Rheological behavior of complex fluid with red blood cells
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Abstract : The objective of this study is to explain the rheology of suspension with red
blood cells (RBCs) in the hydrophobic and hydrophilic surface microfluidic channels.
The rheological behaviors of the RBC suspension in the surface coated microfluidic
channels are observed with respect to several variations, for instance, diameter of
channel, volume fraction of RBCs, and wettability of channel. A combination model of
the three dimensional lattice Boltzmann method (LBM) and the immersed boundary
method (IBM) are used to simulate these suspension systems. The LBM is used to
determine incompressible fluid flow with a regular Eulerian grid. The IBM is used to
solve the deformation of RBCs and matrix fluid interaction with a Lagrangian grid. To
set the hydrophobic surface in the simulation, we change the wettability of channel
using different slip ratio on the channel boundary. Systematic fluid resistance is
computed using the apparent viscosity. We observe that flow rate and flow profile are
changed with respect to wettability of channel in the same pressure gradient. We use
the transient analysis to see the relationship between the apparent viscosity and

instantaneous deformation of RBCs with wettability change.
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Fig. 1 Simulation overview.
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Fig. 2 (a) Images and graph of optical tweezer experiment
and simulation results. (b) Comparison between
experimental results and simulation results for the

optical tweezer simulation.Simulation overview.
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Fig. 3 The relative apparent viscosity as a function of

diameter; simulation results are compared with experimental

results obtained by Pries et a®
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Fig. 4 Flow resistance in a channel as a function of

channel diameter. Flow resistance is normalized by its
value at D = 40 um in the hydrophobic channel.
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flow in the hydrophobic and hydrophilic surface channels
at 15+ 10* Pa/m.
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