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ARTICLE INFO ABSTRACT
Keywords: Filter media composed of electrostatically charged nonwovens is the key device in an air purifier.
Pleated filter Pleated filters are constructed from a cardboard frame with lattice faces containing a filter media

Air purification
Numerical model
Particle filtration
Dust holding

reinforce by an expanded support grid, which have more surface area for trapping contaminants
and capture airborne contaminants more effectively than non-pleated air filters. The aim of this
work is to investigate the dominant factors on the filtration efficiency and dust holding perfor-
mance of pleated filter by using a modified numerical model. It is found that geometric param-
eters of pleated filter play important roles to efficiency of the air purifier based on particle loading
and filtration efficiency. The stable structural parameters include bending angle of pleated filter
material in the range of 0~60° and the ratio of bending portion less than 0.5. Lower filling degree
and shorter length of pleated filter unit exhibit similar stability of efficiency, indicating that the
change of structural parameters has little effects on the filtration performance. The knowledge
obtained in this work provides concrete reference for the design of high-performance air-cleaner
element.

1. Introduction

Clean air is the basis of the people’s livelihood and health protection [1,2]. Industrial production, transportation, human settle-
ments and personal protection are increasingly demanding for air purification [3-5]. In traditional air purification products, the core
component that filters particles such as bacteria and viruses are usually organic fiber material with porous structure [6,7]. Air puri-
fication filter materials made of charged melt-blown polypropylene microfibers are the key consumable to determine the level of air
purification system [8]. Filtration efficiency and dust holding performance are two key standards to evaluate the filter materials, which
are mainly affected by fiber dimension filling degree, filter material structure and some environmental factors [9,10]. When the filter
materials are processed into air-cleaner element, pleats or folds are usually used to provide a larger filtration area than traditional flat
filters by decreasing the amount of space between each layer of material and also allow more particles to be trapped in the filter,
resulting in greater effectiveness and efficiency [11,12]. Along with the rapid development of nanoscience and nanotechnology
[13-171, nanoparticles with smaller diameters and larger surface areas, are suspended for longer in the air in industry plant, and the
development of removal technology for nanoparticles is of considerable significance [18]. Therefore, the scientific knowledge on the
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nanoscale and microscale structural components of fiber materials and their interaction with the environment, as well as development
of theoretical models for simulation, optimization and scale-up of air-cleaner element in nanometer to micrometer multiscale, is of
immense significance [7,19,20]. Previously, to investigate the effect of dust loading on the optimal design of pleated filter, Feng et al.
[21] calculated the flow field through the filter by solving the Navier-Stokes equation with the Detached Eddy Simulation - Spalart
Allmaras turbulence model. Kim and co-workers [22] investigated the collection efficiency of pleated filter by using the system
consisted of particle generation, particle measurement and airflow control zones, indicating that both pleat length and pleating ratio
have influences on the collection efficiency of pleated filter.

In this work, systematic theoretical studies on the design of pleated air filters are report. A modified model is developed to calculate
the filtration and dust holding performance of pleated filters based on numerical model simulation. The effects of air flow, thickness,
total length, proportion of curved section and filling degree on the performance of the filter are studied.

2. Theory and model
2.1. Model assumptions

A model suitable for the filtration performance and dust holding capacity of pleated filter material is established. The basic as-
sumptions are as follows:

e The spatial particle distribution is uniform and independent of time. The effect of spatial pressure drop on air flow velocity and
particle distribution and whether the particulate is hydrophilic or lipophilic are ignored.

e The fiber layers are stacked in parallel. Assuming that the fiber distribution in the fiber medium is evenly distributed and the fiber
diameter is uniform (equaling to the average fiber diameter). The pleated structure has no effect on the filtration efficiency of single
fiber.

e The airflow direction is perpendicular to the vertical projection plane of pleated fiber filter material, and the effect of filter material

structure on airflow direction is ignored.

Due to the adsorption between dust particles and the spatial hindrance effect, short-term dust accumulation will not have a negative

impact on the filtration efficiency of the filter material because there will not be a significant pressure difference in the short term.

The dust accumulation has no effect on the filtration efficiency, so it is further assumed that the dust accumulation layer is evenly

distributed in the thickness direction. The structure is similar to that of the fiber layer, and there is no bending section in the length

direction.

e Various influencing factors act independently in filtration efficiency and average dust holding performance.

The neutral line of the pleated filter material is on the center line of the pleated filter material along the thickness direction, which

has no extrusion and tensile deformation. The fiber filling degree is distributed in proportion according to the thickness direction,

and the thickness of each layer is regarded as 10 ym. The fiber filling degree at the neutral line is equal to the fiber filling degree of
the flat filters on the neutral line.

The Reynolds number of airflow through pleated filter material has no effect on filtration efficiency and average dust holding

performance. The Reynolds number is calculated as Re = pdsv/u, The air flow is based on the test standard of 3 m? air purifier, i.e. 3

m3/h to 30 m®/h (the surface velocity is about 0.1061 m/s to 1.0610 m/s, according to the flow surface radius of 5 cm), d; is the

fiber particle size (3 ym here), p is the dynamic viscosity of air (15.7 yPa e s here). So the Reynolds number range is 0.0243-0.2433.

It is smaller than 1, indicating tht the flows are in stokesflow region [23,24].

2.2. Single fiber efficiency

Since the pleated structure has no effect on the single fiber filtration efficiency, the single fiber filtration efficiency (Er) can be
calculated by eq (1) [25,26].

Er=Ep + Ec + Epc + E1 + Eg (@9)]

Where Ep, Ec, E; and Eg correspond to diffusion efficiency, collision interception efficiency, inertia and gravity capture efficiency
respectively. Epc is improved capture efficiency by particle diffusion which proposed by Hind [27].

Due to the small mass of particle, gravity capture efficiency (Eg) can be ignored. Ep, Epc, Ec and E; can be written as eqs (2)—(5) [24,
27-30]
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Fig. 1. Structural diagram of pleated filter material.
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Where qy is the filling degree of single fiber. As reported by Wang et al. [23], A and m are respectively taken as 0.87 and —0.41. Pe, Ku,
Stk and R are three dimensionless numbers corresponding to Pelect number, Kuwabara hydrodynamic factor and particle size ratio
respectively. The calculation method is given as eqs (6)—(9)
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Where d; (fiber diameter) is taken as 3 um and dj, (particle size) is taken as 0.1 ym. The p, (particle density) is taken NaCl as reference,
which is given as 2165 kg/m?. The k is Boltzmann constant and T is temperature (300 K here). The particle mechanical mobility (B) and
Cunningham sliding correction factor (C.) [23] are given as eq (10) and eq (11)

B=_C
3nud,

(10)

C=1 +di [2.34 4+ 1.05e(-03%/%)] an
P

2.3. Pleated filter material efficiency

According to hypothesis 2, the pleated structure has no effect on the filtration efficiency of single fiber. It can be seen that the filling
degree of single fiber remains invariant. Therefore, the filtration efficiency of pleated structure filter material can be expressed as eq
(12) [31].

E,= 1 —Pn= 1— e(—4aETZ/ndf(l—a)) (12)
As reported by Zhao et al. [32], the filtration efficiency of the electret filter material is given as eq 13

d —Kco[1-In(v)]
E.=1—(1 7Em)(d—")

(13)
Where E, is electrostatic filtration efficiency, o is fiber electrization strength. Critical particle size of electrostatic effect (d.) [33] and K,
[31] is constant, which are taken as 20 nm and 2664.3 respectively.

According to hypothesis 6, at the bending section of pleated filter material, its relationship with vertical distance (aq) is given as eq
(14)
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Where Z is the total thickness of filter material, « is fiber filling degree of fiber layer of 10 um, 6 is the bending angle of pleated filter
material, [ is the length of neutral line at the bending section, d, is the distance to the outermost side of the bending section, as shown in
Fig. 1.

The electrostatic filtration efficiency of each layer of fiber in the bending section can be calculated with formula (14). According to
the definition of fiber filtration efficiency, it is obvious to obtain the total filtration efficiency of the bending section, as shown in the eq
(15)

Nd _ 7Nd.n—lPe.n

Eebzlfffl
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The filtration outside the curved section of the filter material is ignored, so the equivalent filtration efficiency (1) of the pleated
filter material is defined as eq 16

CE XL+ Eyp XLy

E, xL (16)

Where L is the total length of pleated fiber filter material, L; is the total projection length of straight edge of pleated fiber filter material,
Ly, is the total projected length of the bending section. The geometric effect of filter material thickness is ignored in calculation of #.

2.4. Dust holding capacity of pleated filter material

The experimental test standard for the dust capacity of general filter materials is the dust capacity of filter materials when the initial
resistance is twice. According to the national standard of China for air cleaner (GB/T 18801-2015), the air purifier is divided into two
test standards by volume, in which the air flow of 30-300 m%/h corresponds to the air purifier of 30 m5, and the air flow of 3-30 m®/h
corresponds to the air purifier of 3 m®. In this work, the test standard corresponding to 3 m? air purifier is selected for calculation. In
order to simplify the calculation, the average dust holding performance of pleated filter material is defined as eq (17)

End .
(P Pleated ngf&)
K=—————~%
End ; .
(P Tile/ p?;‘f‘")

Saleh et al. [34] obtained the dust accumulation of rectangular filter material through mass conservation and Darcy’s theorem. By
taken it as a reference, a calculation method suitable for pleated filter material is established through appropriate approximation and
assumptions. According to Darcy’s definite reason, the pressure drop is given as eq (18) [24,35].

@7)

P=vxr=vxCt% (18)
nd?
Where d is the average diameter of the dust layer and the fiber layer, C, is the resistance coefficient. Since the density of the dust layer is
much smaller than that of the fiber layer, the particle size is small and the dust is easy to agglomerate. At the same time, according to
Hypothesis 4, the dust layer has no effect on the filtration efficiency of the filter material, d can be approximately taken as the fiber
diameter. C4 and aZ can be calculated by the eq (19) and eq (20), where C4 can be approximately calculated according to the maximum
resistance coefficient (i.e. the resistance coefficient of the fiber layer)

Cy=4ma"*(1+560°) (19)
Zoia = Oy Zgust + 0Z (20)

Where a, is the filling degree of the dust layer. Since the minimum fiber filling degree is 0.1, it is advisable to set the filling degree of the
dust layer to 0.1 to simplify the calculation according to hypothesis 4.
According to the conservation of mass, the velocity v is calculated as eq (21)
v x L xsin(%)

“TLocsin@) x (1-4xD) @

Here, the pressure drop of the flat filter material has been calculated, and the bending angle of the pleated filter material needs to be
considered. The pressure drop can be approximately calculated as eq (22)

[4 [4
Ap=vx | n Lxcos(z) . 7L><cos(2)

(22)
LS + Lb Ls + Lb
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Fig. 2. Diagram of the miniature air purifier in hydrodynamic simulation.
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Fig. 3. Filtration efficiency of pleated filter material at 3 m®/h and 0.2 fill rate (a 1 mm thick, 5 cm total length), at 30 m®/h and 0.2 fill rate (b 2
mm thick, 5 cm total length; ¢ 1 mm thick, 10 cm total length), at 30 m®/h and 0.6 fill rate (d 2 mm thick, 10 cm total length).

ry is the contribution of pressure drop on the projection plane perpendicular to the air flow direction. r, is the contribution of pressure

drop parallel to the projection plane of the air flow direction

2.5. Hydrodynamic simulation of miniature air purifier
In this paper, the discrete phase treatment of dusty air is carried out by using porous media model through fluent simulation

software. The inertial resistance and viscous resistance are converted by the eq (23) and eq (24) [36].
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Fig. 4. Effect of flow rate (a) and thickness (b) on average filtration efficiency at 5 cm total length, 0.5 proportion of curved section and 0.2 fill rate;
Effect of flow rate (c) and thickness (d) on average filtration efficiency at 15 m3/h, 2 mm thickness and 0.2 fill rate; Effect of flow fill rate (e) on
average filtration efficiency at 15 m®/h, 5 cm total length and 0.5 proportion of curved section.

C is inertial resistance. D is viscous resistance. An is the thickness of filter layer. p and y is density and dynamic viscosity of air.

The model of air purifier is shown in Fig. 2. The whole model is based on the gravity field in - Y direction using transient simulation.
The particle jet source is the surface normal jet, and the jet surface is the inlet surface. The viscosity model is SST k-omega. The air inlet
is grid, the outlet is strip. The type of inlet boundary condition is velocity-inlet (0.5305 m/s), and the out boundary condition type is
pressure-outlet (0 MPa, gage pressure).

3. Results and discussion
3.1. Effect of various parameters on efficiency

According to the assumptions and formulas in section 2, the filtration efficiency of filter material at 3 m>/h and 30 m®/h gas
velocity associated with the angle () of pleated filter material (1/180 to ) and curved length are obtained (Fig. 3), in which the curved
section accounts for 1/10 to 9/10 of the total length. In Fig. 3(a—d) it is observed that the smaller the degree of bending, the higher
filtration efficiency would achieved, while the proportion of curved section has less effect on the filtration efficiency. With the increase
of angle, the filtration efficiency gradually decreases. Increasing the length of the curved section can slow down the downward trend.
Generally, by compare Fig. 3 (a) with Fig. 3(b-d) the filtration efficiency of the filter material is little affected by the total length,
thickness and air flow. However, with the increase of the filling degree, the filtration efficiency of the filter material generally de-
creases to a certain extent. Under the appropriate angle and the length of the curved section, the filtration efficiency of the pleated filter
material is even greater than that tiled according to the total number of effective filter particles.

Furthermore, keeping the condition of other parameters constant, the effect of a single parameter on filtration efficiency have been
obtained respectively, as shown in Fig. 4 below. Fig. 4(a) shows the change of the average efficiency of 2 mm filter material at the gas
volume of 1 m3/h to 300 m®/h. It can be perceived that there are three different gas velocity regions. The average efficiency in the low
velocity region (Re from 0.0243 to 0.6812) remains constant. This is because the pelect number and Stokes number are less affected in
the low-speed zone, which has little impact on the diffusion interception efficiency and inertial interception efficiency. In practical
application, low gas velocity corresponds to low load operation. At this time, the average filtration efficiency of pleated filter material
(based on the total number of effective particle filtration) is almost the same as that of tiled filter material. In the transition zone (Re
from 0.6812 to 1.2165) The average efficiency decreases rapidly because Reynolds number transits near 1 and pelect number and
Stokes number change greatly. In practical application, the working load in the transition zone will change greatly between low load
and high load. In the high velocity zone (re from 1.2165 to 2.4329) the average efficiency of pleated filter material is low, so it is more
suitable to adopt tiled structure. Fig. 4 (b) shows the change of average efficiency when the air volume is 15 m®/h and the thickness of
filter material is from 1 mm to 10 mm. It can be perceived that when the thickness is large, the filtration efficiency of pleated filter
material is low and remains constant. Since the filtration performance improves with the increase of thickness, the advantage derived
from curved section of pleated filter material in improving fiber dimension filling decreases. Meanwhile when the thickness reaches a
certain value, the filtration performance cannot be improved. It is worth mentioning that the filtration efficiency discussed here is
based on the total number of effective particle filtration, so a value less than 1 does not fully mean that the filtration performance of
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Fig. 5. Average dust holding performance of pleated filter material at two kinds of fill rate and total length: 0.2 fill rate (a 3 m®/h, 1 mm thickness
and 0.1 propotion of bending; b 30 m®/h, 1 mm thickness and 0.1 propotion of bending; ¢ 30 m®/h, 1 mm thickness and 0.5 propotion of bending),
0.4 fill rate (d 30 m®/h, 1 mm thickness and 0.3 propotion of bending,; e 30 m®/h, 1 mm thickness and 0.1 propotion of bending; f 30 m®/h, 0.05 mm
thickness and 0.1 propotion of bending); 10 cm total length (a,b,c,d), 5 cm total length (e,f).

pleated filter material is inferior to that of tiled filter material. Fig. 4 (c) presents the change of average efficiency when the proportion
of bending section is 0.5 and the total length is from 1 cm to 15 cm. Obviously, the average filtration efficiency of pleated filter material
is not a function of the total length. In practical application, when the fiber material of filter material, the fiber filling degree and the
bending angle is certain, increasing or decreasing the fiber length will not affect the total number of effective particle filtration in the
corresponding space. Fig. 4 (d) shows the average efficiency when the total length is 5 cm and the proportion of bending section ranges
from 0.1 to 0.9. The relationship between the two presents a first-order function and increases monotonically. This is because the larger
proportion of bending section corresponds to more parts of fiber filling enhancement. Fig. 4(e) calculates the effect of filling degree on
average efficiency under three different kinds of thicknesses. When the thickness is 0.5 mm and the fiber packing density is below 0.3,
the pleated filter material can maintain a significant advantage, and the average filtration efficiency can reach about 0.92. When the
thickness is greater than about 1 mm, the average filtration efficiency decreases significantly, dropping below 0.8. As the fiber packing
density increases, the advantages brought by the pleated structure become less obvious. When the fiber packing density reaches 0.2,
the advantages almost disappear.

When the thickness and fiber filling degree are low, the filtration efficiency of pleated filter material is at a bit high level. This is
because the bending section enhances the filling degree more obviously when the fiber filling degree is low. However, the
enhancement and the efficiency decreases with the increase of fiber filling degree. When the filling degree is large enough to reach the
point that the filtration performance of flat filter material and pleated filter material reaches the maximum, the filtration efficiency of
pleated filter material remains constant. With the increase of thickness, the effect caused by fiber filling degree decreases.

3.2. Effect of various parameters on average dust holding performance

It should be pointed out that K is obtained from eq (17), which indicates that the value of K is in inverse proportion to the average
dust holding performance. By comparing Fig. 5(a) with Fig. 5(b-f), it is similar to the filtration efficiency that the air flow has little
effect on the average dust holding performance. However, the effects of fiber filling degree, filter material thickness and the proportion
of bending section are more obvious. It can be seen from Fig. 5 (b) and Fig. 5 (c) that with the decrease of the proportion of curved
section the low average dust holding performance area decreases and the high average dust holding performance area expands
obviously in terms of the effect of filter cake thickness. In terms of the effect of angle, the low average dust holding performance area
and medium average dust holding performance area are almost unchanged. Obviously, the arc structure has stronger compressive
performance, so its average dust holding performance is correspondingly higher. Since assumption 4 ignores the change of spatial
pressure drop, the average dust holding performance area under the effect of angle keep almost unchanged. Fig. 5 (b) and Fig. 5 (d)
show that the average dust holding performance decreases obviously as the filling degree increases, mainly in the overall increase the
value of K in the high average dust holding performance area. However, the range of low average dust holding performance area
remains almost unchanged. Fig. 5(e) and Fig. 5 (f) show that the reduction of total length will lead to a significant decrease in average
dust holding performance. But at the same time, reducing the thickness can slow down the impact.
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Fig. 6. Effect of flow rate (a) and thickness (b) on average dust holding performance at 5 cm total length, 0.5 proportion of curved section and 0.2
fill rate; Effect of flow rate (c) and thickness (d) on average dust holding performance at 15 m3/h, 2 mm thickness and 0.2 fill rate; Effect of flow fill
rate (e) on average dust holding performance at 15 m®/h, 5 cm total length and 0.5 proportion of curved section.

In addition, keeping the condition of other parameters constant, the effect of a single parameter on average dust holding perfor-
mance have been obtained respectively. Fig. 6(a) shows the change of average dust holding performance when the thickness is 2 mm
and the flow is from 1 m3/h to 300 m3/h. It indicates that the average dust holding performance is not a function of air flow. Since the
filter material structure has not been changed, and it’s value of K is calculated by pleated filter material and tiled filter material under
the same working conditions, which does not change in essence. Meanwhile, the figure shows that the value of K is close to but less than
1. Fig. 6(b) shows the change of average dust holding performance under the air flow of 15 m®/h and the thickness from 1 mm to 10
mm. Generally, the average dust holding performance decreases monotonically with the thickness. When the thickness is low, the
average dust holding performance decreases rapidly. When the thickness reaches about 3 mm, the average dust holding performance of
pleated filter material is almost the same as that of tiled filter material. After the thickness of filter material exceeds 3 mm, the average
dust holding performance of flat filter material is better than that of pleated filter material. Compared with the flat filter material, the
average dust holding performance of the pleated filter material decreased by about 4%. Because the resistance will increase signifi-
cantly under effect of the enhancement of fiber filling rate caused by bending section of pleated filter material and the increase of
thickness. Thus, the bent section will produce greater air flow resistance, weakening the advantages of the pleated structure itself,
resulting in a certain decrease in average dust holding performance. However, due to the advantages brought by the arc structure of
pleated filter material, the increase of thickness will not cause too much loss of average dust holding performance. Fig. 6 (c) shows the
change of dust holding performance when the proportion of curved section is 0.5, and the total length is from 1 cm to 10 cm. In the
figure, K decreases with the total length, and the line type is similar to the inverse proportional function. The pleated filter material
with lower total length corresponds to smaller spacing and volume, which is easier to be filled, resulting in a significant increase in
resistance. With the increase of total length, the spacing and volume also increase. And due to the advantages of arc structure, the dust
holding performance of pleated filter material is even better than that of flat filter material. Fig. 6 (d) shows the change of dust holding
performance with a total length of 5 cm and the proportion of curved section from 0.1 to 0.9. Similar to Fig. 6 (c), it decreases
monotonically in general, but the curve trend is more gentle in Fig. 6 (d). The increase of the proportion of curved section will increase
the range of arc structure, to improve the dust holding performance. At low proportion, the dust holding performance is worse than
that of tiled filter material. Because the low proportion lead to small spacing, which makes it easier to fill, increasing the resistance.
Fig. 6 (e) calculates the influence of filling degree on dust holding performance under three different thicknesses. When the fiber
packing density is less than 0.4, the dust holding capacity of the filter material increases rapidly with the increase of the packing
density. At a fiber packing density of 0.1, the pleated filter material with a thickness of 0.5 mm has a relatively poor relative dust
holding performance of about 0.74. When the thickness is 1.5 mm, it can reach about 0.91. The increase in dust holding performance of
the 1.5 mm thick pleated filter material relative to the 1 mm thick pleated filter material is about 2 times the increase in dust holding
performance of the 1 mm thick pleated filter material relative to the 0.5 mm thick pleated filter material. Under the same thickness, the
dust holding performance decreases with the increase of filling degree, which is almost the same as the influence of thickness. The
reason for this change is the same as that in Fig. 6 (b). The increase of filling degree increases the resistance. At high filling degree, the
rise rate of K decreases. Because the bending section can enhance the filling degree. When the filling degree is small, the enhancement
is obvious. With the increase of filling degree, the enhancement decreases gradually, thus K tends to be flat.
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Fig. 7. Variation of static pressure and turbulent kinetic energy in X direction at center of Y-Z plane (a and c¢) and in Y direction at the center inside
the filter zone (b and d).

3.3. Results of hydrodynamic simulation

Variation of static pressure and turbulent kinetic energy of miniature air purifier is represented in Fig. 7. In the width direction,
after the air flows into the purifier from the inlet, the pressure drops by 0.6 Pa and the turbulent energy also decreases by about 30%. In
the height direction, the pressure near the outlet is about 8 Pa lower than that at the inlet, while the turbulent energy shows disor-
derliness, roughly showing a trend of increasing, decreasing, increasing and finally decreasing. It can be seen from Fig. 7 (a) that the
static pressure energy increases as X goes u. Because there is a certain resistance to the fluid in the filter screen area, so as to achieve the
purpose of intercepting particles. In Fig. 7(b), in the filter screen area, the static pressure energy decreases with the increase of Y, which
is the result of the gravity of the particles, so that the particles can be better trapped in the lower layer of the air purifier without being
brought out of the air purifier. Fig. 7(c) shows the turbulent kinetic energy in the X direction. The turbulent kinetic energy reaches the
maximum in the filter screen area, and then decreases rapidly until it tends to remain unchanged. This shows that the fluid mass
transfer effect decreases, further showing the particle interception effect in the filter screen area. Fig. 7(d) shows the turbulent kinetic
energy in Y direction in the filter screen area. It can be seen that the turbulent kinetic energy in the filter screen area is unevenly
distributed, while the overall value is small. The flow situation is complex in filter screen area, but the mass transfer is poor and slow.

5. Conclusions

In summary, by comparing the tiled filter material, the influence of structural parameters on the filtration efficiency and dust
holding performance of pleated filter material are systematic studied. In terms of filtration efficiency, the filtration efficiency as a
function of bending section angle and initial length almost does not change with other parameters. The efficiency is not affected by the
thickness, but the pleated filter material can show better filtration performance at low thickness. The stable structural parameters
include bending angle of pleated filter material in the range of 0~60° and the ratio of bending portion less than 0.5. Lower filling
degree and shorter length of pleated filter unit exhibit similar stability of efficiency, indicating that the change of structural parameters
has little effects on the filtration performance. The knowledge obtained in this work provides concrete reference for the design of high-
performance air-cleaner element.
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