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Blood Flow in silico: From Single Cells to Blood Rheology
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The flow behavior of vesicles and blood cells is important in many
applications in biology and medicine. For example, the flow
properties of blood in micro-vessels is determined by the rheological
properties of red blood cells (RBCs). Blood flow is therefore strongly
affected by diseases such as malaria or diabetes, where RBC
deformability is strongly reduced. Furthermore, microfluidic devices
have been developed recently, which allow the manipulation of small
amounts of suspensions of particles or cells.
Of fundamental interest is here the relation between the flow behavior
and the elasticity and deformability of the blood cells, their
long-range hydrodynamic interactions in microchannels, and thermal
membrane undulations [1]. We study these mechanisms by
combination of particle-based mesoscale simulation techniques [2]
for the fluid hydrodynamics with triangulated-surface models [3-5]
for the membrane. The essential control parameters are the volume
fraction of RBCs (tube hematocrit), the flow velocity, and the
capillary radius.
In narrow channels, single red blood cells in capillary flow show a
transition from the biconcave disk shape at low flow velocities to a
parachute shape at high flow velocities [4,6]. For somewhat wider
channels, other shapes such as slippers intervene between these states
[6]. At higher volume fractions, hydrodynamic interactions are
responsible for a strong deformation-mediated clustering tendency at
low hematocrits, as well as several distinct flow phases at higher
hematocrits, such as a zig-zag arrangement of slipper shapes [7]. For
large vessels, blood behaves like a continuum fluid, which displays a
strong shear-thinning behavior; our simulations show quantitatively
how this behavior arises due to RBC deformability and cell-cell
attraction [8]. Finally, the dynamics of RBCs is demonstrated to lead
to a margination of white blood cells at intermediate hematocrits and
not too large flow rates [9].
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