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Abstract 

It is demonstrated that diffusion becomes the dominating factor in lower branches 
of the respiratory duct of humans. A novel mathematical model, based on 
transport through porous media, for simulating numerically the spatial and 
temporal gas diffusion process within the alveolar region of the lung is discussed. 
The model depends on a representative physical property of the alveolar region 
termed effective diffusivity, fimction of the diffusivity, solubility, morphology and 
interface topography of each alveolar constituent. Unfortunately, the direct 
determination of the effective diffusivity of the alveolar region is impractical 
because of the difficulty in describing the internal geometq of each alveolar 
constituent. However, the transient solution of the macroscopic model can be 
used in conjunction with the lung difising capacity (measured in a clinical 
setting) to determine the effective diffusivity of the alveolar region. With the 
effective diffusivity known, the three-dimensional effects of red blood cell 
distribution on the lung diffusing capacity can be predicted via numerical 
sirnulations. The results, obtained for normal (random), uniform, centre-cluster, 
corner-cluster, and several chain-like distributions, unveil a strong relationship 
between the type of red cell distribution and the lung diffusing capacity. Further, 
it has been investigated what effect on breathing performance is produced by the 
presence of passive particles in the alveolar region. 

1 Introduction 

Lung diffusion capacity is the lung capacity to exchange oxygen and carbon 
dioxide. The search for a universal correlation between the lung difbing 
capacity and the physical properties of each individual lung alveolar constituent 
has been a major research trust [l]-[6]. Existing theories for estimating the lung 
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