Hassan Aref
1. Vortex Patterns
Many flows in Nature and in engineering applications display some kind of vortex patterns.  The lecture will survey some of these and discuss ways of understanding and describing them.  Theoretically, one can consider processes of formation, structure and stability.  The problem will be approached both from a phenomenological angle -- basically, looking at a number of pictures -- and from a theoretical/analytical angle, where various approaches are discussed.

2. A Tutorial on Point Vortex Dynamics
One of my favorite fluid dynamical models is the dynamical system known as point vortices.  It is a unique particle dynamics that represents fluid flows with a finite number of degrees of freedom.  For ordinary classical fluids it is something of an approximation.  For superfluids it is remarkably accurate.  Point vortex dynamics as a standalone theory is quite pleasing and touches on many aspects of dynamical systems theory in a hydrodynamical context.  The lecture will give a quick introduction and tutorial so that you can begin to apply this tool to flow modeling and analysis

John Bush
1. Surface tension

2. Surface tension in biology

Christophe Clanet
1. Flows in animal physiology

2. Flows in plant physiology

Robert Deegan
Particle suspensions

Particulate suspensions are ubiquitous in industrial and geological processes. These two-phase fluids consisting of microscopic solids suspended in a fluid and though fluid-like show strong non-Newtonian phenomena.  Chief among these is the propensity of these fluids to shear-thicken, a sudden massive increase in viscosity as a function of shear rate.  In these lectures, I will review our current understanding of these fluids, and explore their intriguing ability to withstand stress when vibrated.
Bruno Eckhardt
Turbulence in pipe flows

A layer of fluid heated from below goes turbulent through a sequence of bifurcations that add spatial and temporal complexity until the flow becomes turbulent. The way pipe flow becomes turbulent is very different: in carefully designed experiments, it can remain laminar until very high flow rates. Sufficiently strong perturbations can trigger turbulence in localized regions, so called puffs, which maintain their lengths when travelling downstream. For higher Reynolds number, the puffs start to spread out and change their form. Sometimes the puffs decay for no apparent reason. Some of the aspects of this transition remain puzzling, but some have been sorted out: we know about the significance of coherent structures that appear in saddle node bifurcations, can connect the transience of the turbulence to the formation of a chaotic saddle, and can describe the separation between laminar and turbulent as the stable manifold of a separating state, called the edge state. More than a century after Osborne Reynoldss observations there is hope that we can come to grips with the strange properties of the turbulence transition in pipe flow, as well as several other flows like plane Couette flow or boundary layer flows.
Michelle Holbrook
1. Fluid motion in plants

2. Sugar transport in plants

Thomas Kiørboe
Small-scale physical-biological interactions in marine plankton

Most of the biological activity in the ocean, maybe 99 %, is due to planktonic organisms smaller than 1 mm. Thus, marine life mainly unfolds in a microscopic world to which we have limited access, and which is radically different from our macroscopic terrestrial world. At the same time planktonic organisms have to undertake the same tasks as terrestrial and larger organism, viz., to eat, to survive, and to reproduce. How do zooplankton manage to get enough food in a viscous environment that is so nutritionally dilute that they have to daily collect food from a volume 106 times their own body volume? How do blind plankters perceive approaching predators? And how do mates manage to find one another in a 3-dimensional environment, where the distance to the nearest mate is enormous? Nutrient uptake, motility patterns, feeding and encounter rates, signal transmission and perception are all constrained by often non-intuitive interactions between organism biology and small-scale physical and chemical characteristics of fluid media (e.g. viscosity, fluid motion, diffusion). Understanding small-scale fluid-organism interactions is therefore essential to plankton ecology.  I will illustrate the field with example of both some new and some established problems, spiced by video-observations and simple analyses. Common to the problems addressed is that while we may observe what plankters are doing, we need to use formal insights in small-scale fluid physics to understand how and why they do what they do.

Sumitha Pennathur

1. Electrokinetic nanofluidics 
In this talk, I will discuss the basics of electrokinteic nanofluidic systems. Nanofluidics refers to fluidic systems where channel dimensions are less than a micron. When aqueous solutions come into contact with a solid silica or glass surface an electric double layer (EDL) spontaneously forms that shields surface charge at the solution-solid interface. The EDL contains a net-positive region of mobile charges that can be forced into motion through the application of an external electric field. These ions impose a net drag force on the bulk liquid in the direction of the electric field and cause bulk fluid motion, called electroosmotic flow (EOF). In a standard capillary electrophoresis (CE) system where the EDL is thin, the velocity profile can be modeled as a “Plug Flow”. However, with a finite EDL in a nanochannel, the electroosmotic flow profile will be more gradually curved due to the charge distribution throughout the channel, and this velocity and charge distribution can lead to further resolution through charged based separation techniques. In such a flow, ions of large positive charge will equilibrate to regions near the negative wall, while negative ions will travel within the fast-moving regions near the center line. Holding electorphoretic mobility fixed, ions in a nanochannel with larger positive valence should migrate at lower average drift velocities than lower valance ions. In addition to this fundamentally new electrophoretic separation processes, nano-meter scale channels have unique practical differences from micron-scale channels which I will cover during the lecture. For example, nanochannels can be used to achieve extremely high electric fields (of order 100,000 V/cm are possible in channel regions), limited only by the breakdown strength of the glass substrates. This is in sharp contrast to standard microchannels where the highest achievable electric field is limited by the effects of Joule heating of the sample. Another practical difference is that nanochannels are much more difficult to fill and keep free of clogging.

2. Nanofluidic biotechnology

While the challenges and advantages of micro-scale bioanalysis are well known, those of systems incorporating nano-scale features have only recently begun to be recognized. In this lecture, I will introduce the concept of using nanofluidic devices for biotechnology applications, focusing on the unique physics inherent to nanoscale dimensions. First, I will discuss electrokinetic transport in nanoscale channels, since this transport facilitates control and separation of ionic species. In nanometer electrokinetic systems, the electric double layer thickness is comparable to channel dimensions, and this results in nonuniform velocity profiles and strong electric fields transverse to the flow. I will report continuum-theory-based analytical and numerical studies of nanofluidic electrophoretic transport as well as experimental validation of these models. One such advantage of this technique is the capability to perform novel separations and hybridizations of biomolecules. I show example applications for free-solution (gel-free) DNA electrophoresis in nanochannels, including data of size dependant mobilities for 10-100 bp DNA. I also report experimental results demonstrating on-chip oligonucleotide hybridization coupled with free-solution separation of hybridized DNA from single-stranded DNA. I show the effect of particle mobility with different monolayer coatings of silane chemistries, imparting different surface charges onto the wall. I also show a novel nanoscale interrogation technique using total internal florescence microscopy, to investigate the behavior of particles close to walls.
Jane Wang
Insects in Free Flight: Aerodynamics, Optimization, and Control

Animals, small and large, must solve the problem of locomotion in order to survive. Insects offer some of the most ingenious solutions to locomotion. To understand the works of nature, our approach is to `take an insect apart' and then put different pieces back together. We started from the outer scale, where insect wings are immersed in fluids, and gradually worked toward inner scale, where the wings are driven by the muscles, and the muscles are controlled by insect's brain. A driving question for our research is to understand 'why organisms move the way they do'?

In these two lectures, I will describe aerodynamics, energetics, and control in dragonfly and fruitfly flight. The first lecture will be a general introduction to the problem followed by a discussion of the underlying unsteady aerodynamics. The second lecture will focus on maneuvering and control  used by insects.

