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ABSTRACT

Lattice Boltzmann method (LBM) is emerging as a powerful technique in computa-
tional fluid dynamics (CFD) with applications in automotive, aerospace, energy and
geoscience sectors. Based on the kinetic theory, LBM allows for better inclusion of
mesoscopic physics than conventional CFD approaches. As a result, LBM has the
potential to handle challenges in the field of nano and micro scale self-assembly. In
this thesis, LBM is employed in two regimes: bottom-up and directed self-assembly.
The scope and viability of LBM are evaluated for these applications.

In the bottom-up regime, an active interest in soft matter, the self-assembly of
nanosized amphiphilic Janus spheres is attempted via LBM. Existing computational
works have been done via molecular dynamics (MD) and Monte Carlo (MC) with
lesser LBM representation. The present LBM studies often ignore the fluctuations in
the fluid phase, essential to soft matter phenomena like Brownian motion. In this the-
sis, a direct numerical simulation (DNS) of amphiphilic Janus particles” self-assembly
is attempted in bulk and confined arrangements. A weighted multi-relaxation time
collision model is implemented to include the thermal fluctuations. Nanosized par-
ticles are treated via the momentum exchange approach combined with lubrication
and close contact corrections. Features from MD, like the Janus particle interaction
potential and a periodic boundary condition for particles, are also incorporated. Pre-
liminary results of cluster size distribution, cluster properties, cluster shapes, number
density and orientation profiles show some deviations from the corresponding MD
studies. These are attributed to several factors namely, the difference in clustering
algorithms, particle periodic boundary condition and treatment of hydrodynamic in-
teractions between the two methods. The study affirms LBM’s ability to tackle soft
matter problems but with limitations, including the low computational efficiency of
LBM in an inertia-free regime and the added load from incorporating fluctuations.

The current LBM model could be further applied to study active and self-propelled
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Janus particles.

In the directed self-assembly regime, an improved inkjet printing process is
simulated via LBM. The said scheme utilizes the three-phase contact line of an evapo-
rating drop guided by specific hydrophilic patterns for fabricating three-dimensional
(3D) nanoparticle (NP) microstructures. Extensive literature is available on contact
line movement, wetting on heterogeneous substrates and drop evaporation, with em-
phasis on the physics. These developments are incorporated in the current work to
study the process parameters of a practical problem with applications in photonic
and functional materials. A pseudopotential multicomponent approach is adopted
for diffusion-limited evaporation of the liquid drop. NPs are one-way coupled and
tracked via an advection-diffusion equation solved natively in LBM. Process param-
eters like pattern length, shape and surface energy difference are studied and affect
the width and height of the final deposit, while different patch shapes alter the shape
of the deposits closer to the hydrophilic regions. Internal flow inside the evaporating
drop towards the pinned contact line regions could produce non-uniform deposits.
The movement and pinning of the contact line at various points on the hydrophilic
patterns are observed to produce the final shape of the deposition. Despite using a
simple LBM setup, the model produces accurate results in the experimental regime
of particle concentration < 1 wt%. Such simulations could help engineer novel hy-
drophilic patterns, saving experimental costs and effort in inkjet printing applications.
Additionally, the current model could be extended to include external fields (electric

and magnetic), realistic fluid properties and accurate particle depositions.

Special attention has been given to the behaviour of liquid drops on angular
hydrophilic shapes. Literature on the same has been sparse in both the experimen-
tal and numerical sense. The previous methodology is adopted to study the contact
line behaviour, evaporative flux distribution and evaporation rate of liquid drops on
hydrophilic wedges of varying angles (30° to 90°). A wedge shape is developed to iso-
late the effect of the wedge angle. A constraint set based on constant shape perimeter

is adopted to compare the angled wedges fairly. The unpinning of the contact line is
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found to occur first at the angular region of the wedges and the earliest for smaller
wedge angles, for the same initial drop volume. The evaporative flux magnitude and
total evaporation time did not vary significantly with the wedge angle. However, the
instantaneous evaporation rate was found to be dependent on drop surface area and
contact line movement. The current findings could be useful for the dynamics of par-
ticles bound on interfaces with complex curvatures and help improve inkjet printing
processes where corresponding substrate patterns are employed. Drop behaviour on
wedge-shaped designs could also be applied to generate subdroplets, finding appli-

cations in biological testing.
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