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Abstract

This thesis deals with the early stages of transition to turbulence in two
different baseflows, namely the Falkner-Skan-Cooke boundary layer (FSC)
and the asymptotic suction boundary layer (ASBL). Grid-generated turbulence
is studied in order to characterise the isotropy levels, free-stream turbulence
levels and characteristic length scales that will be present in the receptivity
study. By varying the grids and their location it is possible to control the
turbulence intensity level, Tu, and the integral length scale independently.
Comparisons with other studies show that for increasing Re_M the isotropy
levels and the rate of kinetic energy decay asymptotically approach the
theoretical values. The FSC describes a a 3D boundary layer subjected to a
pressure gradient. The FSC is stable to TS-waves, but becomes susceptible
to both travelling and stationary crossflow disturbances. In the experiments
the travelling modes were triggered using free-stream turbulence (FST) and
the stationary modes were triggered using an array of cylindrical roughness
elements. The receptivity phase to FST was linear as well as the initial growth.
For high enough $Tu$ inside the boundary layer, nonlinear behaviour was
observed further downstream. The stationary mode could only be triggered
using tall roughness elements, with low heights resulting in no noticeable
disturbances. The receptivity is found to be nonlinear for the roughness heights
tested and the growth of the disturbances is exponential. For low levels of
FST, Tu < 0.25%, the travelling mode as well as the stationary mode grew. The
ASBL is formed when uniform suction is applied to the surface of a porous
plate with a flow over it. This baseflow is very stable to TS-waves, and was
used to study the transient growth. For the ASBL, stationary disturbances
were triggered using a spanwise array or cylindrical roughness elements. The
velocity signals were decomposed using a spatial Fourier transform to study the
growth of individual modes. The fundamental mode as well as some harmonics
were seen to undergo transient growth, before finally decaying exponentially.
Comparisons were made to the experimental data using optimal perturbation
theory. The global optimals did not describe the transient growth effects well.
The calculations were redone for suboptimal times and showed agreement with
the experimental data, showing that optimal perturbation theory can describe
transient growth if the initial disturbance state is known.
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