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Dhow vessels are among the earliest traditional vessels employed for fishing 

and transporting goods in some countries around the Indian Ocean and Persian 
Gulf for many years. So far, no research has been done on the hydrodynamics 

and resistance of these vessels, and the body form of these vessels has been 

designed in a totally classical and experimental way. One of the most critical 
issues in the hydrodynamic design and safety of vessels is the added resistance 

to waves. In this research, the effect of different waves on the hydrodynamic 

resistance of a dhow vessel has been numerically investigated. The numerical 

method used in this research is computational fluid dynamics, and StarCCM 
software was used for this purpose. KCS model results were used to validate 

CFD results, and finally, the added resistance of the dhow vessel in waves with 

different lengths and 3 wave heights was investigated. Results show that at short 
and long wavelengths, the added resistance is lower than at moderate 

wavelengths. Also, for all three wave heights, the maximum added resistance 

occurred at a wavelength ratio of 1.8. 

 
 

Keywords: 
Dhow Vessel 

CFD 

Added Resistance 

Regular Waves 

 

 

1. Introduction 
The word dhow or 'Lenj' in Persian, is used for various 

types of traditional sailing vessels with one or more 

masts with sails found in the Indian Ocean, Red Sea, 
Persian Gulf and the Oman Sea [1].  Nowadays, diesel 

engines and propellers are employed for the propulsion 

of dhows instead of sails. In Iran, Dhow vessels are also 

used for cargo transport and fishing. Often, dhows sail 
in areas with significant waves and the propulsion 

system cannot provide the thrust force necessary, so the 

waves overcome the vessel and ultimately cause it to 
break and sink. Consequently, it is necessary to 

evaluate the added resistance and motion of this vessel 

in waves. In the present research, the added resistance 
and motion of the dhow in the Persian Gulf waves have 

been investigated using a numerical method. 

There has been no comprehensive study on the added 

resistance and motions of dhow vessels in the waves. 
Moreover, added resistance is important to commercial 

ships, including oil tankers and container ships, and 

there has been a lot of research on this topic. In the 
study by Storm-Tejsen et al [2] the added resistance in 

waves was studied experimentally for a vessel with a 

60 series hull form. Pinkster [3] and Faltinsen [4] used 

the three-dimensional potential theory method to 
calculate the resistance in short waves on a floating 

structure and then compared the results with 

experimental results. 
Moctar et al. [5] numerically calculated the added 

resistance of a 14,000 TEU containership and a 

medium size cruise ship in long and short waves of 
different frequencies. Sadat-Hosseini et al. [6] 

calculated the motions and added resistance of 

KVLCC2 model in short and long head waves by 

means of URANS and validated it with experimental 
data. Yu et al. [7] studied the added resistance and 

motions of the KVLCC tanker model under the impact 

of 14 regular waves have been investigated using 
experimental and computational methods. Ebrahimi et 

al. [8] studied the resistance of catamaran vessel using 

CFD method and investigated the effect of interference 

of demi-hull waves on total resistance.  
In the study by Park et al. [9], the added resistance of a 

large tanker was estimated experimentally and 

numerically in an oblique sea with an angle of 0 to 180 
degrees. The model tests were carried out in the SSPA 
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seakeeping basin. The results showed that the 

computational results were in good agreement with the 

experimental results.  

Shivachev et al. [10] studied the added resistance and 
motion responses of KRISO container ship (KCS) at 

six different trim angles experimentally and 

numerically using CFD. Ship motions and added 
resistance were measured for several wavelength 

conditions considering short and long wave ranges with 

a wave slope of 1 to 60. Experimental and numerical 
results for pitch motions and added resistance were 

compared with CFD results and showed reasonable 

agreement with experimental data for ships in head 

waves.  
In the study of Diaz et al. [11], they investigated 

experimentally and numerically a small fishing vessel. 

First, they tested a model in the towing tank, and their 
experimental and numerical results showed a good 

agreement. Using experimental and numerical results, 

they proposed a modified bow form that reduces vessel 

resistance by 10 percent. 
In the study of Seif et al. [12], they numerically 

investigated the flow around the hull of a 500-tonne 

Dhow. In this research, they used ANSYS Fluent 
software to model the flow and calculate vessel 

resistance at different speeds. 
 

2. Main Characteristics of Dhow Vessel 
In this paper, we studied a model scale of a fishing 

dhow vessel with 130 tones displacement. The body 

plan view and 3D CAD view of this vessel are shown 
in Figures 1 and 2, respectively. Also, the main 

dimensions of the full scale and model of dhow vessel 

are presented in Table 1. The COG of a full scale vessel 
is located about 10 meters from aft perpendicular and 2 

meters above the keel.  
 

 
 

Figure 1. Body plan view 

 

 

 

 

Figure 2. 3D CAD of dhow vessel 

 
Table 1. Main dimensions of dhow vessel 

 

 

Value  

Model Full Scale Characteristic 

0.95 21.1 Length (m) 

0.32 7.1 Breath (m) 

0.14 3.3 Height (m) 

0.1 2.2 Draft (m) 

1.1 5.14 Design Speed (m/s) 

 

3. Numerical method  
Nowadays, numerical methods are widely used to study 

the hydrodynamics of vessels. The reason for this is the 
low cost and availability of this method compared to 

the experimental method. Computational fluid 

dynamics is one of the most widely used numerical 
methods, which uses finite volume methods (FVM) to 

discretize the governing equations. 

The equations to be solved in CFD method are the 

incompressible Navier–Stokes equations. The 
references for this method are Versteeg and 

Malalasekera [13] and Moukalled et al. [14]. To 

simulate turbulent flow, three general methods can be 
employed; Reynolds-Averaged Navier-Stokes 

Equations (RANSE), direct numerical simulation 

(DNS) and large eddy simulation (LES). Among these 
three methods, the RANSE method has a lower 

computation cost and has good accuracy. A RANSE 

method was used in the present study. Numerical 

models have been carried out in a three-dimensional, 
unsteady, turbulent flow mode. Navier-Stokes 

equations have been expressed as follows: 

2( . )
u

u u u  g p
t

  
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In these equations, u


, g, p and   are the velocity 

vector, gravitational acceleration, pressure and 

viscosity of the fluid, respectively. The flow around the 
ship hull is always turbulent and the main characteristic 

of these flows is the fluctuating flow field. Instead of 

directly modeling these equations, they can be 
simplified by the Reynolds averaging method, which is 

called RANS equations. Time-averaged equations are 

obtained in the following form: 
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) 

In the above equations, the term i ju u  −
 shows 

turbulence effects and is called Reynolds stresses. 
Turbulence models are used to solve the equations 
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using Reynolds stresses according to known flow 

parameters [10]. 

Solution domain  
Choosing the appropriate computational domain can 
lead to a reduction in solution time and ensure that the 

results are accurate. In this research, according to 

previous works, the dimensions mentioned Figure 3 
have been selected for the solution domain. 

 
 

Figure 3. Computational domain dimensions 

SST model with standard coefficients was chosen for 

the turbulence model. Table 2 shows the boundary 

conditions applied to the virtual towing tank and ship 
geometry. DFBI Morphing (dynamic fluid body 

interaction) was used to specify the ship's motion. Also, 

Volume of Fluid (VOF) flat waves were used to model 
the free surface. 
 

Table 2. Boundary conditions 
 

Boundary Boundary Type 

Dhow - Deck Wall 

Dhow - Hull Wall 

Tank - Bottom Wall 

Tank - Inlet Velocity Inlet 

Tank - Outlet Pressure Outlet 

Tank - Port Side Symmetry plane 

Tank - Starboard Side Symmetry plane 

Tank - Top Velocity Inlet 

 

3.1 Mesh generation 
As a part of all numerical methods based on equation 

discretization, mesh generation is one of the most 

important steps. Even though, with the development of 
computers, there are fewer mesh size limitations than 

in the past, reducing computing costs has always been 

one of the main objective of researchers. In this study, 

with reference to previous experiences, a trimmed cell 

mesh with 2.7 million cells was used for simulation of 

the vessel. 
Also, Considering the two DOF of the vessel in waves, 

that is pitch and heave, to improve the simulation of 

ship motions, the overset mesh has been used for 
modeling the motion of the dhow vessel. In this 

method, the domain is composed of two parts, the 

overset region and the background, where the overset 
region slides over the background region. The details 

of this grid is shown in Figure 4. 
 

 

 
 

Figure 4. Mesh details of domain 

3.2 Validation 

After choosing the optimal grid and applying solver 
settings, it is required to validate the numerical results. 

To validate the present study results, KRISO container 

ship (KCS) resistance data was used. This ship is used 
in many numerical solution researches as a workbench 

to verify the results. SIMMAN workshop [15] 

presented an experimental data of this model and its 
resistance and motions under different wave 

conditions. Main geometric particulars of KCS model 

are given in Table 3. 
 

Table 3. Main particulars of KCS ship model [15] 
 

LBP (m) 6.0702 

BWL(m) 0.8498 
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T (m) 0.2850 

CB 0.65 

3 ( )m  0.9571 

U (m/s) 2.017 

 

Figures 5 and 6 show the 3D CAD geometry and 

generated mesh for the KCS model.  
 

 
 
 

 

 
 

Figure 5. Details of mesh generated for KCS model 

In Figure 7 the total resistance coefficient of KCS 

model in the present study is compared with 
experimental results of [15] in head waves with wave 

length (λ) of 11.84 m, wave height of 0.196 m and 

λ/LBP=1.95. 
 

Figure 6. CAD view of KCS container ship model  

 

 
 

Figure 7. Validation of total resistance coefficient (CT) for KCS ship 

 
As shown in the above figure, the present study results 

are in reasonable agreement with experimental results. 

Therefore, we can use these mesh and solver settings to 
obtain the added resistance of the dhow vessel in 

different waves. 
 

4. Added Resistance in Waves 
The speed that a ship can achieve in calm water 

depends on its total resistance, propeller efficiency and 

engine power. In rough sea conditions, resistance may 
change due to forces imposed by waves and wind; and 

the resulting change in propeller load usually reduces 

propeller efficiency. Consequently, the ship's speed at 

a given engine power is usually reduced by these 
effects. This involuntary reduction of speed is often no 

more than two or three knots, but may result in 

significant financial losses for merchant ships. 
A ship moving in regular waves will have oscillating 

resistance. In head waves, the mean value of resistance 

will be higher than calm water and the difference may 

be attributed to waves. The total resistance (RT) of the 

ship in waves can be written as: 

T c awR R R= +                             (3) 

Where Rc is the ship resistance in calm water and Raw 
is the wave added resistance. 

In the present study, the movement of the dhow vessel 

has been investigated in several different regular 
waves. The characteristics of these waves are presented 

in the  

 

 
 
 

 

 

 

 

 

Table 4.  Lw/L is ratio of wave length to dhow model 

length.  
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Table 4. Characteristics of waves 

 

Lw/L Wave height (cm), H Wave No. 

0.65 3 1 

0.8 3 2 

1.2 3 3 

1.643 3 4 

1.8 3 5 

2 3 6 

2.5 3 7 

0.65 5 8 

0.8 5 9 

1.2 5 10 

1.643 5 11 

1.8 5 12 

2 5 13 

2.5 5 14 

0.65 10 15 

0.8 10 16 

1.2 10 17 

1.643 10 18 

1.8 10 19 

2 10 20 

2.5 10 21 

 

All numerical analysis was carried out in design speed 

of dhow vessel and all waves encounter the vessel in 
head sea state. 
 

5. Numerical Results 
In the following figures, the surface waves generated 

around the bow and stern of the dhow hull and the 

interference of these waves with regular head waves are 

displayed, at 2 wavelengths. 
 

 
(a) 

 
(b) 

 

Figure 8. Waves elevation around ship for wave of H=3 cm; 

(a): Lw/L=0.65,  (b): Lw/L=1.2 

 

 
(a) 

 
(b) 

 

Figure 9. Waves elevation around ship for wave of H=5 cm; 

(a): Lw/L=0.65,  (b): Lw/L=1.2 
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(a) 

 
(b) 

 

Figure 10. Waves elevation around ship for wave of H=10 cm; 

(a): Lw/L=0.65, (b): Lw/L=1.2 

As can be seen in the figures, in higher waves, in some 

cases, the wave breaks on the vessel deck. Also, the 

interference between the sea waves and the hull 
generated waves is clearly evident, particularly at the 

aft of the vessel. 

As the numerical modeling is done in an unsteady state, 
for checking the convergence of the numerical results, 

the time history of total resistance should be evaluated 

over time. After checking the resistance, it was 
observed that after about 35 seconds, the resistance 

reached a steady state and the solution could be 

stopped. The time history of total resistance for some 

waves is shown in the figures below. Also, the mean 
value of resistance in waves and calm water resistance 

is shown in figures. 
 

 
(a) 

 
(b) 

 
(c) 

 

Figure 11. Comparison of ship total resistance in calm water 

and wave of H=3 cm; (a): Lw/L=0.65, (b): Lw/L=1.2, (c): 

Lw/L=2.5 

 
(a) 

 
(b) 
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(c) 

Figure 12. Comparison of ship total resistance in calm water 

and wave of H=5 cm; (a): Lw/L=0.65, (b): Lw/L=1.2, (c): 

Lw/L=2.5 

 

 
(a) 

 
(b) 

 
(c) 

 

Figure 13. Comparison of ship total resistance in calm water 

and wave of H=10 cm; (a): Lw/L=0.65, (b): Lw/L=1.2, (c): 

Lw/L=2.5 

As can be seen, at short wave lengths, vessel resistance 
fluctuations are much less than at long wave lengths. 

At short wave lengths, vessel resistance is always 

greater than calm water. The longer the wave length, 

the greater the maximum resistance, and the minimum 

resistance is less than in calm water. 

To better examine the effect of waves on the resistance 
of vessel, the wave added resistance value for all waves 

is shown in the figure below. 

 

 
 

Figure 14. Added resistance of dhow vessel in all wavelengths 

 

As can be seen, at short and long wavelengths, the 

added resistance is lower than at mean wavelengths 

(Lw/L between 1.6 and 2). For all three wave heights, 
the maximum added resistance occurred at a 

wavelength ratio of 1.8. The maximum added 

resistance of dhow vessel in wave heights of 10, 5 and 
3 cm is 133 %, 44 % and 17 % respectively. 

Heave is one of the most significant motions of a vessel 

in waves. This motion has a considerable effect on the 
added resistance of the vessel. Because this can result 

in an increase in the frictional and pressure resistance 

of the vessel. In the following, variations in the heave 

motion of the vessel at all 3 wave heights (for 3 
different wavelengths) are shown. 

 

 
(a) 
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(b) 

 
(c) 

 

Figure 15. Heave motion of dhow vessel in wave of H=3 cm; 

(a): Lw/L=0.65, (b): Lw/L=1.2, (c): Lw/L=2.5 

 

 
(a) 

 
(b) 

 
(c) 

 

Figure 16. Heave motion of dhow vessel in wave of H=5 cm; 

(a): Lw/L=0.65, (b): Lw/L=1.2, (c): Lw/L=2.5 

 
(a) 

 
(b) 

 
(c) 

 

Figure 17. Heave motion of dhow vessel in wave of H=10 cm; 

(a): Lw/L=0.65, (b): Lw/L=1.2, (c): Lw/L=2.5 

 

A study of the vessel's heave motion at different 
wavelengths and wave heights reveals the following: 

- In all waves, the vessel suffers sinkage (increased 

draft) when encountering waves, which increases the 
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vessel's resistance, where for all waves, the mean heave 

is approximately 1 centimeter. 

- Each wave height produces approximately the same 

mean heave at all wave lengths. 
- The amplitude of heave motion is increasing with the 

increment in wave height and wavelength. 

For further clarification of the effect of waves on vessel 
heave, the maximum heave of the vessel at different 

wave heights and wavelengths is shown in the Figure 

18. 

   
Figure 18. Maximum heave of dhow vessel at different wave 

conditions 

As can be seen in the figure, the maximum heave of 

the vessel increases with increasing wave height. 
 

6. Conclusions 
This study was carried out in order to examine the 

effect of regular head waves on the added resistance of 

a dhow vessel. The vessel was numerically simulated 
at three different wave heights and several different 

wavelengths for each wave height, and the following 

results were obtained: 
- As a result of encountering waves, the vessel suffers 

sinkage (increased draft), which increases its 

resistance, with a mean heave of approximately one 

centimeter for all waves. 
- The mean heave produced by every wave length is 

approximately the same regardless of the wave height. 

- In general, the amplitude of heave motion increases 
as wave height and wavelength increase. 

When the height of the waves increases, the maximum 

heave of the vessel increases as well. 
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