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INTRODUCTION

1.1 Inportance of Air Filtration

: — ¢ have been identified as the most
hazardous pollutant fro@walﬁ p@ Therefore, there is acute need
ing p """"'Hmme inhaled air. Air cleaning

: ic_filter, electrostatic precipitator,
' é@ icles smaller than 10 pm
instances higher than 95%, removal of

Particulate pollutants

for complete removal

may be achieved witl

diameters. When the

particles smaller than 1 a good fibrous air filter can
be used. The fibrous air filte; s'an ‘{‘ffej" nethod of removing submicron particles
with the additional advaniag nption. But one disadvantage of
using the fibrous air filter has bﬁhe developing convenient and effective
methods for cleamp‘&the ﬁlter H;nee, mno plications are still confined

elements is practicalB)r“-enw onmental protec sna as clean rboms, emergency
filtration system for radioactive aerosols, rgspiratory mask, etc.

- The dﬂ)%%%x%&oﬂe%wgcg ﬂtﬁ fibrous air filter is of
interest to man%J researchers because the filter gused in van industries for dust
o A4 1Y 0 G itonf s
particlesion a fiber depends on the combined effects of inertial impaction, Brownian
diffusion, gravitational settling, direct interception, static electricity, etc. When the
filter is used for a long period of time, the morphology of aerosols collected on the
fiber is different from that on a clean fiber. It was found that aerosol particles do not
deposit only on the fiber surface but also on formerly depositing particles forming

tree-like agglomerates called dendrites (Davies 1973). Each dendrite is rooted at the




fiber surface and hinders in the main flow. Therefore, it acts as a collector and keeps
growing as additional particels deposit on it.

Many experimental studies have found that these pheonomena lead to an
increase in both the aerosol collection efficiency and the pressure drop of the fibrous
air filter with filtration time (Kimura et al., 1964; Billing, 1966). The experimental
aerosol collection efficiency of the dust,leaded fiber normalized by the corresponding
collection efficiency of the cle Wy to be expressible by the following
linear function of the m&icles a&ng in a unit filter volume, i.e.
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ﬂl =1 + A m,where , 'Msing factor (Yoshioka et al.,
Mo
1969). N Y

Over a long pe : tg@\ the formation and growth of
dendrites on the fibérs, whi ) " se\the filtrati ‘aﬁciency and pressure drop.

I ‘formulation and analysis of
(1974) and Payatakes (1976a,
pressions for the dendritic growth
2. Wang et al. (1977) have also

process via interception collection | _
simulated the denditie growth process on a and 2.two dimensional cylinder by

.

assuming that the filtration pro

Meanwhile, an aoka et a_l. (1980, 198~1, and %83) have also simulated the
growing pro m endrite iﬂ ' ber via Monte-Carlo
simulation oﬁnﬂ a ijqngj:ﬂe i :zj‘ ;Iﬁe al intercéption and/or
convective diffusion collection meéhanism, Moréover, they find fhét the shapes of the
sl L A 00 bl Vb T L {0 et

investigations and the ratio of the collection efficiency of single fiber with dust load

to that of a clean fiber is expressible as a linear function of the mass of particles
depositing in a unit filter volume. In addition, the values of the collection efficiency
raising factor A are in qualitative agreement with some experimental study (Myojo et
al., 1984). However, it was found that the stochastic model required a large computer

memory and much computational time.

2




In recent years, a simple population balance model has been developed for
predicting the dendritic growth of aerosol particles and the accompanying increase in
the collection efficeincy on the single fiber via convective diffusional deposition by
requiring only a personal computer without requiring much computational time

(Tanthapanichakoon et al., 1993). The simuiation results using the new simpliﬁed

model agree fairly well with those o prevxously by Monte-Carlo simulation of
the stochastic model. Moreover, not yet been applied to the inertial
‘ ial parameters, ey and €’y, play an

|
inertial 1mpact10n mechamsm
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1. The simplified model derived from the populationn balance of dendritic

particles and aerosel collectio ' , '-loaded fiber for the case of

growing on a single fiber was applied to the convective diffusion mechanism and

extended to the inertial impaction mechanism.




2. For the sake of flexibility, the C++ programming language was chosen to
code the model program and the optimizing program. The resulting computer code
will be tested on an IBM compatible personal computer.

3. The simplex non-linear optimization method was used to estimate the
parameters of this model. It was used to find the optimal values of these parameters by

comparison between the previously obtained results of stochastic model and the

conditions estimation to G ditional stechastic simulation results for comparison
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