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Variational Principle for Determining the Unknown Wetted Surface
of a Planing Ship in Periodic Motion

By Kiyoshige MATSUMURA (Member) and Takuyo KAIDA (Student Member)
and Katsutoshi YAMANAKA

A variational principle is presented to solve the boundary-value problem with the unknown wetted
surface of a planing ship in periodic motion. The boundary-value problem is solvable uniquely under
the Kutta’s condition and continuity conditions of the velocity potential at the stern and the moving
spray root, in addition to the hull boundary conditions and the elevated water surface condition
at the spray root. The latter two conditions are derived as the Euler’s integral equations from the
presented functional associated with the variational principle restricting the former three conditions.
The functional with unknown fluctuating integration boundary is represented in the time domain.
The functional is composed of the time averaged term besides the term corresponding to the linearized
periodic motion problem, since in the latter problem the wetted length fluctuates about the time
averaged one. Both components of the functional is adjoined with the reversed flow what we call. A
method of quasi-steady approximation is investigated. The wetted length of 2D planing plate in pure
heaving motion is obtained. Porpoise-like motion of planing ship is drawn well in calculated results.
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