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Abstract 

Investigation of a ship towing system performance in waves incorporated with an asymmetrical towline configuration is necessarily to 

be studied to ensure a towing safety of navigation. To achieve the objective, this paper presents the ship towing motion performance in 

waves using Computational Fluid Dynamic (CFD) approach. Here, the heave and pitch motions of the towed ship so-called barge has 

been analysed, where several effects of the towing angle and towing speeds have been taken into account. In the calm water condition, 

the results revealed that the increase of tow angle was proportional with the sufficient reduction of the sway amplitude motion and 

inversely proportional to her yaw motion. The increase of the asymmetrical tow angle, however, has led to increase her sway motion 

amplitude in wave condition and conversely reduced the tow speed increased. In addition to the pitch motion characteristic, it 

subsequently increased by 12.1% as the tow angle raised from 25° to 35°; meanwhile the pitch motion of barge has by 10.2% as the 

tow speed increased from 0.655 m/s to 0.728 m/s. This CFD simulation is very useful as the preliminary prediction on the heave and 

pitch motion characteristics ensure a safety navigation of a towed ship in waves 
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1. Introduction 

Ensuring a safety ship navigation is very crucial to 

avoid any negative impact during towing of barge such as 

collision with other ship or onshore structure. The towing 

instability in term of large heave and pitch motion may 

occur when the towing of ship exposed to various sea 

conditions such as wave and wind.  Therefore, it is 

necessary for the barge to keep at steady state for its 

safety during towing [1] since it do not equipped with 

active surface control to keep it stable [2].  

Several researchers had investigated on the ship 

towing system configuration of towline model. The study 

shows that the asymmetrical bridle towline configuration 

[3, 4] has better course stability compared to single [2] 

[5, 6] and symmetrical bridle towline model [3, 7-8]. 

These course stability of barge had focused on the sway 

and yaw motion of barge. [9, 10] had predicting the 

course stability of barge by considering the 

hydrodynamic forces acting on it. However, the motion 

characteristic of barge is also important to ensure its 

safety navigation in waves [11]. The external factor such 

as waves had significant effect on the course stability of 

towing system, thus can affect the crew safety [12] and 

harm goods on board. Few researchers had researched on 

seakeeping of ship in waves such as [12-15] while [16] 

had focused more on ship towing in various wave 

conditions.  

Few research methods had been used to investigate 

the heaving and pitching motion of ship in waves. Those 

includes numerical approach by [16, 17] who studied the 

seakeeping of ship in waves while [18, 19] use the 

experimental approach. [20] had investigating the heave 

and pitch motion of structure using experimental 

approach before simulating the seakeeping analysis by 

using Computational Fluid Dynamics (CFD). CFD is a 

reliable and practical tool to solve maritime problem such 

as ship towing, seakeeping and analysing the ship 

resistance. There are researchers such as those in  [8, 13, 

21, 22], [1, 3, 23, 24] that have been using the CFD since 

it can capture the hydrodynamic force and non-linear 

phenomenon during the simulation [1, 9]. 

This paper proposes an analysis on heave and pitch 

motion of a towed ship in wave using an asymmetrical 

bridle towline model by using CFD. The CFD software 

give more advantages compared to numerical and 

analytical method as it can capture the non-linear 

phenomenon during the computation. Besides, it also 

reduces the computation time and provides more accurate 

results. Tow angle and tow speed of the barge are taken 

into account during the simulation to investigate the 

heave and pitch motion of barge using asymmetrical 

bridle towline configuration. 
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2. Governing Equation 

FAVOR technique has been applied in Flow3D 

simulation. In this technique, the computational domain 

can have multiple moving object which must be in term 

of solid with no porosity. The tug and barge are both 

moving object which allow it to be in the same 

computational domain. Besides, the FAVOR technique 

treats the complex geometries very efficiently.  

A body system (x, y, z) has been set up for each 

moving object where the coordinate axes parallel with 

the space system at time=0. The origin of the six ° of 

freedom (6DOF) objects have been set up at the object 

mass center, G. the coordinate transformation between 

space system (x,y,z) and body system (x’, y’, z’) is  

 s b Gx R x x=  +   (1)         

where   and   are position vectors of a point in space 

and body systems, respectively, Gx is position vector of 

the mass center in space system, and  is an orthogonal 

transformation tensor,  
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where and is the Kronecker δ symbol. It 

is a property of [R] that its inverse and transposed 

matrices are identical. For a space vector Ar, the 

transformation between the space and body systems is  

 s bA R A=   (3) 

where and  denote the A expressions in space and 

body systems, respectively. [R] is calculated by solving 
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and Ω
x
, Ω

y 
and Ω

z 
are the x-, y- and z-components of the 

angular velocity of the object in space system, 

respectively. 

FLOW-3D solves Navier-stokes type equations 

embedded with various turbulence models.  This 

simulation used the RNG turbulence model since it 

consider the low Reynold number effects. [25-27]. 

Applying the double averaging strategy to the transport 

equations for TKE and its dissipation rate produces the 

turbulence model for the flow.  The resulting equations 

are: 
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where  is the shear production term of TKE, 

 is the modulus of the mean rate of strain 

tensor and 
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,  is the buoyant 

production term of TKE,  is the wake production tern 

of TKE,  is the wake production term in  and  

are the turbulent Prandtl numbers for  and , and , 

 and  are model coefficients. 

Stokes and Cnoidal wave generator (Fourier Series 

Method) is used since it both provides higher-order 

accuracy. The wave speed c and the angular wave 

frequency are related to other parameters as 

c
T


=  (10) 

2
ck

T


 = =  (11) 

where: 

• λ is the wavelength, 

• k is the wave number, 
2

k



=   

• T is the wave period. 

Table 1. Barge dimension 

Description Dimension 

Length l,(m) 1.221 

Breadth b, (m) 0.213 

Draft d, (m) 0.0548 

Volume V,(m3) 0.02634 

L/B 2.86 

Block coefficient Cb 0.92 
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(a) Barge model 

 

b) Barge body plan 
 

Figure 1. Barge model and body plan used in CFD simulation 

 

Figure 2. Simulation condition of barge 

Table 2. Barge’s towing parameter in various tow angle 

Tow angle Wavelength (λ/Lpp) Tow speed (m/s) 

5° 

1.0 0.509 
15° 

25° 

35° 

Table 3. Barge’s towing parameter in various tow speed  

Tow speed (m/s) Wavelength (λ/Lpp) Tow angle 

0.509 

 

1.0 

 

25° 

0.582 

0.655 

0.728 

3. Simulation Condition 

3.1. Principle data of ship 

The dimension of the barge is presented in Table 1 

while the barge model used in the CFD simulation is 

shown in Fig.1.  

3.2. Simulation parameters 

 Figure 2 shows the towing condition of the towed 

barge. The tug is replaced with the sphere body by using 

similar characteristics of tug to reduce the computational 

time during simulation. The simulation parameters used 

in this analysis are shown in Table 2 and 3. The tow 

angle used are 5°, 15°, 25° and 35° with tow speed 0.509 

m/s, 0.582 m/s, 0.655 m/s and 0.728 m/s. The wavelength 

(λ/Lpp) used is 1.0 L in constant wave height at 0.03m. 

3.3. Computational domain and meshing generation 

The computational domain of the barge associated 

with the number of meshing cell in the CFD. The total 

number of cells used in the simulation is 1 million cells. 

Referring to Fig.3, the boundary conditions are mark in 

the mesh blocks. For mesh block 1, the boundary 

condition at X-max boundary is defined by wave to allow 

the wave to enter the boundary. The velocity used in the 

simulation is constant by 0.509 m/s for the sphere model. 

X-min, Y-max and Y-min is defined by outflow 

boundary to absorb the wave motion which will reduce 

the reflection from the boundary while Z-min using 

symmetry boundary which it applies zero-gradient 

condition at the boundary and Z-max using specified 

pressure to create a uniform pressure in the boundary. All 

mesh boundary for mesh block 2 are defined by 

symmetry. The boundary conditions for this simulation 

are as shown in Table 4 and Fig.3(a). The meshing 

scheme is also shown in Fig.3(b).    

The barge is coupled through a towline. Sphere model 

which acted as the tow ship is assigned as prescribed 

motion while barge as towed ship is set as coupled 

motion in X translational, Y translational and Z rotational 

motions (surge, sway and yaw as this simulation is 

considering 3 degree of freedom. The towline is set as 

mooring line characteristic with spring coefficient of 

7.347 kg/s2. 

Based on the applications of FLOW3D v11.0.4, the 

average duration of every simulation was about 70-80 

hours (4 parallel computations) on a HP Z820 

workstation PC with processor Intel (R) Xeon (R) CPU 

ES-2690 v2 @ 3.00 GHz (2 processors) associated with 

the installed memory of 32.0 GB and 64-bit Operating 

System. 

Table 4. Boundary Conditions 

Boundary Mesh block 1 Mesh block 1 

Xmin Wave Symmetry 

Xmax Outflow Symmetry 

Ymin Outflow Symmetry 

Ymax Outflow Symmetry 

Zmin Symmetry Symmetry 

Zmax Specified pressure Symmetry 

 

 

a) Boundary condition 
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b) Meshing generation 

Figure 3. Boundary condition (a), and meshing generation (b) of barge 

 

Figure 4. Effect of sway motion using single towline (0°) and 

asymmetrical bridle towline (25°) 

3.4. Analysis of results of tow angle 0° and 25° 

Applying asymmetrical bridle towline configuration 

during towing will reduce the sway motion of the towed 

ship. Figure 4 shows the sway motion graph of tow angle 

0° and 25°. 

Comparing this asymmetrical bridle towline 

configuration and straight tow (0° of the tow angle), the 

results show significant different of the slewing motion 

of barge. this can be proven by the researches from [3] 

[4] who stated that the increase of tow angle had reduce 

the slewing motion of barge. Even though their research 

is in calm water, the results of the sway motion show 

similar trend when the barge is towing in waves. The 

simulation of tow angle 0° and 25° had been run to prove 

that the theory that the increase of tow angle had reduce 

the slewing motion of barge. 

4. Results and Discussions 

4.1. Effect of tow angle on heave and pitch motions of 

barge 

The simulation of heave and pitch motion on 

asymmetrical bridle towline configuration has been done 

by using CFD. The simulation result is presented along 

with the effect of sway, heave, pitch, yaw and towline 

tension of barge. Figure 5 shows the results of the sway, 

heave, pitch, yaw and towline tension of barge during 

towing in waves. 

The average sway motion amplitude of barge has 

decreased as the tow angle increases from 5° to 35°. It 

should be noted here that the barge has the higher sway 

motion amplitude of 0.31 m at the tow angle of 5° as 

compared to the larger tow angles. This can be validated 

by the research from [3] who stated that the increase of 

tow angle has decreased the sway motion of barge. In 

addition, the heave motion amplitude of barge has 

decreased as the tow angle increases. Here, the results 

show that the maximum decrement of heave motion 

occurred when the tow angle subsequently increases from 

15° up to 25°. Besides, the average yaw motion of barge 

also increased as the tow angle increase from 15° to 35°. 

The significant increase of the average yaw motion of the 

barge by 32.4% occurred as the tow angle increased from 

15° to 25°.  

Referring to Fig.6, the CFD visualization has been 

presented in the form of the wave fluid elevation of fluid 

at various tow angles. Here, the ratio of λ/Lpp has been 

constant of 1.0. As seen, the increase of the tow angle 

resulted in the higher wave crest (red color) at the barge’s 

port. This means that the pressure at the port side 

increased. Consequently, the resistance of barge 

increases, which inherently resulted in the increment of 

the towline tension as the tow angle subsequently 

increases up to 35°. 

4.2. Effect of tow speed on heave and pitch of barge 

As seen in Fig.7, the effect of the tow speed on the 

sway, heave, pitch and yaw motions of barge 

incorporated with the asymmetrical bridle towline model 

have been analysed. The results showed that the sway 

motion amplitude of the barge has led to be steady at the 

tow angle of 25°. Besides, the yaw motion has gradually 

decreased, where the maximum reduction of the sway 

motion amplitude of the barge by 5.4% as the tow speed 

increases from 0.582 m/s to 0.655 m/s. Meanwhile, the 

heave and pitch motion amplitudes of the barge has 

decreased by 2.26% and 10.2%, respectively, as the tow 

speed increased from 0.655 m/s to 0.728 m/s. Referring 

to the results, the magnitude of the towline tension has 

proportionally increased with respect the increase of the 

tow speed, where its maximum increment of 19.54% 

occurred as the tow speed increased from 0.509 m/s to 

0.582 m/s.  
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Figure 5. Effect of sway, heave, pitch, yaw and towline tension in various tow angle at constant tow speed 0.509 m/s 

 

 

 

 

Figure 6. CFD visualisation of various tow angle in wavelength, λ/Lpp =1.0 at constant tow speed 0.509 m/s 
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Figure 7. Effect of surge, sway, heave, pitch and towline tension in various tow speed at constant tow angle 25° 

 

 

Figure 8. CFD visualisation of various tow speed in wavelength, λ/Lpp =1.0 at at constant tow angle 25  

 

Figure 8 shows the CFD visualisation of the barge 

during simulation at various tow speeds. The wave crest 

(red color) of the barge’s bow increased as the tow speed 

increased from 0.509 m/s to 0.728 m/s. This is due to 

higher resistance (see Figure 7) which predominantly 

caused by the increase of pressure at the bow. As a result, 

this hydrodynamic phenomenon has resulted in the 

increase of towline tension to tow the barge during 

towing. 

5. Conclusion 

The analysis of heave and pitch motion of the towed 

ship incorporated with the asymmetrical bridle towline 

model has been carried out using the Computational 

Fluid Dynamic approach. Here, the effect of the tow 

angle and tow speed on the performance of the heave and 

pitch motions of the barge have been taken into account 
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at a wide range of tow angles and tow speeds. Several 

simulation results have been concluded as follows; 

• The characteristics of the sway and yaw motion 

amplitude of the barge in waves have seemed with in 

calm water condition.  

• In addition to heave and pitch motions of the barge 

has decreased by 2.26% and 10.2%, respectively, as 

the tow speed increases from 0.655 m/s to 0.728 m/s.  

• Besides, the increase of tow speed is also proportional 

with the increase of the towline tension magnitude, 

where the maximum increment of the towline tension 

is 19.54% as the tow speed increases from 0.509m/s 

to 0.582 m/s. This can be explained by the CFD 

visualization that the pressure increases, which 

result in the increase of her resistance. 
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