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Description of Problem:
The scenario is as follows: there is a plate immersed in a parallel horizontal background flow, hinged at one end. Above the plate is one color fluid (such as blue) and below the plate is a different color fluid (such as red).
[image: ]





The free end of the plate oscillates about the horizontal in a prescribed periodic fashion. As fluid moves past the plate wall, a boundary layer of vorticity is formed and separates from the free end. The separated shear layer rolls up into a set of vortices, as displayed above. The question is how much this motion mixes the blue and red fluids (i.e., how many blue and red particles move from above to below the plate and vice versa).

Model:
The mathematical model for this problem has three parts: (1) we approximate the separated shear layer by a free vortex sheet; (2) we approximate the plate by a bound vortex sheet; and (3) we simulate the boundary layer separation by releasing a particle at each time step from the plate tip into the flow. These three components determine the flow.
Regarding (1): The separated shear layer is a thin layer of vorticity, in otherwise irrotational fluid, across which the tangential velocity changes sharply. We approximate this layer by a surface of zero thickness across which the tangential velocity has a jump discontinuity. This surface is called a vortex sheet and can be viewed as an infinite sum of point vortices. The vortex sheet velocity is given by the Birkhoff-Rott equations: if , where  describes the vortex sheet position, parameterized by circulation Γ, the velocity is given by the principal value integral:

These equations are ill-posed, however, so instead we use the δ equations, which are well-posed:

Regarding (2): we model the plate by a vortex sheet bound to the plate whose circulation distribution is determined at each time by the condition that no flow goes through the plate, i.e., .
Regarding (3): the point vortices are released tangent to the flow with circulation determined by the Kutta condition. In our simulation, free the vortex sheet is discretized by the point vortices released from the tip at each time.
[bookmark: _GoBack]Ultimately, we must track where blue particles and red particles go through time. We will measure the mixing by looking at the ratio of blue to red particles in a given moment of time. For example, a ratio of 1:1 implies perfectly mixed fluid.

Current Progress:
As of now, I have been studying the background of fluid dynamics and the derivation of, for example, the Navier-Stokes equations, Kelvin’s theorem, and Helmholtz’ theorem. Recently, Monika has been introducing me to the specific equations and simulations that we will be using for the problem we wish to study.
image1.png




