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Abstract—A new multi inner stage (MIS) cyclone was desigted
remove the acidic gas and fine particles producech felectronic
industry. To characterize gas flow in MIS cyclom@essure and
velocity distribution were calculated by means &00program. Also,
the flow locus of fine particles and particle rerabefficiency were
analyzed by Lagrangian method. When outlet pressumdition was
—100mmAq, the efficiency was the best in this study
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|. INTRODUCTION

S the air pollution is on the rise with the dragiowth of

modern electronic industry recently, many studiaseh
been actively conducted to reduce various hazargolistants
produced in the processes[1-3]. In particular, sermductor
devices are becoming very large scale integrated tlaus the
number of their manufacturing processes is
accordingly. In addition, a large amount of resiluend
pollutants remain on the surfaces after each psposhich
results in the increasing need for the cleaninggss to remove
them. As pollutants produced during semiconducteviak
manufacturing processes cause structural deformaiod
deterioration of electrical characteristics, sudhease elements
must be
performance, reliability, and yield rate of the ieg.

Currently, the major pollutants produced on silidmards
during the manufacturing processes in electronidustry
include particle, organic matter, metal pollutardfural oxide
film, and so forth [4]. Fine particles may be diaafed mainly
with raw gas, and if the remaining gas is discharge the
atmosphere, the chemical reaction in the air cdirseparticles
as a result [5]. The size of particles producestich processes

is ranged from 0.1 to 2, and they contain a lot of hazardous

elements.

SiH, + 20, > SiO, + 2H,0
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incneasi

removed to prevent them from affecting th

The major two methods of pollutants removal are it
cleaning method and dry cleaning method, and ttlentques
continue to make progress. In general, such methmad® use
of cyclone, west scrubber, and so forth at thel fat@p of the
process to remove exhaust gas, and a large quantity
hazardous gas is produced due to the limitationterms of
efficiency during the process [6]. In addition, the size of
particle pollutants including the diameter of theface particles
is getting smaller while the level of pollutant végfion is
getting higher, there is an urgent need to develgystem to
remove particles more effectively [7, 8].

This study is to design a new multi inner stagelane to

remove particles of 0.1~1Qm in size, and to verify the

movements and processing efficiency within a cyelam a
three-dimensional form by means of CFD programi 4,

Il. MATHEMATICAL FORMULATION OF THEMODEL

A. Turbulence Model

A turbulent flow means a very irregular, three-disienally
abnormal flow that occurs at a high speed when Regn
number (Re) is large.

In utilization of a turbulent flow model, a variedy turbulent
féow models may be analyzed based on so-called
‘Reynolds-Averaged Navier-Stokes (RANS) equatioflie
methods are as follows.

» K-Epsilon Turbulence

+ K-Omega Turbulence

* Reynolds Stress Turbulence
Spalart-Allmaras Turbulence

The two-equation turbulence model must be addresstdd
the mass and linear momentum, and the two boundary
conditions on turbulent flow characteristics neeti¢ set at the
inlet and outlet.

This study sets up and calculates K-Epsilon Turide
which has k (turbulent kinetic energy) andturbulent flow
dissipation rate) to be determined.

B. Lagrangian Method

In analysis of particle motion, such factors asvijya
centrifugal force, air resistance, and drag foneeta be taken
into consideration, and this study makes use ofrdagjan
method in this respect. The particle motion equati® as
follows:
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dr, Drag force may be expressed in the following maaserell:
— =V, -V, (1)
dt P g
m,v,
. . . . . Fy=—= (6)
The expression above is the basic expression afabgipn T,
method to trace the object's locus in consideratdnthe
velocity vector y(t) and position vectoryt) over time. This  |n the expression abova,indicates the relaxation time-scale

expression reflects the precondition that the sieffected by equation, which is as follows:
the absolute velocity of the particle while thedtion of it is
determined by the reference value according to @figram.

2m
When the particle is a material particle of weighg analysis v = C—Aflvl (7
is implemented generally based on the followingadigun: aPy Vs
dv The drag coefficient of a particle is as follows:
mp —P= Fs + Fb (2)
dt
24 14015 Re’®7) : 0< Res< 100C
In the expression above, iRdicates the force applied to the ~ Cp =1 R (8)
particle surface while Jfindicates the force applied to the 0.44 : Re> 1000

particle body. The calculations are as follows:

In the expression above, Rep of a particle is esga@ as

Fs=Fy+Fy +Fn ®3)  follows:
FR=F+FR ()]
V| D
Re, = @ (9)

Here, U

Fq : Drag force

F, : Pressure force This study adopts the turbulent flow model and ipkert

Fom @ Virtual mass force motion model to compare existing cyclones with thket

Fy : Gravity force aperture relocated, and the changes in outlet ymesare

F, : User-defined body force examined.
The drag force above is divided mainly to the egpiens of Ill. CFDINVESTIGATION

Schiller-Naumann, Di Felice, Gidaspow, and HaideT a the mylti inner stage cyclone as shown in Fig. dlide
Levenspiel, and they are classified as follows: several stages was designed to differentiate thidysfrom

existing ones based on the conditions for improwigglone
* Schiller-Naumann : spherical solid Particle, liquidflow characteristics and fine particle removal @éfncy. The

droplet, small (spherical) diameter bubbles size of the model to be analyzed is 1000L/min. falyze gas
-« Di Felice : dense particulate material flow (twoywa flow types, pressure distribution, and particlelische removal
coupling only) efficiency in consideration of the flow charactéds and size of

* Gidaspow : low and high loaded particulate ﬂowénarticles was calculated by means of STAR-CCM+, a
(spherical, two-way coupling only), fluidized beds commonly used CFD program developed by CD-adapco.

» Haider and Levenspiel : non-spherical particle (may
coupling only)

This study analyzes fine particles in a way of
Schiller-Naumann since they are small and glob@eathaThe
basic equation of drag force is as follows:

Body (1) : Black line
Body (2) : Pink line
Body (3) : Blue line

1
Fd :EcdpAp |Vs|Vs (5)

Here,
Cy = particle of drag coefficient
p = density of the continuous phase Fig. 1 Scheme of multi inner stage cyclone
Vs = particle slip velocity
A, = projected area of a particle
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The flow characteristics of gas within the multhén stage B. Particle Removal Efficiency
cyclone were examined with different pressure cbmu$ As to fine particles, when the outlet pressure \@snmAg, the
respectively. The formation of cyclone meshes waslenby

means of the polyhedral mesher. The total numberashes is time that it took when 8m fine particles and 1fin fine particles
447708. at body (2) reached the top was 0.16sec and 0.463set

pressure : (a) -50mmAg, (b) -100mmAg respectivehjlevit

First of all, in order to determine the flow chamcstics of
took 0.248sec for them to reach the top of bodyThgreafter,

gas depending on the cyclone’s outlet pressure, irhet
condition of cyclone was set as the pressure outtéle the it was observed that some ofiBfine particles entered the outer

condition of the outlet was set as that of thersatign inlet. The : . '
tube while others entered body (3). Meanwhile, pOfine
outlet pressure was set as -50mmAg and -100mmA y G b

respectively for comparison pqarticles that reached the top turned at body rfdl)veent back
Nitrogen (N gas was chosen for the inflow gas. The densif the bottom. It took 0.752sec asp8 fine particles went
of gas was 1.205kgfin and the viscosity coefficient through the outlet, which is faster than existigglenes. It was

1.81x10°kg/ms. Gas flow was assumed to be steady state, aggo observed that 47.2% of the total inflow gh3ine particles

K-Epsilon Turbulence was chosen and analyzed fa th o .-
turbulent flow. was removed, which is about 4.5% more than thetirgis

To analyze the flow locus of fine particles, Lagymm removal rates. 1fm fine particles were removed 100%, which
method with the particle motion equation was witizThe gas was the same efficiency with existing cyclones.
flow was assumed to be implicit unsteady state saicth factors
as drag force, gravity, and residence time of fiagicles were
also determined. SiQ the object substance of study, was
chosen as the fine particles flowing in with gake ™ensity of
fine particles was 2200kgfinthe size of fine particles was

Velocity: Magnitude (m/s)

16.430

12.351

determined 3m and 1Qum respectively.

0 82719

41928

IV. RESULTS ANDDISCUSSION

0.17379

A. Characterization of Gas Flow o

Streamlines in MIS cyclone was shown in Fig.2. §ae flow
from the inlet aperture forms the swirling flowlaidy (2) and (a)
starts to assume an upward curve. The rising flemtvdeep
into the body, and turned counter-swirling and desing. The
flow into the body turned straight back at the mrcpart and
went out through the outlet.

As to the pressure distribution, the effect of thatlet
pressure decreases as it advances from the centiee buter
wall (Fig. 3). When the outlet pressure conditiaaswb0mmAQq,
pressure difference was 39.77mmAq from inlet. With
-100mmAg as the outlet pressure condition, the sures
difference from the inlet aperture was 67.91mmAq. ,

Velocity: Magnitude (m/s)

26280

19710

18,140

65700

0.00000

The influence on the velocity distribution and wawas also
made clear in the figure. The bigger vector was sgea section
that was generally sucked while the vector deckasat went
toward the outer wall (Fig. 4).

(b)

Fig. 2 Streamlines of MIS cyclone,

Velocity contour was represented in Fig.5. As tdowity racase P>
distribution, the turning velocity when the outfaessure was ' B
-100mmAq was faster twice than when the pressure wa 1 -
-50mmAg. However, it did not reach the internaloaity of the
existing cyclone, and the flow from the upper pgarthe outer \
wall was not observed. 1020

62071

@)
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! Pressure (Pa)
278

41363

v 619.57

82552

-1031.5

I42374

(b)

Fig. 3 Pressure distribution of MIS cyclone, ouflegssure : (a)

-50mmaAg, (b) -100mmAq

Velocity (m/s)

17.998

13,499

8.9991

44995

I 0.00000

Velocity (m/s)
= 32.850

26280
19710
13,140

65700

I 0.00000

(b)

Fig. 4 Velocity vector of MIS cyclone, outlet prass : (a) -50mmAdg,

(b) -100mmAq

Velocify: Magnitude (m/s)
!21494

17.995
13.496
89976

4.4988

Ivaoouu

(@)

Velocity: Magnitude (m/s)

= 32.850

26280
19710
13,140

65700

IGDDDGD

(b)
Fig. 5 Velocity contour of MIS cyclone,outlet prass : (a) -50mmAq,
(b) -100mmAq

When the outlet pressure was -100mmAq, it took €eté&nd
0.168sec respectively wheruB fine particles and 1fn fine
particles at the inlet aperture reached body (2jichvis the
same with the case ef 50mmAq. Thereafter, it was observed

that some of 3um fine particles entered body (3) and fine
particles were discharged in 0.568sec. In comparistth
existing cyclones where 33% ofi8 fine particles and 48% of

10 pm fine particles respectively were removed, the regtho
efficiency of 3um fine particles at the designed multi inner stage

cyclone was 66% while 1@m fine particles were removed
100%.

V. CONCLUSION

This study aims to develop a system to removegdamticles
and acid gas that remained and were discharged afte
semiconductor process. To this end, the study dped the
technique to effective reduce the discharge of @eta of
hazardous substances produced in processes wheogisva
hazardous chemicals based on the simulation.

In particular, the comparison with existing cyclene
confirmed that the best efficiency was shown when dutlet
pressure condition of the multi inner stage cyclomes set to
-100mmAg. These findings are expected to contribiate
enhancing the fine particle processing efficientihe facility
in future studies.
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