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During my visit to UMCS, Lublin, Poland in March 2013 I worked on the effect of
Poiseuille flow on morphologies in the binary mixture of A and B particles being confined in the
slit-like pore with both surfaces modified by polymer brushes made of A monomers in a form of
periodic stripes. The work is done in collaboration with Dr. P.Bryk.
There are a number of simulation studies on Poiseuille flows of the fluid confined within a
slit-like pore, most done using molecular dynamics on systems composed of Lennard-Jones
monomers, some studies use dissipative dynamics thermostat. Several papers are published by M.
Mueller with collaborators using dissipative dynamics approach. These authors outlined the need to
adjust weight function form for the dissipative (friction) force and neccessary reduction of the timestep.
Our research is motivated by these works and also by the idea to apply flow to a number of
equilibrium morphologies found by us earlier for the flow-free case (J.M. Ilnytskyi, S.Sokołowski,
T. Patsahan, Dissipative particle dynamics study of solvent mediated transitions in pores decorated
with tethered polymer brushes in the form of stripes. Condensed Matter Physics, 2013, vol. 16, No.
1, 13606). These include lamellar, modulated lamellar, pillar, meander and other morphologies.
The first part of the research was focused on technical aspects, in particular on finding
suitable approach for simulation of the flows within the dissipative particle dynamics formalism.
First of all, in contrary to the case of smooth surfaces, where the non-slippery boundary conditions
need to be employed to mimic slowing down of fluid particles near surfaces due to friction, the
polymer-modified surfaces provide the non-slippery environment by means of grafted chains. Then,
the test runs were undertaken with application of bulk force to solvent molecules only (to mimic a
flow) and the system reaction was monitored. The runs revealed essential stretch (20-100%) of the
polymer chains as compared to the non-flow case. The temperature in transverse directions to the
flow was found not to be conserved even for weak bulk forces. Next refinement of the approach
included several modifications, namely: increase of the bonding potential stiffness from 4 to 32 in
reduced energy units, reduction of the simulation time-step from 0.04 down to 0.001 in reduced
time units and change of the form for the friction weight function from w(r)=(1-r) to w=(1-r)0.25,
where r is the distance. These changes improved conservation of the temperature but on the smaller
time-scale only, whereas at longer times the temperature drift was still evident for the bulk forces of
interest (those that lead to the changes in morphologies).
To remedy this problems we developed approach that uses two external layers of beads with
contraflows. The walls separating main flow from contraflows are impenetrable (we use elastic
reflections on both sides), but the particles belonging to these different regions interact by means of
repulsive, friction and random forces, enabling, therefore, for the energy exchange between main
and contraflow regions. This resulted in good conservation of the temperature and leads to the total
momenta conservation (as for the case of no flow), as far as the total bulk force in contraflow
regions equals that applied in main slit, but is directed oppositely.
To save on simulation time, small utility is used to add contraflow regions to already
equilibrated central slit. Then, a series of runs are performed: at no flow (to check for the
morphology stability given the change in bonding interaction) and at flows of various strength. For
the initially pillar phase we observe a sequence of transitions via bended pillars, deformed droplets,
modulated lamellar to final smooth lamellar morphology. For the initially modulated lamellar phase
one observes transition to smooth lamellar one.
We evalute dalso quantitative characteristics of flow-induced changes, namely, gyration
tensor components and related metric properties for polymer changes, overlap integrals for density
profiles and other quantities. Currently the paper is under preparation. Examples of the obtained
results are presented below. These results are included into the prepared manuscript.
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flow induced mixing in polymer-rich regions
temperature steadily increases, not conserved

900 000 steps runs, dt=0.001 (for f=0.20 case only)
stationary state confirmation at longer run

d=13 w=10 no contra-flow simulations
500 000 steps runs, dt=0.001 (f=0.0001-0.0050)
Vx profile
Temperature profile

1 000 000 steps runs, dt=0.001 (for f=0.0005 case only)
no stationary state reached so far (will it ever?)

