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Collection of aerosol particles in the particular steps of the technology of their
production, and purification of the air at the workplace and atmospheric environment, requires
of the efficient method of separation of particulate matter from the carrier gas.

There are many papers published last years (Karadimos and Ocone, 2003, Przekop and
Podgorski, 2004, Oh et al, 2004) in which the deposition of particles on fibrous collectors is
considered, using classical continuum approach for description of the process. Such an
approach is not convenient for studying the influence of particles deposition on the filters
performance (filtration efficiency, pressure drop), when one has to introduce nonstaedy-state
boundary conditions.

The lattice-gas, and lattice-Boltzman methods, which are based on the cellular
automata concept, enjoyed rapid development and provided an interesting alternative to
traditional numerical techniques for solving the Navier-Stokes equation, Przekop and Gradon
(2011).

Description of particle motion in a fluid requires the knowledge of the velocity field of
fluid and particle position at any site of the space and moment of time. For the purpose of this
work the lattice-Boltzmann model describes fluid dynamics, while the solid particle motion is
modeled by the Brownian Dynamics.

In continuum regime the bounce-back boundary condition is used on the solid level.
This means that when a fluid particle enters the solid site, it changes its moving direction for
the opposite one. This method naturally leads to zero-velocity at the solid level. Our model
involves two parameters r, s, representing the probability for a particle to be bounced back
and slipped forward, respectively (Succi, 2002).

Determination of structures of deposited particles on the filter fibre requires the
knowledge of a history of the individual particle and its position and velocity vectors. The
Lagrangian method of analysis should be used for description of the process. Particle
trajectory is calculated for the generalised Besset-Boussinesque-Ossen equation.

The aim of this study is to model the influence of filter media loading described by the
amount of deposited matters, its spatial distribution and morphology described by porosity
and fractal dimension on filter performance.

Figure 1 shows the pictures of dendrite formed by particles of 1 um diameter on the
fiber of diameter 2 um observed from the upflow. The main direction of gas flow was normal
to the axis of the fiber. The superficial air velocity was 0.1 m/s. The time interval between
next pictures is 15 s. As one can see, during the filtration process, more and more particles is
deposited on the fiber in the same period of time. Also one can observe that initially slender
structures become to be more compact during the filtration process, as the free spaces in
dendrite are loaded with depositing particles. These qualitive observations are consistent with
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quantitive data. The filtration efficiency is initially approximately constant with some
fluctuations and after the initial stage of filtrations starts to grow rapidly. Also the increase of
dendrite fractal dimension and decrease of its porosity in time can be observed.

Fig. 1 Stages of dendrite growth
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