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The analysis of the spatial and temporal variations of the pressure —and its derivatives— in a highly
nonlinear wave, reveals new aspects of fluid dynamics that are rarely addressed in the literature. In
the present analysis, the two-dimensional (2D) fully nonlinear free surface problem is solved in potential
theory. Numerically the desingularized technique enables efficient computation of high-order pressure
derivatives. This is necessary for accurately evaluating the pressure Hessian up to the free surface.

A line (called backbone) is thus identified by locating the points where the pressure gradient is
collinear with one of the eigenvectors of the pressure Hessian matrix. The normalized pressure gradient
(magenta) and the eigenvector associated to the single positive eigenvalue (blue) are plotted below. The
backbone line (green) is superimposed.
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This line provides much information. For example, one can describe the onset of critical jet like flip-
through or highly accelerated protrusion in a plunging breaker by tracking local pressure maxima within
the fluid domain (see [1]). It also offers a means to capture the fluid dynamics about the transition
between non-breaking and breaking waves (see [2]).

The same quantities —gradient and Hessian of pressure— are also computed for threedimensional (3D)
purely linear wave fields. Although fully nonlinear 3D breaking waves are not yet routinely computed, it
is anticipated that the conclusion drawn for 2D analysis can be extended to any 3D free surface flows.
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