Flapping Foil Computations for Station Keeping Buoy

Background
To investigate concepts for an unmoored, station-keeping buoy system that generates propulsion and electricity from ocean waves, MBARI has developed a numerical model that solves the equations of motion of one or more floating or submerged bodies that are connected with a tether with a specified tension/strain relationship.  The equations of motion for rigid bodies are of course well known and the key parts of the solver are the evaluation of the forces acting on the bodies as a function of the systems state (position and velocity history of all bodies).  For floating bodies, the forces of the waves acting on the body are required and routines have been developed to evaluate these based upon linear, invisid wave theory.  For simple submerged bodies drag coefficients of known shapes can be used to evaluate the required forces.  To validate the validity of the numerical model at the scales being investigated, an at-sea test has been completed that coupled a flat plate (48” diameter, 1300lbs) to a floating buoy (92” diameter, 2000lbs) via a tether that included a spring/damper element.  The measured results for tension and elongation of the spring element match satisfactorily with the modeled results in a similar sea-state.

A leading concept for the station keeping buoy involves a surface expression tethered to a submerged foil that can generate lift and subsequently propulsion.  In this case lift and drag coefficients have limited utility due to the transient nature of the flow and we desire to investigate options for coupling the equation of motion solver to a computational fluid dynamics solution of the lifting flow of a submerged foil whose motion is driven by a connection to a surface buoy.  There are one or more assumptions that will make this task simpler, but the validity of each of these is unknown at this point.  This document outlines the various levels of assumptions possible and describes the resulting computational requirements for each.  A final section outlines an approach to explore the various options and is meant to be a template for a statement of work to be incorporated into a contract between MBARI and Airflow Sciences, after refinement and discussion.
Equation of Motion Solver Requirements

The solver is written in the Matlab programming language and utilizes a 4th order Runge-Kutta algorithm to solve the equations of motion of one or more body in 3 dimensions (6 degrees of freedom).  Any new body can be modeled by specifying the physical characteristics of the body (mass, moment of inertial, displacement, etc.) and defining functions that compute the force on the body due to the relevant effects.  The code is structured so that separate functions apply separate forces, providing a simple way to add additional forcing functions for specific effects.  For example, the existing code to model floating bodies includes separate functions to evaluate forces due to the bodies weight, the bodies buoyancy, and the wave forcing on the body.  If one wanted to include a force due to wind loading, a new function would be created that evaluates the wind loading based upon the bodies current velocity and position.  

Practically, the investigations of interest are mostly two dimensional effects and many of the results generated to date have 
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