
Hydrodynamic Stability (L16)
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Developing an understanding of how “small” perturbations grow, saturate and modify fluid flows
is central to addressing many challenges of interest in fluid mechanics. Furthermore, many ap-
plied mathematical tools of much broader relevance have been developed to solve hydrodynamic
stability problems, and hydrodynamic stability theory remains an exceptionally active area of
research, with several exciting new developments being reported over the last few years.

In this course, an overview of some of these recent developments will be presented. After a
brief introduction to the general concepts of flow instability, presenting a range of examples,
the major content of this course will be focussed on the broad class of flow instabilities where
velocity “shear” and fluid inertia play key dynamical roles. Such flows, typically characterised
by sufficiently“high” Reynolds number Ud/ν, where U and d are characteristic velocity and
length scales of the flow, and ν is the kinematic viscosity of the fluid, are central to modelling
flows in the environment and industry.

A hierarchy of mathematical approaches will be discussed to address a range of stability prob-
lems, from more classical concepts of normal mode growth on laminar parallel shear flows and
their subsequent weakly nonlinear behaviour, to transient but significant growth of infinitesimal
perturbations and finite amplitude instabilities.

Pre-requisites

Undergraduate fluid mechanics, linear algebra, complex analysis and asymptotic methods.

Literature

1. F. Charru Hydrodynamic Instabilities CUP 2011.

2. P. G. Drazin & W. H. Reid Hydrodynamic Stability 2nd edition. CUP 2004.

3. P. J. Schmid & D. S. Henningson, Stability and transition in shear flows. Springer, 2001.

Additional support

Three examples sheets will be provided and three associated examples classes will be given.
There will be an hour and a half revision class in the Easter Term.
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