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Two Phase Model Analysis for the Stokes Flow past a Sphere
Attached to the Circular Tube Wall

Hideyu ki O-TANI, Graduate School of Engineering, Kansai University
Masako SUGIHARA-SEKIkansai University

(Received 14 July 2010; in revised form 17 September 2010)

The blood flow past a leukocyte adhered to the microvessel wall is analyzed by a numerical simulation,
taking the presence of a cell-free layer into account. The adherent leukocyte is modeled as a sphere attached
to the wall of a circular cylindrical tube. The blood flow is modeled as a two-phase flow, consisting of a
plasma flow in a cell-free layer adjacent to the vessel wall and the cell-rich flow in the central region of
the vessel. It is assumed that each fluid in both regions is Newtonian with a uniform viscosity and that
the viscosity of the cell-free layer is larger than that of the central core. The interface between the two
regions is assumed to be parallel to the streamlines. Numerical simulations by a finite element method have
demonstrated that there are two different cases of the flow pattern around a sphere: one is a case where the
whole sphere is embedded in the cell-free layer, and the other is a case where the sphere is covered by the
central core. In both cases, the maximum magnitudes of the shear stress acting on the leukocyte are higher
than those in the absence of the cell-free layer.

(KEY WORDS): microvessel, leukocyte, shear stress, two-phase flow
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