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Summary:

1 INTRODUCTION 
New regulations ruling energy efficiency on board ships and the development of oil prices 

underline the importance of fuel economy to all commercial ship operations. 
The design of RoPAX ships is usually optimised for one specific or a small number of 

operational conditions or load cases which typically yields less than optimal performance for 
other, off-design operational conditions. Practically, the operational conditions like ship speed 
and draught vary considerably over time. To obtain an optimal hydrodynamic performance 
over a range of conditions a hullform which is capable to adapt to different conditions would 
be desirable. For RoPAX vessels, hydrodynamic model tests have shown that a small change 
in the aft-hull, especially of the trim-wedge geometry can have a significant influence on the 
ship’s dynamic trim and reduce the resistance in off-design conditions. Characteristic form 
data as displacement, longitudinal center of buoyancy, longitudinal center of floatation are 
just imperceptively influenced by this change. This calls for the development of a baseline 
design which allows adapting the form using adaptive structures and materials. 

The collaborative EU FP7 project ADAM4EVE - Adaptive and smart materials and 
structures for more efficient vessels - focuses on the development and assessment of 
applications of adaptive and smart materials and structures in the shipbuilding industry [1]. 
Within this project, a typical RoPaX vessel was selected as an application case [2]. Figure 1 
shows a profile view of the selected vessel. The technical data is shown in Table 1. 
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Figure 1: Profile View Ropax Vessel 

Table 1: Technical data of the RoPAX vessel 

Length 116 m Crew 43 
Lpp 112.15 m Passengers/ Private car 

capacity 
700 Pax / 143 
cars 

Breadth 18.4 m Service speed 19.2 kn 
Draft 4.8 m Aux. & emergency engine 2 x 700 kW 
Deadweight Approx. 1500 t Propellers 2 CPP 

 The main idea of the adaptive stern-structure is to adjust the length of the vessel’s 
waterline and change the vessel’s hydrodynamics, which improves the pressure distribution 
on the aft-ship. The vessel’s stern can be lengthened by an adaptable ship structure, where the 
additional length can be flexible adapted to the actual operation point and reduce thereby the 
power demand for propulsion for this specific operation condition. The angle of the adapted 
body is optimized to direct the flow in an optimum way. 

An actuated stern extension is proposed to achieve the change in the aft-hull geometry 
which requires only small shape adaptations of the aft-hull structure. A schematic sketch of 

the proposed design is shown in Figure 2. 

Figure 2: Proposed Design of the Adaptable Stern Flap 
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The initial dimensions for the extended wedge are defined by the available space in the aft 
section of the vessel and by hydrodynamic requirements based on viscous flow CFD analyses. 

An optimisation study was conducted to investigate the effect of the flap angle and length 
on the flow field. The optimum flap angle and flap length were determined for a range of 
different operating conditions to reduce the required propulsion power of the ship for each 
operational point 

2 NUMERICAL METHOD 
The FreSCo+ code solves the incompressible, unsteady Navier-Stokes-equations (RANS) 

[2, 3]. The transport equations are discretized with the cell-centered finite volume method. 
Using a face-based approach, the method is applied to fully unstructured grids using arbitrary 
polyhedral cells. The governing equations are solved in a segregated manner, utilizing a 
volume-specific pressure correction scheme to satisfy the continuity equation. The fully 
implicit algorithm is second-order accurate in space and time. The approximation of integrals 
is based on the mid-point rule. Diffusion terms are approximated using second-order central 
differences, whereas advective fluxes are approximated based on blends between high-order 
upwind-biased schemes (e.g. QUICK), first order upwind and second order central differences 
schemes. The resulting linear equation systems are solved iteratively using Krylov subspace 
methods. To account for turbulent flows, additional transport equations are solved for 
turbulent quantities. Several turbulence models are available in the code: statistical (RANS) 
models k-ε, k-Ω as well as scale-resolving approaches (LES, DES). Two-phase flows are 
addressed by interface-capturing methods based Volume-of-Fluid (VOF) technique. Specific 
interface sharpening techniques in line with a conservative interpolation for face-based 
pressures are available for two-phase flow simulations. 

3 NUMERICAL ASSESSMENT 
A scaled ship model has been considered in the simulations (similar as in towing-tank 

experiments). The domain includes seven model lengths in the ship direction (three model 
length upstream, three model lengths downstream of the model). It covers 2.5 model lengths 
to the side and 1.5 model lengths below the ship.  The distance of the first cell at the wall is 
adjusted for computations with turbulent wall functions. Similar grids are used for all 
computations. The resulting number of cells is around 2.9 million cells. 

The SST k-Ω model of Menter is applied in all computations. The free surface is modelled 
with the VOF method. A pressure condition is applied at the top boundary and the outlet, a 
symmetry condition is applied at the mid-ship plane; the inflow velocity is prescribed at all 
other boundaries. The trim and sinkage of the ship are adjusted during the computation until 
the residual buoyancy force and trim moment are reduced below a small tolerance.

Calculations are performed for range of different ship speeds between 14 and 19 knots and 
two different draughts (T=4.8 m and T=4.2 m). For all combinations of ship speed and 
draught, the initial ship configuration without flap was computed, serving as a reference. To 
assess the optimal position and size of the flap, two different flap lengths of l=40 cm (short 
flap) and l=80 cm (long flap) are selected. The maximum flap length is limited by the space 
available. The flap angle is varied between 14, 17 and 20 degrees. 
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The resulting pressure coefficient cP is shown in Figure 3 for a ship speed of 18 knots and a 
draught of 4.8 m without flap and with a flap of 80 cm in length at an angle of 20°. The trim 
flap modifies the pressure field especially in the tunnel of the aft-ship. Slightly higher and 
more evenly distributed pressures can be observed on the hull while the low pressure region 
on the rudder headbox is reduced in size. This results from the altered trim and sinkage of the 
ship in presence of the flap. The different wave patterns for both cases are shown in Figure 4. 
The presence of the flap reduces the height of the wave and shifts the peak further 
downstream.  

Figure 5 shows the change of the total resistance for different flap configurations as a 
function of the ship speed compared to the original design without flap for a draft of T=4.8 m. 
Negative values denote a reduction of the total resistance, which can be seen for most cases. 
The beneficial influence of the flap increases with higher velocities, where savings up to 
about four per cent can be observed. The longer flap performs better than the shorter flap for 
higher speeds However, for velocities lower than 15 knots, the use of a long flap may even 
increase the resistance, while the short flap still generates a small resistance gain. Similar 
observations, yet with smaller savings, can be made for a draft of T=4.2 m. 

Concluding the results for this particular vessel a flap-angle of 20 degrees is the most 
beneficial, where the length of the adjusted part has to be varied over the vessels speed to gain 
the highest savings. 

The studies have shown that the total resistance varies much with the angle of the 
adaptable part. Up to 20 degrees the resistance is decreasing with a larger angle, whereas the 
resistance increases rapidly when exceeding 20 degrees. 

Figure 3: Pressure distribution cP without flap (left) and flap (right) 
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Figure 4: Wave pattern for T=4.8 m, No Flap (top), Flap Angle 20° (bottom) 

 

 

 

 

Figure 5: Resistance change for T=4.8 m  
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4 CONCLUSIONS 
The resistance reductions calculated by detailed CFD calculation showed significant 

savings. The design of the adaptable part and the integration into the vessel turned out to be 
possible and realistic with a relatively simple and cost-effective solution. Based on the current 
results, 2 to 4% of resistance reduction is expected at some off-design conditions. Assuming 
that the adaptive stern flap is installed on an already optimized hullform of a RoPax ferry, the 
gain (fuel saving in terms of money and emission reduction) will override the expense 
(increased costs and emissions during the production phase) for a stern wedge installation 
from a long term ship life cycle perspective. Considering the adaptive stern geometry for a 
new design, higher savings could possibly be realized, as the machinery arrangement and the 
design of the appendages could be adjusted accordingly. 

Calculations for various operational conditions have clearly shown that an adaptable stern 
can give larger benefits than a fixed version, as the optimum length of the hydrodynamic body 
changes for different speeds. 

The idea of adaptive aft hull geometry within the ADAM4EVE project for different 
floating conditions and vessel speeds is recognised to be very promising. The resistance 
reductions calculated by detailed viscous flow CFD calculations show significant results 
(reduction up to 4%), where the design of the adaptive part and the integration in the vessel 
turns out to be possible and realistic with a relatively simple and cost-effective solution. Due 
to the simple design, the estimated construction costs and the possible savings provide a clear 
indication that such a device will be a beneficial investment for the ship operator and will 
contribute to the aim of reducing CO2 emissions from the maritime industry. 

Furthermore, CFD calculations showed to be good indications for the resistance and a 
reliable basis for comparing hull shapes, which is of higher interest as the parameters of the 
adaptive hull form are to be optimized for every vessel individually On the other hand, model 
tests are generally the only valid testing method of ship resistance for contracts within the 
shipping industry. In order to get further proof of the concept, model tests are foreseen as 
future activity within the ADAM4EVE project. 
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