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Woven screens are commonly used in filtration processes that involve molten polymer. Predicting the initial
pressure drop across these screens is crucial for selecting an appropriate filtration system as it directly affects
the efficiency and cost-effectiveness in industrial processes. Existing computational models for predicting
pressure drop through woven screens have not been developed for multi-layered configurations. This study
develops an accurate and reliable methodology for using computational fluid dynamics (CFD) to model the
pressure drop across a multi-layered screen. The computational model is validated through an experimental

1. Introduction

Woven wire meshes are used in many processes in industry (Abou-
Hweij and Azizi, 2020; Kolodziej et al., 2009; Laws and Livesey, 1978),
including in polymer melt processes as filtration material (Pachner
et al.,, 2017, 2019). Woven screens are extensively used in filtration
processes as they offer precise filtration, high filtration efficiency,
mechanical strength and thermal resistance (Onufrena et al., 2021; Alj,
2013). These qualities make woven screens particularly advantageous
for processes with demanding conditions, such as those encountered in
melt filtration.

Mylar Specialty Films produce polyester films on a commercial
scale. Polymer chip is extruded into a melt, then converted into a cast
sheet through a die (Champion, 2015). The cast sheet is drawn in the
machine direction and transverse direction to prepare films with thick-
nesses between 0.6 and 350 pm (Herman, 2004). A filter sits between
the extruder and die, and is tasked with removing any unmelted or de-
graded material and contaminants, which lead to defects in the cast film
and splitting of the film during stretching (Stratiychuk-Dear, 2018). The
shear imposed by the filter also improves homogeneity (Pachner et al.,
2019). Screen filters often employ multiple screens where, typically, the
fine filter layer is supported by stronger, coarser layers (Pachner et al.,
2019).

Polyethylene terephthalate (PET) is one of the main polymers used
in film production by Mylar Specialty Films (Champion, 2015). Polymer
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melts are viscoelastic materials, and are classified as non-Newtonian,
shear thinning fluids (Denn, 2008). However, at shear rates imposed in
the film production process, PET polymers may be considered Newto-
nian and inelastic (Champion et al., 2015).

The thermoplastic industry is expected to be valued at more than
500 billion dollars by 2033 (P&S Intelligence, 2024). PET is the most
commonly used thermoplastic polymer resin, with a global demand
of 42 million metric tons expected by 2030 (Statista, 2024). PET
accounts for 7% of the total plastic market (P&S Intelligence, 2024).
PET processing is used for manufacturing in industries such as pack-
aging, textiles, electrical and electronics, the automotive industry and
many more (Omnexus, 2024). As PET is a thermoplastic, it is easily
processed by extrusion and is generally used to produce film and
sheets (Omnexus, 2024).

Around 25.8 million tons of plastic waste was generated in the EU
in 2019, and the European Strategy for Plastics in a Circular Economy
proposed the goal that 75% of packaging waste would be recycled by
2030 (Pachner et al., 2019). Recycled polymer contains high levels of
contaminants, which, if not removed, can downgrade the quality of the
final product in processing (Pachner et al., 2019). As industry tries to
maximize the amount of recycled polymer used in processing to achieve
ambitious recycling goals, melt filtration is crucial as it ensures the
final product is suitably clean and free of contaminants (Pachner et al.,
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Nomenclature

S Source term, N/m?

u Fluid velocity, m/s

x Position, m

A Corrected pressure drop, psi/Pa s
AP Pressure drop, Pa

m Mass flow rate, kg/hr

U Viscosity, Pa s

P Density, kg/m?

I3 Corrected pressure, psi/Pa s
A Cross-sectional area, m?

C Forchheimer coefficient

D Pipe diameter, m

d Screen thickness, pm

k Permeability, m?

P Pressure, Pa

T Temperature, °C

t Time, s

Xp Development length, m

Re Reynolds number

2017). Screen filters are widely used for melt filtration and usually
consist of multi-layered woven screens (Pachner et al., 2019).

When employing screens in industry, the pressure drop caused by
the fluid passing through the screens must be considered. Pressure
drop directly affects the cost of the operation, thus must be balanced
to achieve optimal efficiency and cost-effectiveness in industrial pro-
cesses (Azizi, 2019). Pressure drop can impact various aspects of the
operation, including energy consumption, pump requirements, mainte-
nance frequency and overall process performance. The initial pressure
drop of the system must be determined for selection of a suitable
filtration system (Pachner et al., 2019).

Pressure drop through a porous medium may be described by the
Forchheimer equation, given by

AP = (u/k)u + 0.5Cpu?, @

where AP is the pressure drop across the porous medium, y is the
viscosity of the fluid, k is the permeability of the porous medium, p
is the density of the fluid, u is the velocity of the fluid and C is the
Forchheimer coefficient. When the Reynolds number is less than one,
inertial effects can be ignored and Darcy’s law applies (Sidiropoulou
et al., 2007), reducing (1) to

4P = (u/ku. )

Modelling pressure drop through a woven screen has been the
subject of analytical (Azizi, 2019; Wang et al., 2021; Carley and Smith,
1978), experimental (Kotodziej et al., 2009; Yangpeng et al., 2015) and
computational (Valli et al., 2009; Teitel, 2011, 2010) research due to
the prevalence of screens in industrial processes such as melt filtration.
Other applications in industry include, but are not limited to: static mix-
ers to superimpose turbulence (Abou-Hweij and Azizi, 2020), catalyst
reactors as catalyst support material (Kotodziej et al., 2009) and wind
tunnels for the dissipation or generation of flow non-uniformities (Laws
and Livesey, 1978).

The flow profile in a pipe upstream, downstream and through a
structured woven mesh with uniformly distributed pores and pore sizes
was computationally investigated by Abou-Hweij and Azizi (2020). As
the flow approaches a screen, the resistance caused by its presence
flattens the fully developed parabolic velocity profile. As the flow
passes through the screen, all the fluid passes through screen open-
ings, leading to high velocity jets through the openings and zero flow
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where screen wires exist. The flattening effect on the velocity profile
is more pronounced with decreasing screen permeability (Abou-Hweij
and Azizi, 2020).

In CFD, when modelling porous media, it may be computationally
expensive to refine a mesh at the scales of pores while modelling
the entirety of the porous medium and surrounding geometry (Teitel,
2010). To this end, macroscopic models are used. A popular model used
in CFD is the porous media model (ANSYS, 2012b), which prescribes
some properties to a cell zone in the computational geometry, known
as a porous zone, imposing a pressure penalty through it.

The porous media model has been used to predict pressure drop
through porous media in a range of flow applications. Pashchenko
et al. (2020) determined the pressure drop characteristics for fixed
bed reactors filled with porous particles using a porous zone with an
average error of less than 10%. Cornejo et al. (2019) computationally
modelled the pressure drop through a monolith using a multi-zone
model. Multiple porous zones were employed to account for entering,
passing through and leaving the substrate. This was observed to im-
prove accuracy of the total pressure drop across the monolith compared
to prior models.

Porous zones have been used to model pressure drop across woven
screens. Teitel (2010) found that the pressure drop through a screen
can be determined by the porous media model, reducing computa-
tional time significantly as there was no need to refine the mesh to
resolve flow near screen wires. Teitel (2011) used a porous zone to
represent a woven screen to investigate if the Forchheimer coefficient
is constant over a wide range of Reynolds numbers. Garg et al. (2019)
modelled a stacked woven wire mesh with a porous zone in a miniature
Stirling cryocooler, with the goal of capturing accurate heat transfer
characteristics. In the porous medium, a local thermal equilibrium
model and local thermal non-equilibrium model were used to model
the energy equation in the porous zone; the non-equilibrium model was
shown to give better understanding of the heat transfer characteristics
in the stacked wire mesh. Trilok et al. (2022) used a porous zone to
model the pressure drop through stacked woven wire mesh for heat
exchange applications; pressure drop across the stacked mesh was in
good agreement with an experiment, with an average discrepancy of
less than 8%.

While CFD models employing porous zones have been developed to
predict pressure drop through single-layer woven screens (Teitel, 2010,
2011) or, more recently, stacked woven wire meshes (Trilok et al.,
2022; Garg et al., 2019), their use in the modelling of multi-layered
configurations, where each layer varies in structure and permeability,
have not been addressed in existing literature. This study addresses
this gap in the literature by testing multiple porous zone configurations
against experimental results to define a methodology for utilizing the
porous media model to model pressure drop through multi-layered
woven screens. By considering the influence of multiple layers on flow
behaviour, the developed computational methodology aims to provide
a more accurate prediction of pressure drop in practical industrial
scenarios while allowing insight into how flow patterns are influenced
by screen filter choice in filter systems. We emphasize that the method-
ology developed in this work is directly applicable to an extensive range
of flow systems that utilize multi-layered woven screens.

2. Materials and methods
2.1. Screen filter geometry

In-line screen filters are employed on a pilot-scale film line. An in-
line screen filter is shown in Fig. 1b; they are circular structures where
filter medium is sandwiched between coarse upstream and downstream
support mesh. The filter is inserted into the circular pipe, supported by
a filter holder, so that fluid passes through its flat surface. After passing
through the filter, the fluid passes through the holder, shown in Fig. 1c,
via the circular holes in it.
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Fig. 1. (a) A cross-section of the geometry around the filter. The adapter ring was not used in the experiment. (b) An in-line screen filter. (c) A filter holder.

This geometrical set-up is shown in Fig. la. Melt enters through
a circular pipe, which widens in the upstream section prior to en-
countering the filter. It then traverses the filter and the holder, then,
downstream of the holder, the pipe channel constricts to its original
diameter. Note that Fig. 1a shows only the geometry in the vicinity
of the filter and holder. The pipes in and out of this section extend
and remain straight with constant diameter for at least a metre in both
directions away from the filter and holder. This ensures fully developed
pipe flow upstream and downstream of the filter geometry.

The filter holder is used to keep the in-line filter in place and support
it against the high pressures in the extrusion system. The filter sits in
the holder, against the surface shown in Fig. 1c. The holder is the only
part of the geometry which cannot be modelled as axisymmetric, due
to the holes in it.

To understand how permeability influences pressure drop, four
grades of filters are utilized during this work. Three-layered 80, 60 and
40 pm filters and a five-layered 23 pm filter. An 80 um filter captures
99% of particles with diameter larger than 80 pm. The three-layered
filters are made up of a downstream support mesh, a filter layer and
an upstream support layer. The 23 pm filter is made up of five layers;
the filter layer is supported by two upstream support layers and two
downstream support layers, for extra mechanical support.

The total thickness of each filter and each support layer was found
using a caliper with precision of 10 pm. Each individual layer for each
filter was measured three times, as well as the total thickness of each
filter. For each filter, the sum of the average measurements of each
layer were found to be the same as the average thickness of the filter.
Multiple new filters of each grade were available for measurements.
Filter layers were able to be separated for individual measurements.

2.2. Experimental set-up

The objective of this experiment was to investigate how pressure
drop across an in-line screen filter is influenced by varying throughput
and filter permeability. To this end, polymer melt was extruded and
pumped through an in-line filter. The throughput and filter were varied
throughout and pressure upstream of the filter was recorded. Fig. 2
shows the geometry of the pilot scale extrusion system used for this
experiment. PET chip was fed into the extruder via a cold feedstock
where it was extruded and maintained at 275 °C by a series of heaters
along the extruder, melt system and die. The extrusion system was
heated to control viscosity and prevent solidification. A full vacuum
was used on the extruder to remove moisture and minimize trapped
air in the melt. The polymer melt then passed through the filter holder
and then the die.

Initially, no filter was placed within the filter holder. The process
then began, where the throughput was gradually increased to flush out
any debris from previous use. The experiment proceeded as follows:
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Fig. 2. Sketch of the pilot scale extrusion system.

1. With no filter, the throughput was maintained for at least 15 min
at 40, 60, 80, 120 and 160 kg/hr.

. The throughput was then reduced to 0 kg/hr, the system shut
down and an 80 pm screen filter was inserted.

. The system restarted, and the throughput was maintained at 40,
60 and 80 kg/hr with the 80 pm filter inserted.

. Steps 2-3 were then repeated with a 60 um filter.

. Step 2 was then repeated with a 40 pm filter. The throughput
was maintained at 40, 60, 80, 100, 120 and 140 kg/hr in this
case.

. Steps 2-3 were then repeated with a 23 pm filter. The experiment
was then concluded and the system was shut down.

Throughput and pressure data were logged every minute. Through-
puts were targeted by specifying the rpm of the melt pump. This led to
some fluctuations from targeted throughputs. To minimize the impact
of any fluctuations, targeted throughputs were maintained for 15 min,
and the actual throughput and pressure data was averaged over the
final 10 min. Throughputs were maintained in increments of at least
20 kg/hr to maximize the range of data covered. Different throughputs
for each filter were chosen to maximize the amount of data recovered
over the limited time allowed.

A Minolta/Land Cyclops 79 pyrometer was used to record the
temperature of the melt curtain as it fell from the die. This was done
for each filter at each maintained throughput to check the temperature
of the melt.
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Fig. 3. The virtual geometry used to model flow through a screen filter. The blue
and red arrows indicate the flow upstream and downstream of the filter respectively.
Note that the figure does not show the whole length of the inlet and outlet pipes. (For
interpretation of the references to colour in this figure legend, the reader is referred
to the web version of this article.)

2.3. Computational model

Fig. 3 shows the model of the 3D geometry used for CFD simula-
tions. It was created in SOLIDWORKS 2019 using CAD drawings of the
pilot line. All simulations were implemented in ANSYS Fluent 2022
R1. At the inlet, a mass flow inlet boundary condition was specified
normal to the boundary with a throughput ranging from 40-160 kg/hr.
A static pressure outlet boundary condition was chosen with 0 Pa
gauge pressure; the inlet and outlet were chosen to be sufficiently far
away from the filter and filter holder, as to have no influence on flow
development near the filter. All other external boundaries are walls
with the no-slip condition applied. An incompressible, Newtonian fluid
with p = 1225 kg/m? and a viscosity ranging from 120-180 Pa s was

1400
x  No filter
1200 - 80
60
1000 - 40
23
— 800 -
[72]
b
% 600 -
400 -
%
X
200 - x X
X
0 1 1 1
20 60 100 140 180
m [kg/hr]

Fig. 4. Pressure against throughput for each filter.
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modelled. This puts an upper limit of 0.01 on the Reynolds number,
ensuring the laminar regime is maintained throughout.

A steady, pressure-based solver was specified and a viscous, incom-
pressible laminar model was used, that is, the Navier-Stokes equa-
tions are discretized and solved using the finite volume method. The
Navier—Stokes equations for a viscous, Newtonian fluid are given by

ou

”(az

A coupled pressure-velocity scheme was used, with least squares cell-
based gradient discretization. Second order pressure and second order
upwind momentum discretization were also specified. A hybrid ini-
tialization method was used. The convergence criterion was set for a
maximum scaled residuals of the order 107>, Furthermore, pressure
drop across the geometry and mass imbalance between the inlet and
outlet were ensured to vary by less than 0.001% per iteration.

The porous media model (ANSYS, 2012b) was used to represent
the screen filter in this model. The porous media model assigns an
additional source term in any cell zone where it is enabled, such that

V.-u=0,

X ®
+u~Vu) = VP +uVu

ou +u~Vu) VP 4+ uVu+S. @

0
’ ( ot

This source term accounts for the additional pressure drop due to
the resistance imposed on the flow by the porous medium and is given

by

S = = ((u/kyu +0.5Cplulu). ®)

Note that the source term is in the form of the Forchheimer Eq. (1).
The Forchheimer coefficient is usually determined through empirical
relations and C = 0 if Darcy’s law applies. The cell zone with the porous
media model enabled is known as a porous zone.

In total, twelve variations of the virtual geometry in Fig. 3 were gen-
erated to account for varying filter thickness and porous zone position.
Permeability inputted into the porous media model is determined based
on experimental results. Permeability therefore varied based on filter
grade and porous media model configuration. The different porous
media model configurations, and their associated permeability values,
are discussed in Section 3.2.

A mesh independence study was performed on each mesh to ensure
that mesh resolution did not have a significant effect on any of the
CFD results. The mesh was refined systematically until a stable pressure
drop across the filter was observed, and the redevelopment length from
the inlet was compared to a correlation in the literature. An example
of this process is described in Subsection 3.2.1. Pressure drop was
chosen to investigate mesh independence as it is the parameter that
is to be compared with experimental data. Sensitivity of the mesh to
flow development was chosen as changes in the flow leads to varying
results depending on the porous zone configuration.

3. Results and discussion

This section presents the experimental results, detailing the rela-
tionship between melt throughput and pressure drop across screen
filters. Several porous zone configurations are then trialed to find good
agreement with the experimental results. It also presents a discussion
on why the different configurations give different results.

3.1. Experimental results

Fig. 4 shows pressure at the pressure transducer, shown in Fig. 2,
found at each throughput interval. Pressure is given in psi, where
1 psi = 6894.76 Pa. Error was calculated by calculating standard devia-
tion over the averaged pressure data, and was found to be universally
under 2 psi, which would not be identifiable in Fig. 4. As expected,
the pressure increases with increasing throughput and filter fineness.
Pressure does not increase linearly with throughput.
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Fig. 5. (a) The average temperature recorded using the pyrometer at each throughput interval. (b) The relationship between melt viscosity and the temperatures recorded in (a),

calculated from (6).

This can be explained by Fig. 5a, which shows the average temper-
ature recorded using the pyrometer at the throughputs of interest. The
temperature was found to vary by several degrees along the curtain,
giving a range of 5 °C from one end of the curtain to the other. As
a result, temperature was measured in the middle of the curtain, and
this variation was accounted for with a +2.5 °C error. The temperature
increased by nearly 20 °C over the range of throughputs. As throughput
increases, the speed of the extruder screw increases, leading to an
increase of shearing of the polymer melt, thus energy dissipates through
heat. Increasing temperature leads to a decrease in viscosity, decreasing
pressure drop.

Fig. 5b shows that over the range of temperatures recorded, the
shear viscosity of the polymer varies by 38%. The relationship between
shear viscosity and temperature was based on well established relation-
ships that have been previously employed and validated in Champion
(2015), Champion et al. (2015). The relationship is given as

u= 0.1 [10(2953/T—2.1337}] , (6)

where T is the temperature of the melt. The viscosity of polymer
melts vary with temperature in an exponential manner (Vlachopoulos
and Strutt, 2012). The Vogel-Fulcher-Tammann equation is of the
same form as (6) and is frequently used to describe the temperature
dependence on viscosity for polymer melts (Ikeda and Aniya, 2013).
Wang Roger Porter et al. (1995) also highlight two of the most com-
monly used equations for expressing viscosity-temperature behaviour
of polymer melts. One is an Arrhenius type equation and the second
is the WLF equation (Wang Roger Porter et al., 1995), both express
the relationship as an exponential decay in viscosity with increasing
temperature.

The relationship between mass flow rate and pressure drop across
the filter is of interest as this will clarify the physical behaviour of the
melt. As the flow in the geometry is in the laminar regime and Re <
1, a Newtonian fluid would follow Darcy’s law. Pressure drop across
the filter therefore increases linearly with increasing mass flow rate.
However, Fig. 5b shows that viscosity changes significantly over the
range of flow rates used in the experiment. If this change in viscosity
is not accounted for, the relationship between pressure drop across
the filter and mass flow rate could not be established. To account
for viscosity varying with temperature, a new variable, the corrected
pressure &, is defined such that

&=P/u. @

For each throughput in Fig. 4, an associated temperature was calcu-
lated from the line of best fit in Fig. 5a. This temperature was then used
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Fig. 6. Corrected pressure drop through each filter against throughput.

to find the viscosity and calculate ¢ using the temperature-viscosity
relationship.

Pressure drop across a filter can be determined at a particular
throughput by subtracting the pressure reading of the system without
a filter from the pressure reading of the system with a filter. Then, to
obtain the pressure drop, a line of best fit was created for the no filter
case for the pressure-throughput relationship. This gives the predicted
pressure output through the system without a filter. This predicted
pressure output was then subtracted from the pressure output obtained
when the filter is in place to determine the pressure drop across the
filter at that specific throughput.

From Darcy’s law, dividing by viscosity,

AE = AP/u = (d [k Ap)m, (€)]

where A is the cross-sectional area of the filter, s is the throughput and
A¢ is the corrected pressure drop across the filter. That is, corrected
pressure drop increases linearly with throughput in Darcy’s regime.
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Fig. 7. (a) Pressure drop against number of mesh elements and (b) x- velocity along the centreline for the 80 pm filter in the filter away from holder case at a throughput of

80 kg/hr.

From Fig. 6, it appears that corrected pressure drop does indeed in-
crease linearly with throughput. As accounting for temperature in the
melt’s viscosity recovers Darcy’s law, the viscosity varies negligibly
with shear rate; its zero shear viscosity limit applies throughout the
experiment. Furthermore, as Darcy’s law applies, the viscoelastic prop-
erties of this polymer melt are demonstrated to have a negligible effect
on its flow through a screen filter.

From Fig. 6, the lines of best fit for each filter do not intercept
the origin. As the filter grade reduces, thus the permeability of the
filter decreases, the intercept increases. The shift may be due to non-
linear effects at low throughputs, implying pre-Darcy behaviour, where
the throughput-pressure drop relationship becomes nonlinear due to
factors such as boundary layer effects (Diwu et al., 2018). Teng et al.
(2024) present a comprehensive review on the literature investigating
the pre-Darcy regime.

Temperature variations through the filter may also contribute to
the shift. The shift may also be due to complex viscoelastic, non-
Newtonian behaviour at low strain rates. As operating throughput
decreases, the rate of strain imposed on the melt by the filter decreases.
The melt viscosity-rate of strain relationship in porous media shows
melt viscosity decreasing with strain rate, with several plateaus (Sochi,
2010). Experimental conditions may impose a range of strain rates
on the melt such that the relationship remains in the intermediate
plateau. Hence rate of strain would have no influence on melt viscosity
throughout experimental conditions. Low operating mass flow rates
may then increase melt viscosity due to a decrease in the strain rate
imposed by the filter on the melt, resulting in non-linearity for the
pressure drop-mass flow rate relationship.

Darcy’s law has therefore only been shown to be valid over the
range of flow rates shown for the experimental data in Fig. 6. The exact
nature of the pressure drop and mass flow rate relationship as mass
flow rates approach zero is beyond the scope of this work since it is
outside of the operating regime of any practical applications that we
are aware of. Nevertheless, it may be of scientific interest to investigate
more thoroughly in future work.

3.2. Computational results

As Darcy’s law (2) applies over the range of the experiment, perme-
ability values for each filter grade can be calculated by obtaining the
gradient from lines of best fit in Fig. 6. That is, using

_4d

T Apm’
where m, is the gradient from the line of best fit of an individual filter
grade.

©)
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Fig. 3 highlights the screen filter structure, with the thickness of the
downstream support mesh, the filter layer and the upstream support
mesh prescribed dj, dp and d;; respectively. These thicknesses vary
between filter grade, and were measured for each filter using a caliper.
The total thickness of, for example, the 80 pm filter is therefore given
by d¥0 | = d}? +d¥ + d3), where the superscript represents the filter
grade. For the 23 pm filter, which is made up of five total layers, d2}
was taken as the sum of the two downstream support meshes and d%
was taken as the sum of the filter layer and the support mesh between
the filter layer and the upstream support mesh. With this structure,
three different porous zone configurations were tested to determine
the most reliable configuration for predicting pressure drop across a
multi-layered woven screen with CFD using the porous media model:

1. The “full length” model. The porous zone, for each filter grade,
was prescribed a thickness of d, = dy + dp + dp and it
was placed directly against the filter holder. If this model gives
good agreement with the experimental results, then the layers
need not be considered, and a single permeability value can be
successfully used to predict pressure drop across the multi-layer
configuration of a screen filter.

. The “filter by holder” model. Zero thickness was chosen for dy;
and d, leaving the porous zone with a thickness d and placing
it directly against the filter holder. If this model gives good
agreement with the experimental results, then only the filter
layer need be considered to successfully predict pressure drop
across a screen filter.

. The “filter away from holder” model. The porous zone was
enabled only in dy, placing the porous zone a distance dj
away from the filter holder. If this model gives good agreement
with the experimental results, then only the filter layer need
be considered when calculating permeability, but the position
of the layer must be considered to successfully predict pressure
drop across a screen filter.

For each of the porous zone configurations, the permeability of
each filter grade was calculated from (9). Simulations were then run
to match the targeted throughputs in the experiment. For example, for
the 80 pm filter using the full length model, a mesh was created with
a porous zone of thickness dtggtal. This was ensured to match the total
measured thickness of the actual 80 pm screen filter. A permeability was
then calculated from (9) using d = df;’tal, which was then prescribed to
the porous zone. Then simulations were run at 40, 60 and 80 kg/hr
to match the throughput intervals targeted by the experimental work.
Simulations were also run with no porous zone prescribed to the ge-

ometry at throughputs in intervals of 20 kg/hr between 40-140 kg/hr.
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Fig. 8. Corrected pressure drop through (a) 80 (b) 60 (c) 40 (d) 23 pm filter against throughput from experimental data and the full length model. It may be observed that the

full length model yields poor predictions.

Corrected pressure drop across the filter at each throughput was then
calculated by subtracting the corrected pressure output from the no
porous zone case away from the corrected pressure with the porous
zone enabled.

3.2.1. Mesh independence study

For each unique geometry, three meshes were generated. All meshes
were generated with tetrahedra cell shapes, with curvature capture
specified to ensure sufficient mesh resolution in regions of significant
changes in curvature. Fig. 7a shows the pressure drop output for the
three meshes generated for the 80 pum filter in the filter away from
holder case at a throughput of 80 kg/hr. There is shown to be less than
a 0.025% change between the medium and fine mesh. Results were
therefore deemed to be independent of choice of medium or fine mesh.

To further check the suitability of the medium mesh, the flow
development length downstream of the filter holder was compared
to the analytical relationship developed by Durst et al. (2005). This
particular correlation is chosen as it accounts for the role diffusion plays
in flow redevelopment in the creeping flow limit (Poole and Ridley,
2007). The relationship is given by

Xp/D = [0.619'° + (0.0567Re)"® b 10)
/D= 0. A .

where Re is the Reynolds number in the pipe, D is the pipe diameter
and X is the development length. Fig. 7b shows a plot of x-velocity
along the centreline of the of pipe, starting from the inlet. The de-
velopment length in the CFD model was determined by analysing the
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x-velocity, pinpointing the point at which its variation along the length
of the pipe is 0 m/s, to 4 decimal places. It is found to be in good
agreement with (10), with a percentage error of under 5%. The medium
mesh was deemed suitable to proceed with analysis.

Fig. 7b shows that the flow is fully developed before entering
the filter system. This verifies that the inlet pipe was significantly
long enough to fully develop the flow before entering the filter sys-
tem, negating any influence of artificial boundary effects on the flow
through the filter system.

3.2.2. Computational validation

Fig. 8 provides a comparison between the CFD results obtained
using the full length model and the corresponding experimental data.
The CFD model has been successful in capturing the linear relationship
between throughput and pressure drop. However, it is apparent that
there is poor agreement between experimental data and the full length
model. It is worth noting that the full length model predicts a corrected
pressure drop of 0 psi/Pa s at a throughput 0 kg/hr, which, as discussed,
is not observed in the experimental data. This is a feature of a porous
zone, as it is implementing Darcy’s law. Thus, to compare the two, it
is essential to focus on the gradients obtained from the CFD model and
experimental data. It is found that there is around a 50% discrepancy in
results. This poor agreement is because the full length model does not
account for the multi-layered structure of the screen filters. Superior
agreement is found when the different layers are accounted for.

Fig. 9 provides a comparison between the CFD results obtained
using the filter by holder model and the corresponding experimental
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Fig. 9. Corrected pressure drop through a (a) 80 (b) 60 (c) 40 (d) 23 pm filter against throughput from experimental data and the filter by holder model. It may be observed

that the filter by holder model yields poor predictions.

data. The filter by holder model has also been successful in capturing
the linear relationship between throughput and pressure drop. How-
ever, it can be seen that the discrepancy in gradients between the
filter by holder model and the experiments is even worse than the full
length model. CFD predictions are off by around 100%. This suggests
that position of the porous zone, relative to the filter holder, must be
accounted for.

In Fig. 10, a comparison is presented between the CFD results ob-
tained using the filter away from holder model and the corresponding
experimental data. The filter away from holder model has been suc-
cessful in capturing the linear relationship between the throughput and
pressure drop. In all cases, the gradient error is under 5%, indicating
good agreement between the experiment and CFD model. This suggests
that only the filter layer needs to be represented by a porous zone, but
for good agreement, it must be placed in its correct position relative to
the filter holder, hence the thickness of the downstream support mesh
is needed.

3.3. Discussion

The away from holder model produces results that are by far in best
agreement with the experiment because the multi-layered configuration
of the filter is accounted for through the thickness of the porous zone
and its position relative to the filter holder. The filter medium itself

330

is far less permeable than the support layers, thus the pressure drop
caused by flow resistance through the filter layer dominates the pres-
sure drop through the screen filter. However, it is clear that the position
of the porous zone relative to the filter holder influences results. By
placing the porous medium the distance of the downstream support
layer away from the filter holder, agreement with the experiment is
superior.

Fig. 11 shows the x-velocity profile upstream of the porous zone
for each model. As model accuracy compared to experimental results
improves, there is a decrease in fluctuations in x-velocity upstream of
the porous zone. This shows that by placing the porous zone a distance
away from the holder, the resistance caused by the porous zone has
a larger influence on the flow profile. As the porous zone is defined
as isotropic and homogeneous, the flow redistributes so that velocity
is constant across it. In pipe flow, as flow approaches an isotropic,
homogeneous screen, it causes resistance to the flow, flattening the
velocity profile (Abou-Hweij and Azizi, 2020). This flattening is most
apparent in the filter away from holder model. The flattening is less
apparent in the filter by holder and full length models, where the x-
velocity profile has a similar shape to the no filter case. As the porous
zone is in contact with the holder, the flow distributes to follow the
path of least resistance through both the porous zone and the holder.

This is further verified by Fig. 12. In Fig. 12a, where no filter is
inserted, flow is evenly distributed through each channel of the filter
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holder. In Fig. 12b, in the filter by holder model, the flow patterns
closely resemble those observed in the absence of a filter; the distribu-
tion of flow remains well-balanced across each channel. Fig. 12¢ shows
that, for the filter away from holder model, as the velocity is nearly
constant across the porous zone, the majority of the flow most travel
through the outer holes, due to the proportion of fluid in their vicinity.
Overall, the filter away from holder model resolves the changes in flow
as the melt moves between screen layers and the holder, whereas the
other models do not.

The choice of filter grade employed is crucial in optimizing the film
casting process. A lower grade filter ensures smaller contaminants are
captured compared to a higher grade filter. However, Fig. 6 shows that
decreasing filter grade results in a larger pressure drop penalty across
the filter. This means that more energy is required for the melt pump
to maintain a desired flow rate. It is therefore important to choose a
filter grade which will not affect the quality of the final product while
minimizing pressure drop across the filter to optimize cost-effectiveness
of the process.

4. Conclusion

An experimental set-up, designed to investigate how pressure drop
changed based on changes to melt throughput and filter permeabil-
ity, was carried out. A computational model, using a porous zone to
represent the screen filter, was created to model experimental results.
Variations in porous zone length and position, based on the structure of
a screen filter, were tested to see what configuration leads to the best
agreement with experimental results.
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have a throughput of 60 kg/hr; (b) and (c) model a 60 pm filter.

Pressure drop was found to increase with decreasing filter perme-
ability. Furthermore, corrected pressure drop, accounting for tempera-
ture variation, was found to increase linearly with increasing through-
put for all filter grades at all throughputs investigated. This showed that
over the range of the experiment, Darcy’s law applied and PET melts
act as a Newtonian fluids as they pass through screen filters.

It was found that to computationally model the pressure drop of
a flow through a multi-layered woven screen, only the filtration layer
needs to be modelled, but the presence of the downstream support
layer needs to be accounted for. Using the sum of the screens as a
thickness, or ignoring the support meshes completely, leads to inaccu-
rate modelling. Instead, the filtration layer should be modelled with
a porous zone, but placed correctly relative to the filter holder in
the actual geometry. This allows for the correct capture of changes
in flow distribution as the melt moves between screen layers and the
holder. We emphasize that this conclusion, and the CFD methodology
developed from it, is applicable to any CFD model of a filter system
which utilizes a multi-layered screen filter, as long as the fluid is
Newtonian and obeys Darcy’s law across the screen filter.
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