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The most general problem of today’s environment is the presence of dust. The
dust stability in air will lead to instability in human routine in the form of health
disorders. The filtration of this kind of impurities from air is one of the best
possible epidemiology and probably an economical and less expensive filtration
system will further help to overcome this situation. The work in this project puts
its concentration on the above mentioned factors. An air filter produced form the
very often fetch of simple materials is designed, analyzed and fabricated. The
trapezium modeled air filter with slots embedded in it, facilitate the fatigue
replacement of materials after the expiry of the same. The incoming air is forced
through an Exhaust fan for a faster movement of air rather than depending on
the conventional method of air income. The air entering from the inlet gets
protruded through different layers of filtration. The entire model, its analysis
and results are discussed in the below work.
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INTRODUCTION

An efficient air filter is a device which is embedded with
different layers of permeable and fibrous materials which
help in the getting rid of process, of dust particles, pollen and
other material particles in the circulating air. Even some of
the air filters are capable of removing the micro size
particles which cannotbe seen by naked eyes, particles such
as the chemical and also gaseous pollutants. The above
mentioned different properties of air filters help to find its
application in areas with high air pollution to make it
possible to filter air and provide the best possible quality of
air to breath in.

The entire human made closed structures of life definitely
have air as the unseen medium circulating in it. Air filters,
devices used to filter air use air ionizers, fibers or elements
with a static electric charge, which attract dust particles. Also
air that comes into an IC Engine has to be filtered. Specific
type of air filters are used to filtrate the air that comes into
the combustion chamber ofinternal combustion
engines. These type of engines and air compressors incline to
make the effective use either paper, foam, or cotton filters.
0il bath filters have fallen out of favor. The air in taking
technology of air filters has significantly improved since past
few decades.
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There are many types of air filtering materials and the ones
we used in this fabrication are cotton and cloth to make this
filtering procedure a more economical one. The filtering
materials used in this project make the complete use of
cotton and cloth properties. The four layered filtrate
materials used in this project are cotton, gauze cloth, an
absorbent cloth and filter cloth. Each segment of filtrate is
embedded into the structure through a slot and then is fixed
into a firm position.

literature survey

B. Pavan Kumar Goud, Dr. S. Chakradhara Goud, Studied on
Experimental & Numerical Study on Performance of Air
Filters for Diesel Engine and then noted that the proper
Maintenance of air filters will increase the fuel Economyand
then the performance of Engine[4].

AlJanarthanan, R. Hariharan, V. Thirumalairaj, Dr. K
Chandrasekaran studied on the performance of air filters
and concluded that air filters remove the foreign particles
such as dust, dirt and soot from the intake permanently [5].
Krunal K Parmar, Shailesh M Patel studied on Air
consumption and air purification through a clogged air filter
and noticed that the clogged air filter results in the decrease
in economical and efficient functioning of the air filter. The
use of HEPA filter increases the efficient functioning of the
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air filter which matches to the European standards efficiency
and also according to ASME efficiency[6].

Dipak C. Talele, Dr. Dheeraj S. Deshmukh, Dr. Prashant P.
Boranare are the people studied in the development of
layered filtering productions and this increases the efficiency
of filtered air and these filtrates are arranged depending
upon the level of filtration[7].

Material and Methodology

Materials used in our work include cotton, gauze cloth, an
absorbent cloth and filter cloth. These are been arranged and
placed based on their porosity values and Thread count
number of respective clothes in sequential order.

Cotton

Cotton air filters are the most economical and abundantly
available sources of air filter media in today’s market[1]. The
increase in air flow offered by cotton is more than that of any
other filter media or filter paper. Thus the use of cotton
provide a reusable solution of buying and throwing away
disposable paper air filters which is a constant production of
paper waste. These type of filters typically composed to have
of about 4 to 6 layers of cotton material that is caught hold
between wire mesh for strength which is then shaped the
required pattern, that is resembled in one’s own design.
Pleat type of pattern of cotton is another arrangement of
cotton in the air filter. Pleating gives the air filter more
surface space and the layers of cotton create a 3D filter with
filtering depth instead of filtering mostly at the top surface
level. The tiny arranged cotton fibers stick out and capture
particles as they pass through them. This typically designed
cotton air filters to be great at the performance of filtering
out particles and are great at capturing a large amount of
them (dust particles) before air flow is impaired enough to
need cleaning. The result obtained from such an air filtrate
material is outstanding air filtration and another added
advantage of it is a long service life. Such type of air filtrates
also provides a good enough life time to the filter in which
they are used.

Gauze cloth

A fabric with aloose open weave which is thin in its nature is
termed to be known as Gauze (Thin Cloth) cloth. “Gauze”[2]
its technical definition can be stated as a weave structure in
which the weft yarns are arranged in pairs and are crossed
before and after each warp yarn keeping the weft firmly in
place. Stability of fabric, is one of the important property that
a cloth should have to withstand the pressure of the
incoming air, so weave structure is specifically used which is
composed of fine yarns, loosely spaced.

Absorbent Cloth

An absorbent filter media works through absorbing a
substance, usually a liquid or fluid as this can be concluded
from its name, the dust particles gets absorbed through onto
the filter media. The absorbent filter media is not that kind of
filtrate where liquid particles gets separated from the solid
ones, the only primary function of such a filter media is to
absorb the fluid or liquid particles towards itself. This can be
compared to that of the liquid absorbing property of a
sponge and it do closely resemble its action when a sponge is
exposed in a flow or stagnant water. Thereafter, it retains
this liquid or fluid within itself until the liquid changes its
structure, i.e. until it evaporates or solidifies. The concept of
such a filtrate is completely distinct from that concept where

an absorbent filter generally works to filter out liquid
substances, as. The only one condition of this type of filtering
media is that it gas to be kept always in contact with the
liquid.

Filter cloth

The production of filter cloth is done by means of woven or
non-woven materials. The classification of non woven
materials is divided as felted or membrane. The composition
of the most of the cloths are either completely or partially
composed of weaving of non-woven fabrics are generally in
attachment to an already woven base which is technically
termed as scrim. A definite repeated pattern of Woven filters
of yarn are used for the fabrication of filter cloth [3]. The
Felted filters are composed of randomly placed fibers which
are converted into a mat. This arrangement is attached to
loosely woven backing material. These type of Woven filters
find their application where the system with low energy
cleaning methods are used (such as shaking and reverse-air).
In pulse-jet cleaning which is a higher energy cleaning
system Felted fabrics usually find their application. The main
motto of developing membrane filters are to achieve an
efficient particle capture and also to handle flue gas
conditions where high moisture and high pressure drop
problems frequently occur.

Designing of Air Filter by CATIA V5
Starting of CATIA V5 is with a new name which will be
displayed on the screen.

Close the productl file and start a new file in the part design
workbench.

After choosing close the file menu, then start screen of CATIA
is displayed.

Start —»Mechanical Design —select Sketcher or
part design

To start a new file in the part design workbench, choose file
from the menu bar. The new dialog box is displayed. After
accomplishment all the necessary cuttings and modifications
of the Air Filter, the ultimate model looks as shown in figure
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Figure 1 : CATIA Model.

Analysis of Air Filter by ANSYS CFX 14.5
The final 3D Air filter Model Designed in Catia V5 is imported
into Ansys CFX 14.5 for fluid flow analysis.

The steps involved during analysis are:
Starting of ANSYS CFX 14.5 has three steps to solve any type
of fluid problems, which involves pre-processing, slover and
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post processing. All these three steps at length include Fluid
Flow (CFX), Geometry, Meshing, Setup, Solution, Results. The
inputs of Fluid (Air) and geometrical detail of Frustum
(Truncated Square Prism) are specified in Ansys CFX
software. Meshing of air filter in automatically carried on by
software only for accurate results and solutions

Table 1 : Fluid Parameter

Parameters Air atInlet Air at Outlet
Velocity (m/sec) 0.3 741.33
Pressure (Pa) 8 40
Temperature 25 34
(°Q)
Specific Heat (J/KgK) | 1020 1020
Table 2 : Geometrical details of the filtrates
Cotton Thin Thick Filter
cloth cloth Paper
Total
Volume 332500 | 404250 | 504000 | 591500
(mm3)
Density 450 300 500 250
(kg/m?3)
Specific
Heat (J/kgK) 1350 1300 1650 1400
Thermal
Conductivity | 0.0455 0.030 0.130 0.0062
(W/mk)
Porosity 092 | 09505 | 0.9603 | 0.983
(%)
Gravity _ _ H
(m/sec?) X=0 Y=-9.81 Z=0
_ ___Table 3 : Meshing Results
| Mesh statistics 1
I_Domain Name T | urtﬁ;;“;;;'le | EXp. _;;Etor | As;;;;: RaﬁoTII
i T Winimum [deg] | maximam | maximam |
1 pefault pomain | 25.6 ok 161t | 75 0K |
cotton 83.0 oK 2 0K 1 oK
fi]terﬁtaper 79.2 OK 1 0K 1 0K
thickcloth 83.8 OK 10K 1 oK
R L 256 ok 161 % 75 ox

+- - Fmmmmmm e + - ———- 4

| | %! %ok %OK | %! %ok %OKYI%! %ok %oK |

+- -——- Hommmmmmmm - S e 4
Default Domain 0 3 97 6 2 92 0 0 100
cotton ] 0 100 0 0 100 ] 0 100
f1'|1:er[i|aper [} 0 100 0 0 100 0 0 100
thickcloth 0 0 100 0 0 100 0 0 100
thincloth 0 0 100 0 0 100 0 0 100
Global 0 2 98 4 1 95 0 0 100

After all these detalls impaled 1nto the software it has glven
accurate analytical results as shown below with figures.
results and discussions

1. Velocity Contour
The Velocity contour for the Air Filter designed reduces from
inlet to outlet gradually, this is due to increase in cross-
section area as the air filter is like a divergent nozzle as
shown in the figure 2.
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Figure 2 : Velocity Contour.
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2. Turbulence Kinetic Energy

Turbulence of Air filter increases as the Exhaust Fan at the
exit will increase the air flow which will increase the kinetic
Energy resulting in turbulence of air at outlet as shown in
the figure 3.
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Figure 3 : Turbulence Kinetic Energy.
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3. Total Pressure

As the pressure is inversely proportional to velocity as the
air flow passes through the filtrates the pressure gradually
increases resulting maximum pressure at the outlet as
shown in the figure 4.
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Figure 4 : Total Pressure.

4. Eddy Viscosity

Resistive force increases progressively as the air passes
through the filtrates. As we know that viscosity is the
measure of resistive force between the layer of fluid that’s
the reason of rise in eddy viscosity at the exit as shown in the
figure 5.
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Figure 5 : Eddy Viscosity.

5. Velocity

The design of the Air filter resembles the Divergent nozzle so
the velocity reduces slowly from inlet to outlet due to
gradual increase in cross-sectional area as shown in the
figure 6.
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Figure 6 : Velocity.

6. Pressure Contour

The steam line flow of air inside the divergent nozzle will
increase the pressure as the cross-sectional area increases
the same situation goes on here. Pressure regularly increase
as the velocity contour reduces simultaneously as shown in
the figure 7.
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Figure 7 : Pressure Contour.

Graphs Obtained For Air Flow:

1. Momentum and Mass

For the air flow inside the frustum a graph is plotted taking
Time and Velocity into consideration and obtained
Momentum graph as shown in the figure 8.

O 25 Fluid Flow (CFX) - CPX-Solver Manager.
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Figure 8 : Momentum and Mass.

2. Turbulence

The air flow inside the air filter is turbulent flow as the
exhaust fan is placed at the exit of the device the Reynolds
number gradually increases and the flow changes from
laminar flow to turbulent flow. The graph is plotted based on
Accumulated time and variable values as shown in figure 9.
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Figure 9 : Turbulence.

Fabrication of Model
The final prototype is manufactured using plywood, a open
truncated square prism with one side open to atmosphere
and other side with an exhaust fan is been arranged. The
Frustum is been slotted at four spots for placing the filtrate
as shown in figure 10.

By s ,
Figure 10 : Fabrication of Model.

Based on their calculated porosity percentage and Thread
count numbers the filtrates are been arranged in increasing
order (cotton-gauze cloth-absorbent cloth-filter cloth). The
slots are being painted with golden color for simple
adjustment and easy replacement of filtrates. The slots are
clearly visible in the below figure 11.

Figure 11 : Fabricated Model

The exhaust fan creates negative pressure at the inlet of the
air filter and suction of air at inlet increases and gradually air
passes through the filtrates on the bases of size the dust
particles and obstacles will be stopped and absorbed. These
dust can be easily removed by cleaning the filtrates
frequently and replacing them in their respective slot. This
type of Air Filter is compact, easy to handle, economical, less
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power consumption and can filter with maximum efficiency
and durability. This type of Air filter does not pollute the
environment by releasing harmful gases like ozone which
while other air filters release and also eliminates many
disadvantages of regular air filters available in marketarena.
As shown in figure 12.

Figure 12: Prototype of Air Filter

Conclusion

The Project Designed and analyzed and satisfies all the
necessary conditions for an efficient, economical air filter.
The different layers of filters used are just simple and easily
available materials (filtrates). The four layer filtration makes
us more possible for an effective filtration process.

The filtrates cotton, gauge cloth, absorbent cloth and filter
cloth are arranged according to the porosity and thus
different sized particles set filtered at different positions or
segments of filtrates. This form draws air into the filter and
filtration takes place. The analysis of the designed filter is
also done and an appreciable results are its outcome. Thus

this project fetched one of the most simplest and economical
air filter.
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