Please cite this article as:
Bozena Baran, Zbigniew Domanski, The influence of global characteristics of a filtering system in the efficiency in the
process of deep bed filtration, Scientific Research of the Institute of Mathematics and Computer Science, 2007, Volume
6, Issue 1, pages 5-8.
The website: http://www.amcm.pcz.pl/

Scientific Researctf the Instituteof Mathematicand Computer Science

THE INFLUENCE OF GLOBAL CHARACTERISTICS
OF A FILTERING SYSTEM IN THE EFFICIENCY
IN THE PROCESS OF DEEP BED FILTRATION

Bozena Baran, Zbigniew Domariski

Institute of Mathematics and Computer Science, Czestochowa University of Technology, Poland
email: bozenab@imi.pcz.pl, zdomanski @imi.pcz.pl

Abstract. In the process of deep bed filtration there i®acurrence of clogging the filters
bonds by particles of size comparable to the sizbeobonds. In this paper it is examined
how the structure of connections of a filter’'s bsndfluences the time of its clogging as
well as the efficiency of the filtering processidtshown that the clogging time depends on
two things: the network coordinating number - &ans the average number of bonds with
a common node and on a percolation threshold e#ns the fraction of clogged bonds when
the statistic lose of communication between theagice and exit of the system occurs.

Introduction

The movement of particles in incompressible liquithich is transported
through the network of different structure and getsgnof bonds, is a continuous
subject of researches, because of a very wide rsjpecdf use and constant
development of biotechnology. In the last severahrg intense researches
of micro-flow showed that the description of liquichnsport based on the idea
of the continuous centre is completely inadequatéhé transport through pores
of size of fraction of micrometer and it is necegda use the discreet description
[1, 2]. Modern filtering systems used in this comiteork in the way that the liquid
transport is two-dimensional.

1. Formulation of the problem

Several two-dimensional networks representative rfetworks created from
polymorphic divisions of a plane [3] which good aebthe structure of bonds in
two-dimensional separating systems or in porouserizdé were used in this
numerical experiment. Three networks created frasgalar division of the plane,
it means networks of triangular, square and hexalgeymmetry, were chosen
another one was created from a semiregular divisionthe plane so-called
Kagomé network and the dual to that one - Neckdyethetwork (Fig. 1).
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Fig. 1. The networks created from polymorphic divis of a plane: networks of triangular,
hexagonal, square, Kagomé and Necker-Cube symmetry

The network of reference was a part of a squarearktof dimensions XxX
nodes joined by the bonds of identical length. Wid& and narrow (N) bonds
were spaced randomly, armull(0,1) is the concentration of the wide bonds.
To the nodes on the left of the network there wasited a mixture of large-sized
(L) and small-sized (S) particles, when the fractmf particles L in the flow
of particles given was maintained on the steadgllgw 0.1. It was assumed that
a big patrticle clogs a narrow bond and a smaliigdargoes through each bond that
is not stuck, provided that the consecutive acbés&ionds are not stuck. While
leaving the bond, it is equally probable that aipkr chooses one of the consecu-
tive accessible bonds, if at least one such a lexsts, otherwise, the bond is
clogged. Particles are injected to each entrancle b regular intervalést =1.
The particles which reached the nodes on the dglé of the system leave it.
When injecting an additional particle to the netwads impossible, the filter
becomes clogged and the number of time stépthe clogging time of the filter.

2. Calculations

The purpose of calculations was to examine in whay the effectiveness
of filtering process depends on the symmetry afigparting network and on the
local changes of its properties.

An analysis of an empirical function of the filtelogging time distribution let
us build a functioning correlation between the giag time and the concentration
of wide bonds (Fig. 2).

On the basis of the shape and location of apprdiemdunction graphs, we
can read three properties of the t(p) relation:

1. The function graphs of clogging-time distributifor a filter of a square sym-
metry and Kagomé are situated very close to edwdr .ot



The influence of global characteristics of a filtersystem in the efficiency ... 7

2. Vertical asymptotes for each function are défer
3. All the graphs represent one functioning dependence

t = ¢ [@g(c, p) +const.

wherec,, ¢, - parameters dependent on the network symmetry.
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Fig. 2. Approximation of a function of averagesiltclogging timet , with a changing
W-type bonds concentratignin the range fronp = 0.05 to a certain valup = p,,
with a stepAp, where p,, means the concentration where clogging was narebd,
despite a large number of time steps

Table 1
The values of the network coordinating number and gercolation threshold for networks of
triangular, hexagonal, square, Kagomé and Necker-Gbe symmetry

coordinating numbez | percolation thresholgd, network
3 0.6527 hexagonal
4 0.5 square
4 0.5234 Kagomé
4.5 0.4755 Necker-Cube
6 0.372 triangular

The analysis of these properties explains the adiorebetween clogging time
and the network symmetry properties.
The property 1. and the order of graphs that casdas in Figure 2 suggest
that the clogging time depends on the network doatthg numberz (Tab. 1).
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The functiont cannot be rescalash itselfwhen we change the value of only one
of the parametersy, c;, what means that each of these parameters isitioidn
of network coordinating number

The property 2. - the presence of vertical asyngstetsuggests that increasing
the fractions of wide bonds over some critical @nication value causes a qualita-
tive change consisting in losing the filtering peojes. If theasymptotes position
were connected with percolation thresholds for ipaldr networks (Tab. 1),
the loss of filtering values by the system would the result ofthe transition
between a filtering phase with finite clogging tieued a phase without filtration.

It follows that the argument of the function for p = p. must strive for
the value corresponding to the verticabymptotes of the tangens function,

it means the valueg—. Therefore in the argument of tangens functioncdiwecen-
tration of nodes S is found in tipgp. combination.
The final analysis of properties 1. to 3. leada formula:

Vi
2p(2)

t=c(2 Eﬂg{ p} + const.

Conclusions

We conclude that the clogging time depends on himgs: the network coor-
dinating number and on a percolation threshold.r@floee, between two filtering
networks with the same coordinating number, thevagk with a higher percola-
tion threshold is more resistant to clogging.
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