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There is no universal model for predicting the size distribution of blood platelet aggregates formed in complex flows.
Therefore, the biomedical industry has to rely solely on specific empirical models to mitigate the formation hazardous
thrombi in blood-contacting devices. Towards a more general model, we propose a kinetic model which computes the
average transition of platelets in a cluster mass distribution (CMD), see Fig. 1. A mass-conservative population balance
equation (PBE) calculates the transition rates of this CMD according to the local flow condition. In order to observe
the CMD evolution in complex flows we solve the PBE at each cell of a computer fluid dynamics (CFD) mesh using
OpenFOAM.

Platelets are treated as colloid particles diluted in blood plasma. Colloid aggregation occurs when particles physically
contact each other. In flowing media, particle collisions are often a consequence of local velocity gradients. Coinciden-
tally, velocity gradients are also directly related to shear stresses which causes the breakup of aggregates. The aggregation
model was formulated by Smoluchowski [3] and the breakup model was formulated by Pandya and Spielman [2]. The
simulation parameter were obtained by correlating experiments of Xia and Frojmovic [4] in simple shear (Couette flow)
to the aggregation-breakup model. Finally, we compare the results of simulations to complex flow SIPA experiments
in microchannels investigated by Nesbitt et al. [1], as shown in Fig. 2. The simulations qualitatively reproduced the
experiments, as in both cases aggregation occurred more prominently at low shear rate regions just downstream of high
shear rate regions.
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Figure 1: A discrete CMD evolving with a PBE. Ci is the concentration of a cluster formed by vi monomers.

(a) Microchannel experiment [1]. (b) CFD simulation of SIPA using the PBE model. PA is fraction
of aggregated platelets.

Figure 2: Comparison of experiment and simulation of SIPA.
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