
FastFEM: Breaking Wave Impact on Ships 
 
Wave breaking and wave impact on maritime structures are difficult to model 
mathematically and numerically. The challenge is that nonlinear and breaking waves 
with fine-scale dynamic air-water interfaces need to be modelled efficiently, including 
their interactions with structures. We aim to progress nonlinear and breaking wave 
interactions on offshore structures, in particular on fast ships. Faster ships have 
become more important in recent years. These include pilot ships, supply ships to oil 
rigs, repair vessels for offshore wind farms, rescue vessels, and coast guard vessels. 
Improved understanding of ship motion in heavy breaking seas is a key part of the 
larger project with partners in Delft and Twente (The Netherlands) and Leeds (UK). 
 
So far, we have used variational discontinuous Galerkin finite element methods 
(DGFEMs) to create stable simulations of potential flow water water waves. Novel 
mathematics and numerics was used to couple these waves consistently to shallow 
water hydraulics at the beach, with advanced integrators to produce stable simulations 
of these wave-makers. Using two- (2D) and three-dimensional (3D) models, a good 
comparison was made with existing and new measurements in wave basins. These 
potential flow models will be developed further at the University of Twente in The 
Netherlands (group Prof. Van der Vegt), as part of a larger project. 
 
At the University of Leeds, we propose to develop a new unified mathematical and 
numerical approach to simulate seas with intermittent wave breaking. For smooth 
waves when the phases (water and air) are separated, the approach reduces to the 
previous conservative DGFEM methodology, while in local regions of wave 
breaking, e.g. around ships, an asymptotic mixture theory holds. This new 
discretization will be developed for this mixture theory model and will be validated in 
2D and in 3D. The final aim is to create accurate yet efficient calculations of breaking 
wave impact against ships. Outcomes will be compared with towing tank experiments 
of fast ships, in collaboration with Prof. René Huijsmans (maritime engineering) at 
the Delft University of Technology in The Netherlands. Research visits to this towing 
tank will be part of the project. 
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Fig. 1. Deep-water waves break on a model ship 
with an advanced X-bow, designed to reduce 
wave impact and fuel consumption. Courtesy: 
Ulstein Sea of Solutions & Maritime Research 
Institute Netherlands (MARIN). 

 


