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Numerical and experimental investigations of the influence of the pleat
geometry on the pressure drop and velocity field of a pleated fibrous

filter

Félicie Théron *, Aurélie Joubert, Laurence Le Coq

GEPEA, UMR CNRS 6144, IMT Atlantique, CS 20722, 44307 Nantes, France

ABSTRACT

The aim of this study is to combine numerical and experimental approaches to evaluate the influence of
pleat geometrical parameters on the pressure drop and air velocity field at the vicinity of pleated fibrous
filters. For a given filter, three different geometrical pleat configurations (with various pleat heights and
widths) are investigated at similar filtration velocities. Numerical simulations are validated based on
experimental measurements in terms of pressure drop versus filtration velocity, and enable the influence
of the filter geometry on the air flow pattern in its vicinity to be investigated. The influence of filter geom-
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etry on the pressure drop is evaluated from experiments carried out in a lab-scale air handling unit. For
this purpose, pleated filter prototypes were designed in the laboratory.

1. Introduction

Today, people living in urban agglomerations spend about 90%
of their time indoors. Currently, environmental and economic con-
siderations are leading to the construction of low energy or positive
energy buildings whose envelopes are strongly impermeable. These
kinds of “confined microenvironments” need to be properly venti-
lated to allow air renewal and thus maintain high indoor air quality
in terms of humidity, temperature, CO, level and exposure to air
pollutants such as PM2.5 particles. For this purpose, air cleaning
is necessary to remove particles, especially from the outdoor air
intake in urban areas, and to treat potentially recycled indoor air,
which contains mainly volatile organic compounds (VOCs) such
as formaldehyde, or PM10 and PM2.5 originating from furniture,
paints or people’s activities such as cooking. Thus, in-duct air clean-
ing devices are widely implemented in ventilation systems whose
performance management is an important challenge.

Filtration with fibrous filters is the most common technology
used in in-duct ventilation systems to remove particles. There
are various types of filter with different levels of performance.
For example, the European standard EN779-2012 for air filters
sorts them into 9 classes (from G1 to F9) based on their average
gravimetric efficiency or their lowest filtration efficiency. Accord-
ing to the application, the filters are implemented in ventilation

http://dx.doi.org/10.1016/j.seppur.2017.02.034

systems in one or several stage(s). The pleated filter is one of the
widespread geometrical configurations used to increase the filtra-
tion area in the limited space available in air filtration units. The
performance of fibrous filters result from the compromise between
high efficiency and low pressure drop. In fact, the significant pres-
sure drop generated by the air flow through this process as well as
the process maintenance are important economic issues. The
design of pleated filters must therefore limit the energy cost of
the operation while ensuring the targeted air quality.

Many parameters influence fibrous filters performance: the par-
ticle characteristics (size distribution, density, morphology, hygro-
scopicity, ...), the operating conditions (filtration velocity, air
thermodynamic properties), and the filter properties. The latter
can be classified by different scales: the fiber scale (fiber cross-
sectional shape, length, roughness, material, fiber size distribution,
length to diameter ratio, ...), the media scale (thickness, fibers
arrangement: random or organized, porosity, pore size distribu-
tion, local variations in structural parameters due to manufactur-
ing processes, ...), and the filter scale (geometrical properties of
the media). It is this third scale that is addressed in the present
work. Concerning the pleated filter, these geometrical properties
consist of the pleat height, width and opening angle, the pleat
number and the resulting filter’s developed surface area.

The geometrical properties of the filter may significantly influ-
ence local velocities in the pleat vicinity and thus the orders of
magnitude of velocity gradients to which particles are submitted.
Yet, the air velocity influences the filtration performance at the
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Nomenclature

B media permeability [m?]

C media inertial resistance [m™!]

Ds fiber diameter [m]

Dy hydraulic diameter of the duct [m]
H pleat height [m]

Sduct duct cross-sectional area [m?]

Sdeveloped filter developed surface area [m?]
air velocity [m-s™']
Vfitration filtration velocity [m-s—']
Vinlet inlet velocity for numerical simulations [m-s~']

Wh, mean measured pleat width [m]
W, theoretical pleat width [m]
Z Media thickness [m]

Greek letters

AP Filter pressure drop [Pa]

o Pleat opening angle [-]

€ Media porosity [-]

n Air dynamic viscosity [Pa-s]
p Air density [kg-m~3]

scale of the particle collection mechanisms. In particular, particle
collection by Brownian diffusion decreases with increasing filtra-
tion velocity, whereas the mechanism of inertial impaction is pro-
moted by increasing filtration velocity.

The aim of the present study is to combine numerical and
experimental approaches to evaluate the pressure drop and
velocity field of pleated fibrous filters, and especially the local
velocity variations, in order to identify trends that could influence
the initial local filtration efficiency. It consists of first numerically
predicting the initial pressure drop of pleated fibrous filters and
experimentally validating the model with various geometries of fil-
ters; and secondly, of assessing the influence of filter geometry on
the simulated air flow in the vicinity of fibrous pleated filters. The
numerical simulations are thus carefully considered in order to
reproduce the experimental conditions with the greatest accuracy
in terms of the geometrical properties of filters and mean air filtra-
tion velocities.

2. State of the art of numerical studies of air flow in the vicinity
of fibrous pleated filters

The evolution of pleated filter performance during clogging
must be evaluated for the design and maintenance of filters. In
the scientific literature, several theoretical or empirical approaches
are reported to describe the particle collection mechanisms. To this
end, one of the challenges encountered by authors is to take into
consideration the air flow pattern in the filter vicinity. Rebai et al.
[1,2] combined a semi-analytical 1D flow model with an empirical
clogging model to predict the pressure drop at high filtration veloc-
ity (0.39-1.42 m-s™') representative of gas filtration in automotive
applications. They validated their flow model by Computational
Fluid Dynamics (CFD) calculations. Fotovati et al. [3,4] developed
a macroscale model combining CFD flow calculation in laminar
regime with a semi-empirical particle collection model to quantify
the instantaneous pressure drop and total collection efficiency.
Fotovati et al. 3] dealt with surface filtration regime by HEPA filters
while Fotovati et al. [4] worked on depth filtration by pre-filters and
validated their model by considering the flat filter configuration on
the basis of the semi-empirical model developed by Thomas et al.
[5]. This work was continued by Saleh et al. [6] who combined both
algorithms into one simulation scheme to model the service life of
pleated filters exposed to a polydisperse aerosol (1-10 um). How-
ever, they did not validate their model using experimental data.
In order to reduce simulation times, Saleh and Tafreshi [7] devel-
oped a 2D semi-numerical model to predict both instantaneous
pressure drop and total collection efficiency by using empirical
expressions to describe the velocity field, as an alternative to CFD
calculations. Saleh et al. [8] complemented this work by developing
a novel set of analytical expressions. In the last two papers, they
compared their results with those obtained with their more realis-
tic CFD flow calculations, and with the experimental data of Gervais

et al. [9] obtained with HEPA filters. Their conclusions were that
their approaches could predict the service life of pleated filters at
the early stages of a design process, but became less accurate near
the clogging stage.

The literature thus exhibits several approaches dealing with
particle clogging modeling in pleated filters. As they involve vari-
ous flow conditions, filter types (and thus properties), and particle
size distributions, it is difficult to draw general conclusions about
the design optimization of pleated filters. From the different stud-
ies dealing with this issue, it appears that the parameter that is
generally taken into consideration is the pressure drop under clean
conditions [10,13] as this is responsible for the filter energy con-
sumption. However, depending on its geometrical properties, the
air flow pattern in the vicinity of the filter may exhibit significant
local variations, which could impact particle distribution on the
media surface area and, consequently, the filtration efficiency. To
deal with this issue, CFD is the most relevant tool.

There are several studies in the literature reporting numerical
simulations of air flow in the vicinity of pleated filters. As they cover
a wide range of media and filter properties as well as flow condi-
tions, the main information about the conditions that were tested
in these studies are detailed in Table 1. In this table, Z, B and € are
the media thickness, permeability and porosity, respectively, Ds is
the fiber mean diameter, and H and W are the pleat height and
width. Pleated filters can be represented by rectangular or triangu-
lar shapes. Most authors consider their media isotropic and use a
mean permeability value B. To model the permeability of different
media (HEPA and pre-filters), Fotovati et al. [3,4] used the expres-
sions of Spielman and Goren [14] to calculate the in-plane perme-
ability Bjp and the through-plane permeability Brp components.

These studies mostly involve one or a half pleat through 2D com-
putational domains. Tronville and Sala [12] compared the results
obtained with three pleats within a 3D domain to those of a half
pleat in a 2D domain and reported good agreement between them.

Concerning flow conditions, the authors generally specify the
mean filtration velocity Vgitration, DUt sometimes they give the
mean inlet duct velocity Vine. Due to the operating conditions of
pleated filters, most numerical studies involve laminar flow to rep-
resent the flow field within them. Cases requiring flow simulation
in the turbulent regime raise the issue of turbulence model selec-
tion. Tronville and Sala [12] and Feng et al. [15] reported some data
that enabled a comparison of the ability of different turbulence
models to predict the pressure drop and the velocity profiles of
pleated filters.

3. Material and methods
3.1. Overall methodology

The combined numerical and experimental investigations
involved in this study to predict the filtration performance of
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Table 1
Studies of the literature dealing with numerical simulations of air flow through pleated filters.
Authors Media type and properties Filter type and geometrical Flow regime/model and velocity range Simulation
properties (ms™1) domain
Fotovati - Z=0.7mm Pleated filters, triangular - Laminar flow - 2D
et al. [4] - Bjp=5.028-10"""m? and Bp=3.117 - 107" m? shaped: - Vinlet = 0.05-0.5ms™" - 1/2 pleat
- £=095 - H=254mm
- D¢=15um - W=2.1-6.4 mm
Fotovati HEPA media Pleated filters, rectangular - Laminar flow - 2D
et al. [3] - Z=0.38 mm shaped, triangular shaped: - Vinlet=0.2-1.0ms! - 1 pleat
- £=0.90-0.96 - H=254mm
- Df=6-15um - W=1.3-8.5mm
- 3 anisotropic media: Bp=6.92-10"1°-278.
10" m? and Brp=4.40-10"'° - 1.51 - 10! m?
- 3 isotropic media: B=5.58-1071° -~ 225.10""" m?
Rebai et al. Synthetic fibrous media: Pleated filter, rectangular - Laminar flow
[1] - Z=145mm shaped, triangular shaped: - Vfiltration=0.39 ms~!
- B=3.565-10"""m? - H=51mm
- W=125mm
Del Fabbro Low Efficiency @Fldiaz(cellulose fiber): Pleated filters, rectangular - Laminar flow - 2D
etal [11] - B=380-100"m shaped, triangular shaped: - Viitration = 0.07 m s~} - 1/2 pleat
- £=0.88 - H=27-48 mm
- W=2.0-3.5mm
Tronville - Z=0.38 mm Mini pleated filter, triangular - Turbulence models: rsm, Standard - 3D and 2D
and Sala - B=75.10"?m? shaped: k-g&, RNG k-¢ -3 pleats
[12] - H=25mm - Vinter =0.5-2.0ms™! and 12
- W=32mm pleat
Del Fabbro HEPA media (gl§51§ ﬁbzer): Pleated filters, rectangular - Laminar flow - 2D
etal [11] - B=119-100"m shaped, triangular shaped: - Viitration = 0.07 m s~ ! - 1/2 pleat
- £=092 - H=27-48 mm
- W=2.0-3.5mm
Chen et al. - Z=0.38 mm Mini pleated, rectangular - Laminar flow - 2D
[10] -B=1.1-10""-752.10" "3 m? shaped: - Viitration = 0.13-1.3 m s ! - 1/2 pleat
- H=22.22-133.25 mm
- W=1.27-8.47 mm
Feng et al. Polypropylene media: Pleated filter, rectangular - Turbulence model: LES (SGS), DES - 2D
[15] - 2=0.30mm shaped: (SA), LRN k-¢, Standard k-g, v2f - 1/2 pleat
- B=833-10"m? - H=50mm ~ Viger=0.13ms !
- W=50mm = Viitration = 0.072 m s

pleated fibrous filters were performed with a coarse filter used in
various geometrical configurations. The filter has a permeability
of 10~° m? order of magnitude. Such a high permeability value,
combined with the pleat width range tested (11.5-23.0 mm)
enables to broaden the pleated filter properties numerically stud-
ied compared to the cases reported in the literature (cf. Table 1).
The coarse filter was also chosen as it is widely used in multi-
stage configurations.

The first step of the study consisted in characterizing the struc-
tural parameters of the fibrous media and its permeability in order
to use the Darcy-Forchheimer equation in the Fluent CFD code to
predict the pressure drop through the unused media in flat config-
uration. The second step consisted in predicting the pressure drop
of pleated filters from two-dimensional simulations. In order to
validate the calculations, the pressure drop of three filters with
various pleat widths and heights was measured.

3.2. Experimental conditions

The media studied is of G4 type according to the European stan-
dard EN779-2012, and is made of cotton and polyester fibers. Its
main structural properties were characterized and average values
were calculated from 3 measurements. The thickness of the media,
measured with a micrometer, is 2.8 £+ 0.7 mm. The mean fiber
diameter, determined from SEM (JEOL 5800-LV) picture analysis,
is 13.8 4.4 um (70 fibers observed). The porosity of the media,

determined by mercury porosimetry (Micromeritics Autoport IV),
is 0.92 £ 0.01. Its weight, determined by weighing dried samples
with known surface areas, is 65+ 5 g-m 2.

Downsized pleated filters (with external dimensions of
120 x 120 mm?) with three different geometrical configurations
were designed in the laboratory with this media. Their characteris-
tics are given in Table 2. For each geometrical configuration, pres-
sure drop measurements were carried out on at least 3 filters. The
filter is commercialized by Camfil with the geometrical configura-
tion of the prototype P1 (cf. Fig. 1) whose nominal filtration veloc-
ity is 0.8 m-s~.

Concerning the pleat width, the theoretical values W; as well as
the average measured values W, are detailed in Table 2. The mea-
sured values are the average width values, which were measured
after laboratory manufacture of the downsized filters. The dimen-
sions of the prototypes P2 and P3 were chosen in order to evaluate
the influence of the pleat width (P1 versus P3) and height (P2 ver-
sus P3) on filter pressure drop. The developed surface area and
pleat opening angle of prototypes P1 and P2 are similar. The devel-
oped surface area of the prototype P3 is around twice that of P1
and P2 whereas its opening angle is half that of prototypes P1
and P2. The theoretical width value is based on that of the com-
mercial filter for the P1 geometry and is thus half this value for
the P2 and P3 configurations.

The downsized filters were tested in a lab-scale air handling
unit (AHU) enabling pressure drop measurements in controlled
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Table 2
Geometrical properties of the prototypes tested.

Geometry Pleat height H (mm) Pleat width W, (mm) theoretical Pleat width W, (mm) measured Pleat opening angle Pleat number
P1 40 23.0 19.8 o 6

P2 20 11.5 113 o 12

P3 40 11.5 10.2 of2 12

Fig. 1. Picture of the P1 prototype.

temperature and relative humidity conditions [16]. The pressure
drop was determined from the differential pressure measurement
between upstream and downstream of the filter.

3.3. Numerical conditions

3.3.1. Computational domain and boundary conditions

For the numerical simulations, domains consisting of two-
dimensional meshes were generated to simulate the flow through
half-pleats. Three meshes were used to study the flow in the vicin-
ity of the three pleat geometries investigated experimentally. In
each mesh the half-pleat was positioned after a straight length of
180 mm, inside a total length of 455 mm. In order to compare
experimental and numerical pressure drop of unused filters as a
function of the mean filtration velocity (cf. Section 4.2), the calcu-
lations were carried out with a pleat width corresponding to the
measured values Wy,. For those calculations the cell numbers were
86,500; 50,054 and 54,124 for the prototypes P1; P2 and P3 respec-
tively. To analyze the air flow pattern in the filter vicinity (Sections
4.3 and 4.4) thanks to CFD results, the theoretical pleat width W,
was considered. For those calculations the cell numbers were
97,358; 50,054 and 58,464 for the prototypes P1; P2 and P3 respec-
tively. The meshes were structured in the two empty straight
lengths upstream and downstream of the filter and inside the
media, and unstructured in the two zones in the close filter vicin-
ity. The minimum cell size was defined for the media thickness,
and was of 0.1 mm. Additional simulations were carried out with
refined meshes in the filter vicinity and led to similar results, so
the previously cited meshes were retained.

The boundary conditions used are presented in Fig. 2. The half-
pleats were inserted between two symmetry conditions. A con-
stant velocity inlet value was imposed at the domain inlet. At the
domain outlet, a pressure outlet of 101,325 Pa was fixed.

3.3.2. CFD models and equations

The governing equations for the air flow were the Navier-Stokes
equations, which were solved at steady-state. The model used by
the Ansys Fluent code to predict the pressure drop generated by
porous media is the Darcy Forchheimer equation (Eq. (1)), which

takes into account the viscous as well as the inertial resistances
to the flow:

AP u C 2

77§~V+§~p~v (1)
where 1L and p are the air dynamic viscosity and density, V is the air
velocity, B is the media permeability and C is the inertial resistance
coefficient. B and C were considered isotropic.

Due to the air velocity range covered in the AHU
(0.6-5.6m-s~'), and the corresponding Reynolds range
(1550-45,000) the flow in the filter vicinity was considered
turbulent. Two turbulence models were studied and compared:
the standard k-epsilon model (k-¢) and the Reynolds stress model
(rsm). Due to the filtration velocity range corresponding to this air
velocity range: from 0.09 to 0.81 m-s~!, the flow in the porous
media was considered linear laminar (and thus only the viscous
resistance was taken into consideration).

4. Results and discussion

4.1. Determination of the fibrous media permeability and inertial
resistance

In order to determine the media permeability B and inertial
resistance C, pressure drop AP measurements of the fibrous filter
in flat configuration were carried out in the lab-scale AHU for an
air velocity ranging from 0.1 to 2.0 m-s~'. The experimental data
are presented in Fig. 3; they represent the average values from
three different samples of media and error bars indicate max and
min values. The results reveal a wide dispersion of the pressure
drop with increasing air velocity, which indicates a significant
heterogeneity of the media.

These experimental data were modeled through the
Darcy-Forchheimer equation (Eq. (1)). The permeability was
derived from the linear part of the curve (linear laminar flow
regime) which corresponds to an air velocity of 0.1-0.5 m-s™'.
The calculated values of B and C were 2.0+ 0.5-10"°m? and
3344+ 1000 m !, respectively.

4.2. Influence of the filter geometrical properties on the pressure drop

Fig. 4 represents the numerical and experimental change in the
filter pressure drop versus the mean filtration velocity. The numer-
ical simulations involve pleat widths equal to the mean values of
the experimental prototypes.

First, the experimental results reveal a significant influence of
the pleat geometrical parameters on the change in pressure drop
in accordance with the results of Del Fabbro et al. [11] and Rebai
et al. [1] for different filter properties and flow conditions. For a
given pleat height, the pressure drop decreases as the pleat width
increases (P1: H40 W,20 and P3: H40 W,10). For a given pleat
width, the pressure drop decreases as the pleat height decreases
(P2: H20 W,11 and P3: H40 W,,10). Thus, in the range of pleat
heights and widths tested, the pressure is lowered by a large width
and small height of the pleats. Moreover, the influence of the
geometrical parameters on the pressure drop is more significant
with increasing air filtration velocity.
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___A—ST_______
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outlet
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Fig. 2. Diagram of the simulation domain and the boundary conditions used.

AP (Pa)

© Experimental data
— Darcy-Forchheimer Model

0.0 0.2 0.4 0.6 0.8 1.0 12 14 16 18 2.0
Air velocity (m/s)

Fig. 3. Comparison between measured and modeled (by the Darcy-Forchheimer
equation) pressure drop versus air velocity for the flat configuration of the filter
tested.

Secondly, the results indicate that the numerical simulations fit
well with the experimental data. Thus, for the media used, the stan-
dard k-¢ turbulence model and an isotropic permeability enable an
accurate prediction of the filter pressure drop. The same results
were obtained when using the rsm model for the P1 prototype.

Feng et al. [15] showed that the standard k-¢ turbulence model
accurately predicted the experimental pressure drop of filters with
a low permeability of 8.33 - 1072 m2 However, they also demon-
strated that for the filter tested by Rebai et al. [1], whose perme-
ability was 3.57-1071°m?, the standard k-¢ turbulence model
(as well as the Low Reynolds Number k-& model) failed to predict
the pressure drop (which was successfully predicted by the Large
Eddy Simulation, the v2f model; i.e. a model close to the standard
k-¢ developed for a low velocity and wall bounded flow, and the

O H40 Wm20: Experimental data

350 ® H40 Wm20: Simulations
H20 Wm11: Experimental data

300 H20 Wm11: Simulations
4 H40 Wm10: Experimental data

250 A H40 Wm10: Simulations

Detached Eddy Simulation models). Tronville and Sala [12] com-
pared the pressure drop obtained for three different turbulence
models to those measured experimentally for their mini-pleated
filters (with a low permeability of 7.5 - 1072 m?) and highlighted
that, contrary to the standard k-¢ turbulence model, the rsm
model described the experimental pressure drop better.

These results show that for each configuration (media type,
filter geometrical properties, mean filtration velocity range), the
selection of the turbulence model must be well addressed.
Moreover, special care must be taken in defining the geometry of
pleats as the wrong specification of their height and width could
lead to significant variations in their pressure drop.

To highlight this issue, Fig. 5 studies the sensitivity of the sim-
ulated filter pressure drop to the pleat width. For this purpose, the
pressure drop obtained for the P3 filter with a mean measured
width is compared to that obtained with the theoretical width.
The results show that an 11% deviation in pleat width leads to sig-
nificant pressure drop deviations: a 21% discrepancy is reached at
the highest simulated mean filtration velocity (0.69 m-s1).

In general it is also possible that the pleating operation involved
in filters manufacture induces some compression effect on the
media that could slightly modify the pleats dimensions.

4.3. Influence of the turbulence model on velocity profiles in the pleat
vicinity

In the present study, two different turbulence models were
tested to model the air flow in the vicinity of the filter for the pro-
totype P1: the standard k-¢ and the Reynolds stress model (sug-
gested by Tronville and Sala [12]). The pressure drop obtained
with the two models were similar (cf. Section 4.2), suggesting no
influence of the turbulence model on the pressure drop prediction
in the mean filtration velocity range tested (0.14-0.79 m-s~!). The

g 200 F--nenomremenoones e
o
K|
&A
L N W
b
I f-oeen e
A 4, 3
0 +— A“ "V"“"“L‘“mw
0.0 0.2 0.4

Viittration (M/S)

Fig. 4. Comparison between measured and numerical (with pleat widths equal to the average measured ones) pressure drop versus filtration velocity for the three unused

filter prototypes: H40 W,20 = P1, H20 W,11 = P2, H40 W,,,10 = P3.


lecoq
Rectangle 


74

400 -
4 Experimental data: mean measured width = 10.2mm

O Simulations: theoretical width = 11.5mm
B Simulations: mean measured width = 10.2mm

350 -

300 ~

250

AP (Pa)

200 7

150

100 7

50 7

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Viittration (M/S)

Fig. 5. Sensitivity of the simulated pressure drop to the pleat width for the unused
prototype P3 of the filter: theoretical width: H40 W12, mean measured width: H40
Wp,10.

subject of this section is the influence of the turbulence model on
velocity profiles in the pleat vicinity for the prototype P1.

In order to present the longitudinal velocity profiles upstream
and downstream of the filter, the representation illustrated in
Fig. 6 was adopted. The vertical coordinate Y was defined in the
same way upstream and downstream of the media through the
dimensionless coordinate Y/Yq, Yo being defined as the distance
between the media surface and the computational domain limit
(symmetry axis) for each coordinate X. Thus the Y/Y, ratio is equal
to 0 at the media surface, and to 1 at the computational domain
limit (symmetry boundary conditions).

The velocity profiles upstream and downstream of the filter
obtained from the two tested models for a mean filtration velocity
of 0.7 m-s™!, close to the nominal filtration velocity of the commer-
cial filter (0.8 m-s~!), are presented in Figs. 7 and 8, respectively. It
appears that more deviations between the velocity profiles
obtained with the two models occur downstream of the filter
(Fig. 8). The velocity profiles upstream of the filter (Fig. 7), which
are of primary interest to evaluate the particle collection by fibers,
are not significantly influenced by the turbulence model, except in
the close vicinity of the filter (for a Y/Yy ratio close to zero) where
maximum deviations are about 10%. Thus, the widespread k-¢
model was selected for the simulations performed for the other
two prototypes.

Turbulence model selection would require local velocity
measurements, especially downstream of the filter where the most
significant deviations are observed. The only study addressing this
issue is the recent one of Feng et al. [15]. They measured the one-
dimensional velocity component (x-velocity component) down-
stream of the filter along the X and Y directions using hot wire
anemometry. Their results show that the ability of a turbulence
model to predict velocity patterns accurately varies significantly
with the filter and media properties, and with the flow conditions.

_Y/yo=1

4.4. Influence of the filter geometrical properties on velocity profiles in
the pleat vicinity

The velocity profiles for the three geometrical configurations
were compared for a similar mean filtration velocity of 0.7 m-s~!,
close to the nominal filtration velocity of the commercial filter
tested (0.8 m-s™!).

The velocity profiles upstream of the filter, at different axial X
coordinates along the pleat, for the prototype P1 are presented in
Fig. 9. Almost all of these profiles highlight that from about 0.2 nor-
malized distance to the media Y/Y, the velocity is rather uniform.
The most significant velocity gradient is thus located in the vicinity
of the media surface (from the surface, i.e. Y/Yo =0, to 20% of the
distance between the surface and the symmetry axis, i.e.
Y/Yo = 0.2). These penetration profiles are similar to those reported
by Rebai et al. [1]. Moreover, far from the filter surface (from
Y/Yo=0.2 to 1.0), the air velocity does not depend significantly
on the axial coordinate (for X =4 to 31 mm), except at the pleat
entrance (from X=0 to 4 mm) and in the pleat bottom (from
X =32 to 36 mm).

Fig. 10 compares the velocity profiles upstream of the filter for
the three geometrical configurations at the mean filtration velocity
of 0.7 m-s~! (calculated with the theoretical pleat width) at three
axial coordinates along the pleat: at the pleat entrance (x =4 mm
for the prototypes P1 and P3 and x =2 mm for the prototype P2),
at the half pleat height (x = 20 mm for the prototypes P1 and P3
and x = 10 mm for the prototype P2), and the pleat bottom depth
(x =36 mm for the prototypes P1 and P3 and x=18 mm for the
prototype P2). The comparison between the three prototypes
shows that the more pleated the media is (tight pleats, with low
opening angle) and the higher the pleats are, the more significant
the velocity gradient is. In fact, for the prototype P3 (H40 W,11)
the velocity ranges from around 2 m-s~! at the air/media interface
(Y/Yo = 0) in the pleat entrance zone (x =4 mm) to around 16 m-s~!
when reaching the symmetry axis in the deep pleat bottom zone
(x =20 and 36 mm), whereas the velocity ranges observed for the
prototypes P1 (H40 W.23) and P2 (H20 W,11) are 1-5 m-s~! and
1-7 m-s~!, respectively.

In order to have orders of magnitude of local velocities at which
particles would reach the filter, the evolutions of the velocity at the
air/filter interface along the pleat are compared in Fig. 11 for the
three configurations for the mean filtration velocity of 0.7 m-s~'.
This figure shows that the velocity at the filter interface exhibits
a minimum at x=4mm for the prototypes P1 (of 1m-s~!) and
P3 (of 2m-s~!) and at x =2 mm for the prototype P2 (of 1 m-s™!)
which corresponds to the end of the bend. As mentioned by Rebai
et al. [1], the curved region of the pleat must be considered
carefully as the pleat manufacturing process may involve local
compression of the media that could lead to local deviations in
terms of thickness and permeability. Then, the velocity slightly
increases up to 2.5m-s~! for the prototype P1 whereas it rises
more significantly for the prototypes P2 (up to 4.1 m-s~!) and P3

inlet

X=2

1
1
I
0

mm

Fig. 6. Diagram of the dimensionless coordinates Y/Yo used to represent the velocity profiles upstream and downstream of the filter, illustrated for the case of the prototype

P1.
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Fig. 7. Influence of the turbulence model on the vertical velocity profiles upstream of the filter at different X coordinates for the unused prototype P1 with the theoretical
width: H40 W23, at Vipier = 2.8 m-s~! and Vijration =7 m-s~ .
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Fig. 8. Influence of the turbulence model on the vertical velocity profiles downstream of the filter at different X coordinates for the unused prototype P1 with the theoretical
width: H40 W23, at Viner = 2.8 m-s ! and Viigration = 0.7 m-s .
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Fig. 9. Vertical velocity profiles upstream of the filter at different X coordinates for the unused prototype P1 with the theoretical width: H40 W23, at Vjyjec = 2.8 m-s~
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lecoq
Rectangle 


76
—6— H40 Wt23: x=4mm
H20 Wt11: x=2mm

-=-&---H40 Wt11: x=4mm
20 ~

16

12

V (mls)

—¥— H40 Wt23: x=20mm —¢— H40 Wt23: x=36mm
H20 Wt11: x=10mm
==3=- H40 Wt11: x=20mm

H20 Wt11: x=18mm
==<-=- H40 Wt11: x=36mm

0.2

Fig. 10. Comparison of vertical velocity profiles at three X coordinates (pleat entrance, half pleat height and pleat bottom depth) upstream of the filter for the three unused
prototypes of the filter with theoretical pleat widths: H40 W23 = P1, H20 W11 = P2, H40 W,11 = P3 at Vfj¢ration = 0.7 m/s.
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Fig. 11. Comparison of air velocity at the filter interface for the three unused prototypes of the filter with theoretical pleat widths: H40 W23 = P1, H20 W,11 = P2, H40

W11 = P3 at Vigration = 0.7 m/s.

(up to 9.0 m.s~!) up to the pleat bottom depth. Thus, the magni-
tude of the velocity variations resulting from the pleat geometrical
properties influences the velocity at the media interface. As these
velocity variations are significant, the pleat shape used for CFD
calculation must accurately reflect that of the experimental proto-
types for proper comparisons.

5. Conclusion

The influence of the geometrical parameters of a coarse pleated
fibrous filter on its pressure drop and velocity field was studied
using experiments and numerical simulations. The filter properties
simulated (in terms of media permeability and geometrical param-
eters) enable to extend the data reported in the literature. It was
demonstrated that for such filter and for the filtration velocities
tested both the k-¢€ and rsm turbulence models enable an accurate
prediction of the unused filter pressure drop. The pressure drop
versus mean filtration velocity of unused filters enabled the
numerical simulation conditions to be validated, and to point out
that, in the range of pleat heights and widths tested, as expected,
the pressure drop is lowered by a small pleat height and a large
pleat width (toward a flat geometry).

The numerical velocity profiles in the pleat vicinity upstream of
the filter, which are of primary interest regarding the particle
collection by fibers, showed that tight and high pleats lead to the
more significant velocity gradients, and to the higher velocity
magnitude at the air/filter interface. On the contrary large and
small pleats lead to the less significant velocity gradients and to
the lower velocity magnitude at the air/filter interface. Those dis-
crepancies should have an influence on the initial local collection
efficiencies.
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