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ABSTRACT - Research on how porosity can trigger vibrations due to flow-induced instability (FIV)
partially clogged in perforated conical strainer has been conducted integrated experimental. Six conical
filters with porosities between 25 and 40 percent, made in straight and staggered perforation patterns, were
tested under clean and clogged conditions using a set of tools with a controlled closed-loop flow. Pressure
drop, vibration amplitude, and frequency were measured simultaneously to capture the coupled hydraulic-
structural response. The results show that the straight configuration with low porosity exhibits strong
geometric constriction, which accelerates the formation of the jet flow, increases turbulence intensity, and
strengthens the vibration amplitude as blockage increases. Conversely, strainers with a minimum porosity of
30 percent and staggered holes promote more uniform flow distribution, reduce shear layer instability, and
result in a more stable frequency response. The effect of pressure drop on vibration confirms that clogged
can lead to dynamic instability of the system, particularly in high-risk frequency bands common in piping
facilities. These experimental results are highly relevant to oil and gas exploration and exploitation activities
during drilling, well testing, and production operations. Where fluctuating flow rates, entrained solids, and
increased clogging are unavoidable. These findings provide practical guidance for determining the porosity
of conical strainers and the perforation layout to reduce hydraulic losses, mitigate vibration damage, and

improve the operational reliability of piping systems in oil and gas facilities.
Keywords: conical strainers, porosity, flow-Induced vibration (FIV), clean and clogging conditions.
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INTRODUCTION

One of the critical filtration elements in oil and
gas pipeline systems is the conical strainer, which
serves to protect downstream equipment from
particulate contamination. Its hydraulic
performance and vibration response are strongly
governed by geometric parameters such as
perforation pattern, cone angle, and porosity (Fang
et al., 2024; Yin et al., 2024). Recent studies have
found that pressure drop (AP), turbulence intensity,
and resistance to clogging are directly influenced
by orifice arrangement and the selection of the
open area ratio (OAR). And ultimately, this will
impact hydraulic efficiency and mechanical
stability (Akhyan et al.,, 2025; Puderbach et al.,
2021; H. Wang et al.,, 2022). Porosity can be
defined as the ratio of the open flow area to the
total surface area of the filter. Porosity plays an
important role in the interactions in this study.
Although higher porosity generally reduces
pressure loss, it also modifies local turbulence
structures that can intensify flow instabilities and
vibration amplitudes. Experimental and numerical
(Bon et al., 2024; Wayo et al., 2022) results show
that conical screens with an open area ratio of
approximately 30-40% provide better flow
uniformity and lower clogging rates compared to
low porosity configurations.

Flow-induced vibration (FIV) analyses further
show that non-uniform flow features such as vortex
shedding and recirculation zones arise from
geometric discontinuities, including perforations
and the conical transition, producing periodic
oscillations within the fluid—structure system (Bon
et al., 2024; Hamzah et al., 2021; Wayo et al.,
2022). Under fluid-structure interaction (FSI)
conditions, unbalanced hydrodynamic forces acting
on the strainer walls can trigger structural
vibrations. At the beginning of the blockage,
increased mass and damping can shift the natural
frequency and place the system within the
resonance band. This can occur when the excitation
frequency is parallel to a specific flow velocity
(Emmerson et al., 2020; T. Wang & Li, 2025). The
cause of this alternating clogging and unclogging
cycle is the clogging process itself, which is highly
dependent on pore geometry and local shear stress
(Bon et al., 2024; Y. Zou et al., 2024). Both
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experimental and numerical findings consistently
show that porosity values near 40% minimize
pressure loss while maintaining stable flow,
strongly influenced by filter orientation and cone
angle (Akhyan et al., 2025; Rianto et al., 2025).
Research on porous media and subsurface flow
indicates  that porosity and  permeability
significantly influence filtration behaviour and
pressure dynamics (Widarsono, 2022). High-
frequency oscillations are affected by partial
blockage, leading to reduced hydraulic
performance and increased structural fatigue. This
naturally has an impact on reducing the lifespan of
components (Ergut, 2025; Harper et al., 2024).
Borehole experiments support the previous
statement emphasizing the need to optimize
porosity and perforation patterns in engineering
designs that impact pressure fluctuations and are
directly correlated with vibration amplitude (Qing
et al., 2006).

This study examines vibration and blockage
factors caused by fluid flow. Fluid flow is
influenced by several variations in porosity (25%-
40%) and perforation patterns (straight and
staggered) that occur in conical screens. This
phenomenon is frequently observed in oil and gas
pipeline systems, where unstable flow behaviour
can lead to significant structural vibrations (Fuad et
al., 2019). Typically, increased vibrations are
caused by partial blockages. Previous studies have
found that the hydraulic and geometric
characteristics of strainers play a significant role in
generating  pressure  distribution, turbulence
intensity, and filtration stability within piping
systems (Mahajan & Maurya, 2020). Recent
advancements in FSI analysis also emphasize that
the perforated configuration affects pressure loss
and flow instability, requiring proper modelling
and experimental validation (Li et al., 2023).
Additionally, a more in-depth evaluation was
conducted to understand the dynamic performance
and fatigue resistance of the filtration components
due to the elastic response and structural vibration
integrity of perforated stainless steel under flow
excitation conditions (Mironovs et al., 2025).

Although previous researchers have studied this,
they investigated the phenomenon separately. This
research is novel due to its integrated experimental
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approach, which simultaneously tests variations in
porosity, perforation patterns, clogging factors
(CF), and flow-induced vibration (FIV) behaviour.
The lack of interconnected investigation of each
parameter in this study is a gap that paves the way
for similar investigations in the future.
Additionally, the existing literature provides very
little discussion on how the evolution of blockage
can alter vibration amplitude and frequency
response, particularly in conical filters operating
under dynamic flow conditions such as those found
in oil and gas pipeline flow. This research provides
useful knowledge about the fluid-structure
interaction mechanisms that affect the dynamic
reliability and performance of conical screens by
linking these characteristics thru experimental
studies. Hopefully, with this finding, the understanding
of filter design optimisation, particularly for conical
filters, can be improved. And equally important, this can
improve operational stability and maintenance strategies
for oil and gas pipeline systems.

This experimental method can be suggested as
validation for the CFD-FEA method, which is a
structural modelling approach. The goal is to
reduce structural fatigue caused by vibration and

optimise filtration efficiency in complex fluid
transport systems.

METHODOLOGY

Experimental setup and flow system Design

The experiment was built by adopting the
operational environment of hydrocarbon flow in oil
and gas pipeline systems, which uses a closed-loop
water circulation system in the Politeknik Caltex
Riau fluid laboratory. The test apparatus has
several main parts, as shown in Figure 1, including
a 3-inch diameter galvanised steel pipe as the fluid
channel, and a conical strainer holder. A 6.5 HP
centrifugal pump produces a constant volumetric
flow rate between 15 and 30 cubic meters per hour
and is suitable for turbulent flow regimes of water
at room temperature 25°C. The by pass flow is
designed so that the volumetric flow rate can be
controlled wusing valves and rotameters as
regulators and monitors. The frame is designed to
reinforce the test pipe assembly so that it is not
affected by external vibrations. Part List: 1). Conical
strainer; 2). Pressure gauge upstream; 3). Pressure gauge
downstream; 4). Impurities input; 5). Ball valve; 6).

Figure 1. Experimental setup
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Rotameter; 7). Pump; 8). Tank; 9). Supporting Frame.

Pressure measuring instruments are placed at
the upstream and downstream ends of the conical
screen. The upstream pressure gauge is positioned
2D to 3D before the conical screen, and the
downstream pressure gauge is positioned 3D to 4D
after the conical screen (where D is the inner
diameter of the pipe). As shown in Figure 2. The
placement of these pressure-measuring instruments
complies with flow measurement and filtration
testing  standards (Mechanical Vibration —
Requirements for Instruments for Measuring
Vibration Severity, 2012; Qiao et al., 2023). The test
fluid is water with welding slag particles as a
contaminant. The size of the contaminants is sorted
according to the diameter of the conical strainer
holes (3 mm, 4 mm, and 6 mm) to achieve
consistent clogging in each test. Vibration
detection measuring instruments were placed in
three positions: upstream, downstream, and
exactly in the middle of the conical screen, in
order to monitor vibrations along the piping
system.

Strainer Geometry and Porosity Variation

In figure 3, there are six conical strainers were

fabricated from carbon steel with a wall thickness
of 2 millimeters. The strainers differed in
perforation pattern (straight or staggered) and hole
diameter (3 mm, 4 mm, and 6 mm), producing
porosity levels between 25 and 40 per - cent.
Porosity () is the ratio of the area of open space
(holes) to the total surface area of the conical
strainer on a local scale. Porosity () in Table 2 is
calculated using equation 1.

Ag
B= A—tx1oo% M

A, is the total open area of the perforations and A
is the total lateral area of the conical surface. 3 can be
directly obtained from the equation (90.69 d2/p?)
(Carlomagno et al., 2012) for a staggered pattern and
(78.5 d*/p?) for a straight pattern, where d is the hole
diameter and p is the distance between holes. The
geometric configuration was chosen based on
previous experimental optimisation work (Akhyan et
al., 2025) and supported by the theoretical correlation
between porosity and pressure loss (Rianto et al.,
2025). As shown in Table 2, this variation allows for
evaluating the influence of porosity and perforation
pattern on hydraulic performance and vibration
behaviour under identical flow conditions.

Table 1. Fluid properties and experimental parameters

Property Symbol Value Unit Description
Density p 997 kg/m3 Water at 25° C
Dynamic viscosity 89x107* Pa-S Waterat25°C
Temperature T 25 °C Ambient test temperature
Flow Rate Q 15-30 m3/h antrolled by a valve and measured

using a rotameter
Reynolds number Re Turbulent - Based on the calculated Re > 4000
3D Vibration meter tester. VM-6380 vibration meter is in
a. Velocity (true RMS) v(t) 0.01 —400 mm/s accordant with ISO 2954:2012 [21],
b. Acceleration a(t) 0.1 —400 m/s? Level of accuracy £5% of reading +
c. Displacement (peak-peak) x(t) 0.001 -4 mm 2 digits

Level of accuracy, C.L. 2.5 (£2.5%
Pressure Gauge 0—-0.1 bar FS) EN 837-1:1996 [22]

0,

Rotameter _ 12 — 60 m3/h Level of accuracy, £2% FS (+1.2

m?/h) ISO 10790:2015 [23]
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Figure 2. Placement of pressure measuring instruments and vibration sensors

Experimental procedure

The experiment investigates and analyses
dynamic performance, in this case, vibrations
caused by fluid-induced vibration (FIV) in a
conical screen under various flow conditions and
blockage levels. The piping system in this
experimental study uses a closed pipe system. The
complete steps of the experimental procedure are
shown in Figure 4.

Testing began by setting a controlled and steady
flow rate using a bypass flow and valves. Next, the
pressure drop and vibration parameters, such as
speed, acceleration, and displacement, were
measured using clean water, as shown in Figure 2.
This vibration data will be processed to obtain the
amplitude and frequency values.

Then, contaminants were introduced, and
pressure drop and vibration measurements were
taken again. Testing continued until the pressure
difference before and after the conical filter
reached a maximum and stable value, indicating a
constant clogging condition. At this phase,
vibration data is obtained simultaneously with flow
pressure measurements.

The volumetric flow rate Q It is monitored by a
rotameter that has been calibrated to an accuracy of =
1 percent of full scale. The pressure difference
between the upstream and downstream sides of the
filter is measured by a Bourdon-type pressure gauge
with an accuracy of + 0.25 percent. Meanwhile,

vibration data such as acceleration, velocity, and
displacement is monitored by the VM-6380 vibration
meter. Each test was conducted under steady-state
conditions at different volumetric flow rates at time
intervals 0of 6, 9, 12, 15, and 18 seconds.

Vibration parameter

Vibration measurements in this study refer to the
general guidelines provided in (Inservice Testing of
Pumps in Light-Water Reactor Power Plants, 2022)
and (Mechanical Vibration — Evaluation of Machine
Vibration by Measurements on Non-Rotating Parts —
Part 3: Industrial Machines with Nominal Power
above 15 KW and Nominal Speeds between 120 1/
Min and 15 000 r/Min When Measured in Situ, 2022)
standards, which offer several criteria for evaluating
the magnitude of vibration amplitude values and the
frequency response behaviour of equipment.
Vibration data, the amplitude and frequency can be
calculated using equations 2.

v(t
O]
2nf
And the acceleration was obtained from a(t)

(2)

=(2mnf) 2A There is no standardisation regarding
vibration value limits because the general values used
in the industry should not be used in fixed standards, .
(Shady et al., 2022). Similarly, (Chu et al., 2024)
highlight that vibration control relies on keeping the
frequency from exceeding the structure's natural
frequency to prevent resonance and fatigue.
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Figure 3. Strainer geometry with the hole pattern and manufacturing results
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Table 2. Strainer geometry and porosity variation

Hole . B
a tltit:‘l: diameter, d Plt(;l:;nl; Con(elilélg)le, 6 Porosity,
P (mm) 8 (%)
Stagger 3/3 74/74 33/28
ed/ 4/4 81/81 30/25
Straight 6/6 81/81 40/35
Clogging factor (CF) Vibration amplitude (4) in clean and

The ratio between the pressure drop under
clogged conditions (APclog) and unclogged
(APclean) is also called the clogging factor (CF)
(Eker, 2014; Segismundo et al., 2017; Suhaib &
Bhunia, 2023), as shown in equation 3. This
clogging factor has been adopted for the

filtration performance system.

CF = APclag
APciean

@)

The CF value is used to measure the degree
of blockage on the surface of the cone strainer
due to the accumulation of solid particles and
increased  flow  resistance  during data
acquisition. There are no standards like (ISO,
API, or ASME) that set thresholds for the CF.

RESULT AND DISCUSSION

Vibration response influenced by porosity ()
and pressure drop (AP)

The characteristics of vibration due to
changes in flow patterns and pressure
distribution are influenced by the porosity
within the filtration element, such as in a
conical strainer. This variation in porosity
results in turbulence levels and fluid generation
forces that can lead to increased vibration
amplitude and frequency.

Table 3 presents data on amplitude (A4),

frequency (f) and pressure drop influenced by
variations in porosity, perforation pattern, and flow
rate under both clean and clogged conditions.
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clogged condition

A clean condition is a condition where the data
taken is from before any contaminants were
introduced into the piping system. The data to be
examined in this section is the influence of porosity
on the amplitude and frequency of vibration under
clean conditions, as shown in Figure 5. This
clogged condition occurs because debris is
introduced into the fluid flow in the test equipment.
The debris consists of sorted and introduced
welding slag, which is added to the fluid flow after
it reaches the desired flow rate and steady-state
conditions. The sewage inlet is located upstream of
the conical strainer, as shown in Figure 1.

Figure 5. The effect of f and AP to A under
clean and clogged conditions. Amplitude
consistently increases with increasing pressure
drop. Under clogged conditions, the response is
more dominant than under clean conditions due to
the intensification of hydrodynamic forces.

Figure 5 shows that the filter, with its high
porosity (B = 40%), consistently maintains lower
pressure drops and smaller vibration amplitudes in
both clean and clogged conditions. This reinforces
the fact that porosity is a key factor influencing
hydrodynamic forces. In contrast, a low porosity
configuration (B = 25-30%) leads to a sharp
increase in flow contraction (turbulence),
significant changes in AP, and strong vibrations,
ultimately impacting fatigue and shortening
lifespan (X. Zou et al.,, 2023). Although the
geometry of the hole pattern (staggered vs. straight)
affects the uniformity of flow, its influence is not
dominant compared to the significant impact of
porosity. The increased amplitude under blocked
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Pressure Drop (AP) and Amplitude (A) data
(d =3 mm,p =5 mm, dan 6 = 74°)

Q APclean APClﬂy Acleun Aclng fclean fclog APclean APclog Aclean Aclog fclean fclog
(m>3h) (Pascal) (Pascal) (mm) (mm) (Hz) (Hz) (Pascal) (Pascal) (mm) (mm) (Hz) (Hz)

Staggered (8 = 33%) Straight (8 = 28%)
15 25,000 37,500 0.093  0.098 4692 4771 27,500 50,000  0.104 0.108 4889  50.55
20 37,500 50,000  0.096 0.102 4795 48.63 37,500 62,500  0.110  0.116 49.41 51.16
25 50,000 62,500  0.101  0.109 4892 4994 50,000 75000  0.118  0.124 5031  52.19
30 62,500 75,000 0.108  0.117 5092 5187 75,000 102,500  0.125 0.132 5459 5524

Pressure Drop (AP) and Amplitude (A4) data
(d= 4mm,p =7 mm, dan 6 = 81°)

Staggered (8 = 30%) Straight (8 = 25%)
15 12,500 15000  0.080  0.090 3642 39.17 27,500 37,500  0.101  0.103  39.49  40.57
20 15,000 25,000  0.090 0.102  39.55 4196 37,500 50,000  0.104 0.107 4191 43.56
25 25,000 37500  0.102  0.114 4200 4452 50,000 62,500  0.108 0.118 4515 48.11
30 37,500 50,000  0.114  0.128 4774 4819 62,500 75,000  0.117  0.130 4875  52.93

Pressure Drop (AP) and Amplitude (A) data
(d= 6 mm,p =9 mm,dan 6 = 81°)

Staggered (8 = 40%) Straight (8 = 35%)
15 12,500 15,000  0.070 0.078 3491  39.54 15,000 17,500  0.080  0.087 37.88  41.15
20 15,000 17,500 0.076  0.085 36.75  40.15 17,500 20,000  0.086 0.094 3938  42.70
25 20,000 25,000  0.087 0.097 38.09 41.06 25,000 37,500  0.095 0.105 41.18 4420
30 25,000 37,500 0.100 0.112 41.84 4378 37,500 50,000  0.106 0.117 43.09 47.74

conditions indicates that the blockage is not just an ~ pressure and vibrational amplitude. Similar
inefficiency in fluid flow thru the filter (hydraulic), = mechanisms were reported in high-fidelity

but also a broader threat to the mechanical and
dynamic aspects of the piping system. As porosity
tends to decrease, the flow is forced to pass thru the
already reduced screen holes (perforations),
resulting in high-velocity jets and potentially
increasing turbulence.

This increased jet flow velocity will cause
significant pressure changes on the filter surface
and result in higher vibration amplitudes across all
pressure drop levels. This behaviour aligns with
recent CFD and FSI studies that prove the flow is
confined above the hole surface, stabilising the
fluid-structure interaction and amplifying the
vibrations caused by increased jet-shear flow
interaction (Li et al., 2023). The comparison
between clean and clogged conditions shows a
consistent increase in the AP - A relationship,
indicating that clogging can generally enhance both
hydraulic and vibrational dynamic reactions. A
narrowed open area can create jet flow, strengthen
shear layer instability, and lead to asymmetric
vortex shedding, which ultimately can increase

turbulence studies (Shahzad et al., 2023) and FSI
simulations of perforated structures (Kakroo &
Sadat 2024).

This finding is very useful for oil and gas
pipelines, where the conical strainer functions to
filter and prevent the entry of particles, but can also
increase AP and impact the increase in A (FIV).
The strong relationship between AP and A It can be
used as a basis for monitoring pressure changes as
a predictive maintenance parameter. This is
certainly consistent with a comprehensive
evaluation of performance degradation, gradual
damage, and the risk of failure caused by vibrations
in the piping system (X. Zou et al, 2023).
Therefore, optimizing optimising porosity and
timely cleaning are crucial for maintaining
operational reliability.

Frequency in clean and clogging conditions

The relationship between pressure drop and
vibration frequency, caused by variations in
porosity, cone angle, and hole pattern in clean and
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Figure 5. The effect of 3 and AP to A under clean and clogged conditions. Amplitude consistently increases with
increasing pressure drop. Under clogged conditions, the response is more dominant than under clean conditions due to
the intensification of hydrodynamic forces.
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clogged conditions, is shown in Figure 6. Figure 6.
The effect of B and AP to f under clean and
clogged conditions. The AP - f relationship under
clean and clogged conditions shows an increase in
vibration frequency with increasing pressure drop,
with a stronger dynamic response under clogged
conditions. The relationship between AP and f in
Figure 6 shows that an increase in pressure drop
can also increase frequency. This occurs across all
porosity configurations, both in clean and clogged
conditions. This phenomenon illustrates the
dynamic characteristic changes within the system.
The increased frequency in the AP - f. The
relationship occurs due to the control exerted by jet
acceleration and turbulence intensity around the
cone surface.

This indicates that the fluid flow has entered a
faster vortex shedding regime. An increase in AP will
increase the local flow velocity, hydrodynamically

thru the energy relationship U=+(24P/pf).
Therefore, the jet velocity U inside the perforation
increases with the addition of AP. This jet velocity
directly affects the vortex shedding frequency f's thru
the Strouhal number St, with the equation fs=St(U/
Deff). Deff is the effective characteristic length (a
combination of hole diameter, pitch, and perforation
cluster). In this case, Deff=pitch (p) x factor
Kluster (k) (Cicolin et al, 2024; Singh &
Narasimhamurthy, 2022), so fs = St.U/(k.p). The
Strouhal St=0,2 (ROSHKO, 1955;
Williamson, 1996) was used, and the value of k was
obtained as shown in Table 4.

number

Table 4. Cluster factor (k) under both clean
and clogged conditions.

ﬁ kclean k‘-'log
30% 4.47 5.08
33% 7.56 8.48
40% 3.49 3.65
25% 6.05 6.49
28% 7.51 9.12
35% 3.71 3.88

Figure 7. Comparison of measurement frequency
with equation-based predictions. This graph shows good
agreement between the measured data and the predicted
results under clean and clogged strainer conditions, with
similar frequency trends at all test points. The difference

between the two curves indicates the influence of
experimental uncertainty and model simplification, but
the main oscillation pattern is still successfully captured
by the predictive approach.

Based on Figure 7, the measured frequency is
on average 10.37% (10.35% under clean and
10.39% clogged conditions) lower than the
predicted frequency, both in clean and clogged
conditions. This difference is due to the simplified
calculation of St, which does not fully account for
multi-jet flow interactions, non-uniform blockage
at each data point, and the FSI coupling inherent in
the perforated cone geometry. However, the
measured results have actually followed the current
trend and the sequence of FIV responses at
different levels of porosity. The same difference
between experimental and predictive models for
perforated structures was developed by (Li et al.,
2024; Shahzad et al., 2022).

The experimental results show that the
measured frequency ranges from (35-55 Hz),
indicating that the dominant mechanism originates
from the interaction of larger-scale vortices
originating from the many collective jet-shear holes
on the conical screen. The results of this study are
consistent with the analysis of direct numerical
simulation (DNS) and experiments on perforated
structures (Shahzad et al., 2023).

The frequency increases sharply in clogged
conditions compared to clean conditions. The
effective porosity blockage is reduced, causing the
flow to concentrate on specific paths. This
condition results in concentrated jet flow, which
exacerbates shear layer instability, increases
coherent vortex shedding, and drives the system to
increase its frequency. This change can create very
energetic dynamics and accelerate the occurrence
of resonance. Where the resulting frequency
approaches the natural frequency of the structure,
as studied by (Kakroo & Sadat 2024) in their report
on the latest fluid-structure interaction on
perforated plates.

In oil and gas pipeline systems, the measured
frequency range (35-55 Hz) already includes the
impermissible (High-Risk FIV Zone) because it
represents a high-risk area due to flow (20-60 Hz)
(E. Institute, 2008). Some parts that need attention
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AP vs f (Clean Condition)
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Figure 6. The effect of 3 and AP to f under clean and clogged conditions. The AP - f relationship under clean and
clogged conditions shows an increase in vibration frequency with increasing pressure drop, with a stronger dynamic
response under clogged conditions.
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Thus, the frequency values shown in Figure 7 were obtained.

Clean Condition

&5 - 55.31‘ —— Measl.ur'ed
' =o— Predicted

Frequency {Hz)

30+ T T

0 Clogged Condition

—o— Measured
=m— Predicted

Frequency {Hz)

Figure 7. Comparison of measurement frequency with equation-based predictions. this graph shows good agreement
between the measured data and the predicted results under clean and clogged strainer conditions, with similar
frequency trends at all test points. the difference between the two curves indicates the influence of
experimental uncertainty and model simplification, but the main oscillation pattern is still
successfully captured by the predictive approach.
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because this frequency range falls within the
natural frequency of those parts, such as small-
diameter connections (SDC), branch welds,
thermal wells, and instrument tapping.

If left unchecked, this will lead to high-cycle
fatigue and rapid crack propagation (A. P.
Institute & of Mechanical Engineers 2021). This
risk is further emphasised in the appendix (of
Mechanical Engineers, 2020), which highlights
the sensitivity of weld joints to dynamic stresses
in the 20-60 Hz range.

Nondimensional flow-structure response.

Relationships ~ between  porosity [  and
nondimensional parameters U, A/d, and the scruton
number (Sc) is shown in Table 5. The reduced velocity
is defined as U=U/(fd) and the Scruton number is
given by Sc=(2m{)/(pfd?). Where f is measured
frequency, ¢ is the structural damping ratio (for thin
materials s=0,8 mm, it is assumed 0.005), m=ps.s.b is
structural mass per unit length. ps is the density of
material (Steel, 7850 kg/m3), and bisunit width = 1 m.
The nondimensional parameters in Table 5 provide a
deeper explanation of the flow-induced vibration (FIV)
behaviour of conical strainers with varying porosity.
Reduced velocity U exhibits a clear dependence on
porosity: high-porosity configurations (e.g., Staggered f3
= 40%) show the lowest dean=26.52, while low-
porosity units (Straight B = 28%)
U dean=64.05 . This trend intensifies under clogged

reach

conditions, with I dog increasing by 10-20% across
all series. This behaviour aligns with high-fidelity

DNS studies of perforated plates, where reduced flow
area amplifies jet velocity, shear-layer instability, and
coherent vortex modes (Shahzad et al., 2022). The
amplitude ratio A/d also increases with clogging, for
example, from 0.033 to 0.036 (Staggered p=33%)
and from 0.015 to 0.017 (Straight f=35%). This
indicates that geometric choking amplifies the
structural response, consistent with findings that
local jet acceleration over perforated plates
increases unsteady loading and flow oscillations
(Celik & Rockwell, 2004; Dai, 2020; Shahzad et
al., 2022).

The observed increase in A/d is consistent with
classical cylinder-based FIV  scaling, where
oscillation magnitude grows with wake asymmetry
and jet-shear interaction (E. Institute 2008).

Scruton numbers for all series fall within Sc= 2.19
-8.79, well below the Sc> 10 threshold recommended
by ASME/API for vibration-resistant thin-shell
components. Low Scruton values indicate high
susceptibility to excitation due to limited mass-
damping capacity.

Similar thresholds for piping vibration risk are
reported in (E. Institute, 2008) for dynamic
interaction failures in process facilities. Using Sc=
(2mQ)/(pfd?), the extremely low damping ratio of
thin steel strainers ({=0.005) places the components
in the high-risk regime, especially when porosity
decreases due to clogging.

Collectively, these nondimensional indicators
quantitatively reinforce earlier AP - A and AP - f
results: Clogging not only increases hydraulic

Table 5. Nondimensional parameters (clean vs clogged)

Hole pattern, B Uciean Uctog U’ ctear Uclog % Accli”g Sc
Stag, 30% 6.72 7.80 40.54 46.00 0.024 0.027 4.92
Stag, 33% 937 10.62 64.15 7148 0.033 0.036 8.79
Stag, 40% 6.03 690 26.52 2797 0.014 0.012 2.19
Stra, 25% 944 10.62 53.82 5737 0.027 0.029 492
Stra, 28% 9.76  12.06 64.05 76.88 0.038 0.040 8.75
Stra, 35% 6.90 792 2849 30.03 0015 0.017 2.19
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resistance but shifts the strainer toward a
dynamically unstable operating regime, validating
the proposed porosity-sensitivity mechanism. This
coupled hydraulic-structural amplification provides
a clear explanation for the 10-20% vibration
increase observed experimentally and highlights
the importance of porosity management in oil and
gas pipeline protection systems.

Influence of porosity () on
clogging factor (CF)

The clogging factor (CF) is used to assess the
level of clogging in a conical screen by comparing the
differential pressure between clean and clogged
conditions, see equation 3. The experimental results
show that porosity has a dominant influence on the
magnitude of CF, while the perforation pattern acts as
a supporting factor, as illustrated in Figure 9. Figure
9 shows that conical strainer with lower porosity
(B=30%) experience significantly higher clogging
factors, indicating severe geometric clogging that
intensifies jet contraction, turbulent friction, and
early particle accumulation.

This behaviour aligns with recent findings
regarding turbulence amplification on low-
permeability perforated plates (Shahzad et al,
2022) and jet-induced oscillatory loading (Celik &
Rockwell, 2004). The resulting flow acceleration
increases flow-induced vibration (FIV) and raises
structural stress under FSI coupling, where as
designs with higher porosity and staggered patterns (3
>35%) reduce unstable pressure fluctuations and
suppress resonance paths, consistent with geometric-
based attenuation mechanisms (Dai 2020). Overall,
the configuration with a larger cone angle (6 = 81°),
intermittent perforations, and porosity > 35% offers
superior hydraulic stability and a lower risk of
vibration, making it the most reliable choice for oil
and gas filtration applications.

Practical implications for oil and gas
exploration and exploitation

In oil and gas exploration and exploitation activities,
the findings of this study have significant implications,
particularly for the pipeline system where the conical
strainer is installed upstream and downstream. Pumps,
compressors, and other process equipment can be
protected from contamination by solid dirt. Field

conditions during the drilling process, initial
production, well testing, and mature field exploitation
will experience fluctuating flow rates, the presence of
entrained solids, and progressive plugging. Filters with
medium to high porosity in an alternating perforation
pattern consistently exhibit lower clogging factors,
reduced pressure drop, and more stable vibration
response compared to low porosity.

Filters in piping systems with low porosity
and under partially clogged conditions will
cause flow-induced vibration (FIV) due to
accelerated jet flow and increased turbulence.
Therefore, this study also confirms that screen
porosity is a parameter that can prevent
vibration. Failures in oil and gas facilities
generally occur at weld joints, small-diameter
connections, and instrumentation branches. The
immediate consequences received can include
operational shutdowns and can lead to
production losses (Emmerson et al., 2020; X.
Zou et al., 2023).

Therefore, improper selection of porosity
significantly affects the increased operational risks
during both the exploration and long-term
exploitation processes. For operators, selecting the
right porosity can reduce maintenance frequency and
improve equipment availability, especially in offshore
and remote areas. Preventive maintenance is also
required, including periodic observation of pressure
drops. This approach strongly supports risk-based
maintenance strategies and aligns with industry-
recognised vibration management practices (Celik &
Rockwell 2004; Shahzad et al., 2022).

CONCLUSION

This study concludes that porosity plays a significant
role in regulating flow instability and vibration
behaviour in a conical strainer. The experimental results
show that the straight configuration with low porosity
experiences intense geometric constriction, which
promotes the formation of high-speed jets, stronger shear
layer disturbances, and an increase in vibration
amplitude as blockage progresses.

However, conversely, screens with a porosity
greater than or equal to 30% and staggered
perforations can maintain finer flow dispersion,
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Clogging factor as a function of porosity
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Figure 9. Clogging factor as a function of strainer porosity and hole configuration. This graph illustrates the relationship
between porosity and the clogging factor for various cone strainer configurations, showing that a decrease in porosity
and variations in perforation geometry significantly increase the tendency for clogging.

reduce the occurrence of increased pressure drop, and
provide more stable vibration response. This confirms
that this type of conical screen design has greater
resistance to flow instability caused by clogging.
By integrating pressure drop measurements, vibration
metrics including amplitude and frequency, and
fouling behavior behaviour within a unified
framework, this research addresses a long-standing
gap in the literature where the interaction between
hydraulic performance and FIV behaviour on
conical screens has not been quantitatively
demonstrated. The relevance of these findings to oil
and gas operations highlights the importance of
developing cone filters that are resistant to the hydraulic
loads and vibrations caused by flow. The relationship
shown between porosity, flow instability, and
vibration response indicates that future research
should focus on the structural behaviour of the screen
due to high-velocity jets, unstable pressure fields,
and progressive clogging. Using FSI modelling, the
CFD-FEA approach is highly anticipated in
predicting the design of conical strainers that are
resistant to deformation and structural cracking, thus
maintaining filtration capability during long-term
operation in piping systems.
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GLOSSARY OF TERMS
Symbol Defenition Unit
p Density kg/m3
M Dynamic viscosity Pa.s
T Terperature °C
Q Flow rate m3/h
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Re Reynolds number —

B Porosity %

0 Cone angle Deg
d Hole diameter mm
D Internal Pipe diameter ~ mm
L Strainer length mm
p Hole Pitch mm
v(t) Velocity mm/s
a(t) Acceleration m/s?
x(t) Displacement mm
A Amplitude mm/s
f Frequency mm
AP Pressure Drop Hz
CF Clogging factor Pascal
St Strouhal Number _
Dosy Effective m

characteristic length
k Cluster Factor _
U Jet Velocity m/s
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