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ABSTRACT

The most significant constituent of blood are disk-shaped red blood cells, around 8 microns in size,
occupying up to 40% of the total fluid volume. In arteries of 10 mm diameter or higher, an effective
viscosity that scales with RBC concentration is applicable. In smaller diameter vessels, however,
unexpected phenomena, for example, the Fahraeus effect, are revealed and call for an independent
approach to modeling. The diffusive flux model that includes shear-driven migration is one such route
of interest here and enables treatment of particulates in blood within a computational fluid dynamics
framework. The distribution of the RBC volume fraction, namely, hematocrit is obtained by solving
a nonlinear particle transport equation formulated using the diffusive flux model. The momentum and
hematocrit transport equations are coupled through a hematocrit-dependent viscosity expression
tailored for blood. The coupled equations are numerically solved by a 3D unstructured finite volume
method. Three geometries with sizes of the order of 40 microns have been considered. For flow in a
tube, concentration distribution and the thickness of the cell-free layer from the proposed model show
a good match with experiments. For flow inside a tube with a constriction, hematocrit depletion is
found to be greater downstream of the neck, in agreement with meso-scale simulations. For a
branched tube, the average hematocrit concentration is found to be higher for the branch with the
higher flow rate, thereby complying with the Zweifach-Fung bifurcation law. An application of this
result for platelet separation on a laboratory-scale is demonstrated.
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