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Abstract: Small water-plane area twin hull (SWATH) vessels have distinct geometric features to give them sea-

friendliness characteristics. The assessment of the basic characteristics through re-design and assessment are 

important evolutionary investigations to obtain a good hydrodynamic design. A case study is presented here 

using a commercial code namely, STAR CCM+ to simulate the steady speed and obtain the kinematics as well 

as the drag. A study of this kind has value only when necessary validation is performed. For this purpose a scale 

model has been chosen and towing tank tests have been conducted to independently obtain the flow wave 

pattern and also the very important characteristic of drag through physical measurement. The computationally 

obtained values are compared with experimentally measured drag values and presented here. The paper 

therefore establishes the validation of a numerical approach along with details of the numerical modelling 

scheme. An additional important characteristic of the SWATH form is that because of the low exciting forces 

associated with heave and pitch, these motions can be controlled by the use of active fins and to a significant 

extent by the use of passive fins. 
 

Keywords:  CFD, Drag, Flow kinematics, RANS, SWATH 

 

I. Introduction  
The standard mono-hull ship is very old concept and some deficiencies have been noticed and confirmed in 

terms of stability of ship in rough sea condition. One of the major problems is inability to operate on rough seas 

with high performance or even inability, for certain designs, to operate at all. Modern demands on naval ships 

require that they should have broad capabilities, not only for survey and war operations, but also for control of 

the sea transport, repression of goods as well as other capabilities like participation in rescue missions and 

pollution prevention. These requirements condition some new design solutions for ability to perform various 

duties on rough seas as well as larger deck space for the installation of various equipment necessary for diverse 

operations and/or even modular deck parts.  
The multihull concept has been suggested as a potential solution. The SWATH concept has been proposed as a 

solution, Small Water-plane Area Twin Hull (SWATH) ship originated as an inspiration from the form of semi-

submersibles with their characteristic submerged pontoon hulls and prismatic support legs with relatively small 

water plane area. SWATHs have been in existence for more than the last three decades. It consists of a pair of 

lower hulls, which are connected to the upper platform by single or twin strut. It has small water-plane at a 

designed draft, which results in longer natural periods and reduced buoyancy force changes. As a result of the 

geometry, SWATH ships have a remarkably stable platform configuration which is highly attractive for science 

and engineering operations at sea. The SWATH vessel has some disadvantages like, reduced damping and 

restoring forces in pitch and heave. Hence introduction of passive and active control devices can help to control 

the pitch and heave amplitude, rate and acceleration of the motion as well as some of the associated dynamic 

effects .Any pay-offs due to the introduction of such devices must also be analysed. Possible effects are like 

increased drag leading to extra power requirement, induced wave interaction effects between the two hulls etc. 
II. Geometry and test condition 

Simulations were carried out on the SWATH 10 vessel [4]; the geometric form and fin data are given in Fig. 1 

and summarized in Table1.In the first simulation, the model is free in all degrees of freedom in forward speed 

condition in the Froude number range 0.12 to 0.36 for the bare hull. In the next simulation, augmentation of 

drag is analyzed due to presence of fins for the Fn = 0.25, when ship is free in all degrees of freedom for with 

and without canard fin and aft fin. For simulating stabilizer fin action, the aft fin angle is fixed at -15
0
.   
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III. Computational and experimental analysis 
3.1 Computational analysis  

Numerical solution of any fluid dynamics problem involves solution of conservation of equations of fluid 

motion, namely the mass and momentum conservation equations. The momentum conservation equations, also 

known as Navier-Stokes equations, lead to RANS equations by time averaging procedure. For an unsteady 

incompressible flow, the continuity and Navier-Stokes equations can be written as: 
 

 
 

3.2  Body equation of motion 
The motion of rigid body is governed by the conservation linear and angular momentum which is given as: 

 
3.3 Domain, grid and boundary conditions  
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The computational domain around the hull is shown in Fig. 2 where velocity inlet is at 1L from bow, pressure 

outlet is at 5L from stern, exterior boundaries are at 1.5 L from starboard and port sidewall of hull and the 

bottom boundary is at 1.5L from the base line keel of hull. Here, hull x - axis is aligned to x - axis of earth 

coordinate system. 

 
Fig.2: Domain detail 

 
The boundary conditions used for computational analysis are mentioned below in Table 2 
 

 
The domain is divided into three regions for grid generation, these regions differ in terms of the size of the cells 

and the associated growth ratio of the cell heights perpendicular to the surface of interest. The meshing uses 

unstructured grid created by means of mesh generation tools of Star CCM+. The fluid volume in the 

computational domain surrounding the hull is discretized by employing a hybrid grid approach. Predominantly 

hexahedral cells are used; polyhedral cells are used next to the hull surfaces to best capture their curvature. At 

the free surface, the volume grid is clustered to capture the high flow gradients and free surface deformation 

prism layers are provided to capture flow properties near boundary of the vessel. The volume mesh or grids 

around the hull and volume mesh on hull are shown in Fig.3 and 4 

 
 

 
Grid independence study has been performed to give stability of results for the smaller use of cells used. 

Different parameters are picked obtained from CFD and data were also compared to perform the grid 
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independent study. Stability of results was obtained with the use of 2.1 million cells and also with comparisons 

with the experiments for bare hull and 2.5 million for hull with fins. The comparative values of the bare hull 

shown in Fig.5 
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Fig.5: Grid independent study for bare hull 

 
IV. Experimental setup for drag analysis 

The numerical modelling and simulation involve the interaction of canard fin and aft fin respectively 

with the hull form geometry. It is necessary to validate the values of hull Drag prediction in forward speed 

condition in calm water condition. To complete the validation, experimental studies have been carried out 

Towing tests to obtain Drag and flow kinematics. The model for the physical test is prepared, and the Drag tests 

are performed according to Froude law of scaling at the Towing Tank facility, Indian Institute of Technology, 

Madras according to the International Towing Tank Conference (ITTC) recommendations. The procedure 

followed is the ITTC 78 prediction method. The tank dimensions are 82.0m × 3.2m × 2.8m (water depth) and 

the maximum towing carriage speed is 4m/s. The towing carriage is equipped with fully automatic speed control 

using closed-loop feedback control system for the synchronized drive motors of its four wheels. 
 
4.1  Model preparation 
The FRP hull of the vessel model is manufactured to the geometric scale according to the ITTC recommended 

procedures. The model is marked with the frame number and water lines as per the lines plan drawings. The 

ballast weights are distributed inside the hull to achieve even keel floating position, as is the case, or to the 

required trim condition, without heel by visually inspecting and ensuring that the waterline of the floating model 

matches with the corresponding draft line drawn on the hull. A tow point is fixed to the base inside the hull at 
approximately mid-ship location, on the centre line, to connect the towrope that transmits the hull drag force to 

the load cell through a pair of pulleys. 
 
4.2 Instrumentation 
The dynamic force of the towed model is measured using a beam type load cell. The load cell used is of nominal 

rated load 50kg (≈500N of force), it is calibrated for the measurement range, and the data is keyed into software 

(Catman). The calibration curve for the load cell is given in Fig. 6. 
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Fig.6: Load cell calibration 

 

4.3 Drag test procedure  

The model is fixed to the towing carriage and held with a brake in the condition while the carriage is at rest, 

accelerating phase or reversing after a run. The model is connected to the carriage and towed in such a way that 

during the test, when the brake holding the model is released, it is free to take its natural trim and heave attitude 

while the carriage tows the model along the centreline without any drift or sway. The recorded data of the 

measured force for each run is processed to obtain the average tow force value by selecting the data window for 

the constant speed, duration of the time series plot corresponding to the particular speed. Fig. 7 shows an 

experimental facility and setup for Drag test. The experiments are performed for the forward speed ranges for 

Fn = 0.12 to 0.36. 

 
Fig.7: Experimental setup for drag test 

 

 
Fig.8: Flow pattern freeze shot around the hull from experiment and numerical simulation result from CFD. 

Flow kinematics are captured very well in the numerical model. 
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V. Results and discussion 
Fig. 8 shows the flow pattern around hull during the run when the model is running for 1.45 m/s (Fn = 0.36). 

Flow pattern obtained from experiment shows matching reproduction of the wave pattern around the hull in the 

numerical simulation. It is also noteworthy that the pattern of total Drag coefficient is very well captured with a 

rising peak at Fn = 0.31 and a subsequent reduction. The magnitudes do not match exactly however; the trends 

are captured very well. See Fig. 9. 
 

 
Fig.9: Drag coefficient of un-appended hull for        Fig.10: Experimental setup with fins attached to           

                                 hull different speed 
 

Fig. 10 shows the experimental setup for drag test of model with fins attached to it. Canard fin angle was set to 

0
0
, 10

0
 and 20

0
 and experiments were conducted to obtain the Drag values. These were compared with results 

from numerical simulations. For Fn = 0.25, the results on model scale are directly compared in Fig. 11 as non-

dimensional drag coefficient. The fins obviously contribute significantly to the drag of the vessel. 
 

 
Fig.11: Drag coefficient of hull for different canard fin angle (Fn = 0.25) 

 
VI. Conclusion 

The study validates the application of numerical method in predicting the drag as well as kinematic 

aspects of a SWATH vessel. The study has been extended to quantify the influence of canard and aft fins which 

are useful in bringing down the motion characteristics in waves. The increase in drag due to the fins has been 

quantified and presented. The numerical approach is very useful to establish the drag characteristics in the initial 

design stage. 
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