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Respiratory Simulation of Inverse Cascade
Akihiro Wada

Abstract

Studying living body in a view of engineering is essential for designing the mechani-
cal, visual and fluid systems. In a field of bioengineering, a lung is studied to simulate
deformation of the interstitial tissue and air flow in the airway. However, the breathing
analysis requires considering mutual relations between the lung deformation and air flow
in the alveolus.

This study aimed to reveal breathing mechanism considering lung deformation and air
flow in the airway. In this thesis, the author assumed that the connective tissue was an
elastic substance and that the airway was a rigid pipe. In order to analyze breathing
mechanism, the author designed 3 models of the elastic model, the fluid model, and
the coupled model for the alveolus simulation. Firstly, the elastic model using Kelvin-
Voigt method was applied to present the lung deformation. Secondly, the fluid model
using Navier-Stokes equation was applied to express the air flow velocity and pressure
in the airway. Finally, in order to represent the mutual relations in the alveolus, the
author proposed the coupled model using the immersed boundary method. Further it is
necessary to integrate result of the alveolus simulations, so as to calculate the respiratory
volume occurred by the lung deformation. Therefore, the author proposed the method of
the integration of result of the alveolus simulations.

The author examined the distribution of pressure and flow velocity in the airway and
alveolus, using the coupled model. As the result of simulation, pressure and flow velocity in
airway changed according to lung deformation. Moreover the author estimated respiratory
volume of simplified lung by the integration of result of the alveolus simulations.
Keywords

Simulation, Lung, Deformation, Alveolus , Immersed boundary, Moving boundary
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