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ABSTRACT

The numerical prediction of the propagation of aerosols in airways is an area of growing interest [1,
2]. For instance, predicting the deposition patterns of particles in the mouth-throat or the inner lung
pathways is needed for designing inhalers. Indeed recovering experimental deposition patterns, both
in vivo and in vitro, happens to be difficult and expensive, and one often has to rely on numerical
models of gas-particle flows for predicting such patterns ina cost-effective way. Two approaches are
commonly used to model such multiphase flows, namely the Eulerian and Lagrangian approaches, but
much of the literature on aerosols in airways rely on the Lagrangian tracking approach [1, 2]. A common
justification for the use of the Lagrangian approach is that air flows in airways are internal and pulsatile,
and present reverse flow regions, potentially leading to crossing particle trajectories. These arguments
have been partly waived by a recent paper [3]. An Eulerian model could provide a competitive approach
to compute internal dilute gas-particle flows, even in the presence of recirculations.

In [4], we obtained numerical results of gas-particle flows in a 2-D prototype airway using a FEM for
an Eulerian model. We recently extended our previous Eulerian model to the aerosol propagation in 3-D
patient-based geometries of the airway tract [6]. CT imagesof the thorax were processed to generate
the geometry of the trachea and the first six bronchus generations [5]. The air flow was then obtained
by solving the Navier-Stokes equations for different values of the flow dimensionless parameters. Pre-
liminary numerical results for aerosol propagation in these geometries were obtained by coupling our
Eulerian model with the previous flow solutions. Figure 1 shows the time-evolution of the aerosol
density on a vertical cross-section of the airway tract. In the current paper, we investigate the critical
aspects required to improve the realism of the simulations.Among these critical aspects, we consider
the boundary conditions on in- and out-flow boundaries. During inspiration, the in-flow boundary is the
cross-section of the trachea below the pharynx. In-flow boundary conditions requires special care as the
flow is perturbed downstream of the pharynx. The out-flow boundaries includes all the cross-sections of
the third to sixth generation bronchi. The out-flow boundaryconditions control the global distribution
of air between the right and left lungs. The general simulation strategy, as well as techniques to handle
these critical aspects, will be covered in the talk.
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Figure 1: Volume fraction of aerosols at various times
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