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Abstract

This talk is on fluid mechanics modeling of respiratory transport in human airways, through use of exper-
imentally validated computational and theoretical approaches. The presented material will cover:

Airway infection onset mechanics: Integrating inhaled particulate dynamics with virological and
epidemiological data, can address questions like: (a) what are the hazardous particulate sizes predominantly
responsible for infection onset, or (b) what might be the minimum number of virions (i.e., the infectious
dose) that can launch an infection. I will present an extendable modeling framework to answer (a) and
(b), with SARS-CoV-2 as an example. The work combines computational tracking of inhaled transport,
with sputum assessments from hospitalized patients and prior measurements of speech ejecta sizes. For
a wide range of breathing conditions modeled through Large Eddy Simulation, the regional deposition of
virus-laden particulates at nasopharynx, which is the dominant initial infection site for SARS, peaks for
the particulate size range of 2− 20µm. Also, the infectious dose is projected at a remarkably low order of
hundreds (∼ 300), underlining high transmissibility. The results can inform disease spread modeling.

Respiratory drug delivery: Drug efficacy for viral infections can be enhanced by targeting the nasophar-
ynx (initial infection trigger zone) with intranasal sprays. However, under the standard protocol (“current
use” or CU), the spray nozzle enters the nose almost vertically, resulting in suboptimal drug deposition
at the nasopharynx. Using Lagrangian particle transport simulations in anatomic nasal geometries, we
propose an “improved use” (IU) protocol. It entails pointing the spray bottle at a shallower angle (almost
horizontally), aiming slightly toward the cheeks. We have simulated the performance of this protocol for
conically injected spray droplet sizes of 1− 24µm with realistic breathing rates. The experimentally vali-
dated results show that targeted delivery via IU outperforms CU by over 2 orders of magnitude. The IU
protocol is also robust to small perturbations in spray direction, underlining its practical utility.

Reduced order modeling for upper airway transport: Simulations show that 7 − 14µm particles
exhibit prominent localized deposition at/near the glottis, below the narrowest cross-section of the throat.
This region is marked by the strongest vortex structures observable in the respiratory flow field. We
have developed a reduced-order particle transport model that mimics a slice of the physiologic system.
The velocity field is approximated by a collection of point vortices embedded in a 2D potential flow,
and particle motion is determined by a simplified Maxey-Riley equation. The numerical simulations and
the reduced-order theoretical model agree well on the particle clustering trends, hinting at the relevance of
theoretical approaches for parametric characterization of biophysical transport inside respiratory pathways.
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