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Lecture — 23
Design Parameters Estimation of Nonwoven fabrics

We will discuss the design parameter estimation of nonwoven fabrics.
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Technical Requirement

* Fabric basis weight =120 g/m?

Parameter to be
* Mean pore diameter = 45 um determined
* Porosity (¢ ) =70% * Fabric thickness (T) ??|
*Fibre: Nylon * Fibre linear density ??

oo

Let’s assume the technical requirements specify that the fabric’s basic weight should be 120 g/m?,

the mean pore diameter should be 45 um, the porosity should be 70%, and the fibre material should
be nylon. Given these parameters, we must determine the fabric thickness and the fibre linear

density.

Some technical requirements or needs are given, and the manufacturer must manufacture them
accordingly. The manufacturer needs to determine two important parameters: the fabric thickness
so that the machine settings can be adjusted accordingly and the appropriate fibre linear density.
This ensures that the mean pore diameter is approximately 45 pm, meeting the technical

specifications.
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Estimation of thickness (T)

Model equation ' Output
Input e g P ‘
| b(g/m'):ilx 100° x gy X (1=¢) .. (1) "—
W (O 1-9..2) |
Input parameters Out;ut
1. G=120g/m* - L m

2 &=70%
3 py =1.14g/em* _~

T = fabric thickness (mm), p, = fibre density, ¢ = Void fraction , ¢ = solid fraction ]
9
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When estimating the fabric thickness, the basis weight is related to the fabric's thickness, fibre

density, and porosity. This relationship can be expressed through an equation,

T
G (g/m?) =10 % 100% x pr x (1 —€)

Additionally, the relationship between porosity and fibre packing density is given by ‘e =1 — ¢’.

By utilizing these two equations, the required thickness of the fabric can be calculated.

The input parameters are the basis weight ‘G’, the porosity, and the fibre density. In this case, the
fibre is nylon, so we use a density of 1.14 g/cm3. If the fibre were polyester, the density would be

1.38 g/cm?3. The fibre density will vary depending on the specific material provided.



(Refer Slide Time: 02:57)

Calculation of thickness (T)

Given
T 1, Fabric weight =120 g/m*
c(,‘:_x]_oozxpfx(l_g) 2. Porosity (¢ ) = 70% :
10 3. Nylon fibre density =1.14g /cm*
Gx10 12010

10000xp ¢ x(1-¢) 3 10000x1.14x(1-0.7)

o T=2 - 035mm
LM —=

7
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Using the previous equation, where the basis weight ‘G’ is provided, fabric thickness ‘T’ can be
calculated. By applying the equation, the value of ‘T is found to be 0.35 mm. This means that, in

this case, a very thin fabric must be produced with a thickness of only 0.35 mm.
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Estimation of fibre linear density

 E— 11171 E—
g = /_/ Output
Input * Dp imean= e () het

den
dr=1189x 107" —....(4)
f
LA o

Input panm«nﬁ | ‘ '

( |
(- o DF mean = 30 pm 3 ou'Pm parameter I‘
2 € =70% | 1. Fibre linear density T
3. py=114g/em? ‘ :

L

. *Ref: Designing nonwovens to meet pore size specification by Glen E Simonds, John D Bomberger and
{‘*_ ichael A Bryner, Journal of Engineered fibres and fabrics Vol2, Issue 1, 2007 P 1-14
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The next aspect is the estimation of fibre linear density. For this, two equations are used. Equation

number 3 relates the average pore diameter to fibre diameter and porosity, which is

DP mean = 8(1=9)



This equation was developed by researcher Glen E Simonds. Additionally, equation number 4

provides the relationship between fibre diameter and denier, which is represented by

den
dr = 11.89 x 1074 |—
Py

This is a straightforward equation where the relationship between fibre diameter and denier has
been derived. By making use of these equations to find out the linear density of the fibre, the input
parameters are the mean pore diameter ‘Dp ,,.qn = 30°, Which are used for this calculation. By
applying the model equations with these input parameters, the required fibre linear density can be

calculated.
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Calculation of linear density

Dp imean :7 [Glen E Simonds etal * |

\ o~
Dp mean X8(1=¢£) _ 30x8x03 _ 72
LS4 d[: — e ——— =

e 23m
L n n n B

* Fibre diameter - denier relationship

v dp=1189x 10 [<2 —
o

v dft = 1189 (10-")2@ [p= fibre density]
L4 o

* "Ref: Designing nonwovens to meet pore size specification by Glen E Simonds, John D Bomberger and Michael A Bryner,
g+ Journal of Engineered fibres and fabrics Vol2, Issue 1, 2007 F 1-14
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The diameter of the fibre can be determined by using the equation

— Dp mean8(1 - 3)
T

dy
where ‘Dp mean’ 1s the mean pore diameter. The porosity ‘e’ is assumed to be 0.7, and therefore,
the packing fraction of fibres for solid volume fraction is ‘1 — & = 0.3°. By substituting these

values, the diameter of the fibre can be calculated, which gives 23 pm. By using the fibre diameter-

denier relationship, as previously stated, the square of the fibre diameter can be determined.
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+d/* =1189% x (10‘4)2@?‘ ket
g

dl'ZXﬂ’

* Fibre linear density = e ||

2
. - 23%x(107Y) x1.14
T 11892x(1074)2

#oFibre linear density =—— ~ 4.26 den
{ % 141.37 ———

The equation of the square of the diameter of the fibre is given by
den
df = 11.89% x (107*)2 —
Pr
Therefore, the fibre linear density, or denier, can be rewritten in this format. The fibre linear density

in terms of denier can be determined by substituting the appropriate values into the equations.

In this case, it is found that a fibre denier of 4.26 is required. This calculation relies on the
relationships established by various authors in the field. Sometimes, these relationships may not
be readily available in textbooks, and we might need to consult research papers to obtain them. By
doing this, a fibre linear density of 4.26 denier can be estimated, which is the value we need to

choose for the fibre.

By selecting this denier and using the previously calculated thickness value, which is 0.35mm, the
design is made. This information is passed on to the production team. They need to arrange the
machines and set the parameters of the machine to create a non-woven structure using fibres with
a linear density of approximately 4.2 deniers. Additionally, they must ensure that the final fabric

thickness is around 0.35 mm.
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Changed specification
Fibre = Nylon (NgChange) , Fabric basis weight =120 g/m?® ( No change) —
Porosity % (¢ ) , Mean pore dlameter ‘m
Thickness $30 mm , Fibre linear density < Sden
Mean pore size
Fibre A i
density Assumed  GSM / given) Fibre dizmeter N
g/em® Porosity(X) (given)  T(mm) df (micron)  Fibre den
Thickness > desired .~
1.14 70 120 | (035 30 | 29 42}, Fibre den < desired P
114 8 120 | | 30| 58[/~  Fibre den> desired X
114 60 120 30 30.55 Fibre den > desired %
| .
0 120 (K Ik} f 19.10 29 | Thickness > desired
65 120 25 l 228 4 z Acceptable
6 60 120 2546 52 Fibre den > desired
7 1M 10 120 \'éss ) 1528 19 | Thickness > desired
(l 114 120 2 17.82 2 ' Acceptable
,\ag- 14 ? 120 3 203 Acceptable

The results we obtain can sometimes lead us to modify the specification requirements. For
example, while the basis weight remains unchanged, we might adjust the porosity to a range of
65+5 rather than a fixed value of 70. The pore diameter can also be specified within a certain range
rather than a fixed value. Additionally, the thickness may need to be reduced to less than 0.30 mm,
and the fibre linear density should be kept below 5 deniers. This means shifting from fixed values

to a more flexible specification approach.

In these situations, we may have values that must fall within specific ranges or could be either less
or more than a certain threshold. Such scenarios often arise when determining the appropriate fibre
linear density and fabric thickness. To solve these problems effectively, we can utilize the
equations mentioned earlier and implement them in Excel. An excel file and a table can be created,
as mentioned in the slide. Fibre linear density remains constant for the fibre type used. Porosity
value is considered within the range of 65£5%: 60%, 65%, and 70%. The values remain unchanged
throughout the calculation. The thickness should be less than 0.30 mm as this is the requirement.
The mean pore size should lie in the range of 20 to 30 pum.

Hence, the mean pore size is taken as 30, 25 and 20 um, repeating them and calculating the fibre
denier. The aim is to determine the fibre-denier values and, therefore, create three sets of known
combinations. The two aspects are calculated: thickness and fibre denier. The answers are found



and provided in the table. Out of these answers, answers which satisfy the requirements have to be
evaluated. In the first row, the thickness exceeds the desired value, while the fibre denier is
acceptable. Although the fibre denier meets the criteria, the thickness is greater than desired, so
we must reject this solution. The rejection is because the fibre denier is acceptable, but the pore

diameter exceeds 30 pm.

Therefore, this option is obviously not feasible, and similarly, the other choices are also unsuitable
because the thickness exceeds the required value of 0.30 mm. The thickness must be 0.30 mm or
less. Moving to the next option, the thickness is highlighted in green and meets the requirement.
However, the fibre denier is 5.8, greater than the desired value of 5, so the fibre denier exceeds the
limit. This option is also unacceptable, as are the others. In the third case, thickness is marked in
green, indicating it meets the criteria, but the denier exceeds 5, so it still does not meet our
requirements. In these cases, none of the options satisfy the necessary conditions, so we conclude

they are not viable solutions.
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Changed specification
Fibre = Nylon (No.Change) , Fabric basis weight =120 g/m* ( No change) —
Porosity % (¢ ) , Mean pore diameter <30 - 30 pm>
Thickness $30 mm, Fibre linear density s Sden
Mean pore size
ibre Vi jun
density Assumed GSM given) Fibre diameter v
g/rm’ Porasity(%) (given)  T{mm) df (micron)  Fibre den
Thickness > dasired .~
114 0 120 [ 0.35 30 | 292 42 Fibre den < desired K
14 65 120 30 %73 58 v Fibre den > desired X
680 120 30 30,55 15 Fibre den > desired %
4 11 ﬁ_)) 120 035 5[ 18.10 29 | Thickness > desired
5 114 Cb': 120 o 0 228 ! 4{— Acceptable
6 L4 50 120 2 25 J 25.46 52 Fibre den > desired
7 1.4 70 120 \Q,A_S_) 1528 | Thickness > desired
I!"' 144 65 120 0 17.82 2f Acceptable
&‘*‘?)1 14 60 120 2037 Acceptable
W '4- ||

The green colour numbers in the table indicate that these combinations are meeting the
requirements. Therefore, the acceptable combination is the one where we can use nylon fibre, but
the porosity must be 65. In this case, if we choose a fibre with a denier of 4, it will meet the

requirements. The fabric must have a thickness of 0.3 mm for it to be acceptable.
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Changed specification

Fibre = Nylon (Ng.Chapge) , Fabric basis weight =120 g/m® ( No change) —
Porosity % (¢ ,‘/ Mean pore diameter m
\W (Fibre linear density < Sdeny——

Mean pore size

Fibre A pm

density Assumed  GSM (given)  Fibre diameter v
g/rm" Porasity(%) (given)  T{mm) df (micron)  Fibre den
Thickness > desired .~

1 1 '.4) 0 120 [ 035 30 | 29 42 Fibre den < desired K
2 1.14 65 120 ‘ 30 | 2673 58 v Fibre den > desired X
3 50 120 30 30.55 15 Fibre den > desired X
4 4 N 120 035 5[ 19,10 29 | Thickness > desired
5 144 @ 120 ) e 25 } 228 40 | Acceptable
6 L4 60 120 0.26 25 2546 52 Fibre den > desired
7 114 70 120 \'5‘35 ) 15.28 19 Thickness > desired
{6'"' 114 65 120 20 17.82 26~ Acceptable
\99: U 10 @ 2037 — Accaptable

Similarly, in the last set, we must reject the first case because the thickness exceeds 0.3 mm.
However, in the other two cases, both are acceptable since the fibre denier is less than 5 and the
thickness is 0.3 mm or less. So, there are three valid options: either use 4 denier fibre and make a
fabric with 0.3 mm thickness, use 2.6 denier fibre with a fabric of 0.3 mm thickness, or use 3.3

denier fibre with a fabric of 0.26 mm thickness.

All of these combinations will meet the requirements. This will provide the correct mean pore
diameter and porosity. It will also ensure the appropriate fibre linear density and thickness values.
These two factors can be considered constants, while the others are the requirements. By using an

excel software, calculations can be made to obtain the answers.
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Performance requirements of Filter
Secondary requiements

Pressure drop at specified air flow rate =
BAGFILTER  Heat resistance  in case of exhaust gas) .~

Filtration efficiency

Dust capacity .~

Liquid filter  Pressure drop at specified flow rate "
Heat resistance  In ca}ol hot liquid)
Chemical resistance
Filtration efficiency "

NPTEL
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Next comes the nonwoven filter fabrics. The performance requirements for a filter includes several
key factors. For a back filter, the most important criteria are pressure drop at a specified airflow
rate, heat resistance, filtration efficiency, and dust capacity. Secondary requirements include

weight, thickness, resistance, antibacterial properties, the ability to be burned or recycled, and

Weight, thickness

Resistance to chemicals ~
Antibacterlal properties ~
Feasibility of burning or recycling .~
Ability for deodorization .~

Weight, thickness
Antibacterial properties
Feasibility of burning or recycling

deodorization capabilities. These are the secondary requirements.

For liquid filters, the pressure drop at a specified flow rate is always crucial. Heat resistance may
be important depending on the application, and chemical resistance could also be significant.

Filtration efficiency, along with weight and thickness, is always essential. These are the general

requirements for filter fabrics.
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Structural & material parameters

e e ez

1 Pressure drop at specified air  Porosity Fibre fineness,
flow rate Thickness cross-sectional shape =

filter area

2 Heat resistance Heat resistance of fibre —

3 Filtration efficiency Pore size & its Mtion, thickness of - Fibre fineness, cross-sectional
media, layered _ shape

4 Dust capacity Pore size, number of pores, thickness

5 Weight Thickness, Bulk density Fibre density & denier

6 Resistance to chemicals Intrinsic property of fibre \— 2

7 Antibacterial properties Intrinsic property of fibre

(J;)D:;y)gls:;by burning or Intrinsic property of fibre
The important structural and material parameters are stated in the table. If the requirement is a
pressure drop at a specified airflow rate, the key structural parameters are porosity, thickness, and
filter area. For fibre parameters, fibre fineness and cross-sectional shape are important. In this
context, the performance criteria, such as pressure drop, heat resistance, filtration efficiency, and

others, are linked with the relevant structural and fibre parameters.

Pressure drop depends on factors such as porosity, thickness, overall filter area, fibre fineness, and
cross-sectional shape. Heat resistance is primarily determined by the heat resistance of the fibre
itself, while structural parameters have little impact. Filtration efficiency, however, depends on
structural parameters like pore size and distribution, media thickness, and whether the structure is
layered. Fiber parameters, such as fineness and cross-sectional shape, also affect filtration

efficiency.

Similarly, the performance requirements alongside the corresponding structural and fibre
parameters that influence them can be listed. The key structural parameters and fibre properties
that impact performance can be identified for each requirement. For example, antibacterial
properties depend on the intrinsic characteristics of the fibre, while the fibre’s inherent properties
also determine chemical resistance. This type of table can help relate performance requirements

with relevant parameters.



(Refer Slide Time: 19:26)

Theoretical aspects

* Relation ship between Flow rate (Q) , pressure drop (AP ) & permeabllity (k) Relationship

i,

kxap
uxZ

(1)

' Q
+ Darcy's law: i

* Rearranging

~ _Q-.,u/_uv;uxl - __kxd v
AiP__A-k _—_k‘:,(z) ’ 5——’”“0&1’,....“.(1]

. - LXnx2 o
k =G we(0)

¢ O denotes the volumetrlc flow rate (m?/s),
\" A~ Indicates the cross sectional area (m?) of the fibrous material,

[+ v face velocity(m/s) 2» thickness { m)

* k= permeability (m?) of the materlal, 1 « represents the viscosity (Pa s) of air
AP the pressure drop (Pa) across the materlal of thickness
{

It is essential to know some theoretical aspects when designing filter fabrics, particularly the
relationships between flow rate, pressure drop, and permeability. A fundamental equation in this
context is Darcy's Law, which states that

Q kxAP

A uxz
Here, <Q’ is the volumetric flow rate, ‘A’ is the cross-sectional area, ‘k’ is the permeability of the
material, ‘AP’ is the pressure drop, ‘i’ is the viscosity of air and ‘Z” is the thickness of the filter
media. Taking this equation and rearranging it, ‘AP’ is expressed as
_QxuxZz

AP
AXk

In this equation, ‘%’ is replaced by ‘v’ which represents the phase velocity. Thickness can also be

expressed in terms of other parameters, leading to the same equation presented in different forms.
The goal is to place known values on the right-hand side of the equation and keep the unknowns

on the left-hand side. This basic equation will be very useful for analyzing filters.
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According Davies

Permeability (k) is related to intrinsic characteristics of the material

@
¢ hz———.......(4)
6493/2(1+560%)
Where, ¢ = solid volume fraction , d,rfibre diameter
% _ density of fabric _ Fabric basis weight (g/m?)/10000 s
g— [ibre density o Thickness(cm)xfibre density(g/cm?)
M
("] S (5)

M = to the areal density of the media, A= cross-sectional area of the media,
f;ﬁ thickness of the media, and  p, = density of the fibres constituting the media,

This is another interesting equation related to permeability. The permeability of fibrous media has
been the focus of research by many scientists, resulting in numerous complex equations. One
equation that is commonly used and found to be quite suitable for initial estimations. It allows us

to quickly arrive at practical values, which can help in product development.

Hence, permeability is related to fibre diameter and solid volume fraction by the equation,
2
k = 4
64¢3/2(1 + 56¢3)
This equation was developed by Davies and can be found online. The solid volume fraction

represents the ratio of the fabric's density to the fibre density, which characterizes the proportion

of fibre in a nonwoven structure.



(Refer Slide Time: 22:37)

A _ QXpxZ _ vXuxZ w1 @Xuxz
= =@ =ek=00 0

i
~ 6403/2(1456¢%)

wereeen(8)

* Equating equations (4) & (6)

——

d} QxpuxZ
6403/2(14560%)  AXAP

T o dFAPXA
3/2 =T
©0*'*(1+ 56¢°) e

)

These equations can be utilized to derive values for ‘k’, the permeability. By equating equations
(4) and (6), permeability can be expressed as a measurable quantity that can be obtained through
experiments, which is represented by
df _QxXpuxz
64¢93/2(1 +56¢93) A X AP
The left-hand side of the equation can also be measured, allowing us to quantify the diameter of

the fibres. The solid fibre volume fraction can be found.

Therefore, the equation that has been arrived at is

dZ AP x A
6403/2(1 + 56¢3) = ﬁf T

This equation is used to estimate the fibre parameters needed.
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Design parameter estimation

Now, we will estimate the design parameters with an example.
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e I T

Filter restriction (4P ): 0.2Kpa 200 Pa (N/ m*!
Flow rate (Q) : 300 m’/min 5mifs
Flow rate to cloth ratio & 75m’

Bag dimension 50mlength

0.1 m diamter —
Design parameters to be estimated

Fibre ?

Fibre diameter ( df): L

Fabric Basis weight r

Alr flow to cloth ratio e 2 = 4 Viscosity of air; 18.0 uPa's = 1.80 x 10° Pa's
0 3 A % 1 poise=0.1Pa.s = 0.1 Newton s/ m

#Area of fabric A:~ = = = 75m* 2 1Kpa= 1000N/m?s
(3} ——* ¢+ —
H?“T‘wFl?.
’V é

Consider the example of filter restrictions, where the pressure drop is 0.2 kPa, the flow rate is 300
m3/min, and the airflow-to-cloth ratio is 4. The bag dimensions are 5 meters in length and 0.1 m

in diameter. The appropriate fibre diameter and the fabric basis weight have to be estimated. To

begin, we note that the airflow-to-cloth ratio is given as 4. This indicates that ‘% = 4’. Hence, the



area of the fabric can be expressed as ‘A = %’. Substituting the value of ‘Q’ as 300 m%/min, the

area of the fabric is found to be 75 m2. This is the first key piece of information we need.
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Fibre selection

T e e

B

s &

§ § % .g £ o 5 ol e || (& /8
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z : 53 B3
Fibre selection S £ e Bl T S T R
depend upon Cotton 80 G &R e g ¢ P e
¢ user _ s 5

environment, - oA 135 3 Sl i G R e e

© cost, Aarylic Py w6 6 /60 %7 E € & F 6 ¢

* manufacturing ik g f gl il e 6 e ER s

easiness and /

« durabilty / Nylon 0 G 6 E E P I =

Nomex W™ o ¢ ] T e O (e () e
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When selecting fibres, the table, which has qualitative values such as maximum temperature
resistance, physical resistance, and chemical resistance, is considered. In this table, the ratings are
defined as follows: ‘G’ for good, ‘M’ for fair, ‘P’ for poor, and ‘E”’ for excellent. By evaluating
these qualitative properties, we can determine that polyester and nylon are the most suitable

options for filter fabrics.

The detailed things are not considered, but factors such as environment, cost, ease of
manufacturing, and durability must be considered. Considering this, polyester or nylon is
preferred. Given these considerations, it is important to note that while many fibres are available,
some are more expensive, and others may only be suitable for specific applications. In high-
temperature applications, polyester and nylon are not suitable. The specific user environment has
not been stated in detail, so we can assume that these two fibres are appropriate for contexts that

do not involve extreme heat. Therefore, we should consider the other parameters while excluding

situations where polyester or nylon would be inadequate.



(Refer Slide Time: 27:00)

Estimation of thickness (Z)

—

(8P)  02Kpa  200Pa(N/m?
Q) 300 m’/min S5mifs
QA B 75m?

d,APxA

Pl
'43/1153_
Bhg™/*(1+569%) = =~

* Assume fibre volume fraction: ¢ =10.
* substituting ¢ = 0.30
» 649*%(1 +569°) = 2641 —

glsrxm Dumms 45937.5x10710 _ 4939.5x107°
26. 41-

(:_g_w_XJ@ T o93ax1075xz | 2

0.049
z=——185x10 3m_185mm
) = 2641

NPTEI

z
Making use of the equation

d? A x AP
64¢03/2(1 + 56¢03) = ﬁf X7

the fibre volume fraction chosen is 0.3. By substituting this value into the equation

‘64¢3/2(1 + 56¢3)’, we obtain a figure of 26.41. Then, place this value into the equation, along
with the other known values on the right-hand side. The only unknown variable is the ‘Z’, which

represents the thickness of the fabric that has to be determined.

Some parameters have already been provided, such as the desired pressure drop (4P), which is
200 Pa. Additionally, we may have information regarding the fibre diameter or denier, which
allows us to calculate the fibre diameter. Since the diameter square is part of the equation, we can
utilize the given ‘AP’ value of 200 Pa in our calculations. <1.86 x 10° Pa s is the viscosity value,
and the flow rate (Q) is 5 m%/s, while the thickness (Z) remains unknown. The diameter of the fibre

(df) is given as 1.75 x 10°m.

The corresponding denier of the fibre can be calculated based on this diameter. After substituting

the known values into the equation, it is found that the thickness of the fabric should be 1.85 mm.
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Estimation of Qasis weight

o density of fabric _ Fabric basis weight (g/m*)/10000 @
;_f; fibre density  Thickness(cm)xfibre density(g/cm3) Zxpyx104
50 i
e
Zxppx10t

°&=¢pr-XZX104
= 1.85
=030x 1.38 x 10* XW =0.7659 X 10* = 765 g/m?

(¥ 9
After estimating the thickness, the next step is calculating the basis weight (M). The solid volume
fraction is related to the basis weight by the equation
M = ¢ xpsxZx10*
By using the equation with the previously determined thickness (Z), the basis weight is calculated.

It is found that the basis weight ‘M’ is found to be 765 g/m?,
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* Bagarea=3.14 x 0.1 x 5.0 = 1.57m*

* Number of bags required =,§]: 477 ~ 48

* Filtering velocity: o :;5; =0.066 m/s

Bag area

s

£
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To determine the number of bags needed, the bag area can be calculated using the formula
‘m X D X L’, where ‘D’ is the diameter and ‘L’ is the length. Dividing the total area required (75
m?2) by the area of an individual bag gives us approximately 48 bags. Next is the calculation of
filtering velocity, which is the phase velocity of the air. It is found by

Flow rate
Bag area

resulting in a filtering velocity of 0.066 m/s.

The only assumption made here is related to fibre. Initially, we started with an assumed value for
fibre diameter. Creating an Excel table allows us to explore different fibre values while keeping
other parameters constant. This table shows the outcomes for various fibre diameters or deniers
based on the commercially available linear densities. We input those values to determine the
corresponding thickness and areal density of the fabrics. This process results in a solution space

comprising multiple solutions for various fibre linear densities.

Once we have these solutions, we can select one or two optimal solutions based on the
requirements. This methodology allows us to estimate certain important parameters related to filter

fabric design. With this, the topic is concluded. Thank you.



