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Abstract:

The usage of inertia air filter to clean air passing to air consuming device has
few attention in spite of its importance .This work focuses on the idea and advantages
beyond this filter .A finite element solution of Navier- stoke equation in turbulent
Zone is used to obtain pressure and velocity distribution through typical section in
inertia air filter, these values are used to obtained the trajectory of different particle
size using four order Runge-kutta integration method .The path trajectory will device
on how large particles size can enter certain zone. Inertia air filter will prevent the air
consuming devices from stopping due to blocked air filter .A special design is
proposed so that to minimize loss with good ability in filtering dusty air .The usage of
inertia air filter will help in elongate the life time of the usual air filter without
appreciable increasing in pressure loss.
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1. Introduction:

Many authors established the criteria of solving fluid- particle flow that is to
study the behavior of particle flow by virtue of their carrying fluid [1,2,3].Its
application have many important feathers such as studying behavior of fuel particle
during its injection in internal or external combustion engine , also the application of
this method is in studying paths of the particle during multi-phase flow .In this work
,its benefit can be extended to study the air filtration so that air with contaminated
particle (such as dust) can be cleaned to some extent so that to protect air handling
units , diesel engine and stationary gas turbine from the harmful effect of these
particles.

This proposed particle separation method is very convent to frequently dust
weather where it can be an assistance air cleaner so as to increase the life of usual air
filter .From practical experience ,it is known that the dust storm may blocked the
filters and the air handling units can no longer maintain their duty without changing
or cleaning the usual air filter .By using this new filter design one can insure that no
harmful dust will flow to the usual filters in air-handling unit or other clean air
consuming devices .Using bleed duct system incorporated in the inertia maze design
,collected dirt particles may be ducted to any position for disposal so that large
particle can be purified from air and the other small particle can be cleaned by
usual air filter.

The inertia air separator is designed to handle large volume of heavily
contaminated air within an extremely confined space without appreciably increasing
pressure drop.

The inertia maze separator is essentially vee-shaped, the sides consisting of a
series of identical equally spaced vanes providing narrow passages through which the
clean air can flow .The apex of the vee is open to a bleed slot at the rear of the cell,
which is in turn connected to a common bleed duct connecting all bleed slots of a
particular assembly see Fig 1. The sharp turns through the narrow side openings the
major passes to the clean side of the filter, whilst dirt particles because of their greater
mass tend to continue on a straight path to be exhausted via the bleed slots by 10%
bleed air flow. The actual air flow through the inertia maze separator is normally
100% of the desired clean air flow, 90% being drawn by the clean air consuming

device. High velocity in the secondary air bleed duct prevents any dirt build-up.
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Due to high cost of air filter used in air handling units, one think of how one
can increase its running life in frequent dust storm weather, the solution is by using
the inertia air filter.

Theoretical and experimental investigation for inertia air filter design is
introduced where the aim is to ensure good characteristic of air filtering in frequent
desert storm weather.

2. Theory:

A suitable section is chosen to formulate the problem mathematically see fig 2, where
the continuity, momentum has to be satisfied

2.1 Design of inertia air filter

The proposed design of inertia separator is shown in fig 1.with 24 vee-shaped
in each side the angle of the apex of adjusting fans is of order of 6 degree .A distance
of 2 cm between each apex of vee-shaped .The inlet section has a dimension of
0.126x 0.5 m design .The depth of the filter is 0.5 m see figl. The typical section
which can formulate the physical domain is shown in fig2.The proposed material is an
ant-erosion material (such as stainless steel) in order to resist the erosion due to high
speed of particle size that may strike the surface of the filter material .

2.2 Partial differential Equation
2.2.1. Navier-Stoke equation

The flow is assumed to be unaffected by the particle flow where the velocity
and pressure profile through the shape is the aim ,the finite element formulation of
NSE is established well in many references using primitive variable method with
four-node element and equal-order shape function for pressure and velocity , the
model of turbulence is the log wall model near the wall while a k- £ model is used
for the turbulent core .The coupled equations governing the fluid flow are solved
using SIMPLER(Semi Implicit Method for Pressure Linked Equations Revised)
algorithm [4] with total number of element of 588 that contains 667 node distributed
as shown in fig 2 .Concentration of nodes near expected large gradient of velocity and
pressure are favorable to insure good accuracy . The algorithm, originally developed
for finite difference method, has been modified and proposed by several researchers
for finite element method[5,6].A widely used technique known as streamline up-
winding method is used with four quadrilateral element, where the convection terms

is evaluated directly along the local stream lines [7].
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From the fluid velocity, particle motion is computed as fallow:
Neglecting other forces influenced the particle, equation of motion can be written

as[2]:

ZE =mpai
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where the v, is the icomponent of the particle velocity and v, ; is the particle
relative velocity[2]:
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Equation of motion (1) is appropriate for dilute gas-solid flow in which the
particle size is small compared to the smallest length scales in the carrier flow and for
which other forces acting on the particle (added mass, history force, etc.) are
substantially smaller compared to the drag owing to the large density ratio. [8]

The process after solving NSE to find the trajectory of the particle is as follow:
find the new proposed location of the particle from the initial known particle velocity
(it is assumed at entrance that the velocity of fluid is equal to the velocity of particle

(i.e. zero relative particle velocity) and hence find the instantaneous velocity of fluid
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at new location from which find the new velocity of the particle an iteration solution
is required to average the velocity of fluid with the two point then the solution is

repeated to insure good accuracy and so on ,the solution is tested for different particle
diameter from 1 gm to 20 um and the density of dust is assumed to be 1520 kg /m’,

the density of air is taken for standard atmosphere .

In this work, the fluid flow is not affected momentum exchange with the
particles and the (undisturbed) fluid velocity required in (1) is the value interpolated
to the particle position that is computed in the Large Eddy Scale solution.

It important to know that the solution is important only in certain paths where there is
a possibility of certain particle diameter to follow the fluid velocity so that to enter a
region where the air must be clean, so only these paths will be studied .The process of
obtained particle trajectory can be divided into three steps
A. location

To determined the location of a particle in finite element mesh ,a test must be
made for the nearest node to the new location from which the four elements
containing this node must be tested to know which one is containing this node ,then
the element containing this location is known by comparing the max. and min.
coordinates of each element.

B .interpolation

By knowing the element that contains the new location an interpolation
process has to be carried out to determine the component of velocity (i.e. vx and vy)
and pressure if desired. Some useful four-linear interpolation may carry out assume
only four field variable at each interpolation process is known.

C. integration

Given the solution at the end of n time steps U Z, X ; for particle and U }’ X }’ for fluid

then compute U ;H,X ;“ see [9], then

ForI=1to K
ur=ur+ %Fl
where F, = —% C, ﬁ Wy =-U,"") (at X'
X=Xy 2A_1t< oy +u,"
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At
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A special model is used to formulate the path of particle that strikes the
surface ,when certain particle hits the surface an inverse velocity is imposed depend
on the direction of the particle if the direction of the particle is perpendicular to the
surface then both component of velocity will be inversed and if the direction of path
of the particle makes an angle greater than that of the perpendicular to the surface
then only one component of the velocity will be inverse depends on the direction of
the surface.

2.3. Boundary conditions

The entering velocity will be tested with 10 and 15 m/sec with no relative
velocity at the entrance of the filter .Special attention has to be paid for imposing
boundary conditions since continuity must be satisfied (see fig. 2) also one outlet of
zero pressure may be applied to obtained pressure distribution through the section of
filter. While zero velocities are applied on solid surfaces, the inlet velocity may be
either 10 or 15 m/sec, also the boundary vertical velocity at the far side may also be
zero (i.e. far away from boundary layer).

3. Results and Discussion

The solution of Navier stock equation lead to obtained velocity and pressure
distribution through the section of inertia filter for inlet velocity of 10 and 15 m/sec.
The velocity distribution is shown in fig 3 for inlet velocity of 10 m/sec. Also the
pressure distribution for this velocity distribution is shown in fig 6. The trajectory and
the inlet position for different path and size of particle are shown in fig 4.

For inlet velocity of 10 m/sec the maximum particle that allowed to pass to the region

of intended clear air zone is less than 18 ym ,since particle of that size will strike the

surface of the vee-shaped vans and go back to a region of turbulent core where it will

fallow the path of other particle see fig 4 ,this is for upper path ,the next path show
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that only particle less than 3 gm will enter the clean Zone, while the particle with
diameter> 3 ym will go throw the bleeding stream fallow the main air stream. Its

worth while to say that any particle with that size, down this path (i.e. diameter

> 3um will also go with the bleeding air toward the exit by virtue of its inertia even

particles has less diameter .The pressure loss across two vee-shaped fan is found to be
67.32 Pa theoretically and by using empirical formula of pressure loss across duct its
found to be 64.22 Pa and via bleeding duct 1.1 Pa.

Increasing inlet velocity 15 m/sec will lead to decrease in size of particles that
are allowed to inter the region of intended clean zone (the upper path in fig 5) where

the particle seems to follow the air enter via vee- shaped fans is 13 gm and less while

for the next path ( the lower one) the particle size allowed to pass through the vee-

shaped fans is reduced to 1 gm while a particle of 2 im diameter will strike the wall

and go toward the exit .The friction loss across two vee-shaped fans is found to be
143.64 Pa, theoretically and by using empirical formula for pressure loss of ducting, it
is found to be 138.14 Pa and via bleeding duct 2.04 Pa.

Experimentally ,The dust is gathered after a dusty storm which its diameter is

found in a rang of 200-0.5 # m and injected by gravity to the tested section which

combined from the two symmetrical section shown in fig.2 ,the collected particle for

velocity of 15 m/s is verified the result where there is no particle larger 13 g m is

found in the air that passes to the intended clean zone assume the particle is gathered
be a very fine air filter and tested by microscope .
4. Conclosion

Without high increase in pressure loss an efficient inertia air filter is designed
.Some new idea is introduced to clean air carrying dust particle even the theory is
well understood .Intended clean zone with less cost is the aim , even the usual air
filter doing their duty well but they will blocked after heavy dust storm .By using
some shape of inertia filter ,long life with full done duty will be expected for usual
air filter , this will be insured by some initial cost to have an inertia filter and some
additional maintenance on the bleeding air fan .Some ideas may be present on how
one can increase the attraction force on the particles so as to force them to go through
certain path .Increasing inlet velocity may be one of them but it has some limitation

since pressure loss will increased as velocity increases, the other method is by using
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an additional electronic air filter fixed with this filter so as to increase the whole
efficiency .
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Nomenclatures:

A- area (m2)

a - acceleration (m/sec2)

C- drag coefficient (dimensionless)

d —diameter (m)

F -force (N)

U -velocity vector (m/sec)
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X -displacement (m)

t -time (sec)

v -velocity (m/sec)
V-volume (m3)
K-no of loops
Greek

p -density (kg/m3)

M -viscosity (Pascal .sec)

Subscript and superscript:

o-initial

d-drag

r -relative

i- vector component
P- Particle

f-fluid

*_ jterative solution

200

126

Clean air

|

Figure 1. Inertia air filter -Basic dimension in mm.
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Figure 2. Indicates the part of the shape that has been studied to determine the fluid
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Figure 3. Velocity distribution through the upper part of Fig 2.
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Figure 4.Path of different particle size for different inlet location at inlet velocity of

10 m/s
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Figure 5 Path of different particle size for different inlet location at inlet velocity of
15 m/s
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Figure 6. Pressure distribution for inlet velocity of 10m/sec
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