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Swimming Freely Near the Ground Leads to Flow-Mediated
Equilibrium Altitudes1 KEITH MOORED, MELIKE KURT, JACKSON
COCHRAN-CARNEY, Lehigh University, QIANG ZHONG, University of Virginia,
AMIN MIVEHCHI, Lehigh University, DANIEL QUINN, University of Virginia —
Experiments and computations are presented for a foil pitching about its leading
edge near a solid boundary. The foil is examined when it is constrained in space
and when it is unconstrained or freely swimming in the cross-stream direction. It
was found that the foil has stable equilibrium altitudes: the time-averaged lift is
zero at certain altitudes and acts to return the foil to these equilibria. These stable
equilibrium altitudes exist for both constrained and freely swimming foils and are
independent of the initial conditions of the foil. In all cases, the equilibrium alti-
tudes move farther from the ground when the Strouhal number is increased or the
reduced frequency is decreased. Potential flow simulations predict the equilibrium
altitudes to within 3-11%, indicating that the equilibrium altitudes are primarily due
to inviscid mechanisms. In fact, it is determined that stable equilibrium altitudes
arise from an interplay among three time-averaged forces: a negative jet deflection
circulatory force, a positive quasi-static circulatory force and a negative added mass
force. At equilibrium, the foil exhibits a deflected wake and experiences a thrust
enhancement of 4-17% with no penalty in efficiency as compared to a pitching foil
far from the ground.
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