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Abstract: 

From a computational point of view, the accurate, stable and efficient simulation of steep water 
waves remains a formidable task even when the waves are described by potential flow theory. Highly 
efficient methods based on a combination of separation of variables and perturbation theory exist, 
but the efficiency seems to come at the prize of an unstable computation of the surface velocities 
even for moderately steep waves. Several authors have shown that this problem may be overcome 
using a simple stretch of the vertical coordinate with the main drawback being that Laplace’s 
equation must now be solved within the entire (transformed) fluid domain. Nevertheless, this strategy 
has been successfully applied for regular waves up to about 90% of the limiting steepness. 

In this work we combine the change of coordinates with an artificial boundary condition whose 
purpose it is to limit the vertical extend of the fluid domain to a minimum. The artificial boundary 
condition fits neatly into the framework of spectral discretization, and we show that the required 
degrees of freedom can effectively be halved in the case where the water depth is larger or 
comparable in magnitude to the wavelength. Moreover, we demonstrate the method’s ability to 
compute the surface velocity correctly up to 12 significant digits for practically all water depths and 
up to 99% of the limiting steepness as illustrated in Figure 1 below. 

 

 

 

 

 

 

Figure 1: The error on the vertical 
velocity at the free surface as a 
function of the horizontal 
resolution for different values of 
the vertical resolution. The water 
depth equals the wave length and 
the steepness is 99% of the limiting 
steepness. 


