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Abstract of Thesis

The phenomenon of subcritical transition to turbulence in wall-bounded shear flows is one of the outstanding problems in
fluid mechanics ever since the seminal work by Reynolds Osborne in 1883 [1]. A theoretical description of the spatiotemporal
events that are observed during the transition has remained the principal challenge for researchers taking on this topic. In the last
two decades, a significant success in characterizing the transition has been achieved by applying concepts and ideas derived from
dynamical systems theory. Dynamical systems approach pictures the transitional flows as invariant sets in phase space. For the
transition in wall-bounded shear flows this translates to the coexistence of two invariant sets that represent the laminar flow and
chaotic motion. The discovery of invariant saddle sets known as ‘edge states’ in midst of these two invariant sets shows that the
basins of attraction of the laminar and chaotic sets can be separated by the edge state itself and its stable manifold. The
investigation of the long-time behavior of these edge states along its unstable manifold provides nontrivial results as to which
state the system will achieve. It is then important to examine such long-time behavior to understand the role of edge state in the
determination of the onset of transient turbulence occurring in wall-bounded shear flows.

We first describe the rich bifurcation scenario in a plane Couette flow with slightly longer streamwise period. We identify for
the first time the presence of homclinic bifurcation in a system governed by the full Navier-Stokes equation. Three homoclinic
bifurcations are found correspond to the creation or destruction of periodic orbits at Re ~ 163.58, Re ~ 198.50, and Re = 238.30
(Re = Uh/v, where U, h, and v being half the difference of the two wall velocities, half the wall separation, and the kinematic
viscosity of fluid, respectively). At the Reynolds number where the homoclinic bifurcations occur, the periodic orbit functions as
homoclinic orbit to the fixed point. In between 198.50 < Re < 238.26, the edge state is observed to shift from the fixed point to the
periodic orbit at the homcolinic bifurcation at Re = 238.30. The periodic orbit which originates from homoclinic bifurcation at Re
~ 198.50 undergoes period-doubling cascade which leads to a chaotic attractor. This chaotic attractor collides with the periodic
edge state on the boundary of the laminar basin at Re = 238.26. After the crisis on the boundary of the laminar basin, for Re >
238.26, transient turbulence that eventually relaminarizes is observed.

The onset of transient turbulence in minimal plane Couette flow has been described theoretically as the first homoclinic
tangency with respect to the periodic edge state, which is the gentle periodic orbit by Kawahara and Kida [2]. A Smale horses hoe
appears on the Poincaré section through transversal homoclinic points to generate a transient chaos that eventually relaminarizes
at the onset Reynolds number Rer = 240.88. In numerical experiments a sustaining chaos, which is a consequence of
period-doubling cascade stemming from the upper branch of periodic edge state, is observed in a narrow range of the Reynolds
number, Re = 240.40-240.46. At the upper edge of this Re range it is found that the chaotic set touches the lower branch of this
pair, i.e., another edge state. The corresponding chaotic attractor is replaced by a chaotic saddle at Re = 240.46, and subsequently
this saddle touches the periodic edge state on the boundary of the laminar basin at the tangency Reynolds number Re = Rer . After
the boundary crisis, for Re > Rer, chaotic transients that eventually relaminarize can be observed.

It is seen from both works that when the chaotic set touches a periodic edge state during boundary crisis, a leak is opened up
for the laminar basin. Transient chaotic behavior that relaminarizes after some time becomes a possible state of the system. In
wall-bounded shear flows a wide variety of onset of chaos is observed but this leaky boundary after the setting of the boundary
crisis is a common theme. Therefore, the determination of first homoclinic tangency with respect to the periodic edge state in this
study as the mechanism for onset of transient turbulence that eventually relaminarizes provides us a blueprint for the theoretical
estimation of the subcritical transition to turbulence in wall-bounded shear flows.
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