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Abstract— In these last years different stern devices have 
attracted a great deal of attention. Besides the very well known 
flaps a new design concept for stern devices have been under 
consideration to improve hydrodynamics in different types of 
vessels. Due to the wide variety of existing stern geometries, the 
improvements achieved in a type of vessels cannot be extended to 
other stern shapes. 

In order to accomplish advantages such as consumption 
reduction and other improvements in some navigation 
parameters, a particular type of experimental device with a 
combination of depth and position has been designed and tested 
in a fishing vessel. Sea experiences have proved the validity of a 
device of that type in a transom stern fishing boat. These results 
show benefits in the boat performance with the use of the device 
with a combination of angle and depth.   

To understand the improvements observed in the sea 
experiences, a preliminary CFD simulation with FLUENT has 
been carried out. In spite of the great simplifications of the 
numerical test, a big improvement of efficiency (vertical force to 
drag force) was observed. The device angle was varied in the 
computational simulations to give that an optimum device angle 
exists for each boat speed. 

Vessel performance; stern device; interceptor; CFD (key words)  

I. INTRODUCTION 

In the following article is shown a part of the work 

developed by the authors in a funded R&D Project
1
. The article 

describes, in summary form, objectives and tasks developed in 

the project, as well as the results, conclusions, and perspectives 

that are most emphasized so that they may be made known.  

                                                           
1
 This study was funded by a project of R&D administrated by 

the Xunta de Galicia, Dirección Xeral de Investigación, 

Desenvlovemento e Innovación (2004-2007) 

The object of the Project is the design and development of a 

certain type of devices, named appendages aft, on some stern 

configurations with the aim to prove their hydrodynamic 

advantages.  

The hydrodynamic advantage has been done through the 

water flow interception by an adjustable appendage, or 

deflector, which protrudes, downwards, from the bottom of the 

hull aft. The effect of interception is applied to improve the 

performance of a fishing boat but could also be used in other 

planing, semi-planing or displacement boat with different 

lengths and weights. 

The project was developed through the following program 

of phases:  

• Phase 1: Technology foresight. 

• Phase 2: Design and development of devices 

• Phase 3: Sea trials. 

• Phase 4: CFD trials 

In the remainder of this article summarizes each of these 

phases of the project. 

II. TECHNOLOGY FORESIGHT 

The project has focused on the study of hydrodynamics at 

stern. In the case of ships with transom stern, we can find three 

types of flows (De Juan, 1993): 

1) Conventional dry transom stern flow, similar than the 

flow in ships with cruiser stern. The transom is above the 

waterline and does not affect significantly the flow aft. 

2) Dry transom stern flow (Figure 2), occurs in vessels 

with stern under waterline.  At a speed high enough so that 

the flow and the free surface separate from the hull in the 



edge between the transom and the bottom of the hull. In 

fact, the transom does not get wet. 

3) Dead water flow, occurs in low-speed submerged 

transom. Behind the transom there is turbulent flow. The 

fluid follows the hull, and not the rest of the flow. 

The formation of a flow or another depends on the hull 

shape, the draft in the transom and the speed. Sometimes they 

can combine different types of flow along the breadth in the 

transom. 

Hydrodynamic improvements can be achieved using stern 

appendages, therefore, it has been conducted a study of the 

state of the art of technology and trends in the use of these 

devices until 2007. We have focused on two types: 

- Stern Flaps (SFs) or Trim Tabs 

- Interception Devices (IDs)  

A. Stern Flaps 
SFs are well known appendages with a relatively small size 

that are constructed in the form of protruding aft plane at an 

angle as an extension of the lower surface of the hull. 

The most significant geometric parameters of a SF, shown 

in Figure 3 are: 

• Chord length (chord) 

• Size through the aft beam (span), and 

• Flap angle (angle), also known as Trailing Edge 

Down (TED). 

Other aspects of the design of a SF are: profile, variations 

in the thickness, agreement with the hull. 

 The objectives of the use of SFs are: 

- reduce operating costs and life cycle 

- save fuel 

- increase the speed of the boat 

- decrease the amount of pollutants emitted into the 

atmosphere  

 

The use of SFs has been addressed in studies like those of 

Cave (1993) and Cusanelli and Hundley (1999), to increase the 

efficiency of propulsion (fuel savings). In Cocklin (2000) is 

studied also the effect on the vertical accelerations of the bow, 

for a patrol with SFs ( 

 

Figure 1). 

All SFs, regardless of vessel size, generate a force behind 

the stern, change the trim and the pressure distribution on the 

back below the hull (Cusanelli et al., 1999). 

  In small planning boats, SFs can vary the trim angle 4 to 5 

degrees (Millward, 1976). This variation is the main cause of 

drag reduction in this type of ship hulls. In contrast, for 

displacement boats, SFs only affects the trim angle 0.1 to 0.3 

degrees (Salas et al., 2004), and this causes a small reduction in 

drag. 

 The main benefit in this type of vessel can be, in principle, 

due to interaction with the propulsion system, that is, the 

change of the flow induced around the propeller. This change 

in the flow field reduces the drag in the stern area and alters the 

wave resistance of the boat. 

The hydrodynamic effects due to the presence of SFs are 

still today under scientific discussion. The main hydrodynamic 

mechanisms have been studied extensively in the literature by 

Cusanelli (1996), Cusanelli and Karafiath (1997) and Cusanelli 

et al. (1999). These mechanisms can be summarized in: 

 
 

Figure 1. SFs used by [ ] Cocklin 

 

 

Figure 3. Features of a SF [Salas..] 

 
(a) 

 
(a) 

Figure 2. Schemes of dry transom stern flow, (a) sideview, Cheng 

(1990), (b) Saunders (1957) 



 

a) Modifications of flow at stern zone: main cause of 

increasing performance of displacement hulls. The 

increase in the pressure field causes a lift force that 

produces a positive component in the direction of 

motion of the boat. The SFs increase the speed of the 

outflow that results in a reduction of viscous drag 

pressure. 

b) Changes in the wave system: The flow around the 

stern zone is affected by the presence of mechanisms 

such as eddies, turbulence and generation of “white 

water”. A SF influences the stern flow by reducing the 

height, slope, break, and amount of “white water” in 

the trailing waves. Model experiments reveal a 

reduction in the height of the stern wave, both near-

field systems as distant. 

c) Lift forces and drag: The lift and drag increase as 

increasing the chord, span, TED, and draft. However, 

the beneficial interaction between hull and propeller 

reduces resistance to the propulsion of the vessel. The 

lift forces are greater than the drag in all speed 

conditions. 

d) Other important hydrodynamic effects are: increasing 

the length of the boat, beneficial interaction with the 

propulsion (load reduction, cavitations, vibration and 

noise), the reduction in draft and the trim change. The 

latter two are key mechanisms to optimize the 

performance of planning hulls. 

 

SFs might have the greatest effect on performance if taken 

into account their benefits at early stages in the design process. 

Recognizing SFs as part of the initial design would allow the 

selection and design of propulsion equipment for optimal 

performance. 

The application of SFs to large-displacement ships is a 

relatively recent innovation. An application that can be highly 

successful is in passenger ferry boats, large size. A stable 

displacement, almost constant, and a cruising speed of 

medium-low range (20 knots), makes these ships a very 

attractive application for optimization of SF. 

B. Interception Devices 
 The evolution of the stern appendages in the later years has 

lead to new contributions. The increase in size and 

performance of some large yachts has been accompanied by 

the development of innovative trimming systems (Deakin and 

Scarpone, 2009). Although its purpose is the same as the SFs, 

due to their characteristics, which stands out their smaller size, 

are being generating many versions in the present and seems to 

have very promising perspectives for the near future. 

The origin of these new trim systems can be found in the 

commercial offer for sectors such as fast ferries. When 

installing SFs, or trim tabs, on these boats difficulties often 

arise because. Typically there is limited space for large stern 

appendages. At the stern of these boats, often powered by 

water-jets, cannot easily install large metallic wedges and 

corresponding driving means to give them mobility. This 

forced several ferry builders to develop different trim systems. 

IDs were oriented for improving hydrodynamics of planning 

and semi-planning boats. 

They are based on the concept of intercepting the water 

flow under the hull, at the stern, by introducing a rigid plate of 

metal or other material. They have been known commercially 

in various forms, e.g., intruder, transom blade, but we will 

denominate them, generically as IDs. 

Its schematic representation is of a metal plate embedded 

vertically in the stern, covering a portion of the aft beam and its 

lower edge protruding vertically below the transom (Figure 4). 

 

Figure 4. Schematic side view of an ID 

 

In fact, the introduction of a vertical plate or sheet in water 

is not new. Some shipyards apply for many years, small aft 

vertical segments that create a drag which, in turn, drives up 

the stern hull. 

The effect of an ID is based on creating a virtual wedge 

under the stern. The protruding section below the transom 

causes an increase in local pressure with a dead water area in 

front of it. The aft flow is diverted when approaching this area 

of high pressure, thereby creating an effect of lift, similar to the 

one created by SFs. 

The SFs protrude rearward from the stern and are small in 

the direction of the breadth of the ship. IDs can be used on the 

full extent of the breadth aft and, in principle, with any type of 

propulsion. IDs can be moved up and down through an actuator 

to adjust and divert the flow optimally for each speed and, 

normally, both weight and power required are only one tenth of 

an equivalent SF installation. 

Additional benefits offered relate to the formation of the 

stern wave and the wake (Kandasamy et al., 2009) which are 

created further away from the stern and more smoothly than in 

the case of the traditional SFs. The importance of the effect 

depends on the penetration of the device into the water 



(Osborne et al., 2007) and is, in this context, where tests have 

been performed on the device object of this article. 

From Figure 5 it is found clearly that the vertical height of 

the SF that protrudes bellow the hull is higher than the one of 

the ID. The interception of the water flow generates a large 

dynamic lift on the bottom of the hull at the stern. This, results 

in a reduction of resistance in the planing speed as can be seen 

in Figure 6, which represents the resistance versus the ship 

speed in three different positions of an ID. 

 

 

Figure 5. Comparison of stern flow and force diagrams between SF and ID  

In Figure 6 is represented the variation of resistance versus 

ship speed at two positions of deployment (h1 and h2) and 

without it (h0). It can be seen the faster increase of the 

resistance at high speeds when is there interception, than when 

there is not. 

 

 

 

 

 

 

 

 

 

Figure 6.  Curves of resistance versus ship speed for three states of extension of 

an ID 

After analyzing the two appendages at the stern, a detailed 

comparison can be made. 

C. Comparison between SFs and IDs 
The individual study of each appendage reveals the 

opportunity of replacing SFs by IDs for an effective use in a 

wide range of boats. Main reasons are their reduced weight and 

consumption, coupled with use of lighter drive means and the 

use of control and supervision device systems. Besides these 

clear reasons, it can be made a detailed comparison between 

both, in order to establish in which cases may be preferable one 

or the other  

The advantages of the IDs with respect to the SFs are:   

• Less resistance for the same amount of lift, this means 

speed optimization. 

• Faster dynamic response for the pitch and roll 

damping.  

• No protruding from the stern, so no problems with the 

return flow of water from water jets.  

• Can be constructed in materials to prevent corrosion, 

e.g., composite type.  

• Use of electric drive means, which reduce the 

problems of mechanical or hydraulic ones. 

  

Therefore IDs are a good alternative to the SFs, in special 

circumstances, e.g.: 

 

• When not needed a big lift force. 

• When the area of the flap is restricted by the layout of 

the aft  

• When weight is a critical parameter, and/or 

longitudinal Centre of Gravity (LCG) cannot move 

further aft.  

• When the hull shape is such that the return current of 

the hydro jets does not affect the transom  

 

Although the IDs do not give as much lift as the SFs, they 

have the advantage of low manufacturing cost, operation and 

maintenance, given its design simplicity and low power 

required for operation. Table 1 compares the SFs with IDs over 

several parameters, with the aim for controlling movements 

and improving vessel performance. 

TABLE I.  COMPARISION BETWEEN SFS AND IDS 

Parameters SFs IDs 

Maximum lift developed High Low 

Hull resistance / optimal trimming Good Good 

weight High Low 

installation Difficult Easy 

cost High Low 

maintenance Complicated Easy 



Parameters SFs IDs 

Damage due to floating objects Low risk High risk 

Reference given by users Many Few 

 

IDs can replace conventional SFs in a number of situations. 

Respond faster than the SFs and the drag is lower so the 

performance is better. In all cases the increase in drag due to 

flow of water intercepted is compensated amply with improved 

stability of the ship. 

The results of the study shows, therefore, a variety of 

situations depending on the stern appendage used. 

Technologies have been analysed, from the most mature, such 

as the SFs, to others, with very promising prospects for its 

development, such as those represented by IDs, as it has been 

since 2007. 

Despite the advantages, there are also drawbacks to 

widespread use. One of the key problems is to adapt to any 

size, type of vessel, hull and stern forms. Every boat needs a 

study of the hull and the design and development of the 

optimal appendage that meets particular functional 

requirements. 

Conventional SFs, designed with parallel sides and straight 

from head to tail, have their limitations and would be 

unfavourable for certain cases, such as rounded stern. This type 

of problem has been addressed partially, through the use of 

separate modular units adapted to simple geometries and easy 

installations. Examples of these products are the trim dynamic 

control systems, marketed under different names represent 

essentially the same concept, with certain variations in terms of 

automation and optimisation. 

Trim optimisation is, therefore, one of the key objectives of 

these devices, and, obviously, of the project on which this 

article is based. 

III. DESIGN AND DEVELOPMENT OF DEVICES. 

An Interceptor must incorporate some mechanical and 

measurement components, whose functioning should be tested 

in the trials at the boat. This indicates the need for a series of 

complementary components, above all of control and safety. 

For this reason, we must therefore analyse the projected 

components from different points of view: 

• In order to evaluate the final functionality, that is to 

say, improvement of the dynamic conditions of the 

vessel, an installable mobile device is required. 

• From the point of view of the adaptability of the 

control of the device´s positioning, it must be 

moveable and adjustable in certain dimensions that 

permit the assessment of the stern´s behaviour in 

relation to its position. 

• To examine the device’s effect on the vessel's 

dynamics, appropriate technical solutions for 

measuring parameters, e.g., speed, revolutions, trim 

angle, must be set. 

  

The project´s prospects are translated into practical 

objectives for the development of such devices, and which their 

use may lead to:  

• save energy 

• increase in vessel's speed 

• improve of stability 

 

The last objectives involved in carrying out the project are 

based on:  

a) Development of the engineering and transfer of the 

results 

b) Integration and/or manufacturing of the control 

systems and the hydrodynamic appendages   

A. Development Methodology 
The project includes the research and development phases 

necessary to determine the conditions that the device must 

meet for its construction, installation, and testing with the 

objective of evaluating its behaviour while in use. For this 

reason, a methodology is followed that allows the 

development, construction, and installation of the prototypes, 

in this way establishing the hydrodynamic tests necessary for 

its validation. 

The results of the technological prospection that were 

carried out have been kept in mind, in order to justify the 

viability of the designs. 

Starting from the existing developments, analyzed in Phase 

I, design alternatives are studied depending on the different 

stern configurations, and advantages and drawbacks are taken 

into account, all in order to find a justified solution that can be 

used. 

Owing to the different shapes, sizes, and number of the ship 

hulls. A device with a single realization cannot hold for all 

configurations of the stern. In order to overcome this issue a 

parametric modular design process is followed, by which basic 

elements and necessary modules are conceived to configuration 

devices with preferred realizations. Moreover, integration of 

means provided some beneficial function or necessary 

elements for mounting at stern, because of the variability of 

shapes, size and number. Thus, we arrive at the development of 

a preferred device for each type of vessel.  

The design and development phases are shown, describing 

the device elements, as well as materials, fixations and 

installation, and other additional means of its preferred 

realizations and alternatives, making reference to the drawings 

and design specifications that define them. 

Anyway, one of the factors that are most limiting to any 

R&D project in the naval area is the lack of basic measures that 

are necessary for the investigation, i.e., the reduced availability, 

or even complete lack, of ships for use in carrying out the tests 

at sea and the cost/validity ratio of the trials in the test canal 

boats, scaled to real or with models. This will force to use 



methodologies and techniques for R&D that are tailored to the 

project´s conditions, such as the FEM and CFD studies, which 

minimizes the use of tedious tests, but which permit the 

determination of the viability or feasibility of the designs and 

constructed prototypes.  

B. ID for a stern of cruise type or round. 
The first design of a hydrodynamic device such 

characteristics was conducted in a rounded stern vessel. The 

design of the device was performed under a hybrid concept 

between a SF and an ID. 

This proposal design has a dual requirement: 

a) Should serve as a conventional SF 

b) Testing the new system, with greater design risk.  

In any case the possibility of functioning as both types of 

system reduces the technical risk of using only one of them. 

The system allows trimming between angles of -10 ° to 90 °. In 

this latter position is functioning as an ID 

 

 

Figure 7. Design lines from de round stern device 

 

The system design required the complete reproduction of 

the hull, propeller and rudder, as the basis for a precise study of 

the new element and the interferences. 

 

 

 

 

Figure 8. 3D image of a rounded stern device (assembly at boat). 

The modelling of the ship was made in 3D from graphics 

and drawings from drawings in paper of the original project, 

allowing the optimal design of three key components, the 

support base, SF-ID and the actuators. 

Simultaneously to the design phase, the stresses and 

deformations to which the  deflector module is subjected were 

estimated applying FEA. 

 

 

Figure 9. FEA applied to a deflector module of a round stern ID 

 

After the design process, we obtain the drawings and CNC 

programs to make moulds and components with adequate 

precision to make a quick and simple assembly during the 

annual maintenance of the ship. 

C. ID for a ship with a transom 
The control system developed for this case is adapted, 

based on previous designs for round sterns, in order to achieve 

the least impact on the finished products, which explains its 

withdrawal once the tests at sea are finished. It comes, in any 

case, from a hull design that is not adapted for the equipment. 
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Figure 10. Detail of an ID for a ship with a stern (fixation and interception 

modules)  

 

The ID has a mobile module that acts as mechanism for the 

adjustment of the depth of the plate (Figure 10). The control 

component is based on a PLC which will register also other 

parameters as the ship speed and the consumptions. Fixation 

module consists in a support on the transom. The mobile 

module can be regulated by a drive of a 12V electric linear 

actuator with remote regulation through a PLC. The PLC (see 

control panel in Figure 11) also allows the register, by 

measuring the movement of the tide, to take the speed 

measures of the vessel, as can be observed in the figure xx of 

the control interface of the laptop. 

 

Figure 11. Control Panel of the PLC 

 

IV. SEA TRIALS. 

One of the keys for complete naval project development is 

the performance of tests at sea. These tests require the 

agreement with the shipyard, the ship designer, and the owner 

of the boat, owing basically to the reticence with respect to the 

R&D of its products. 

The tests were carried out using a vessel with the following 

characteristics: 

• Type of Vessel: versatile fishing boat 

• Total Length: 8,95 m 

• Arm: 3,40 m 

• Fuel: diesel stored below the ship´s hull 

• Construction Material: marine aluminium 

• Stern: transom stern 

 

The conditions under which the tests were carried out were: 

• In free space 

• Without the dragging of nets 

• Calm sea (located in an estuary) 

• Wind less than 2 knots 

• Measured parameters : speed and trim angle 

 

(a) 

(b) 

Figure 12. curves of trials at sea. Reflect positions of the interceptor 

component wit (a) speed/rpm, (b) trim/rpm 



From the sea trials carried out and the observation of the 

results, follows: 

• Speed increments in all of the speed ranges where 

observed 

• The existence of an initial crest of the drastic trim 

angle at 2400 rpm, which was improved by the 

activation of the appendage in any amount or angle. 

This effect is very important now that the semi-

planning boats entail a lessened navigation effort, 

which corresponds, along with a greater speed, to any 

propulsion that was assessed in the tests. 

• At full speed (2600 rpm), the increments decrease to 

close to 1 knot. 

• The effect on the vessel´s trim improves, getting 

reduced, in the best of cases, to 4.5 degrees, as opposed 

to the 8 degrees without deflector. 

 

A well-suited combination of angles and heights improves 

the effects on the navigation speed and on the trim angle. 

The result of the data analysis from the tests allows us to 

infer that the suited values for each navigation condition, 

preferably of speed, angle of incidence, and height of the 

appendix, is not fixed for all of the speeds nor for the load 

which is placed on the stern, which allows future development 

towards expert systems that correct the design values and gives 

them room for improvement. 

For another part, the results open the discussion about the 

use of different types of hydrodynamics appendices, flaps, 

deflectors, etc., by new forms, applications and control and 

optimization of its functioning parameters. All of this, added to 

the large quantity of variables that must be kept in mind for the 

design in each case, makes it necessary to carry out virtual 

practice sessions through the CDF technique, together with the 

application of design technologies such as DFX, AMFEC, etc, 

that focus in on the problem and reduce its complexity. 

V. A SIMPLIFIED CFD MODEL 

In order to understand the improvements observed in the 

sea experiences, a preliminary CFD simulation with FLUENT 

has been carried out. The simplified geometry of the 

computational simulation consisted in a box formed by an 

actuator disk, that emulates the wake after the fan, the rear part 

of the stern under the water, that includes the new device, and 

the water that surrounds the vessel, as can be seen in figure 1. 

Different device configurations were used to obtain the 

computed efficiency as a function of the device angle. Due to 

the great computational cost of deformed free surfaces, a non 

deformable plane was imposed to represent the free water 

surface. 

 

 

A. Geometry and equations used 
The computational domain was meshed to obtain an 

unstructured grid formed by nearly one million of tetrahedral 

elements. The software used to solve the time averaged Navier-

Stokes equations was FLUENT, coupled to the RANS 

turbulence model k-ε RNG. Standard wall functions were used 

to minimize computational effort. Appropriated boundary 

conditions were used to represent the moving water relative to 

the vessel, including symmetry conditions for the lateral 

boundaries.  

 

Figure 13. Sketch of the boundary regions and computational domain used to 

solved the simplified CFD model 

B. Numeric  Results 
To analyze the efficiency of the new device four different 

angles of the stern device with the vertical position were 

considered: 68º, 45º, 23º and 0º, where 0º represents the device 

completely vertical.  

Figure 2 shows the path lines below the stern when the 

new device is not present and the flux remains parallel to the 

stern shape while figure 3 shows the path lines below the stern 

when the new device is present. Deflection of the flux 

downwards below the device can be observed in comparison 

to the case when the new device is not present (figure 2). This 

fact provokes an increment of the vertical force over the ship 

stern. To quantify this effect, and consequently the efficiency 

of the new device, lift to drag forces, L/D, over the stern piece 

contained in the CFD geometry was computed as a function of 

the stern angle. Results are shown in Table I, where a 

maximum efficiency is obtained for angles around 23 º. 

  



 

 

Figure 14. Path lines below the stern when the new stern device is not 

present 

 

 

 

Figure 15. Path lines below the stern when the new stern device is present. 

Deflection of the flux below the device can be observed in comparison to the 
previous case (Figure 14). 

 

TABLE II.  SUMMARY OF CFD RESULTS 

 

C. Conclusions of CFD Results 
Even for this “toy” model, numerical results prove the big 

efficiency increment that can be achieve due to the use of this 

stern devices. Besides, numeric results indicate that the vertical 

position in not always the more recommendable one and far 

more study has to be done to obtain the optimum position (that 

means height and inclination) of the new device. 
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CFD Test No device Angle 68º Angle 45º Angle 23º Angle 0º 

L/D      -0.1      0.756    1.2492    1.3523     1.28 

  


