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 ABSTRACT  

For the last two decades Force Technology (FT) has been 

involved in model testing for a significant number of 

double-ended ferry designs. The vast collection of 

geometrical data and still water propulsive performance 

characteristics for various hull forms (hard chine, round 

bilge, bulbous bow, etc.) have allowed for some typical 

trends to be identified and outlined. Furthermore, the 

increasing importance of pre-testing Computational Fluid 

Dynamics (CFD) studies in the process of final hull lines 

definition have proven extremely cost effective and  have 

reduced the number of tested options and conditions.   

The objectives of this paper are to present FT 

accumulated experience in model testing of double-ended 

ferry hull forms. The following major topics are 

discussed: 

  Contemporary trends in hull lines development 

and main geometrical particulars. 

  Pre-testing hydrodynamic improvement of the 

hull lines from resistance point of view; 

application of advanced CFD (wave-making, 

frictional and form resistance) codes. 

  Propulsive performance review and discussion 

of variable propulsion arrangements; single CL 

screw, single CL thruster/pod, twin/wing 

thuster/pod units. Discussion of specific issues 

like forward-aft (fwd/aft) propeller power 

optimum distribution; alignment of thruster/pod 

units with the local flow; propeller submergence 

and air ventilation. 

  Appendage hydrodynamic design; optimization 

of propeller direction of rotation (for wing 

propeller systems), streamlining and alignment 

of pod head-boxes. 

The conclusions summarize the major findings of the 

review, which could serve as a valuable guidelines tool 

for Naval Architects and Marine Engineers involved in 

the design, construction and operation of modern double-

ended ferries.  

 Keywords 

Double-ended ferries, azimuthing thruster/pod unit, 

multiple-shaft propulsion systems.  

 1 INTRODUCTION 

Double-ended ferries constitute a specific class of RO-

PAX ships which typically operate on relatively short 

domestic routes (short crossing periods), confined ferry 

terminals and in many cases, shallow water conditions.  

One of the major economic criteria for their efficient 

operation is the minimum terminal time (harbor 

maneuvering, berthing and loading/unloading). These 

requirements call for the specific symmetric hull form and 

propulsion system, allowing for equally efficient (from a 

hydrodynamic point of view) sailing ahead and astern, 

thereby reducing the maneuvering/berthing period. 

Strictly speaking, the term “sailing ahead/astern” is not 

applicable here because each end of the ship is either a 

bow or stern, depending on the direction of sailing.  

In view of the above peculiarities, the hydrodynamic 

optimization of the hull lines and propulsion system faces 

certain challenges, the successful solution of which needs 

both CFD studies and model testing verification. Among 

those, typical design solutions include: optimum hull lines 

definition for the specific ship speed (Froude number) and 

water depth, aiming reduction of the hull resistance; 

appropriate selection of the propulsion system – single CL 

propellers versus tandem thruster units/pods fwd/aft; 

adequate design and streamlining of appendages (rudders, 

fins, thruster head-boxes and streamliners); optimum 

propeller power distribution between forward/aft propeller 

groups; optimum alignment of the thruster units (thruster 

legs) with the local flow. 

In the following sections, a brief review of these 

approaches is presented with illustrations from model test 

results obtained at Force Technology. Some typical trends 

and recommendations are outlined. 

 2 SPECIFICS OF LINES AND MAIN 

PARTICULARAS 

During the past decade, Force Technology has model 

tested a significant number of double-ended ferries. The 

typical range of main dimensions and design speeds are 

presented in Table 1. 

 



Table 1: Range of main dimensions and design speeds for 

double ended ferries, tested at FT 

Particular Unit Range 

LPP   (m) 40.0 – 154.0 

LWL (m) 40.4 – 158.4 

BWL (m) 9.0 – 26.6 

T (m) 2.3 – 5.8 

Vdesign  (knots) 12.0 – 21.0 

Fn - 0.228 – 0.366 

 

The typical peculiarities of a double-ended ferry hull lines 

are: symmetry with respect to mid-ships, hence LCB is 

centered mid-ships irrespective of the vessel design speed; 

symmetrical (fwd/aft) propulsion/steering arrangement; 

frequent operation in relatively shallow water areas 

implying draught restrictions; required dynamic trim-free 

operation; symmetrical fwd/aft loading/unloading 

doors/ramps requiring wider vehicle deck area; priority of 

good course-keeping ability   against maneuverability.  

 2.2 Type of Hull Lines 

Typically, two types of hull lines can be distinguished: 

round bilge and hard chine. These are illustrated in 

Figures 1, 2 and 3.  

 

 

 

 

 

 

 

 

Figure 1: Round bilge lines 

 

 

 

 

 

 

 

Figure 2: Double hard chine lines 

 

 

 

 

 

Figure 3: Single hard chine lines 

Both types are characterized with relatively large BWL/T 

ratios, pronounced V-shape forward sections, ensuring 

significant flare to provide sufficient breadth of the 

loading/unloading ramp and well defined CL skeg to 

ensure good course-keeping. A challenge for the hard 

chine lines (either single or multiple chines) is the 

adequate alignment of the local flow. This will minimize 

the risk of cross flow and will subsequently ensure 

separation free flow. A very promising tool for 

accomplishing this goal is the RANS CFD lines 

optimization process prior to model testing. This approach 

is further discussed in Section 3 below.  

 2.3 Propulsion Arrangement 

Two typical propulsion arrangements could be 

distinguished: a single propeller/thruster located at ship‟s 

CL fwd/aft, and twin wing thruster/pod units. The first 

option is naturally combined with a CL rudder fwd/aft, 

and in some cases, with additional fixed fins for course 

keeping enhancement. Representative pictures of these 

two alternatives are illustrated in Figures 4, 5 and 6. The 

single ducted thruster arrangement in Figure 4 also 

illustrates the course keeping fin. 

 

 

 

 

 

 

 

 

 

Figure 4: Single ducted thruster unit arrangement 

 

 

 

 

 

 

 

Figure 5: Single open propeller arrangement 

 

 

 

 

 

 

 

 

Figure 6: Twin (wing) thruster units arrangement 



The location of the propellers/thrusters/rudders with 

respect to the ship‟s hull is mainly dictated by ensuring 

good inflow into the propeller and rudder, sufficient 

propeller submergence to minimize the risk of ventilation 

and last but not least, providing good maneuverability (in 

case of wing thrusters). 

 2.4 Appendages 

Typical appendages for double-ended ferries include 

skegs, fixed flat fins, bulbous fins, thruster head-boxes 

and streamliners and sometimes bilge keels and roll 

damping fins. The skegs are designed and applied mainly 

to improve course keeping, as in many cases due to low 

LWL/B and large BWL/T ratios the hull itself could be 

directionally unstable. Care should be taken not to exceed 

a reasonable skeg lateral area. In the common case of a 

classical ship hull (dedicated fwd/aft ends), the larger the 

skeg area the better course stability. In the case of the 

symmetrical double ended hull, however, the “bow”  skeg 

will create a side force, which increases the drift angle 

acting forward of the centre of yaw rotation.  In case of 

insufficient skeg area, the course keeping is enhanced by 

additional fixed fins, as shown in Figure 4. In this 

particular case, the fin replaces the rudder, as the steering 

is accomplished by the azimuthing CL thruster. In some 

cases, the fin could be constructed more voluminous, 

resembling a bulb, which contributes to wave-making 

resistance reduction. An example is shown in the figure 

below. According to „(Kristensen, 2000)‟, propulsion 

power savings of up to 10% were reported based on 

model test results. 

 

 

 

 

 

 

 

 

 

 

Figure 7: Illustration of “bulb” fin 

In the case of wing thrusters, the propeller needs to be 

located as low as possible in order to ensure sufficient 

submergence, thus avoiding or minimizing the risk of 

ventilation. This, in many cases, requires an additional 

thruster head box to house and lower the thruster. The 

problem of adequate head box streamlining substitutes a 

significant hydrodynamic challenge and could be attacked 

both by means of RANS CFD studies, and by physical 

experiments. 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Illustration of a thruster head box under paint 

streamline test 

Figure 8 illustrates a typical thruster head box, subjected 

to paint streamline test to optimize its orientation to the 

local flow. Care is taken to compromise the orientation 

between sailing “ahead/astern” conditions, as in these two 

cases, where there is generally some difference in the 

local streamlines orientation. Being located close to the 

free surface, the thruster head box influences not only the 

frictional and form (pressure) resistance components, but 

also significantly contributes to the wave-making 

resistance. A well pronounced head box with additional 

cone section (to enhance submergence) is illustrated in 

Figure 9.  

 

 

 

 

 

 

 

 

 

Figure 9: Thruster head box with additional cone 

As seen in the below pictures, this particular head box 

configuration creates quite substantial fwd/aft local wave 

system, penalizing the total wave-making of the hull. 

 

 

 

 

 

 

 

 

Figure 10: Wave system from FWD thruster head box 

 

 

 

 



 

 

 

 

 

 

Figure 11: Wave system from AFT thruster head box 

 3 RANSE CFD STUDIES 

As mentioned above, the double-ended ferries are 

challenging from a hydrodynamic point of view due to the 

mid-ship symmetry. For a conventional hull form, the 

lines in the fore part of the ship must be optimized to have 

good bow flow properties and the aft lines must be 

optimized to have good stern flow properties. However, 

for the double-ended ferry there is no dedicated bow and 

stern regions since both ends act as bow and stern. 

Therefore, the hull form optimization must be a 

compromise of good stern and bow flow properties to 

make the ship work well.  

Making a good double-ended design requires overall 

knowledge about the resistance of the ship to minimize the 

fuel consumption as well as detailed insight in the flow 

field to make sure that the flow around the ship behaves 

well. Instead of using towing tank testing, which is 

expensive and time consuming if, for instance, scale 

models of 3 to 5 design variants have to be built and 

tested, FT now uses CFD for the pre-testing of the design 

variants. CFD, which includes form, frictional and wave 

resistance, can predict the total resistance with an 

accuracy of 2 to 4 percent compared to model testing, and 

it provides flow field information beyond what can be 

measured in the towing tank. Therefore, it is well-suited 

for the hull form optimization and ranking of design 

variants in the early design phase. FT uses Star-CCM+ 

which is a Reynolds Averaged Navier-Stokes Equation 

(RANSE) solver. 

In the following, some examples on applications of CFD 

for optimization and evaluation of double ended ferries 

are shown. One of the important things to check in the 

design phase is the wave making of the ship (see Figures 

12 and 13), since this directly influences the wave 

resistance, and consequently, the fuel consumption.   

 

 

 

 

 

 

 

 

 

Figure 12: Computed bow wave 

 

 

 

 

 

 

 

Figure 13: Computed stern wave 

Aiming at minimizing the wave making of the ship, the 

naval architect will typically study the computed wave 

pattern and velocity and pressure fields around the ferry to 

see how the ship interacts with the water and to get an 

idea of where the hull or bulbous bow should be modified 

to change the wave pattern. When the modification has 

been implemented, the new hull form will be recomputed 

and the change in wave pattern and resistance will be 

quantified to judge the influence of the hull form change.  

As mentioned earlier, the double-ended ferries can 

typically be built with round bilge or with hard chine. 

Both concepts have pros and cons. The hard chine is 

relatively easy to handle from a production point of view, 

since it consists of a single curved surface. But, it requires 

careful work with the hull lines since it must be well 

aligned with the flow to avoid flow and possibly 

separation around the sharp corners, which will increase 

the resistance of the vessel. On the other hand, the round 

bilge gives a smooth flow in the bilge regions since it is 

less sensitive to flow alignment. However, it is based on a 

double curved shape and may be more difficult to 

produce. To check the alignment of the chine, streamlines 

are made based on the flow field computed with CFD. If 

the streamlines follow the chine and make no significant 

crossing, the design is working, see Figure 14. If it comes 

to the question whether round bilge or hard chine should 

be used from a resistance point of view, CFD 

computations are used to evaluate the resistance 

difference which can support the decision.   

       

 

 

  

 

 

       

 

 

Figure 14: Check of chine alignment 

A final example of the application of CFD for design and 

optimization of double ended ferries is related to the 

propulsion units. If the ferry is equipped with pod units, 

these are typically mounted on stream lined bodies or 

thruster head boxes to reduce the drag of the thruster leg 

and sometimes to prevent air suction, if the propeller is 



close to the water surface. A properly working streamliner 

must be aligned with the flow and should not interact too 

much with the free surface disturbance in order not to 

increase the overall resistance of the ship. Aligning the 

streamliner or head box is tricky on the double-ended 

ferry since it must work for the ship sailing both ahead 

and astern and is located in a fairly complex flow field. 

Conducting the alignment based on model testing is 

difficult, but CFD offers the possibility to move the head 

box relatively easy on the model and rerun the 

configuration to check the alignment and the change in 

total resistance. Typically, streamlines, flow vectors and 

hull surface pressure are used for the alignment process. 

Figures 15 and 16 show examples of the streamline 

pattern and the hull pressure used for alignment. Further, 

Figure 16 also shows how the head box interacts with the 

free surface.    

 

 

 

 

  

  

  

  

  

  

  

  

  

Figure 15: Streamlines on hull above head box 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16: Pressure on hull surface and head box plus free 

surface 

When the ferry has been optimized based on the CFD 

solution, the final design is verified by towing tank 

testing.    

 4 RESISTANCE DATA 

According to established resistance test procedures, the 

double-ended ferry resistance test is normally performed 

with appended hull, including rudders, skegs, and 

eventually, course-keeping fins for the case of single CL 

propellers, and just the bare hull with thruster head boxes 

for the case of wing thrusters propulsion. The results are 

analyzed in accordance with the ITTC-57 correlation line 

and form factor definition according to the standard 

Prohaska‟s method. A summary of derived total (CT) and 

residual (CR) resistance coefficients are presented in 

Figure 17. The presented points refer to the design speed 

condition only for each of the treated designs.  

 

 

 

 

 

 

 

 

 

 

Figure 17: CT and CR versus Froude number 

As seen from Figure 17, the common trend for both CT 

and CR is constant increase with Fn, which is in agreement 

with common knowledge. The scatter of CT is a bit larger 

than the CR due to the additional effect of the form 

resistance (form factor) scatter, which is illustrated in 

Figure 18.  From the data in Figure 17, the relative 

difference between resistance components could be also 

identified; typically, CR substitutes from about 30% of CT 

at Fn = 0.25 to about 60% of CT for Fn = 0.35. The rest is 

attributed to viscous (combined friction and 

pressure/form) resistance. The illustrated resistance 

components, together with the trend of form factor 

behavior, presented in Figure 18, indicate the importance 

of hull lines optimization process, which aims to reduce 

both wave-making and viscous resistance components.  

 

 

 

 

 

 

 

 

Figure 18: Form factor versus Froude number 

 5 PROPULSION DATA 

The propulsion tests are performed according to the load 

variation method, i.e., at each speed the propeller 



revolutions (loading) are varied around a predefined 

towing force FD. The latter compensates for the difference 

in frictional resistance between model and full scale ship 

due to the Reynolds number (Rn) difference. During the 

tests, each propeller thrust (or thruster unit thrust), torque 

and revolutions are measured together with model speed 

and applied towing force. Additionally, dynamic sinkage 

and trim are also recorded. The majority of the propulsion 

tests are carried out with available stock propellers 

appropriately selected to closely match with the target 

pitch and blade area ratios. Prior to the propulsion test, 

each stock propeller (alone) or as a thruster/pod unit are 

tested in open water to derive its open water 

hydrodynamic characteristics. Using those, the effective 

wake coefficient (w), and the relative rotative efficiency 

(ηR) are derived for each propeller (or fwd/aft propeller 

group) applying thrust identity approach. 

The thrust deduction coefficient (t) could be defined 

either as a global (common) thrust deduction, being 

average between fwd/aft propellers, or as a separate t for 

the fwd/aft propeller groups. The latter is strongly 

recommended. Due to significant differences in the 

inflow, propeller loading and axial velocity induction, the 

forward propeller (group) is characterized with 

significantly higher thrust deduction, governing the 

propulsive efficiency and influencing the optimum load 

distribution. The derivation of split fwd/aft thrust 

deduction can be accomplished, for example, by repeating 

(after the standard propulsion tests is done) some 

representative speed points with fwd propellers running at 

zero thrust, while aft propellers run at their pre-defined 

loading (RPMs) and vice-versa. Thus, thrust deduction is 

calculated separately for fwd/aft propeller groups, with 

the missing thrust (from idling propellers) compensated 

by the towing force FD (to be applied nominally as per the 

defined speed).   

 5.1 Power Distribution 

As discussed in Section 2.4 above, two major propulsion 

arrangements were subject to model testing; single CL 

fwd/aft propellers and twin wing thruster/pod units. The 

definition of optimum (in terms of minimum total power 

consumption at a given speed) power distribution between 

fwd/aft propeller groups is one of the challenges for 

double-ended ferry testing. Obviously, the latter is quite 

project specific and depends on hull lines (local flow 

conditions), design speed, location of propellers, and 

appendages and propeller loading. 

A typical trend for the power distribution found for single 

screw ferries is shown in Figure 19. Total power savings 

of up to 10-12% could be achieved by adequate power 

distribution. For this class of ferries, the trend indicates 

minimum power consumption in case of 0%/100% power 

distribution between fwd/aft propeller. The significant 

total power increase when the fwd propeller takes part of 

the load is mainly associated with significant increase of 

the fwd propeller thrust deduction, associated with 

increased frictional resistance due to fwd propeller axial 

flow induction over the ship hull. Such variation of thrust 

deduction is illustrated in Figure 20. When the fwd 

propeller is engaged, the aft propeller open water 

efficiency somewhat increases due to lower propeller 

loading but not enough to compensate the higher 

reduction in hull efficiency (through thrust deduction), 

hence, the significantly higher total power. When the load 

is distributed 0/100% fwd/aft, the forward propeller will 

add some resistance penalty, which may account for up to 

3-4% of the total resistance. To minimize this additional 

drag, feathering of the blades (in case of CP propeller) 

could be recommended, as illustrated in Figure 21, or 

turning the fwd propeller with small revolutions, 

corresponding to the zero thrust condition (in case of FP 

propellers). 

 

 

 

 

 

 

 

 

Figure 19: Example of power saving by power distribution 

(aft/fwd) – case of single CL propeller 

 

 

 

 

 

 

 

 

Figure 20: Example of thrust deduction variation with power 

distribution – case of single CL propeller 

 

 

 

 

 

 

 

 

 

Figure 21: Example of feathered FWD propeller 

 

For the class of twin/wing thruster propulsion systems, 

typically the forward thrusters take some part of the total 

power, amounting from 20% to 40% of the total. Again, a 



dedicated power distribution test is recommended to 

obtain the most favorable power distribution (normally 

this is done for the design speed). An example of power 

distribution variation is presented in Figure 22, which 

indicates power saving of about 2.5%, for this particular 

case. This is relatively lower than the single propeller case 

and can be probably explained with lower thrust 

deduction figures for the fwd propeller group. In this case, 

the propeller jet-flow is not directly hitting the hull, but is 

diverted a bit aside in the hull boundary layer, hence, a 

somewhat lower forward thrust deduction. A typical 

power distribution ratio for wing thruster powered ferries 

is about 40/60% fwd/aft. Special consideration should be 

paid to the risk of propeller ventilation (sucking air from 

free surface). This phenomenon could be, in some cases, 

effectively controlled by further power distribution 

variation, aiming minimum loading on fwd/aft propeller 

groups.  

 

 

 

 

 

 

 

 

 

Figure 22: Example of power saving by power distribution 

(AFT/FWD) – case of twin wing thrusters 

 5.2 Thruster Alignment with the Inflow 

As discussed in Section 3 above, the flow in way of the 

fwd/aft trhusters is not symmetrical, hence the need for 

adequate alignment of the thruster neutral azimuthing or 

“rudder” angle.  

 

 

 

 

 

 

 

 

 

 

Figure 23: Variation of FWD propeller power with thruster 

angle (Fn = 0.229, 2.2% max gain) 

Prior to the model testing phase this could be effectively 

checked by RANS CFD approach described in Section 3, 

and finally verified by model test. An example of thruster 

alignment test is illustrated in Figures 23 and 24. Power 

savings in the order of 2-3% were achieved in this specific 

case. The different optimum neutral “rudder” angle 

fwd/aft, due to the discussed asymmetry of the local flow 

is to be additionally noted. 

 

 

 

 

 

 

 

 

 

Figure 24: Variation of AFT propeller power with thruster 

angle (Fn = 0.229, 2.7% max gain) 

 5.3 Optimum Propeller Direction of Rotation 

Due to the asymmetric propeller wake for wing thrusters, 

the determination of favorable propeller direction of 

rotation may be feasible in view of powering optimization. 

In this case, the propeller rotational induced flow losses 

could be reduced by utilizing the available pre-swirl (non-

zero average tangential in-flow) into the propeller disk.  

Normally, this is experimentally verified by conducting a 

short propulsion test (typically at design speed only) 

where the propeller direction of rotation is consecutively 

varied, and the better direction is chosen on basis of found 

minimum total required power. In the case of FP 

propellers, however, this may not always be practical, 

because when the ferry direction of sailing is altered, the 

thruster groups switch their relative placement and turn 

180 degrees. Thus, for example, an outward turning aft 

thruster will become an inward turning forward thruster 

and vice-versa. Therefore, energy saving potential from 

propeller direction of rotation selection is relatively 

modest and based on FT experience could typically 

amount from 0 to 1.5%. 

 6 CONCLUSION 

Double ended-ferries are characterized with symmetric 

(with respect to mid-ships) lines, characterized with 

relatively large BWL/T ratios, pronounced V-shape 

forward sections, ensuring significant flare to provide 

sufficient breadth of the loading/unloading ramp and well 

defined CL skeg to ensure good course-keeping. Both 

round bilge and hard chine sections are typically applied. 

A challenge for the hard chine sections (either single or 

multiple chines) is the good alignment with the local flow.  

Two typical propulsion arrangements could be 

distinguished: a single propeller/thruster located at ship‟s 

CL fwd/aft, and twin wing thruster/pod units. The first 

option is naturally combined with a CL rudder fwd/aft. 

Typical appendages for double ended-ferries include 

skegs, fixed flat fins, bulbous fins, thruster head-boxes 

and streamliners, as well as bilge keels and roll damping 

fins. The skegs are designed and applied to mainly 

improve course-keeping, with due consideration of the 



altered direction of sailing. The problem of adequate head 

box streamlining substitutes a significant hydrodynamic 

challenge and could be attacked both by means of RANS 

CFD studies, and by physical experiment. 

CFD is playing an increasingly important role in the early 

design phase of double ended ferries, where it is used for 

lines evaluation prior to tank testing. With its ability to 

provide quite accurate resistance predictions and very 

detailed information about the flow field around the ferry, 

it is a strong tool for optimization and evaluation of the 

ferry hull lines and appendages. Double-ended ferries are 

challenging since they have to perform equally good when 

they sail ahead and astern. Typically CFD is used for 

overall hull optimization to reduce the wave making, 

evaluation of round bilge/hard chine solutions and for 

design and alignment of efficient appendage and thruster 

head box solutions.        

The wave-making resistance component of a double 

ended ferry hull substitutes from 30% to 60% (depending 

on Fn) of the total resistance. The viscous (combined 

friction and pressure/form) resistance component accounts 

for the rest 70% to 40%. This highlights the importance of 

the hull lines optimization process, aiming reduction in 

both wave-making and viscous resistance components. 

Thruster head boxes contribute with a major appendage 

resistance component and require special attention in the 

design process. Good alignment with the local flow could 

be achieved both with RANSE CFD and paint streamlines 

visualization test, preferably accounting for the operating 

thruster/propeller. Special attention should be also paid to 

a reasonable compromise in the alignment originating 

from the altering direction of sailing. Being located close 

to the free surface, the thruster head box influences not 

only the frictional and form (pressure) resistance 

components, but also significantly contributes to the 

wave-making resistance. 

When conducting propulsion tests with double-ended 

ferries, separate thrust deduction definition for the fwd/aft 

propeller groups is strongly recommended in order to 

verify the optimum power distribution and support the 

final propeller design and optimization.  

A typical trend for the optimum power distribution for 

single CL screw ferries is 0%/100% power distribution 

between fwd/aft propellers. In the case of wing thrusters 

propulsion, the more common power distribution is about 

40/60% fwd/aft. Special consideration should be paid to 

the risk of propeller ventilation. 

When ferry direction of sailing is altered, the thrusters 

groups switch their relative placement and turn 180 

degrees. Therefore, energy saving potential from propeller 

direction of rotation selection is relatively modest and 

based on FT experience could typically amount from 0 to 

1.5%. 
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