SIMULATION OF IMPACTION FILTRATION OF
AEROSOL DROPLETS IN POROUS MEDIA

* Department of Applied Mathematics,
University of Twente,
Postbus 217, 7500 AE Enschede, The Netherlands.

UNIVERSITY OF TWENTE.

I Anisotropic Turbulence, Department of Applied Physics, UNIVERSITY OF TWENTE.

Eindhoven University of Technology,
P.O. Box 513, 5600 MB Eindhoven, The Netherlands.
T Philip Morris Products S.A., PMI Research & Development
Quai Jeanrenaud 5, 2000 Neudel, Switzerland.

Background

e Detailed description and simulation of droplet dynamica porous medium

e Quantify sensitivity of droplet behavior to the flow condits, particle size and the complexity of the
inner structure of the porous medium

e Application: estimation of removal efficiency of variousrpas filters

Modeling droplet motion in a gas flow

e Governing equations for the
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where

* u fluid velocity

* p pressure

* py fluid mass density

* v kinematic viscosity

* f body force representing solid porous medium

e Governing equations for the

dx
g_t = \i (t) (2a)
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where

* x particle position
* v particle velocity
* 17 Stokes relaxation time

Numerical treatment

o skew-symmetric finite volume discretization method

o Immersed boundary (IB) method with volume penalizatiormcifog

o first order time integration, trilinear interpolation ofiffiuvelocity at particle position
e Filtration:

Particle filtration In structured porous media

e Model porous medium: composed of periodic arrangementtagfered square rods in 3D. The solid
part occupies 1/4 of a representative elementary volume.

e Shown are in-plane velocity vectors of simulated flow thtougpdel porous medium corresponding to
Reynolds number , resolution of in direction
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e Particle trajectories emanating from a line of initial gmsis atx = 0 for different Reynolds numbers:
(@) and (b) (unfiltered particles are denoted by) and particles
that hit an object byo)). Each curve corresponds to a particular point of time.
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Concluding remarks

e Euler-Lagrange approach provides detailed microscopicnmation about the behavior of droplets in-
side the porous medium

e For considered Reynolds number an increase in the droggtianmplies an increase in the filtration
efficiency

e The decay of unfiltered particles follows an exponentiaidre

Outlook

e Further development of the algorithm to avoid numericaldtlon at
¢ Include Brownian diffusion effect for low Stokes numbers
e Parameter study for filtration efficiency of realistic fiker



