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ABSTRACT

Optimizing marine vehicle designs, particularly hydrofoils, has traditionally relied on quasi-static 
methods focused on steady-state conditions (Bailardi et al. 2015, Tannenberg et al. 2023, Solak et al. 
2024). However, these approaches overlook dynamic effects and time-varying response in waves, 
gusts  and  manoeuvering  scenarios.  Alternatively,  dynamic  simulators  allow  to  evaluate  design 
candidates under such conditions, but do not allow for design optimization. This study introduces a  
holistic approach by optimizing the hydrofoil design and the control law simultaneously to more 
accurately represent operational conditions. 

The  simulation  is  based  on  a  multibody  model  that  integrates  a  simplified  human  submodel 
representing the rider and an unsteady, nonlinear lifting line to capture the foil’s hydrodynamic 
response. An optimal control problem is formulated to solve for the optimum foil design and the 
corresponding rider choreography.

Using an endurance contest as a test case, the study optimizes a classic front-wing and stabilizer  
configuration  to  minimize  the  rider’s  energy  consumption  during  a  pumping  cycle.  The  best 
candidates are compared against quasi-static optimums and a multi-fidelity analysis is performed to 
evaluate the impact of the flow solver accuracy on the foil design. 
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