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I. INTRODUCTION

The term amphiphilic fluid is broadly used
to denote multiphase fluids in which at least
one species is of a surfactant nature (from sur-
face active agent, also called an amphiphile)
[1]. A surfactant molecule contains a polar,
hydrophilic headgroup attached to a hydropho-
bic hydrocarbon or aliphatic tail. This differ-
encial solvability makes these molecules to mi-
grate to immiscible-fluid interfaces, and to self-
assemble into supramolecular structures (mi-
celles, mesophases) in order to minimise hy-
drophobic repulsion. They show anomalous
properties since this supramolecular structure
allows co-operative effects: nonlinear responses,
gel-like and liquid-crystalline behaviour.

Amphiphilic fluids can be considered to be
paradigm systems for the study of the inter-
play between morphogenic attraction-repulsion
intermolecular interactions and the hydrody-
namics of the fluid medium. In amphiphilic
fluids, these interactions lead to self-assembly
and the formation of mono- or bi-layer surfaces
whose ordering is, at early times, only local.
At later times, ordering can increase to ranges
long enough to form a ‘mesophase’, i.e. a phase
endowed with mechanical, electrical and/or op-
tical properties intermediate between those of
a liquid and a solid, important for a wealth of
materials applications and in e.g., more funda-
mentally, biomembrane dynamics.

A great deal of the interest in studying the
non-equilibrium behaviour of amphiphilic sys-
tems lies in the myriad of applications relying
on their self-assembly and disassembly prop-

∗Email: nelido@amolf.nl; http://www.amolf.nl/

research/computational_physics/group_members/

nelido/

erties. To name just a few, surfactants are
employed in oilfield extraction, soil remedia-
tion, food processing, and the coatings, paints
and cosmetics industries. They are used for
their multiscale functionality in materials ra-
tional nanodesign. Lipids are building blocks
of biomembranes, surfactants take a key role
in mammalian respiration and fat digestion,
and pore-forming amphiphilic peptides can act
as viral coats, transmembrane channels, ex-
hibit antibacterial activity and be used for drug
encapsulation and delivery [2]. Their hierar-
chical self-assembly is also of fundamental in-
terest in physical chemistry and complex sys-
tems research. Studies of non-equilibrium am-
phiphilic systems are usually focused on self-
assembly, mechanical, electrical and optical
response, and thermotropic, lyotropic, shear-
induced or reaction-induced.structural transi-
tions.

Modelling the non-equilibrium behaviour of
amphiphilic assemblies via analytical or con-
tinuum methods lacks the intrinsically particu-
late nature of these assemblies’ building blocks.
This is a crucial drawback since much of the
relevant information comes from the mesoscale
(10 nm–10 µm), where in many cases matter
cannot be approximated by continuum fields.
On the other hand, simulating these systems
with fully atomistic methods up to the time
scales relevant to phenomena of interest (10 ns–
1 s) still requires a prohibitively high computa-
tional expense.

This paper reports on the work I car-
ried out in collaboration with host scientist
Dr. Jens Harting [3] (Institute for Computa-
tional Physics, University of Stuttgart [4]) dur-
ing a HPC-Europa-funded stay in the period
25.NOV–19.DEC 2004. This work is part of an
ongoing project of mine aimed at developing
lattice-Boltzmann (LB) methods for complex
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FIG. 1: Gyroid liquid-crystal amphiphilic mesophase (c), as self-assembled by lattice-Boltzmann simulations [7]

from a random, homogeneous mixture of two immiscible fluids plus a surfactant species in high concentration. Also

shown are equilibrium the order-disorder transition that it undergoes to sponge mesophase (a) through the molten

gyroid mesophase (b), as the concentration of surfactant is decreased.

fluids, namely, interacting amphiphilic-colloidal
fluids. The lattice-Boltzmann dynamics is ob-
tained by solving a set of coupled approximated
Boltzmann transport equations on a spatial lat-
tice in discrete time steps with a discrete set of
microscopic velocities; this leads to the Navier-
Stokes equations of hydrodynamics for simple
fluids [5]. The scheme is an efficient flow solver
in the mesoscale, and has proved and is prov-
ing useful for modelling multi-phase and am-
phiphilic fluid flow (see Refs. [6–8] and refer-
ences therein). In particular, part of my previ-
ous work used as starting point for my project
at the University of Stuttgart succeeded in self-
assembling gyroid liquid-crystalline mesophases
out of random, homogeneous mixtures of two
immiscible fluids plus a surfactant species [7].
The structure of this mesophase can be seen in
Fig. 1.

II. METHODOLOGY

In the four weeks of my stay I worked in
close collaboration with the host scientist on
three parallel lines concerned with testing and
benchmarking the components of a LB algo-
rithm for the simulation of flows of interacting
amphiphilic and colloidal particles. The devel-
opment and application of such an algorithm
is an ongoing project with the host institution
which sprouted from my stay, and is original

work in the field of mesoscopic simulation of
complex fluids.

The lines abovementioned were: (1.) fluid
flow through an amphiphilic mesophase grafted
in a microchannel, (2.) shearing of amphiphilic
mesophases, (3) finishing the implementation of
a LB algorithm for amphiphilic fluid flow, and
(4) testing and adapting a serial colloidal-flow
computer code. Because of the complex nature
of amphiphilic-colloidal flows, these tests were
required prior to merging existing codes (am-
phiphilic and colloidal) and applying them to
our main area of interest, namely, colloid en-
trapment in microchannel-grafted amphiphilic
mesophases.

Simulating colloid entrapment in
microchannel-grafted amphiphilic mesophases
requires us, first, to characterise how the
presence of solid walls alters the amphiphilic
mesophase’s self-assembly properties, orig-
inally determined using periodic boundary
conditions. Second, to devise efficient methods
to graft the mesophase to the solid walls. And
third, to develop the piping-flow boundary
condition, test that a Poiseuille flow emerges,
and set this flow against the grafted mesophase.
This work, which concerns item (1) above, was
started during my stay and is underway.

Regarding item (1.) above, routines were
developed in order to crop lattice subvolumes
of existing large (25 TB each) LB datafiles,
containing the oil-water order-parameter den-
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FIG. 2: Gyroid liquid-crystal amphiphilic mesophase as shown in Fig. (1(c)), inserted into a channel containing

a fluid immiscible with it, on which we impinge incident flow from left to right. While the borders are deformed,

and the fluid bath has permeated through the mesophase generating the ‘flare’ seen on the right, liquid-crystalline

structures still persist across the mesophase.

FIG. 3: A system of 300 spheres modelling a colloidal

fluid, as simulated by host scientist Dr. Jens Harting on

a 32x32x59 lattice using a lattice-Boltzmann method.

My aim is merging the implementation of this method

with the amphiphilic method leading to the mesophases

shown in Fig. 1.

sity field of gyroid amphiphilic liquid crystals,
such that these subvolumes could be embedded
into a microchannel, solid-wall boundary con-
dition (SWBC). Second, we developed and im-
plemented a method based on differential fluid-
solid wetting in order to anchor the mesophase

to the solid walls. Third, we started simulations
to investigate the influence of the SWBC on
the self-assembly of the amphiphilic mesophase,
which are still ongoing. Fourth, we piped
fluid, in which the liquid crystal is immiscible,
against it to observe the range of fluid velocity
U (or Mach number Ma = U/cs) keeping the
mesophase stable. All this was carried out on
an existing LB algorithm from the host institu-
tion.

Since this piping flow is bound to deform the
mesophase as a shearing flow would do, it is
convenient to characterise its deformation ver-
sus the strain rate. I had started this work to-
gether with the host scientist prior to my visit,
which required the data already produced to be
averaged with specific procedures for correlated
data. I implemented a three-dimensional block-
averaging method in order to average stress
and velocity fields of datasets previously gener-
ated on the shearing of the gyroid amphiphilic
mesophase, which show nearest-neighbour cor-
relations. This concerns item (2) above.

Item (3.) and (4.) dealt with continuing
work previously started, on one side, and my
familiarisation with an algorithm developed by
the host institution, respectively. Item (3.)
aims at developing an improved LB algorithm
for amphiphilic flow, while item (4.) aims at
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modifying the colloidal code so that this can be
seamlessly merged into the former.

FIG. 4: Gyroid liquid-crystal amphiphilic mesophase

as shown in Fig. 1(c), sheared with Couette flow us-

ing Lees-Edwards boundary conditions (sliding peri-

odic) [10]. Characterising this shear behaviour is im-

portant for the study that I initiated during my HPC-

Europa visit. In particular, I implemented a three-

dimensional variant of a known block-averaging algo-

rithm [9] for correlated data in order to obtain mean

values of the velocity and stress fields over the lattice.

III. RESULTS

As per item (1.), the selected subvolumes
seem to undergo substantial deformation when
placed between bounce-back solid walls. Effects
of this kind are to be expected since the liq-
uid crystal self-assembled in periodic boundary
conditions (PBC). I, however, anticipate that
this deformation will not occur for long times
and will locate close to liquid-solid boundaries
since the autocorrelation of linear momentum
in absence of externally imposed flows is short-
ranged. Furthermore, the deformation will not
disintegrate the mesophase. Based on this fact,
we started investigating the effect of flow be-
ing piped upon the anchored mesophase. An
image of the mesophase on a 64x64x128 chan-
nel with impinging flow at Ma ≈ 0.2 can be
seen in Fig. 2. While the borders are deformed,
and the fluid bath has permeated through the
mesophase generating the ‘flare’ seen on the
right, liquid-crystalline structures still persist

across the mesophase.
Regarding item (2.), we obtained stress ver-

sus strain rates curves correctly averaged, re-
sults which will soon be submitted for publi-
cation. Figure. 4 depicts the structure being
sheared.

As per item (3.), the algorithm is still being
tested.

Finally, a snapshot of a study of sedimen-
tation as simulated using the colloidal code of
item (4.) can be seen in Fig. 3. The structure
of the algorithm initially differed substantially
from that of the algorithm of item (3.), and this
is a drawback for seamless merging. I started
gettig acquainted with its structure and adpat-
ing routines, work which is still in progress.

I gained access to computing time on all
platforms of the High-Performance-Computing
Centre Stuttgart HLRS. This currently permits
us to test and perform production runs of the
methods which we started to develop during my
visit.

Additionally, I presented two talks to
scientists from the host organisation Insti-
tute for Computational Physics, University of
Stuttgart, one on a review of recent research
on amphiphilic-fluid mesoscopic modelling, and
another on preliminary shearing studies of am-
phiphilic mesophases, cf. Fig. 4.

IV. OUTLOOK

This work kick-started a scientific collabo-
ration, which is still ongoing, on modelling
amphiphilic-colloidal fluids. It facilitated the
exchange of scientific and technical expertise,
and computer codes. I foresee to be able to
provide results from production runs in the
few coming months. There is plenty of scope
for continuing this work through further visits,
given the amount of phenomenology of the sys-
tems being studied and the technical challenges
related to parallelisation.
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Coveney, P. V. Phys. Rev. E 2004 69, 061 501;

Virt. J. Nanoscale Sci. & Tech. June 14th 2004

9, Supramolecular and Biochemical Assembly.

[8] Harting, J.; Harvey, M. J.; Chin, J.; Coveney,

P. V. Comp. Phys. Comm. 2004 165, 97.

[9] Frenkel, D.; Smit, B. Understanding Molecular

Simulation; Academic Press: 2001, 2nd. ed.
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