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To predict the transport phenomena of complex fluids (e.g. colloids, polymers, and liquid
crystals) in the actual engineering and biological systems by computer simulation is challenging
from both a scientific and an engineering point of view. The molecular dynamics (MD) simulation
is often used to investigate the intrinsic materials properties for a tiny piece of the material
However, the application of the full MD simulation to the macroscopic behaviors in actual systems
is not relevant since the enormous computational effort is required to solve the dynamics of all
of the molecules. In this paper, we propose a new multiscale simulation scheme, termed the
synchronized molecular dynamics (SMD) simulation, which enables us to treat the overall problem.

In this method, the MD simulations are assigned to small fluid elements to calculate
the local stresses and temperatures and are synchronized at a certain time interval
to satisfy the macroscopic heat and momentum transfer. The SMD simulation can
drastical ly reduce the computational effort compared to the full MD simulation. The
method is applied to the polymer lubrication with viscous heating. The simulation
results also reveal an interesting behavior of conformation of polymer chains; i.e.
the reentrant transition occurs in the |inear stress-optical relation for large shear

stresses due to the coupling of the heat and momentum transfer.

The SMD scheme can be expected to be useful in the various fields of scientific
researches and the engineering developments of new functional materials




