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ABSTRACT

A steady free surface can be found around ships and in river confluences, under certain con-
ditions. Fitting methods are well suited to numerically simulate such flows. As opposed to
capturing methods, the mesh conforms to the free surface in fitting methods. When the air
phase is neglected, the free surface becomes a domain boundary whose position depends on
boundary conditions. The kinematic boundary condition requires that the velocity is tangent
to the surface, the dynamic boundary condition that the pressure is constant along the surface.
In order to satisfy all boundary conditions, fitting methods are inherently iterative, consisting
of a step to solve the flow and a step to move the free surface to a new position.

Most fitting methods use a time-stepping scheme, requiring a large number of iterations to solve
the steady problem [1]. The fitting method by van Brummelen et al. [2] is truly steady, but
requires a dedicated coupled solver. A new method is proposed which is steady and can work
with a black-box flow solver.

In the flow solver, the free surface is modeled as a free-slip wall to satisfy the kinematic boundary
condition. This gives a non-constant pressure at the free surface, which is used to calculate the
new position of the free surface. For this purpose an analytical model of the flow solver is derived,
based on a perturbation analysis. This model is combined with a least-squares approximation
of the Jacobian, which is constructed with the IQN-ILS algorithm using old inputs and outputs
of the flow solver [3].
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