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A New Unsteady Three Dimensional Model for
Macromolecular Transport and Water
Filtration Across the Arterial Wall

HUANG Hao, WEN Gong bi

( Department of Mechanics and Engineering Science, State Key Laboratory for

Turbulence and Complicated System Research, Peking University, Beijing 100871, P R China)

Abstract: A new unsteady three dimensional convective diffusive mathematical model for the trans-
portation of maaomolecules and water across the arterial wall was proposed . After the formation of
leaky junctions due to the mitosis of endothelial cell of the arterial wall, the macromolecular transport
happens surrounding the leaky cells. The arterial wall was divided into four layers: the endothelia
layer, the subendothdial intima, the internal elastic lamina and the media for the convenience of re-
search. The time_dependent concentration growth, the effect of the shape of endothelial cell and the
effect of physiological parameters were analyzed. The analytical solution of velodty field and pressure
field of water flow across the arteria wall were obtained; and concentration distribution of three
maaomolecules; LDL, HRP and Albumin, were caculated with numerical simulation method. The
new theory predicts, the maximum and distribution areas of time dependent concentration with round_
shape endothelial cell are both larger than that with ellipse shape endothelial cell. The model aso pre-
dicts the concentration growth is much alike that of a two_dimensional model and it shows that the
concentration reaches its peak at the leaky junction where atherosclerotic formation frequently occurs
and falls down rapidly in a limited area beginning from its earlier time growth to the state when
maaomolecular transfer approaches steadily. These predictions of the new model are in agreement

with the experimental abservation for the growth and concentration distribution of LDL and Albumin.

Key words: unsteady three dimensional model; flow across the arterial wall, macromolecular trans-

portation; atherosclerosis;, concentration distribution



