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ABSTRACT

Finite Volume based CFD simulations of the DTMB 5415 ship model in severe weather will be compared to experimental results in this work. Naval Hydro Pack [1], a C++ library based on open source
software foam-extend is used to perform the simulations. In order to facilitate wave propagation, implicitly redistanced Level Set method [2] is used for interface capturing, combined with the Ghost Fluid
Method [3] for discretisation of jump conditions at the interface.
Stern quartering waves incoming at a 300◦ angle are defined with the JONSWAP wave spectrum with
significant wave height of 7.5 metres (full scale). Waves are handled with implicit relaxation zones [4]
within the present CFD simulation, which allow general combination of wave direction and forward
speed of the ship.
The 4 metres long (143 metres in full scale) DTMB 5415 twin–propeller model is appended with bilge
keels, struts and shafts, which are taken into account using a body–fitted mesh. Two propellers are modelled with face–based actuator discs [5] in order to avoid the difficulties associated with small time–steps
related to actual propeller rotation. Two rudders are dynamically controlled in order to keep the ship on
the steady course. The rudders are modelled with the Immersed Boundary Surface method [6], which
does not require complicated meshing process: the only input parameter being the surface geometry
of the rudder. Since the ship has all six degrees of freedom freed and in order to allow large motion
amplitudes, the Overset Mesh approach is used to embed the body fitted ship mesh with actuator disc
propellers and immersed boundary rudders within the background mesh.
Figure 1 presents preliminary CFD results are presented, where the layout of appendages and actuator
discs for propellers is presented for an initial self–propulsion test. Figure 2 presents preliminary snapshots
from the 6 DOF self propelled course keeping CFD simulation in stern–quartering waves. The severity
of the irregular wave field is witnessed by large wave amplitude at the portside of the ship, almost
exceeding the freeboard. Large roll angles up to ±20◦ are observed in the simulation as seen in Figure 3.
The comparison with experimental results is planned to be presented in the full paper.
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Figure 1: Layout of appendages for the initial self propulsion test.

(a) Perspective view,

(b) Top view,

Figure 2: Preliminary snapshots from the course keeping simulation with active rudders.

Figure 3: Roll motion in stern–quarterning waves.
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