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Numerical Study of Airflow in an Alveolus with Elastic Walls Under Different
Respiratory Conditions

M. Gholamzadeh Department of Mechanical Engineering, University of Tabriz, Tabriz, Iran

M.T. Shervanyi-Tabar Department of Mechanical Engineering, University of Tabriz, Tabriz, Iran

S. E Razavi Department of Mechanical Engineering, University of Tabriz, Tabriz, Iran
Abstract

The most distal part of the lung is known as the alveolus, which is the primary site of gas exchange between the respiratory system
and the bloodstream. Due to this direct interaction, the type of flow generated is of paramount importance in terms of particle
deposition, drug delivery, and their role in causing various diseases, and consequently, finding treatments. Experimental analysis
results is highly limited due to sub-millimeter sizes and the difficulties of accessing these areas. However, computational fluid
dynamics methods have enabled the simulation of flow data in realistic models. In this research, fluid flow within the 20th
generation of respiratory airways was simulated by applying elastic wall conditions. The resulting flow vortices were then
investigated under various breathing patterns (deep, shallow, different respiratory frequencies) and compared against those formed
during vital breathing and within a rigid-walled model. The results show that with increasing depth and frequency of breathing,
vortices form with greater strength inside the alveoli, which can complicate and irreversibly trap fluid-borne particles, leading to

increased deposition in these areas.

Keywords: Computational Fluid Dynamics, Respiratory tract, Shallow breathing, Deep breathing, Alveoli, Vortex.
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