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Abstract

This thesis deals with the development of experimental techniques for the
study of complex flows inspired to a large extent by the papermaking process.
In particular one part of this thesis is devoted to the development of laboratory
experiments based on index-of-refraction matching and imaging techniques
to study the behavior of dilute and concentrated suspension of elongated
particles. Another part is aimed at exploring the potential of the synergy
between experiments and numerical simulations to access quantities otherwise
not-measurable in complex flows. Highspeedimaging experiments have been
specifically designed for this purpose.

The first of the Refractive IndexMatching (RIM) experiment was aimed at
studying the flow generated during the filtration of a fiber suspension using
Particle Image Velocimetry (PIV) and pressure drop measurements. The
experiments were performed in a vertical laboratory filtration device. Index of
refraction matching of fibers and fluids allowed measurements to be performed
in the proximity and, to some extent, in the forming network during filtration.
The area over which the forming network induces velocity gradients has been
measured and have been found to be independent of the Reynolds number
but dependent on the fiber length and the structure of the network. Analysis
of the flow scales in the proximity of the network showed that the signature
of the mesh used to filter the suspension is never completely suppressed as
the network thickness increases. Also, pressure drop measurements over a
static fiber network have been performed. A linear dependence of the pressure
drop with the basis weight (mass of fibers in the network per unit area) and
a non-dimensional filtration resistance independent of filtration velocity and
network thickness (if network compressibility is accounted for) was found.
These findings can help explain characteristics that are observed on paper
sheets and help improvede watering efficiency.

The second RIM experiment was aimed at measuring the interactions of
Taylorscale elongated particles with turbulence. RIM particles with embedded
tracers and Stereoscopic PIV were combined to simultaneously measure fluid
phase and particle velocity. The novelty of this technique is that it allows to
measure the three-dimensional angular velocity vector of arbitrarily shaped
particles. This technique was applied to study the interaction of neutrally
buoyant ellipsoidal particles with stationary homogeneous isotropic turbulence.
The results were compared to the case of spherical particles. The main result
is that both spherical and ellipsoidal particles provide enhancement of the
small scales and reduction of the large scales at volume concentrations as low
as 0.1%. However, the reduction of the large scales was much more evident
for spherical particles. These results highlight the fact that particle elongation
introduces different mechanisms of turbulent modulation as compared to the
spherical particles.
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The first of the high-speed imaging experiments was to provide a database
for test and validation of a CFD-based flow observer for complex flows. For
this purpose time resolved measurements of a turbulent confined jet have been
performed with high-speed PIV. The measurements have been used both as a
feedback signal and as a reference for the evaluation of a CFD-based estimator
for complex flows. Furthermore, based on the measurements Kalman filters
have been designed and implemented in the observer. The experimental data
have also been used to compare two modal decompositions, namely Proper
Orthogonal Decomposition and Dynamical Modal Decomposition and evaluate
their ability to describe the global behavior of complex flow.

The second of the high-speed imaging experiment was applied to study
spreading of a droplet on a solid surface. These experiments have been
performed with extremely high time-resolution (140000 fps), over a range
of parameters (in terms of droplet viscosity, equilibrium contact angle and
droplet size) larger than any other experiment reported in the literature in a
single work. By combining the experiments and direct numerical simulations
a dissipative mechanisms arising from the contact line movement has been
identified and the corresponding macroscopic coefficient has been measured.i

http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-33821

