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ABSTRACT

In naval applications generally, the pleated discrete pore non-woven layer filter element is used. Filters used
for such applications require a maximized filtration rate, lower pressure drop, higher permeability, effective pore size
distribution and good filtration efficiency. In the other most common wire mesh filter element type, the geometric
parameters are well-defined and can easily be modelled. In the case of non-woven layer filter element, the pores
are arranged in a randomly distributed manner and the modelling becomes difficult. In this present study, a new
approach was contemplated for modelling the same. The fluid flow through the filter element is by percolation
phenomenon. Using Darcy’s law approach, the pressure drop across the filter element for different flow rates was
found analytically by considering the flow resistance in all three polar coordinates r, 6 and Z. The theoretical
prediction made by CFD analysis is correlated with actual model behaviour and a good degree of correlation is
obtained which shows the efficacy of this method for wider use in similar applications.
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1. INTRODUCTION

In a filter, the filter medium controls the filtration process
and the properties of the filter medium determine how the
filter performs to remove the particles from the fluid. A special
sub-category of non-woven fibre element is made out of glass
fibre media®!®. The limitation of glass media is that it has
high specific resistance and limited mechanical strength. To
offset the former, the filter element is most commonly used in
pleated form to increase the superficial area for a given size of
the element. This increase in area facilitates more flow through
the element resulting in the reduction of overall flow resistance
offering a pressure drop. The pleating of an element will also
improve its rigidity of the element, although it is normally
supported by a perforated inner tube or core. The pleated
type of glass media mesh can tolerate extreme thermal ranges
and differential pressures along with excellent dirt-holding
capacity>>!°. In the wire mesh type of element, the geometric
parameters are well-defined and can easily be modelled,
whereas for a non-woven layer filter, the pores are arranged
in a randomly distributed way and the creation of a geometric
model is difficult’. The filter is considered as porous media with
porosity or void fraction arriving from the resistance offered to
fluid flow. Considering this, the present method has evolved.

2. METHODOLOGY

The pleated filter element is characterised based on
geometric parameters such as pleat width (thickness), pleat
length, pleat bending radius and angle. In filter media, some
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important properties such as porosity and permeability
are required to be defined and usually determined under
experimental conditions'’. In this analytical method, the filter
media is modelled as the porous media using Darcy’s Law in
the CFD code. The fluid flow through the filter element can
occur from the outward to the inward direction or vice versa*.
The pressure drop across the pleated filter element is due to
permeability and porosity. To model the pleated filter, the
entire filter element is assumed as a hollow cylinder so that
the flow occurs radially across the pleated filter element which
is equivalent to the pleat length of known pleat width. In this,
the flow is expected to occur only in the radial direction of the
filter element. Flow is provided in one direction and restricted
in the other directions. Varying the flow rate as a boundary
condition in the CFD simulation, the pressure drop has been
estimated. CFD solves the partial differential equations into
algebraic equations by satisfying the conservation laws of
mass, momentum and energy equations.

3. MODELING OF DISCRETE PORE

The fluid flowing into the filter element has to face
two different resistances i.e. inertial resistance and viscous
resistance. These two resistances define the porosity of the
medium. The inertial and viscous resistances are obtained using
a characteristic curve from the pressure drop versus velocity.

The calculation of inertia and viscous resistance is given
by:

Pressure drop across the porous media as per Darcy’s
law:
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Where,

p - Dynamic viscosity, kg/m-s

A - Permeability, m?

V - Velocity, m/s

p - Density, kg/m?

C, - Inertial resistance factor, 1/m
t - Thickness of porous media, m

(1

The polynomial fit equation is obtained from the pressure
drop versus velocity curve which can be represented as

AP=AV?*+BV +C 2)
Where,
C=0
Comparing Eqns. (1) & (2),
1
A= EpCzt (Kg/m?) 3)
i.e., Inertial Resistance
2A
C,=—(0/m) 4)
pt
_| K 2
B= (—jt (Kg/m’s) )
o

i.e., Viscous Resistance
B

o' =—(1/m%) (6)
ut

Using Eqn. (5) and Eqn. (6) the inertial and viscous
resistance is calculated. The single pleat element has been
considered for analysis'* as shown in Fig. 1 to Fig. 3.

H= Height of the pleat

D=Diameter of the pleat

A
t
H
L
Y
4D ‘J L=Length of the pleat
Figure 1. Arrangement of filter = Thickness of the pleat
element pleat. Figure 2. Single pleat.
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Figure 3. Layout of specific pleat element used for analysis.

3.1 Influence of Pleat radius/Curvature Effect

The required number of pleats is arranged using a pleat
radius to have desired increase or decrease of the pressure drop.
The curvature of the pleat radius influences the pressure drop
in the filter element which will optimize the filtration rate. An
increase in the number of pleats increases in viscous resistance
offered by the fluid thereby the increase in pressure drop.

3.2 Layering

The pleats are arranged in layers to maximize the filtration
rate and allow the impurities to segregate in the membrane of
the filter.

4. CASE STUDY

For the case study, a hydraulic filter of out-to-in type is
considered with the pleated element. To obtain the polynomial
equation the pressure drop versus velocity details across the
filter element needs to be known. The following procedure
is adopted to get the characteristic curve of the pleated mesh
(filter element) considering a specific pleat characteristic. In
this specific pleat Velocity versus Pressure drop, characteristics
were synthesized using commercial CFD code ANSYS version
2019 R3. In this analysis the turbulent k— € model is used to
estimate the pressure drop value''. Figure 4. Shows the layout
of the filter element.

The k-¢ model takes into account the turbulence effect
away from the wall which can give better results instead of
using the k-o model which considers the turbulences near the
wall. In the k-¢ model with the standard method, realizable
and non-equilibrium wall function is used in the analysis
which reduces the number of cells to be iterated. The Hybrid
initialization method is used as the initialization technique for
the solution because of two parameters to be specified.

The characteristic curve fitting is carried out using a
second-degree polynomial equation. This CFD procedure
only predicts flow characteristics for a single pleat, further
taking into account the total number of pleats the filter media

113



DEF. SCI. J.,, VOL. 73, NO. 1, JANUARY 2023

Fluidin =) =y Fluid out

" Fluid domain

Filter element modelled
=" as porous media
approach in fluent

Figure 4. Layout of filter.

permeability and filtration rating is estimated. The estimated
filtration may be in agreement with the actual.

The equation is

y=0.0177x* +0.0015x (7)

From the equation, A=0.0177 and B=0.0015. Since the
pressure drop is plotted in the bar, A and B have to solve for
the SI unit. Which gives 4=1770 and B=150.

Using Eqn. (4) and Eqn. (6), calculate C, as 9593.495
(1/m) & o' as 28627046.833 (1/m?) respectively.

Viscous resistance for the total number of pleats, o' is
2147028512.475(1/m?).

Permeability a=4.65*101° (m?)

Filtration rating = 24.66 pm

Where,

p - Density of liquid = 900 kg/m?

Velocity Pressure
1.744

B 3.000

- '395 2.989

: 2.978

1.221 2 o
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2.956
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Figure 6. Velocity contour.

Figure 7. Pressure contour.

Table 1. The typical pressure drop obtained for different velocities

across the element

t - Thickness of the porous media = 0.00041m
p - Dynamic viscosity = 0.01278 kg/m-s

0.0008 T

Sr. No Velocity (m/sec) Pressure drop (bar)
1 0 0

2 0.2 0.0000095
3 0.4 0.0000337
4 0.6 0.0000722
5 0.8 0.0001248
6 1.0 0.0001915
7 1.2 0.0002722
8 1.4 0.0003671
9 1.6 0.0004760
10 1.8 0.0005990
11 2.0 0.0007361

0.0007

0.0006 .

0.0005

0.0004

0.0003

Pressure drop (bar)

0.0002 .
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0 0.5 1 1:5 2 2

Velocity (m/sec)
Figure 5. Estimated characteristic flow curve for porous

media.
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From this, inertial resistance and viscous resistance have
been found. The Estimated characteristic flow curve for porous
media is shown in Fig. 5.

Using the porous media approach for the entire filter
element the flow versus pressure drop curve is obtained using
the CFD. Pressure drop is estimated for different flow rates
starting from 0 to 100 Ipm shown in Table 2. The velocity
contour and pressure contour to one such flow rate are shown
in Fig. 6 and Fig. 7.

It is observed that the maximum velocity occurs at the
narrow portion of the inlet side in Fig. 6. The maximum
pressure occurs on the inlet side and the minimum pressure at
the outlet due to permeability as shown in Fig. 7.

5. EXPERIMENTAL VALIDATION

To validate the method, an experiment has been conducted
to correlate the results. In this test setup, the test unit was
connected to a hydraulic test bench. The inlet side is connected
to the pump. The outlet is connected to the tank. The flow at
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the inlet is maintained in steps and after flow stabilization, the
inlet and outlet pressure are measured. The algebraic difference
between the pressures gives the pressure drop for the variable
flow rates. The test filter is shown in Fig. 8. The experimental
validation was carried out to estimate the pressure drop using
the flow versus pressure drop test as shown in Fig. 9. The
correlation between theoretical and model behavior is shown
in Fig. 10. A good degree of correlation is obtained.

Figure 9. Experimental test setup used to measure the flow vs
pressure drop.

Table 2. The pressure drop obtained for different fluid flow
rates for filter assembly

Pressure drop (bar)
Flow rate (I pm)

Analysis Experiment
0 0 0
20 0.1437 0.11
50 0.3957 0.35
75 0.6176 0.56
100 0.8454 0.80

6. DISCUSSION

The pressure drop across the filter with different flow rates
was obtained and the correlation between theoretical prediction

versus model behaviour shows that both the pressure drop
results were in agreement with each other for the non-woven
layer filter element. The pressure drop value is of higher bound
value in the analysis because of the very high resistance offered
by the fluid in two directions other than the radial direction.
Whereas in practice, flow occurs in all directions.
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Figure 10. Correlation between theoretical prediction and model
behaviour.

7. CONCLUSION

From the study, it is found that the simulation results of
the k—e turbulence model used in this analysis are in agreement
with experimental values. The pressure drop across the filter
element is increased with decreasing porosity. The increase in
the length of the pleat causes an increase in the filtration area
and decreases the pressure drop. The theoretical prediction
by CFD simulation was correlated with model behaviour. A
good degree of correlation obtained shows the efficacy of this
method for wide use in a similar application. This method can
be readily used in new filter designs, with great potential of
reducing the need for prototype and testing resulting in cost
and time reduction.
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