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Abstract

Non-spherical particles are present all around us, in biological, industrial and
environmental processes. Making predictions of their impact on us and systems
in our vicinity can make life better for everyone here on earth. For example, the
ash particles from a volcano eruption are non-spherical and their spreading in
the atmosphere can hugely impact the air traffic, as was also proven in 2010.
Furthermore, the orientation of the wood fibres in a paper sheet influences the
final properties of the paper, and the cause of a specific fibre orientation can be
traced back to the fluid flows during the manufacturing process of the paper.

In this thesis, experimental and numerical work is presented with the goal
to understand and utilize the behavior of elongated particles in fluid flows.
Two different experimental setups are used. The first one, a turbulent half
channel flow, aims at increasing the understanding of how particles with non-
zero inertia behave in turbulence. The second setup is an attempt to design a
flow field with the purpose to align nanofibrils and create high performance
cellulose filaments.

Experiments were performed in a turbulent half channel flow at different
flow set- tings with dilute suspensions of cellulose acetate fibres having three
different aspect ratios (length to width ratio). The two main results were firstly
that the fibres agglom- erated in streamwise streaks, believed to be due to the
turbulent velocity structures in the flow. Secondly, the orientation of the fibres
was observed to be determined by the aspect ratio and the mean shear, not
the turbulence. Short fibres were oriented in the spanwise direction while long
fibres were oriented in the streamwise direction.

In order to utilize the impressive properties (stiffness comparable to
Kevlar) of the cellulose nanofibril in a macroscopic material, the alignment
of the fibrils must be controlled. Here, a flow focusing device (resulting in an
extensional flow), designed to align the fibrils, is used to create a cellulose
filament with aligned fibrils. The principle is based on a separation of the
alignment and the assembly of the fibrils, i.e. first align the fibrils and then lock
the aligned structure. With this process, continuous filaments were created,
with properties similar to that of the wood fibre at the same fibril alignment.
However, the highest alignment (lowest angle) of the fibrils in a filament
created was only 31o from the filament axis, and the next step is to increase the
alignment. This thesis includes modeling of the alignment process with the
Smoluchowski equation and a rotary diffusion. Finding a model that correctly
describes the alignment process should in the end make it possible to create a
filament with fully aligned fibrils.
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