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Abstract:


The modeling of lamellar mesophases is complicated due to the two-way
coupling between structure and rheology. A perfectly aligned lamellar
phase, for example, exhibits fluid like behavior when the normal to the
lamellae  is along the shear or vorticity direction, but has a solid
like resistance to flow when the normal is along  the flow direction. In
addition, even though a perfect defect free stack of layers is the final
equilibrium state,  real samples are rarely defect free due to kinetic
constraints. The lamellar spacing is typically small compared to
macroscopic scales (the distance between layers in lyotropic liquid
crystalline phases is usually a few hundred  Angstroms and a macroscopic
sample contains 104−106 lamellae), and so a flowing lamellar mesophase
cannot be modeled  using a microscopic description. It is necessary to
use different simulation techniques (molecular, mesoscale, macroscale)
for accurately capturing the rheology of lamellar phases. First, we
present a multi-scale modeling methodology to  link molecular and
mesoscale simulations. A mesoscale model is then used to examine the
rheology of a lamellar phase  under a linear shear flow. For
sufficiently large system sizes, the final steady state is not a
perfectly aligned state,  but rather a disordered state where there is a
dynamical balance between the annealing of defects under shear  and the
spontaneous creation of defects.
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