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Summary:
The Defence Materiel Organisation (DMO) of the Royal Netherlands Navy (RNLN) and the Maritime Research Institute Netherlands (MARIN) have been cooperating on submarine hydrodynamics since a long
time. In the last couple of years, the application of viscous-flow calculations has become more and more
important from a design analysis point of view. Currently, DMO and MARIN are involved in an R&D project on the hydrodynamic design of future submarines.
Generally, underwater vehicles such as gliders or submarines have a hull or fuselage shape with low drag
properties. However, additional appendages are generally required for control or storage of equipment.
These appendages induce additional resistance and may be detrimental to the quality of the inflow to the
aft control surfaces or propeller. This, in turn, can lead to loss of propulsion performance or increase of
vibrations and radiated noise. The underlying hydrodynamic mechanism is the penetration by the appendage of the boundary layer developing on the hull, which causes the formation of a so-called horseshoe
vortex in a region of separated flow near the stagnation area on the appendage.
Computational Fluid Dynamics (CFD) has matured to a state that it can be applied successfully to investigate and optimise the flow around ships and offshore structures. In this research, CFD is used to study
the flow around a typical wing-body junction in order to obtain insight in how to suppress the horseshoe
vortex that is wrapped around the appendage. A generic submarine hull shape has been selected and the
impact of a range of modifications of the sail (sometimes called fin or fairwater) on the resistance, propulsion, manoeuvring and wake field are investigated. To quantify the non-uniformity of the wake field, a socalled Wake Object Function (WOF) is used. The WOF is defined such that decreasing its value reduces
the chance of (erosive) cavitation and radiated noise.
This research presents the results of the CFD computations for a number of sail variants and discusses
the changes in the flow in detail. Design guidelines regarding the most promising modifications have been
developed. It is shown that a thicker and a tapered sail have a significant negative influence on the main
hydrodynamic characteristics, however, quite significant improvements of the resistance as well as the
wake quality can be obtained by properly designing the junction between the sail and the hull.
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