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We established a numerical model and used computational fluid dynamics (CFD) analysis to observe
transient flow behavior across pleated filter cartridges in a dust collector during pulse-jet cleaning. The
numerical results were in good agreement with the filter-testing data during important periods including
during pressure ramp-up and valve opening. Larger errors for predicting overpressure occurred during the
pressure ramp-down period likely due to the uniformity of the filters' permeability. This confirmed that the
numerical model demonstrated the cleaning efficiency and the local cleaning quality of three different filter
cartridges with different filter dimensions and pleat ratios. Data calculated from the average static pressure
on the filters' surfaces were more closely correlated to cleaning efficiency than overpressure. The surface
static pressure distribution along all filter cartridges showed that the top area of the filter cartridge is difficult
to clean because of the lower surface pressure generated by the pulse jet. Filter cartridges with higher pleat
ratios were found to have greater instances of incomplete cleaning due to the large variation of static
pressure distribution along the filter cartridges. Our results showed that although information such as
average pressure and pressure distribution on the filter surface is difficult to obtain by physical
measurement, this data is tractable using CFD analysis and is useful for filter design and system optimization.
+1 513 841 4506.
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1. Introduction

Two primary filtering and cleaning processes–filtration and back-
pulse cleaning–are used in the operation of baghouses or dust collector
systems [1–6]. The purpose of this study was to analyze the stable
operation of these processes with a focus on pulse-jet-cleaned dust
collectors; i.e., we were more concerned about cleaning than filtration.

To design effective pulse-jet pleated filters, understanding the
transient flow characteristics–particularly pressure changes across
the filter media–of pleated filter cartridges during pulsing is critical.
Understanding the pressure distribution on the filter surface during
pulse-jet cleaning is also critical to filter design to ensure maximum
cleaning efficiency. In both real and in experimental settings, it is
difficult to collect this information using physical measurements.
Using a numerical analysis simulation model is the only practical way
to obtain meaningful measurement data, which will in turn allow one
to analyze the transient flow characteristics of a given dust collector
system. This measurement data will also allow researchers and
designers to conduct a parametric study of various pleated filter
designs in order to optimize the operation of a filtration system. In this
study, we chose to use computational fluid dynamics (CFD) analysis
because we believed it would yield the most accurate and useful data
for our study purposes.

Numerical methods have been widely used for understanding the
flowbehavior of rigid ceramic candlefilters and fabric bagfilters cleaned
by pulse jet. Some studies used simplified one-dimensional models
[7,8] to solve the pulse-jet flow in a ceramic filter to optimize filter
dimensions and systems design. Other studies used two-dimensional
analysis to simulate the transient pulse-jet cleaning process for fabric
filter bags [9] and ceramic filters [10,11] to study the design and
operating conditions of regenerable filtering systems. A three-dimen-
sional numerical model has also been established to offer more detailed
analysis on particle deposition during filtering processes and on
pressure distribution on filter media during pulse-jet cleaning [12].
The numerical modeling done by Laux et al. [11] and Ahmadi and Smith
[12] using the FLUENT codehas demonstrated that the numerical results
predicted well the transient pressures exerted on the ceramic filters
during backpulse cleaning. Their study also showed that the sharp static
pressure gradient across the filter and dust cake appeared to be the
main force in removing the dust cake. The static pressurefield inside the
filter at the initial stage of pulsing, however, had such a nonuniform
distribution that it was unable to completely dislodge the cake.

The numerical studies described above provided satisfactory
results to analyze, design, and optimize the performance of pulse-jet
fabric and ceramic filters, both of which are flat-sheet in shape. In
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Fig. 1. Schematic diagram of fundamental filter testing.
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contrast, our studies have focused on the use of CFD techniques to
analyze the more complicated case of using pleated filter cartridges
during backpulse cleaning. In this study, we used numerical analysis
to understand the transient variation of surface pressure on pleated
filters with different pleat ratios (defined as the ratios of pleat height
over pitch), but not using the more costly and time-consuming
methods of taking physical experimental measurements.

We know that the accuracy of results from a numerical model can
be confirmed by demonstrating the agreement between the model's
prediction and experimental observations [13]. Therefore, in the
present study we conducted a detailed and fundamental filter test to
once again confirm the accuracy of our numerical model. We used the
results from our tests using various pressures at the nozzle inlet as
inputs for our numerical calculations. The results from the overpres-
sure observed in our experiments using pleated filters during pulsing
were used to confirm the numerical model.

2. Methods

2.1. Clean filter testing with pulse jet

Three commercial filter cartridges were used as the test filters for
cleanfilter testingbypulse jet. Thefilter cartridges are designated as LPR
(lowpleat ratio at 2.83),MPR (middle pleat ratio at 4.32), andHPR (high
pleat ratio at 5.78). The characteristic data of test filters are summarized
in Table 1. The test filters were obtained from different manufacturers
and vary in filtration area from 3.53 to 5.11 m2 based on their cartridge
dimensions and pleat configurations. The angle of one single pleat from
each filter was calculated. This axial symmetry enabled us to create a
numerical model for a single pleat which reduced calculation costs.

Fig. 1 shows the experimental setup for conducting the fundamental
filter test. The top cover and bottom hopper of the dust collector were
removed so that the top andbottomareaswere open to the atmosphere.
A pressure transducer was installed at the inlet of the nozzle to record
gauge pressure variation during pulsing. A differential pressure
transducer located at the center location of the filter was used to collect
overpressure data across the filter during pulse-jet cleaning. Due to the
different dimensions of test filters, the measurement locations of the
differential pressure transducer are denoted as (X1, Y) for the inside of
Table 1
Characteristic data of filters for the numerical study.

Pleated filter cartridge LPR MPR HPR

Pleat height (H, mm) 48 24 35
Pleat pitch (W, mm) 16.96 5.56 6.06
Pleat ratio (β=H/W) 2.83 4.32 5.78
Inner diameter (Din, mm) 228 159 164
Filter length (L, mm) 629 566 566
Filtration area (Af, m2) 3.99 3.53 5.11
Thickness of filter medium (δf, mm) 0.8 1 0.35
Angle (θ) 6.00° 3.08° 2.98°

Remarks: Top view of a pleated filter cartridge

Pleat Height 
-~(H) 
the filter and (X2, Y) for the outside of the filter. Tank pressure was set
at 0.48 MPa to generate a short burst of air to clean the filters. Different
pulse durations of 100 ms and 350 ms were used for filter testing.

The filtration process was not active (i.e., 0 cm/s filtration velocity)
during the test; this enhanced the precision of the pressure data
measurement and simplified the numerical model by excluding the
filtering air flow. Our initial test to clean the filters during the normal
filtration process showed that obtaining the stable measurement data
on transient pressure during pulsingwas difficult, particularly at the top
opening of the filter cartridges. Similar results have been reported by
other studies of ceramic filters [11,14]. The large fluctuation in pressure
traces at thefilter top is causedby the incompletemixednatureof the air
jet and the strong local velocity and turbulence during the very short
time period of the pulse valve open phase. Every testing condition was
performed 10 times for each test filter to obtain stable data and reliable
results. All themeasureddatawere collected by adigital data acquisition
system programmed by LabView software for further analysis. The test
data collected were pressure variation over time at the nozzle inlet and
transient overpressure (ΔPover) across the filter medium during pulse-
jet cleaning under 0.48-MPa tank pressure.

2.2. Computational fluid dynamics (CFD) technique

A commercial code, FLUENT, was employed in this study to develop
a numerical model to analyze a pulse-jet-cleaned dust collector.
Detailed information about the program is available in the FLUENT
User's Guide and in the user-defined function manual. A brief discus-
sion of the FLUENT code, including transportation equations, boundary
conditions, and porous media modeling, is provided.

2.2.1. General transport equation
Based on the finite volume method, FLUENT solves the transpor-

tation (property conservation) equations enforced in each cell
generated in the computational domain. The integral form of the
general transportation equation for mass, momentum, energy, etc. is
shown as follows:

∂
∂t ∫Vρϕd V|{z}

unsteady

+ ∮
A
ρϕU ⋅ dA
|{z}
convection

= ∮
A
Γ∇ϕ ⋅d A
|{z}

diffusion

+ ∫
V
Sϕd V
|{z}
generation

ð1Þ



Fig. 3. Schematic diagram of computational domain.
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where

V arbitrary moving volume,
A surface of the moving volume,
t time,
U velocity vector,
Γ diffusion coefficient,
Sϕ source term.

With different inputs for the scalar quantity (ϕ), Eq. (1) can
represent specific transportation equations. For example, ϕ=1 for
the continuity equation; ϕ=velocity components (u, v, w) in (x, y, z)
coordinates for the momentum equations; ϕ=turbulent kinetic
energy (κ) or turbulent dissipation rate (e) for the turbulence flow
in the κ–e model; ϕ=enthalpy for the energy equation; and
ϕ=mass fraction of species for the species transportation equation.
In this numerical work, isothermal flow was assumed so the energy
equation was neglected. This is reasonable for analysis of baghouse
systems which use fabric filters. No dust was considered in our
calculation, i.e., we considered only a single-phase air flow in order to
explore the pure effect of pulse-jet cleaning on the filters.

2.2.2. Computation domain and meshing
For our case, we created a numerical model for different filter

cartridges installed in a cylindrical dust collector, hence we could use
a simple half pleat for numerical calculation because of the pleat's
axial symmetry. However, a single pleat model was used in this study
to obtain a higher quality mesh on an approximately triangular prism
with a sharp angle. As shown in Fig. 2, the angle (θ) was calculated by
dividing 360° by the filter pleat number to represent the geometric
characteristics of a single pleat. The three-dimensional computation
domain included the nozzle, the clean zone (the top portion of the
dust collector), the filter cartridge, and the dirty zone (the bottom
portion of the dust collector). The schematic diagram of the com-
putation domain is shown in Fig. 3.

The computational domain is an assembly of structured cells. High
grid density was placed at the nozzle, at the center location of the
filter, and at the upstream and downstream of the pleat to provide
greater resolution. The same meshing strategy was used to mesh test
filters LPR, MPR, and HPR to generate 83,168; 35,616; and 37,416 cells,
respectively. The numerical time step to solve the unsteady backpulse
cleaning was about 0.1 to 0.3 ms.

2.2.3. Boundary conditions
Boundary conditions are used in numerical modeling to specify the

flowand thermal variables on the boundaries of the physicalmodel. The
types of boundary conditions provided by FLUENT can be classified into
four categories including (1) faces, (2) double-sided faces, (3) periodic,
Fig. 2. Schematic diagram of the top view of the L
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and (4) cells. The boundary conditions applied in this study (also shown
in Fig. 3) are summarized in Table 2 and are briefly described as follows.

During filter cleaning, the pulse jet enters the dust collector from
the nozzle inlet, passes through the pleated filter, and leaves the dust
collector from either the top or bottom portions of the dust collector.
Pressure inlet conditions were applied at the nozzle inlet, and the
value of the transient pressure was specified using a user-defined
function based on the filter test data. Pressure outlet conditions at
the top and bottom exits of the dust collector were used to specify the
atmospheric pressure.

Wall boundary conditions were applied to the solid regions
including the wall of the dust collector, at the nozzle, and at the
bottom, i.e., the closed end, of the filter cartridge. A no-slip boundary
condition is enforced at the walls by default in FLUENT modeling.
A single pleat from each filter cartridge was modeled to save com-
putation costs. Zero normal velocity and zero normal gradients of
all variables were assumed at the symmetry planes. Air at ambient
conditions was used in this study to specify the fluid zone.

In essence, the porous medium is a type of fluid zone. It can be
modeled in FLUENT using either porous media conditions or a
simplified porous jump model. The porous media model is used to
define a “cell” zone so that the pressure loss in the flow can be
calculated via the inputs by adding amomentum sink in the governing
PR, MPR, and HPR filters in the dust collector.
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Table 2
Boundary conditions applied in this study.

Category Zone type

Faces Pressure inlet, pressure outlet
Double-sided faces Porous jump, wall
Periodic Symmetry
Cells Air
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momentum equations. However, the one-dimensional porous jump
model applied to a “face” zone provides the advantages of robustness
and better convergence, and it was adopted in this work. The details
of modeling of porous media are discussed in the next section.

2.2.4. Modeling of porous media
The fluid flow through porous media in FLUENT is modeled by

adding a momentum source term (Si) in the governing equations. The
general form of Si can be expressed as

Si = − ∑
3

j=1
Κ1; i j μU0; j + ∑

3

j=1
Κ2; i j

1
2
ρ jU0; j jU0; j

 !
ð2Þ

where

Si source term for the ith (x, y, or z) momentum equation,
K1 viscous resistance matrix,
K2 inertial resistance matrix.

Eq. (2) consists of two parts, viscous loss and inertial loss. These
losses contribute to the pressure gradient when the fluid flows
through the porous media. For simple homogeneous porous media,
Eq. (2) can be simplified to give

Si = − k1μU0;i + k2
1
2
ρ jU0;i jU0;i

� �
= − μ

α
U0;i + k2

1
2
ρ jU0;i jU0;i

� �
ð3Þ

where

k1 viscous loss coefficient =
1
α

and
k2 inertial loss coefficient.

Consider the case of laminar flow through porousmedia. The effect
of inertial resistance is so small that the second term on the right-
hand side of Eq. (3) can be neglected. Therefore Eq. (3) can be
rewritten in the form of pressure gradient (∇P):

−∇P =
μ
α
U0 ð4Þ

which is known as Darcy's law.
According to Eq. (3), the two resistance factors, k1 (i.e., α, filter

permeability) and k2, need to be estimated for solving the pressure
drop across the pleated filters. Ergun [15] proposed a comprehensive
equation to describe the pressure drop (ΔP) due to the flow through
beds of granular solids in the following form:

ΔP
δ

=
150ð1−εÞ2

ε3
μ
d2p

U0 +
1:75ð1−εÞ

ε3
ρ
dp

U2
0 ð5Þ

where dp=particle diameter (or fiber diameter when this equation is
applied to the porous media), ε=fractional void volume (i.e.,
porosity) of porous media, and δ=thickness of porous medium.

Eq. (5) is widely applied for modeling different porous media such
as fabric filters [16], rigid ceramic filters [17], and dust cakes [18].
Comparing Eq. (5) with Eq. (3), the viscous and inertial loss
coefficients become

k1 =
1
α

=
150ð1−εÞ2

ε3d2p
ð6Þ

and

k2 =
3:5ð1−εÞ

ε3dp
: ð7Þ

For most cases, the viscosity resistance (Darcy's Law) is the
dominant term in pressure loss across filters or porous media. The
inertial resistance term is also considered in the numerical simulation
of this study, due to the high-velocity gas flow passing through the
filter during backpulsing.

Referring to ASTM Standard D737-04 [19], the estimated perme-
ability of our test filters while introducing clean air into the dust
collector to measure the pressure drops could be determined by
Darcy's Law. In this study, constants α and k2 were required as inputs
for calculating the flow through pleated filter cartridges because of the
limitation of FLUENT. The calculation error could be generated from
constant settings of α and k2 since both coefficients are a function of
the filter medium structure (ε), which might be influenced by a high-
speed pulse jet. Therefore, our strategy for model confirmation was to
first use a smaller k2 in order to make α the main contributor to the
pressure drop and then adjusting α only enough to obtain numerical
results that matched the filter-testing data. A constant k2 of 1000 was
used for all calculation cases. In this work, we also assumed that there
was no interaction between the fluid and the porous media, and any
deformation of the filter media during pulsing was neglected.

3. Results and discussion

The most important step after the establishment of a model is to
demonstrate its effectiveness and reliability. The model can be
confirmed by checking the deviation between observation (filter-
testing data) and predication (numerical output) [13]. The purpose of
this study was to use our confirmed model to obtain numerical values
for the static pressure on a filter's surface. By using this data to
demonstrate the relationship between cleaning efficiency and filter
geometry, we hope that our work might provide useful information
for the air filtration industry and help designers and engineers
improve pleated filter design and optimize pulse-jet systems.

3.1. Filter test results

Compressed air was delivered through a blowtube to the nozzle for
filter cleaning. The pressure variation at the nozzle inlet was recorded
by a pressure transducer as depicted in Fig. 4. The pressure at the
nozzle inlet reached the maximum value (45,000 Pa in our case when
tank pressure at 0.48 MPa was used) in 150 ms, then continuously
decreased. The total time to complete a pulse cleaning was 520 ms for
the short pulse duration (tp=100 ms), and 760 ms for the long pulse
duration (tp=350 ms). The time characteristics shown in Fig. 4 are
summarized in Table 3. Due to the similar behavior of short and long
pulse durations, only the case of the 100-ms pulse duration was
simulated in this study, and pressure variation at this pulse duration
was used as an input condition for numerical calculations.

We expected that the pressure response across the test filters (i.e.,
overpressure variation) would be similar to the pressure at the nozzle
inlet during pulse-jet cleaning. The test results of overpressure
variations across all test filters are depicted in Fig. 5. The magnitude of
overpressure shown for different test filters mainly depended on the
filter's characteristics such as dimensions, pleat ratio, and material.
Given the same cleaning conditions, the MPR filter generated higher
overpressure (1100 Pa) than the LPR (700 Pa) and HPR filters (200 Pa).



Fig. 5. Transient overpressure (ΔPover) across the center locations along test filters during
pulsing.Fig. 4. Transient gauge pressure at the nozzle inlet during pulsing.

79L.-M. Lo et al. / Powder Technology 198 (2010) 75–81

50000 

45000 

40000 .. 35000 

!!:. 30000 ~ 

~ 
~ 

25000 

a. 20000 a, 
:, 
C) 

15000 "' (!) 

10000 

5000 

0 
0 100 200 300 

Tank pressure = 482370 Pa 
Pulse valve diameter = 40 mm 

Tank volume = 0.066 m3 

Nozzle diameter = 30 mm 

400 

Time [msecJ 

500 600 700 

--100 msec pusle duration · · - · 350 msec pulse duration 

~ 
~ 

1l! 
~ 
~ .. 
,3 

800 

.. 
!!:. 
~ 
al 

i 
,3 

1200 

1000 

800 

600 

400 

200 

0 
0 

1200 

1000 

800 

600 

400 

Tank pressure= 482370 Pa 
Pulse duration shown in ( ) 

, .~•···•· ... ·!·-:·~-! ·~-.:-!·: ·!'~-~-~-~-t.-!..! 

. ~~-... 'i··~t. 

100 200 300 400 500 600 700 800 900 1000 

Time [msecJ 

--LPR filter(100 msec) 
MPR filter (100 msec) 

• • • HPR filter (100 msec) 

---~-· LPR filter (350 msec) 
Q MPR filter (350 msec) 

···•··· HPR filter (350 msec) 

Tank pressure• 482370 Pa 
Pulse duration • 100 msec 

D D O 
The experimental data shown in Fig. 5 were used to compare with the
numerical data to confirm the numerical model.

As shown in Fig. 4, the peak pressure of the air jet at the nozzle
inlet was about 45,000 Pa. This demonstrates that the Mach number
in the clean zone was less than 1, which justifies the assumption of
incompressible flow in this study.

3.2. Confirmation of our numerical model

Fig. 6 summarizes the transient overpressure data across test filters
from experimental measurements and from numerical simulations
under pulsing with 0.48-MPa tank pressure and a 100-ms pulse
duration. (Refer to Fig. 1 for the measurement locations across the
filters.) The values of the best-fit permeability of the LPR, MPR, and
HPR filters for numerical calculation were 1.95×10−12, 3.5×10−12,
and 1.0×10−12, respectively. The calculated and experimental results
showed good agreement, but a larger deviation was found after 500 ms
(i.e., the pressure ramp-down period), demonstrating that the assump-
tion of constant filter permeability is not appropriate for the entire
duration of pulsing. A similar study showed that filter permeability
could be increased by the entrained secondary air flow where primary
air is constant [20]. A similar conclusion was found from a numerical
study of ceramic candle filters which showed that a candle filter could
have variable permeability during pulsing depending on its location
[3]. Overall, our numerical model still captured the most important
behaviors of overpressure changes during pressure ramp-up and during
open-valve periods when pulse-jet cleaning.

3.3. Average static pressure on filter surface (Ps̅) during pulsing

Wewereable to calculate very detailed data regarding transientflow
behavior across the filters from our confirmed numerical model. Let Ps̅

(x, y, z) denote the static pressure distribution on the filter surface. Here
the x direction refers to the position along the filter height and y and z
Table 3
Summary of time characteristics of short and long pulse durations.

Pulse duration (tp) 100 ms 350 ms
Pressure ramp-up time (τup) 150 ms 150 ms
Time interval of valve open (τopen) 300 ms 550 ms
Pressure ramp-down time (τdown) 70 ms 60 ms
Total time 520 ms 760 ms
represent the locations on the filter pleat. The overall average static
pressure on the filter surface at time t, Ps̅|t can be computed as follows:

Ps j t =
∑Psðx; y; zÞ j t

m
ð8Þ

where

Ps (x, y, z)|t static pressure at the node (x, y, z) at time t,
m total number of nodes.

According to our simulation results, the pressure variation
during pulsejet cleaning was only found to be significant along the
x-coordinate (i.e., along the traveling direction of the pulse jet).

When measuring the cleaning efficiency of pulse-jet-cleaned filters,
the static pressure on the filter surface is more meaningful than
overpressure data [21], particularly for the case of pleated filters. The
variation in the cleaning effectiveness of our test filter cartridges
according to the average static pressure on the individual surfaces (Ps̅)
of the filters is shown in Fig. 7. A filter's ability to dislodge a surface dust
cake depends on its peak static pressure (Ps;max), hence we used it as an
indication of afilter's cleaningability. At a cleaning intensity of 0.48-MPa
tank pressure and a 100-ms pulse duration, the MPR filter reached a
peak static pressure of near 400 Pa on its surface. At the same cleaning
intensity, the HPR filter generated only about 50 Pa. These findings
suggest that unless an alternative process (e.g., changing the flexibility
Fig. 6. Calculated andmeasured transient overpressure (ΔPover) across the center locations
along test filters during pulsing.
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Fig. 9. Calculated transient pressures during pulsing at various locations ((Ps̅(x, y, z))
along the MPR filter.

Fig. 7. Calculated transient pressures on the surface of test filters (Ps̅) during pulsing.

80 L.-M. Lo et al. / Powder Technology 198 (2010) 75–81

450 -.---------------------------, 

400 

~ 350 

" ~ "i 300 

l 8 2so 
-"~ 
~ ~ 200 
:g.~ 
I!"- 150 

l 100 

50 

Tank pressure • 482370 Pa 
Pulse duration = 100 msec 

0 -f---<.....~,-.....~----+~~'-+-~~+-"~~ ....... ~----+~~'-+-~...........i 

0 100 200 300 400 

Time [msec] 
500 600 700 800 

--LPR filter - MPR filter - - - HPR filter 

(fil ertop) 1 

0.9 

0.8 

1 0.7 

" ~ .: 0.6 

; 
0.5 

§ 
-;;; 0.4 
" .2 
-;;; 0.3 
.3 

0.2 

0.1 

(fikerbotlom) 0 

-100 

MPRfitter 
Length L =566 mm 

Inner diameter D f,)=159 mm 

Pleat ratio f'=4.32 

Pulsejet 
Tank pressure = 482370 Pa 
Pulse duration = 100 msec 

-- 50 msec 

···•·· 100 msec 

-250msec 

~500 msec 

D 1 OD 200 300 400 500 600 

Static Pressure on filter surface [Pa] 
of filtermaterial to enhance the acceleration during backpulse cleaning)
is used to increase cleaning intensity, an increase in cleaning frequency
is required to maintain comparative cleaning levels in filters with
relatively high pleat ratios [22]. The peak static pressure on the surface
of the LPR filter, which had a much larger inner diameter, reached near
225 Pa. This pressure was lower than that generated by the MPR filter
but higher than that generated by the HPR filter, both of which had a
higher pleat ratio anda similar or largerfiltration area than theLPRfilter.
Based upon our Ps̅, we concluded that Ps;max depends on both the
number of pleats and the dimensions of the filter cartridge. These
findings have led us to a new numerical study to explore how the
structure of filter pleats influences a filter cartridge's cleaning efficiency.
This work will be discussed in our next paper.

3.4. Static pressure distribution on filter surfaces (Ps(x,y,z)) during pulsing

The pressure distribution along a filter's surface during pulsing is
useful information when evaluating a filter's cleaning quality along
and across all areas of the filter's surface. Humphries and Madden [2]
measured the pulse pressure inside the filter bag to establish the rela-
tionship between average pulse pressure and the fraction of dust
dislodged. They found that a nonuniformpeakpressure along the length
of the filter bag caused only partial dislodgement of the dust cake. The
filter could not be cleaned completely until a critical tank pressure was
used. Similar resultswere found by Sievert and Loffler [21]. Both studies
showed similar characteristics of the effect of peak static pressure on
the various locations in the filter bag. The lowest static pressure was
found along the top portion of the filter after the pulse jet struck the
Fig. 8. Calculated transient pressures during pulsing at various locations (Ps̅(x, y, z))
along the LPR filter.
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filter bag,while the pressure tended to increase near the bottomportion
of the filter due to the reflection of the pulse. Our confirmed numerical
model allows us to determine the pressure distribution along a
filter's surface to demonstrate how surface pressure varies according
to location in pleated filter cartridges. (See Figs. 8–10 for LPR, MPR, and
HPR filters, respectively.) In our model, we used the dimensionless
parameter x/L to characterize the location of the filter cartridge. x/L=1
represents the top location of filters, and x/L=0 the bottom location.

Ourfinding that pressure tends to vary among the different locations
of a pleated filter cartridge during pulsing is similar to findings from
previous studies of filter bags [2,21]. In general, the lowest static
pressure on the pleated filter cartridges was found at x/L=0.8, and
the highest static pressure was found at the bottom. This indicates that
x/L = 0.8 is a vulnerable spot with a high potential for incomplete
cleaning. The slopes of the pressure distribution are shown in Figs. 8–10.
Higher pleat ratios produce steeper pressure distributions during
pulsing, suggesting that incomplete cleaning is more likely in filter
cartridges with high pleat ratios because of the high variation in the
static pressure distribution along the filter cartridge. Given the same
cleaning intensity, filter cartridges with high pleat ratios should be
cleanedby the clean-on-timemode,whichuses a shorter andfixed-time
cleaning interval. As demonstrated in our experimental study [22], the
use of the clean-on-time mode would likely remedy the problem of
incomplete cleaning associated with high pleat ratio filters during long-
term operation of a dust collector.
Fig. 10. Calculated transient pressures during pulsing at various locations ((Ps̅(x, y, z))
along the HPR filter.
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4. Conclusions

In this study, we developed a numerical model to analyze pleated
filter cartridges during pulse-jet cleaning and confirmed our model
by comparing experimental data gathered from fundamental filter
testing. With the model, we were able to obtain information not
obtainable using experimental measurements.

Any errors in our numerical model in predicting the comprehen-
sive data of overpressure during pulsing were caused by the limiting
assumption of uniform filter permeability. Still, our results showed
that the model could predict overpressure variation during important
periods, such as during pressure ramp-up and at valve opening, with
acceptable accuracy. Our numerical results show that filter perme-
ability varies during pulsing and increases during pulse-jet cleaning.
Since there is such a strong dependence of filter permeability upon
cleaning efficiency, our results demonstrate that numerical simulation
may be useful for designers when considering the effect of filter
permeability on cleaning efficiency.

To analyze pleated filter cartridges, the average static pressure on
the filter surface (Ps̅) is a better indication of cleaning efficiency than
overpressure, hence the information predicted by our numerical
model provided an important design rule for pulse-jet-cleaned filter
cartridges. Information from our model regarding static pressure
distribution along a clean filter cartridge (Ps̅(x, y, z)) can explain the
test results of pleated filters challenged by hydrated alumina dust
[22]. Also it should help filter designers inspect the cleaning quality
along and across the filter's surface. As demonstrated in several of the
previous studies cited, we found that the surface pressure along a
filter cartridge decreases toward the top of the cartridge and increases
gradually near the bottom. Consequently, determination of the slope
of the surface pressure distribution is important when choosing the
appropriate cleaning mode for pleated filter cartridges. These
findings, together with the remaining question of how the structure
of filter pleats influences a filter cartridge's cleaning efficiency, will be
explored in our future paper.
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