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A new Computational Paradigm in Multiscale Simulations:
Application to Brain Blood Flow
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Abstract: Interfacing atomistic-based with continuum-based simulation codes is now required in
many multiscale physical and biological systems. We present the computational advances that have
enabled the first multiscale simulation on about 300K processors by coupling a high-order (spectral
element) Navier-Stokes solver with a stochastic (coarse-grained) Molecular Dynamics solver based
on Dissipative Particle Dynamics (DPD). We study blood flow in a patient specific cerebrovascu-
lature with a brain aneurysm, and analyze the interaction of blood cells with the arterial walls
causing thrombus formation and possibly aneurysm rupture. The blood flow patterns are resolved
by Nektar - a spectral element solver (about 3 billion unknowns); the blood microrheology within
the aneurysm is resolved by an in-house version of DPDLAMMPS (about 10 billions unknowns).
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