALCULATION IS DESCRIBED IN PERRY'S CHEMICAL ENGINEERS' HANDBOOK CHAFTER 6.19~8.21
1) PRESSURE DROP OF CONTAINER (4Ph)
* NOZZLE VELOCTTY (Vn) = Qv / An = 3369845 mysec
* LOSS COEFFICENT {K=MEASURED VALUE) : 04
#Ph = K x (Vn/(2*gc)) x p x 107" kgfem® = 0.051889 kg/m'G

2) PRESSURE DROP OF WIRE MESH SCREEN (4Ps)
* SCREEN VELOCTTY {Vs) = Qv / At =
*NRC = (Dsx 107 x Vs x p) / {ds x px 107) = 7740910
* DISCHARGE COEFFICIENT (Co=0.1xNRC¥3) © 879824289
APs = (1/C5") x ((1-ds")/ds”) x (Vs’/(2 » ge)) x p x 10™ - 0.000388 kg/m'G

67521 mfsec

3) PRESSURE DROP OF PUNCHING PLATE {&Pp)

* WEIGHT FLOW RATE (Qw) = Qvxp = 206.6721 kgfsec

*t/d = 020
*NRC = {Qwx d x 107) 7 (Af x p x 107) = 149529461
"Cox(P/a™ = 0746
* QRIFICE COEFFICIENT (Cg) ¢ 0.7325

APp ={[QWH{I-HAIALF)/2 x gc x p x Co” x AF)) x 107" - 0.0146016 kg/m'G

** INITIAL PRESSURE DROP (TOTAL) **

APi = APh + APs + APp = 0.0668787 kg/m'G (0.0656 barG)

Figure 4. Calculation for opening area of strainer

Contingency case P = 36.61 bar g, T =113.16 °C

Table 4. Thermophysical properties for contingency case

Property Value Unit
Specific heat ratio (Cp/Cv) 1.236 -
Molecular mass 0.02546 kg/mol
Dynamic viscosity 0.000016 Pa*s
Specific heat (Cp) 1706 J/kg*K
Thermal conductivity 0.0370  W/(m*K)

Boundary conditions

The initial and boundary conditions at the inlet
and outlet of the strainers refer to the flow
condition as specified in the PCHE Datasheet, as
shown in Table 5. Actual condition is hereby
referred to as (Case 1). Simulating contingency is a
common practice to account for uncertainties and to
identify potential risks and weaknesses in the
current design. Therefore, the actual condition with
20% increase in fluid temperature and pressure is
hereby referred to as (Case 2).

Table 5. Boundary conditions for case 1 and case 2

CFD mesh

A computational mesh is generated for the
fluid domain to perform a CFD simulation.
Mesh quality is ensured to capture pressure and
flow distribution around the strainer and handle.
Figure 5 shows the CFD mesh of the strainer for
geometries A, B and C.

FEA mesh

The finite element analysis (FEA) mesh used
for the structural analysis of the LTSU strainer is
described below. The mesh was generated to
ensure high-quality resolution of the structural
features, enabling accurate simulation of stresses,
displacements, strain, and UC. Figure 6 below
shows the FEA mesh applied to the LTSU strainer.

Table 6. Mesh quality metrics

Bouqd.ary Case 1: pase 2: Unit
conditions Actual value Contingency

Inlet flow rate 653219 783862.8  kg/hr
Outlet flow rate 650475 780570  kg/hr
Inlet fluid 30.51 366 Barg
pressure

Temperature 94.3 113.16 °C

Mesh quality metrics Value  Remarks
Max element size 97.4mm None

Min element size 4.87mm None

Total nodes 88,340  None

Total elements 43,659  None

Max Aspect Ratio (AR 75.483  None

% of Elements with AR <3 = 97.86% Fulfilled FEA
97.86 mesh criteria
% of Elements with AR > 10 1.07%  Fulfilled FEA

mesh criteria
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The majority (97.86%) of elements have an AR
lower than 3, indicating equilateral meshes with
lower numerical errors, as shown in Figure 7.
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ltem Mesh Display

Geometry A, B,
and C

Eeinsent leel]]

LT

Figure 5. The CFD mesh of the strainer for geometries A, B, and C shows the mesh density has been refined (red
zone) near the narrow flow channels and distal tip to better capture the high velocity gradients
and local pressure effects critical for performance validation.

Figure 6. This figure displays a blended-curvature mesh, where the element size is automatically adjusted based
on local geometric complexity.
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RESULT AND DISCUSSION

Pressure distribution and pressure drop

The three results of pressure-drop of the three
strainer geometries, such as A, B, and C, represent
how the design differences affect the resistance of
the fluid-flow under both the Standard Case (Case
1) and Contingency Case (Case 2) operating
conditions, as shown in Table 6.

Geometry A as shown in Figure 8 will be
considered as the reference baseline of both cases,
where the average pressure drops will be 6233.61
Pa (Case 1) and 9361.48 Pa (Case 2) at strainer
punching plate thickness = 6 mm. Actual condition
is hereby referred to as (Case 1). Simulating
contingency is a common practice to account for
uncertainties and to identify potential risks and

Aspect Ratio
7.548e +01
! 6.806¢+01
. 606401
. 5322e401
. 4.580e+01
L 3.937e+01
. 3.0%5e+01
L 2.353¢+01
1.611e+01
8.688¢+00
1.266¢ +00

weaknesses in the current design. Therefore, the
actual condition with 20% increase in fluid
temperature and pressure is hereby referred to as
(Case 2). These baseline values represent the
natural behaviour of the original design, where
Case 2 has much more intense pressure losses as it
is under more adverse contingency conditions, like
higher flow rate or high fluid density. As predicted,
the minimum pressure and maximum pressure
difference in Geometry A also show the same
trend, which decreases from case 1 at about
5985.64-6794.11 Pa to case 2 at 8468.88-10610.30
Pa. Case 1 shows that the pressure distribution is
relatively uniform across the strainer body. The
legend indicates a pressure range from
approximately 3.04 MPa (blue) to 3.07 MPa (red).
The plot shows a gradual transition of colors,
primarily dominated by green and yellow hues in

Figure 7. Aspect ratio (AR) of the strainer

Table 7. Pressure drop for geometry A, B and C

Geometry Pressure Averaged Minimum Maximum  Percentage change in averaged
3 0,

Case  Unit drop  pressure drop pressure drop pressure drop pressure drop (%)
1 [Pa]  6794.1127 6233.6127 5985.6360 6794.1127 Baseline (6233.6127 Pa)
A 2 [Pa]  9144.7638 9361.4759 8468.8778 10610.3041 Baseline (9361.4759 Pa)
1 [Pa]  5903.8971 6511.4571 5800.3610 7363.4831 4.46

B

2 [Pa] 10466.1333 9271.2820 8474.0993 10552.3552 0.96
c 1 [Pa]  7064.3532 6889.0058 6569.0559 7201.3949 10.51
2 [Pa] 10247.0719 9281.4746 9215.6833 10579.5611 0.85
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the conical section, suggesting stable flow. There
are minor localized pressure drops (indicated by
cooler colors) immediately downstream of the
internal stiffener rings, but the overall gradient
remains low. In Case 2, the pressure values are
significantly higher, ranging from approximately
3.67 MPa to 3.69 MPa. The distribution is much
more dynamic and non-uniform. There is a
prominent blue low-pressure zone concentrated in
the center of the cone between the second and third
stiffener rings, indicating high-velocity flow or
turbulence. The pressure gradients near the outlet
(the tip of the cone) are much sharper than those in
Case 1, showing intense high-pressure zones along
the outer walls. Geometry B, as shown in Figure 9,
shows a significant rise in pressure drop as
compared to Geometry A at strainer punching plate
thickness = 8 mm. Actual condition is hereby
referred to as (Case 1). Simulating contingency is a

common practice to account for uncertainties and
to identify potential risks and weaknesses in the
current design. Therefore, the actual condition with
20% increase in fluid temperature and pressure is
hereby referred to as (Case 2). In Case 1, the
averaged pressure drop increases to 6511.46 Pa,
which is an increment of 4.46 percent of the
baseline. This implies that the changes in design in
Geometry B add to the resistance to flow, perhaps
because of a changed layout of perforation, or
limited flow area or constraints of geometry on
streamlines. The impact is greater with Case 2, in
which the averaged pressure drop rises to 9271.28
Pa, yet this equates with a 0.96 increase on the
contingency baseline. This means that Geometry B
acts more like Geometry A in cases of extremes
when the characteristics of the flows would
stabilise because the inertial effects are
overpowering. Case 1 shows that the pressure

Case Pressure Distribution Plot
3T13891
306912009
J0RAI1.27

I' FOG4692 A5
| 306247363
r ME0TSem
r 305803599
1 FOS5E1TAT
35353835
[ 05137953
INEDTT
J0e641.89
04472307
FDA2504.25
04028543
Total Pressure [Pa]
Stramer Pressure Distibuiion: condours
FORGTA06F
3650792533
FORESS0.0T
ZERS19L.61
28382025
360246309
358109853
BETOTIAAT
PETOFETHZ
2 EIT002.46
FOTSEITA0
BETA4IT1.74
267190638
BET1541.02
ETONTS 66
Total Pressure [Pa]
Straner Pregaure Disrbulion: conours

Figure 8. The pressure distribution plot for Geometry A at a strainer punching plate thickness of 6 mm. Geometry A, as

shown in Figure 9, is considered the reference baseline for both cases, where the average pressure drops are 6233.61

Pa (Case 1) and 9361.48 Pa (Case 2) at a strainer punching plate thickness of 6 mm. The actual condition is hereafter
referred to as Case 1.
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distribution plot exhibits a relatively stable and
uniform profile. The legend indicates a total
pressure range from approximately 3.04 MPa to
3.07 MPa. The interior of the strainer is dominated
primarily by yellow and light orange contours,
suggesting a consistent pressure field with minimal
fluctuations. There are subtle green streaks near the
internal stiffener rings, indicating minor localized
pressure drops as the fluid bypasses these structural
elements. Although the overall visual pattern in
Case 2 appears similar to that of Case 1, the scale is
significantly different. The pressure range for this
case is higher, between 3.67 MPa and 3.69 MPa.
The contours within the conical section show a
slightly more pronounced green-to-yellow gradient,

particularly around the central axis and the second
stiffener ring. This suggests that, although the flow
remains  relatively  controlled, the higher
operational pressure begins to concentrate stress
near the narrower section of the cone.

Under Case 1, geometry C, as shown in Figure
10, exhibits the greatest dispersion of performance
of pressure drops at strainer punching plate
thickness = 10 mm. Actual condition is hereby
referred to as (Case 1). Simulating contingency is a
common practice to account for uncertainties and
to identify potential risks and weaknesses in the
current design. Therefore, the actual condition with
20% increase in fluid temperature and pressure is

Case

Pressure Distribution Plot

0708 N

306 3%
3058784 59
305673382
B 305463305
305763278
305058151
304853074
304847997
04442921
304237844

Total Pressure Ps]

Strainer Pressure Distributon: contours

 3688830.25
3685807 54
368206502
368003240
T 3677099.79
F 367416717
367123855
366830193
3665360.32
3662436.70
365950808
365657146
365363085
365070623
364777361

Totsd Pressure [P3]

Strainer Pragsure Distribution: contours:

Figure 9. The pressure distribution plot for Geometry B at a strainer punching plate thickness of 8 mm shows a slight
increase in pressure drop compared with the baseline, indicating that the increased plate thickness (8 mm) introduces
moderate flow resistance while maintaining a relatively stable pressure distribution.
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hereby referred to as (Case 2). Geometry C has the
lowest resistance to the flow with an average
pressure drop of 6889.01 Pa in the Standard Case,
which increases by 10.51 percent compared to the
baseline, the lowest efficient design of the three
geometries. This large enhancement suggests that
the changes which have been made to Geometry C
introduce purposeful constraints on fluid motion,
including more limited perforation compliance or
more turbulence regions. In Case 2, however, the
average change in pressure drop of 9281.47 Pa
causes the change of only 0.85 percent over the
base value. As in Geometry B, the influence of
geometrical differences decreases in importance
under the conditions of high stress, when the
properties of fluids and the loads acting on them
take overall control of the flow behaviour. . Case 1
shows that the pressure distribution exhibits a

highly stable profile, with a total pressure range
from approximately 3.04 MPa to 3.07 MPa. The
interior of the strainer is almost entirely uniform in
olive-green and orange, indicating very low
pressure differential across the conical section. The
streaks of lower pressure (green) observed in
thinner geometries are nearly absent here,
suggesting a very smooth fluid—structure
interaction. In Case 2, the pressure range increases
to approximately 3.64 MPa to 3.69 MPa. Despite
the higher load, the distribution pattern remains
nearly identical to Case 1. The flow appears to be
well guided by the 10 mm plate, with no signs of
central turbulence or low-pressure regions that
were present in Geometry A. The pressure is
consistently maintained along the strainer walls
right up to the apex of the cone.

Case

Pressure Distribution Plot

307143286
30RI3Z6.78
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Figure 10. The pressure distribution plot for Geometry C at a strainer punching plate thickness of 10 mm demonstrates
the highest pressure drop under normal operating conditions, suggesting that the 10 mm thickness significantly alters
the flow behavior while improving flow uniformity and stability.
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Table 7 provides the description of the pressure
drop features of three geometries (A, B and C) in
two operational cases, where Geometry A is the
original design. The validity of the CFD simulation
is based on the baseline values. In Case 1, the
baseline pressure drop is 6233.6127 Pa, which is
very close to the averaged pressure drop of
Geometry A at 6233.6127 Pa. The baseline
pressure drop of 93614759 Pa in Case 2
corresponds to the averaged pressure drop at
Geometry A, and this is another argument towards
the accuracy of the model. This comparison
confirms to the fact that the CFD simulation of the
original geometry is validated, and, consequently,
the numerical model is reliable to represent the real
-life hydraulic behaviour of the strainer. The
validation is important because it would mean that
the future CFD predictions of modified geometries
B and C can be relied on. Therefore, the percent
changes of the averaged pressure drop in
Geometries B and C can give substantial
information regarding the design changes in
relation to hydraulic performance of the tested
confirmed original design.

In conclusion, the comparison of geometries
provides that all the modified designs (B and C)
demonstrate greater pressure loss in comparison
with the baseline, but their influence differs
depending on the operating situation. Geometry C

changes the most under people's operating
conditions, whereas both B and C are nearer to the
baseline  performance  under  contingency

conditions. The findings are crucial in determining
the effectiveness of geometric changes in
enhancing the structural robustness and hydraulic
performance without undermining it too much.

Von mises stress, displacement and strain of
geometry A of the case 1 and case 2 at strainer
punching plate thickness = 6mm

The Finite Element Analysis (FEA) output of
Geometry A under Case 1, as shown in Figure 12
and Case 2 as shown in Figure 13, operating
conditions, gives an insight into the behaviour of
the handle plate assembly to the loads exerted by
the fluid due to fluid CFD results at strainer
punching plate thickness = 6 mm. Actual condition
is hereby referred to as (Case 1). Simulating
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contingency is a common practice to account for
uncertainties and to identify potential risks and
weaknesses in the current design. Therefore, the
actual condition with 20% increase in fluid
temperature and pressure is hereby referred to as
(Case 2). The three important outputs of von Mises
stress, displacement and strain point to the manner
in which the structure responds to normal pressure
loading conditions of the LTSU system.

The von Mises stress contour plot shows that
most of the handle-plate structure is at very low
levels of stress, which is represented by the heavy
presence of dark blue areas. This implies that, in
general, there is not so much stress on the geometry
with Case 1 loading. Nevertheless, localised areas
of high strains in the form of green and yellow
lines are located around the connection area
between the handle and the plate. Such
concentration of the stresses is probably due to
geometric discontinuities, such as sharp edges,
transition of thickness, or weld interfaces. Though
the stress levels in these focal areas are also not
very high as compared to normal material yield
limits, these focal areas are the signs of potential
weak areas where long-term cyclic stress loading
may start fatigue or may eventually result in
cracking. The pattern of stress is in line with the
real point of failure reported in the service, which
supports the applicability of the simulation.

The displacement plot shows the way the
structure will deform due to the pressure load. As
predicted in the case of a cantilever-type geometry,
the displacement progressively intensifies into the
free end of the handle, and the largest deformation
is at the tip. This is depicted through the
development of colours of contours as dark blue at
the fixed end, and orange or yellow at the free end.
Even though the values of absolute displacement
are insignificant (the range is 10-9 to 10-6 m), the
pattern of deformation gives a valuable clue to the
manner in which the load is carried along the
structure. The even distribution means that the
structure behaves without any problem due to the
maturity of the structure, which can support Case 1
loading without the threat of overbending or
instability. Nevertheless, a minor deformation can
add to stress cycling in very important junctions
during repeated functioning cycles.
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Figure 11. The FEA plot for Geometry A — Case 1 indicates low overall stress and deformation under normal operating

conditions,with localized stress concentration at the handle—plate junction,

which highlights a potential fatigue initiation point.
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The trends are also evidenced by the strain plot
in the distribution of stress. There is little strain in
the bulk of the structure, as occurs in the deep-blue
areas that prevail. Localised strain changes are
observed around the connection area and along
areas that have slight bending. These increased
strain bands, like the von Mises stress results, are
associated with geometric complexity areas, so the
strain response depends more on shape transitions
than on the overall intensity of loading. Though the
strain values are not very high in number, the
locations of the strain concentrations may become
relevant in the presence of the cyclic pressure loads
or fluctuating pressure loads, which may lead to the
fatigue of the material in the course of time.

In conclusion, the FEA outcomes of Geometry
A in Case 1 conditions show that the component
will be subjected to low overall stress and
deformation. The stress and strain concentration
around such a junction at the handle level remains,
however indicating that this area is prone to
structural weakness. The results can be used to
understand the reasons behind the real failure in
this field and consider additional design additions
to minimise the stress concentrations, load
redistribution, and increase the structural durability
in the long run.

Case 2, as shown in Figure 12, is the
contingency or abnormal operating condition
within the LTSU system, and in most cases, it is
the increased pressure or sudden changes in the
flow. Case 2 von Mises stress contour indicates
that the magnitude of stress is evidently greater
than that of Case 1. Whereas most of the structure
lies in the low-stress blue spectrum, the fact that
there are larger areas that are shifting to green,
yellow and even light-orange colour is evidence of
more stress on the component. These are high
stresses that are mainly found around the area of
connection between the handle plate, which agrees
with the known area of failure. The increase in
stress on this area with increased pressure loading
indicates that this joint is more prone to increases
in the load. Considering contingency conditions,
such concentrations of stress may become
critical over repetitive cycles, which may lead to
a high likelihood of fatigue cracking or
structural collapse.
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In the plot of the displacement, when the Case 2
conditions are used, the deformation is noticeably
greater than in Case 1. The transition of the blue
gradient into the red is more intense, and the
greatest distance displacement is observed at the
end of the handle. This is not surprising since when
the pressure loads are greater, the bending effects
are also greater along the structure. The amplified
deformation shows the increasing flexibility or way
in which the component is vulnerable to deflection
as the loads increase. Although absolute
displacement values can yet remain within
tolerable ranges, the greater the deflection, the
more stress cycles at the fixed point of connection
with each cycle. This increases the possibility of
fatigue failure of the structure during changing
loads or during extended duty.

The strain distribution is of the general trend
observed in the stress and displacement plots,
whereby higher strain levels are realised in Case 2.
The connection region and the regions with more
bending are represented by the contour map with
more rich green and turquoise areas. These high
values of strain indicate that as pressure loads are
applied to the material in higher than normal
operating conditions, larger deformations are
experienced. Since strain is directly linked with
material fatigue and plastic deformation, the results
clearly demonstrate that the component is more
threatened during contingency operations. The
strains reveal points where the microstructural
damage can be accumulated over time, which may
result in an accelerated cracking or weakening
process of the weld or joint interface.

The FEA outcome of Geometry A in Case 2
proves that contingency operating conditions are
much more demanding to the structure than normal
operation. Stress, displacement and strain are all
augmented, especially in the handle-plate joining
spot, the same area where the real-life structural
failure took place. The conclusion is thus credited
by the simulation that the initial design would
not be stable when exposed to high load
conditions. These results highlight the
improvement in designs, including plate
thickness, weld strength or geometry to decrease
stress  concentration and increase load
distribution in abnormal operation conditions.
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Figure 12. The FEA plot for Geometry A — Case 2 shows increased stress, displacement, and strain under contingency
operating conditions, confirming that the handle—plate junction is highly susceptible
to failure under increased loading conditions.
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Von mises stress, displacement and strain of
geometry B of the case 1 and case 2 at strainer
punching plate thickness = 8mm

The finite element analysis (FEA) findings of
Geometry B of Case 1, as shown in Figure 13,
indicate significant patterns in the structural
response of the tapered constituent at strainer
punching plate thickness = 8 mm. Actual
condition is hereby referred to as (Case 1).
Simulating contingency is a common practice to
account for uncertainties and to identify
potential risks and weaknesses in the current
design. Therefore, the actual condition with 20%
increase in fluid temperature and pressure is
hereby referred to as (Case 2).

The von Mises stress plot shows that the
stresses are the highest at the narrow tip of the
geometry, where the area of cross-section is the
smallest. This is anticipated since narrowing of the
material width causes the load exerted to be
concentrated on a smaller region, which increases
the stress field in the region. The level of stress
reduces by a large percentage as the geometry is
opened up towards the base, and this shows that the
bigger cross-section is more efficient in the
redistribution of the load applied. There are small
localised peaks of stress running along the mid-
section; this could either be due to geometric
transitions or local stiffness variation, although
these cannot be found to exceed the critical levels
found at the tip. By and large, the stress field
indicates that the constriction end of the structure is
the weakest in yielding or collapsing under the
loading condition of the load.

This observation is also confirmed by the plot of
that the highest
displacement is at the same narrow tip of the
geometry. Since the stiffness also depends on the

displacement, as it shows

cross-sectional sizes, the tapering shape gives
inherent higher flexibility to the free end. This
causes the displacement to flow smoothly at the
base, where the deformation is minimal, since the
structure is bound to the tip, whereby the structure
is in the highest degree of total deflection. The
displacement distribution means that though the
component is expected to behave in a certain way
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when it is under load, the tip part might have an
unwanted movement according to the demands
of operation. Sometimes the design needs to be
stiff or geometrical improvements made to
ensure high positional vibration
resistance or low deflection.

accuracy,

The distribution of strains that would represent
deformation when compared to the original shape
of the material follows a similar pattern to the
stresses. The maximum values of strain are
concentrated at the tapered end. This implies that
the area experiences maximum deformation under
the force applied. As the strain is directly
proportional to stress due to the elastic properties
of the material, these findings prove that the tip is
the most important part of it in terms of possible
material stretching or even permanent deformation.
Most of the other geometry is relatively low strain,
indicating that most of the structure has safe elastic
limits during the loading process.

In conclusion, the von Mises stress,
displacement, and strain plots all tend to point at
the narrow tip as the crucial area of the design of
Geometry B within Case 1. It is the region where
the mechanical demand is the highest and thus is
the most probable location of failure initiation or
excessive deformation. In engineering terms, the
outcomes indicate that engineering enhancements,
including making the tip thicker, changing the taper
profile, or a change in the choice of materials, can
be useful to improve performance and reliability.
These results give a good indication of how the
further optimisation of the component can be done
under the stated loading conditions.

The FEA outputs of Geometry B in Case 2, as
shown in Figure 14, present a pattern of structural
response that is in line with the tapered nature of
the component, but there is a considerable
difference in magnitude to Case 1 at strainer
punching plate thickness = 8 mm. Actual condition
is hereby referred to as (Case 1). Simulating
contingency is a common practice to account for
uncertainties and to identify potential risks and
weaknesses in the current design. Therefore, the
actual condition with 20% increase in fluid
temperature and pressure is hereby referred to as
(Case 2). The von Mises stress distribution once
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Figure 13. The FEA plot for Geometry B — Case 1 reveals that maximum stress, displacement, and strain are
concentrated at the tapered tip, identifying it as the critical structural weakness under normal operating conditions.
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again indicates that the greatest stresses are located
close to the narrowing tip of the geometry, though
the stresses seem to be a little lower compared to
the level in Case 1. This implies that loading or
boundary conditions in Case 2 lead to the creation
of a less intense stress concentration at the tip. The
broader base still portrays the low stress and shows
that there is a good distribution of the load over the
expanded cross-sectional area. The localised stress
variations are also observed in the middle section,
and these could be due to the mesh density or
some slight variations in stiffness in the taper.
Overall, the stress field reveals that although the
tip is the most imperative area, the structure
with Case 2 has a slightly better stress behaviour
compared to Case 1.

Case 2 displacement plot takes the expected
trend of deformation of a tapered structure, with
the narrow, free end experiencing the most
displacement.  Nevertheless, the extent of
displacement seems to be a bit smaller in
comparison to the last one, which means a possibly
smaller load applied as well as a different direction
of loading or other support conditions.
Displacement gradient in the case is a gradual
decrease of the fixed base, where movement is
minimal at the tip, where flexibility is the highest.
This strengthens the fact that a tapered profile
would automatically lead to higher deflection in the
part of the structure that is narrowest. Although the
movement at the tip is still substantial, its decrease
in comparison with Case 1 indicates that Case 2
could be less challenging in loading or a better
structural arrangement.

The strain plot shows similar tendencies to the
stress plot and displacement plot. The greatest
values of strain are, again, concentrated at the tip,
as is in line with the area of maximum deformation
and a minimum of stiffness. The strains are seen to
be generally lower as compared to case 1, meaning
that there is less stretch or distortion of the material
in this case. Most of the geometry, especially at the
base, is kept in the low-strain regions, meaning that
a significant part of the component is working well
in its elastic range. This trend validates the fact that
the general structural reaction in Case 2 is, to
some extent, reduced compared to Case 1, with
the decreased material deformation along the
length of the part.
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Overall, the FEA plots of the Case 2 Geometry
B reveal that the critical part is the slender end of
the tapered structure, at which all the stress,
displacement, and strain are maximised. But as
compared to Case 1, the values of these reactions
are significantly smaller, showing an increase in
performance  within  the
circumstances prescribed to Case 2. This implies
that the loading situation in Case 2 is milder or
favourable to the geometry. These findings offer
valuable conclusions to optimise the design by
demonstrating that any change load
conditions or constraints in the support or the
operating conditions can dramatically affect the
mechanical behaviour of the component. Should
the need arise, both cases can be compared

the structural

in the

quantitatively or determined whether the observed
process of eliminating stress and deformation is
within acceptable design limits.

Von mises stress, displacement and strain of
geometry C of the case 1 and case 2 at strainer
punching plate thickness = 10 mm

The FEA output of Geometry C with Case 1,
which is illustrated in Figure 15 at strainer
punching plate thickness = 10 mm, has a structural
response that is highly predictable as far as a
tapered geometry is concerned, but has a few
different features in relation to Geometry B. Actual
condition is hereby referred to as (Case 1).
Simulating contingency is a common practice to
account for uncertainties and to identify potential
risks and weaknesses in the current design.
Therefore, the actual condition with 20% increase
in fluid temperature and pressure is hereby referred
to as (Case 2). Stress distribution on the component
(von Mises) reveals that the maximum stress comes
at the sharp, narrow end of the component, where
the cross-section of the material is minimal. This
stress concentration is directly related to the
geometric constraint, in that the load is passed
through an area which is shrinking as the taper
continues. Consequently, the stress levels shoot up
at the tip as indicated by the red and orange curves
in the figure. Towards the broader base, the stresses
reduce by a significant factor, which supports the
idea that the broader area will be able to spread the
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Figure 14. The FEA plot for Geometry B — Case 2 displays reduced stress and deformation compared with those in
Case 1, indicating improved structural response under contingency operating conditions,
although the tip remains the most critical region.
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load more effectively. Minor differences in the
midsection can be explained by the fact that the
transition to the material stiffness or the pattern of
the nets can occur, but it is not that significant in
comparison with the sharp concentration of stress
at the tip. The displacement plot also shows the
mechanical behaviour of Geometry C in Case 1.
The highest displacement would be at the slender
free end of the geometry, which is the least stiff.
This is in line with the deformation pattern of a
tapered structure under external forces, as to be
expected. The distribution of the displacement is a
smooth transition between small values at the fixed
base to larger values towards the tip with a
predictable gradient. In comparison with the strains
seen, the displacement is significant, and it is
validated that the narrow portion of the tip to which
the component is attached is the most flexible and
dynamic. Although this deformation might not be a
problem based on the application, a lot of
movement in the tip may be a problem with the
components that need high accuracy, less vibration,
or stability under the load.

Strain distribution shows the same trend as the
stress and displacement fields. The parts that have
the highest strains are the parts where high levels
of stress and deformation are observed, especially
at the tapered end. This implies that the local
deformation is the highest at this point, as the cross
-section is smaller and the intensity of stress is
higher. The rest of the geometry indicates quite low
strain values, and this indicates that the greater
portion of the structure is well within its elastic
limits as long as it is being loaded. The strain
gradient is gradual along the length a consequence
of the natural occurrence of the variation in
stiffness of tapered shapes.

In conclusion, the FEA plots of Geometry C of
Case 1 indicate that the thin tip of the structure is
the problematic area, and the maximum stress,
displacement, and strain take place in it. The
broader base works well with low deformation and
low stress levels. These findings demonstrate that
the tip area should be assessed with regard to the
possibility of failure, fatigue, or over-deformation
due to operational loads. Where necessary,
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modifications to the design, like thickening of the
tip, changing the taper shape, or choosing a
material that is more rigid, may enhance
mechanically. The results provide useful
information on Geometry C behaviour to load
distribution and can be used to improve designs to
achieve improved reliability and durability.

Figure 16 of the FEA results of Geometry C
under Case 2 at strainer punching plate thickness =
10 mm shows that the structural behaviour of Case
2 is closely similar to that of Case 1, with
significant decreases in the magnitude of stress and
deformation. Actual condition is hereby referred to
as (Case 1). Simulating contingency is a common
practice to account for uncertainties and to identify
potential risks and weaknesses in the current
design. Therefore, the actual condition with 20%
increase in fluid temperature and pressure is hereby
referred to as (Case 2). Using von Mises stress
distribution, it is seen that the maximum stress
values are again concentrated at the slender end of
the tapered geometry, as is to be expected by the
geometrical effect of stress concentration occurring
where there is the least cross-sectional area.
Nonetheless, the overall stress levels seem to be
slightly reduced compared to those in Case 1, and
this indicates that in Case 2, the load or boundary
conditions exert a weaker stress state on the
component. The broader base still demonstrates the
very low values of stress, which proves load-
bearing character of the main one. The slight
differences in stress intermediate through the
midsection indicate the natural shifts of hardness
along the taper, but these are still far less than
critical values. Overall, the stress field
demonstrates that despite the tip being the most
susceptible part of the structure, the stress
distribution becomes more favourable than in the
previous example.

The distribution of displacement follows the
same pattern as well, revealing that the most
deformation occurs at the narrow and free end of
the geometry. This is not surprising because the tip
is the least rigid and hence the most sensitive to the
forces exerted on it. The displacement reduces
slowly to the fixed base so that there is a smooth
gradient of high to low deformation. The level of
displacement across the structure is slightly lower
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Figure 15. The FEA plot for Geometry C — Case 1 highlights significant stress concentration and deformation at the
tapered tip, confirming it as the primary failure-prone region despite overall stable structural behavior.
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than in Case 1, suggesting that in Case 2, the
component is not subjected to as much total
demand in terms of deformation. This decrease
might be an indication of a better loading setup or a
‘more favourable structural support environment.
Although this has reduced, the tip is still the
most displaced area, and on application, may
need to be considered in case excessive
may  influence  performance,
alignment or vibration behaviour.

movement

The distribution of the strain is more or less
similar to the trend in the results of stress and
displacement. The maximum strain values are at
the tapered end, where the material deformation is
the most, since the cross-section is lower and the
local stress intensity is higher. It would seem that
the strain is not as large as in Case 1, and it
supports the idea that Case 2 is a less serious
loading environment. The rest of the structure,
especially in the broad base, showed low degrees
of strain, which was well within the elastic range of
the material. This implies that the majority of the
geometry is safe in the conditions it is in, and only
the tip achieves significant deformation.

In conclusion, the FEA outcomes of Geometry
C of Case 2 indicate that the narrow tip is the most
important area with regard to the response of stress,
displacement, and strain. Nevertheless, these
magnitudes of these responses are always smaller
than the ones in Case 1, which means that the
structural behaviour has improved in the Case 2
loading scenario. This implies that Case 2 can
reflect a more realistic, optimised or even less
operating These
represent a good contribution to the understanding

of how the load arrangement and boundary

severe environment. results

conditions can affect the tapered geometries'
performance and may be used to refine future
design. As an example, in case additional reduction
of tip deformation or stress concentration is
needed, adjustment of the tip thickness, taper angle,
or material reinforcement could be considered.

UC values for different geometries

The values of Punching Plate UC provided in
Geometries A, B, and C in Case 1 and Case 2, as
shown in Table 8, highlight the structural adequacy
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of each configuration in the conditions of loading
provided. The UC value is a ratio of the effect of
the applied load to the allowable load capacity,
where anything below 1.0 of the standard is
considered to be structurally acceptable (OK) and
anything above 1.0 (NG - Not Good). Based on the
findings, it is clearly seen that the performance of
Geometry A is low in both cases, with UC values
of 1.14 in Case 1 and 1.47 in Case 2. These values
are higher than the permissible limit, which implies
that Geometry A is always overstressed and unable
to safely oppose the loads applied to it. This
implies that Geometry A, as designed, does not
suffice based on the design characteristics of the
geometry, be it its shape, thickness, load
distribution characteristics, etc.

Conversely, Geometry B depicts both good and
poor performance, whereby the UC in Case 1 is
0.90, which is within acceptable ranges, thus rated
safe. In Case 2, however, UC goes up to 1.14,
which is above capacity, and the effect is an "NG!
designation. This means that Geometry B is also
sensitive to the change that has been imposed in
Case 2, like the change in loading or the boundary
conditions. The fact that the 0.90 has changed to
1.14 indicates that Case 2 sets out towards a more
demanding or unfavourable loading scenario,
which causes the structure to exceed its allowable
stress limit. Although Geometry B can be adequate
in a given set of conditions, it is not consistent,
which leaves its applicability to be questioned in
case of situations where loading can be unstable.

Geometry C shows the best structural
performance when compared to the other two
designs. Both UC values of 0.75 in Case 1 and 0.96
in Case 2 do not exceed the acceptable level,
showing that the geometry is structurally safe in
both cases of loading. The values also indicate that
Case 1 shows that Geometry C has a comfortable
margin of safety, whereas Case 2 shows that it is
close to the threshold, although not over it.
Geometry C proves to be a stronger trend, which
can support a more intense load than Geometries A
and B. The geometry of the C shape and stress
distribution tendencies seems to give the Geometry
C a superior resistance to localised punching
forces, and it is thus the most feasible choice in
regard to structural capacity.
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Figure 16. The FEA plot for Geometry C — Case 2 shows improved structural response with lower stress and
deformation compared with those in Case 1, while still identifying the tapered tip as the primary critical region.
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Table 8. UC values for different geometries

Geometry Case Punching plate UC Remarks Maximum pressure drop (Pa)
A 1 1.14 NG! 6794.1127

2 1.47 NG! 10610.3041

B 1 0.9 OK! 7363.4831

2 1.14 NG! 10552.3552

C 1 0.75 OK! 7201.3949

2 0.96 OK1 10579.5611

On comparing the geometries as a whole, it is
evident that Geometry C has the best structural
performance, followed by Geometry B, which is
not so good in either of the two cases. Geometry A
is the one that constantly fails the punching plate
test and will have to undergo a considerable
redesign to comply with safety regulations. These
values of UC can be used to understand how well
each geometry would work and how reliable it
would be under different operating conditions,
which may be used quantitatively to decide
between which design is most effective under
different operating conditions and which design
should be optimised or implemented.

CONCLUSION

In conclusion, this study investigated the
structural integrity and hydraulic performance of
low-temperature separation unit (LTSU) strainers
using a coupled Computational Fluid Dynamics
(CFD) and Finite Element Analysis (FEA)
approach. The analysis successfully identified the
root cause of failure in the original design
(Geometry A), which was primarily excessive
stress concentration at the handle—plate junction
under fluid-induced loading. The results
demonstrate that insufficient punching plate
thickness significantly compromises structural
integrity, particularly under contingency operating
conditions.

From a hydraulic perspective, all modified
geometries (B and C) resulted in an increased

pressure drop compared with the baseline.
However, the increase remained within an
acceptable range, indicating that structural

improvements can be achieved without severely
compromising flow performance. Structurally,
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Geometry C (10 mm thickness) exhibited the best
structural performance, maintaining unity check
(UC) values within allowable limits under both
normal and contingency operating conditions,
while significantly reducing stress concentration,
deformation, and strain.

From an operational perspective, the findings
highlight that minor design modifications,
particularly increasing punching plate thickness,
can substantially enhance equipment reliability and
prevent premature failure in LTSU systems. This
provides direct benefits for oil and gas operations,
including reduced maintenance frequency,
improved operational safety, minimized unplanned
downtime, and enhanced protection of downstream
equipment from debris contamination.

The novelty of this study lies in the integrated
CFD-FEA framework used to directly link fluid-
induced pressure loads with structural response for
failure diagnosis and design optimization of LTSU
strainers. Unlike conventional approaches that treat
hydraulic and structural analyses separately, this
study provides a comprehensive evaluation of fluid
—structure interaction effects under both normal
and contingency conditions, offering a more
realistic representation of operational behavior.

For future research, it is recommended that
cyclic
evaluate

transient and
incorporated to
accurately, as well as to investigate the effects of

loading conditions be
fatigue life more

material variability and weld quality on failure
initiation. Additionally, experimental validation of
the simulation results and inclusion of multiphase
flow behavior, such as wax deposition and particle
accumulation, would further enhance the reliability
and applicability of the findings.
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GLOSSARY OF TERMS AND SYMBOLS

Terms & Definition Unit

Symbols

APi Total initial pressure drop Pa

d Pore diameter mm

Cp/Cv Specific heat ratio -

Cp Specific heat Jkg*K

AR Aspect ratio -

ucC Unity check -
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