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Due to the increasing of fuel prices and volatile of environmental regulations, it is a 
challenge for Naval Architects to design a ship dealing with an optimum ship’s total 
resistance. The conventional design of catamaran hull has not satisfied yet to reduce 
the ship’s total resistance, 𝑅𝑇. This paper presents a numerical investigation into 
gaining sufficient reduction of the ship’s total resistance of catamaran through 
optimizing her hull form. To achieve this research objectives, a numerical optimization 
modelling coupled with a Computational Fluid Dynamics (CFD) approach has been 
successfully conducted. Several parameters such as length, beam and draft of 
catamaran hull have been taken into account towards reducing the ship’s total 
resistance. Here, the simulation constraints are applied to obtain the optimum 
dimension, where the length, beam and draft of the catamaran hull were optimized 
within the range of 1.2 m to 1.5 m, 0.11 m to 0.14 m and 0.07 m to 0.08 m, respectively. 
In general, the optimization simulation revealed that the optimum dimension of the 
catamaran hull resulted in reduction of the total ship’s resistance. The results showed 
that the optimum length, beam and draft of hull led to reduce 𝑅𝑇 by 21.08%, 16.95% 
and 17.91%, respectively. Merely, this numerical optimization simulation provides a 
useful way for reducing the total ship’s resistance of the catamaran at the preliminary 
design stage. 
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1. Introduction

A catamaran ship is one of the multi-hull vessel types that geometrically consists of two demihulls. 
Multi-hull ships have been earned attention among the naval architecture because of their 
advantages such as the ability to provide lower draught, excellent seakeeping performance, better 
transverse stability and wider deck area Gunawan et al., [1], Luhulima et al., [2], Sun et al., [3] and 
Setyawan et al., [4]. Typically, catamaran ship has more advantages as compared to the monohull 
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ship through offering larger dock area, comfortability and safety (Seif et al., [5]), (Zouridakis et al., 
[6]). This inherent configuration deals with less resistance than a monohull ship at the same 
displacement. In presence of the hydrodynamic interaction between these two demihulls such as the 
pressure and viscous resistance components, which result in significant effect to the magnitude of 
her total resistance. Demand for optimizing the catamaran hull form towards reducing the total ship’s 
resistance is then necessary. 

Several researchers have investigated the catamaran’s resistance using both of theoretical and 
experimental approaches. Doctors et al., [7] and Fitriadhy et al., [8] predicted the total ship’s 
resistance using the theoretical and Computational Fluid Dynamic (CFD) approaches, respectively, 
Everest et al., [9]; Oving et al., [10]; Pien et al., [11] conducted experimental model test. In addition 
to the CFD solution, the ship’s resistance characteristics can be captured through explaining the fluid 
flow phenomenon and the interference resistance components around the catamaran hull of the 
ship. Meanwhile, this CFD offers reliability results, which are more practical as compared to the 
experimental model test (complex procedure, costly and time-consuming) reported by Vakilabadi et 
al., [12] , Yanuar et al., [13] , Abdul Ghani et al., [14] , and Zotti et al., [15]. In other words, the CFD 
result has basically well-agreement as validated by the experimental data (Haase et al., [16]), (Iglesias 
et al., [17]), (Salas et.al., [18]) and (Swidan et al. [19]). Nowadays, the CFD’s application has been 
extended and become the main tool to assist an optimisation modelling in obtaining optimum hull 
form towards reducing the ship’s total resistance, in which this CFD approach is coupled with the 
numerical optimisation model; even, is also capable of simulating the flow field around the hull. 

Improving the hydrodynamic performance through optimising the ship’s hull has been 
investigated for the last decades towards reducing the total ship’s resistance. Mahmuddin et al., [20], 
and Kashiwagi et al., [21] , conducted 2D and 3D shape optimisation modelling using genetic 
algorithm. It should be noted here that the effect of pressure, viscous and interferences waves 
around the ship’s hull contributes to the characteristics of the total ship’s resistance. Therefore, the 
optimisation by means of parameterising the demihull of the existing design plays an important role 
towards reducing the total ship’s resistance of the catamaran.  

In this present study, a numerical optimization modelling on the catamaran hull form has been 
conducted using Genetic Algorithm (GA) towards reducing the total ship’s resistance. Here, the 
optimization’s software called CAESES has been utilized to achieve the objective, whilst the results 
are then evaluated using the CFD approach to visualise the candidate of the optimal hull form that 
satisfies hydrodynamic performances. This investigation proposes to obtain the optimum hull form 
of the catamaran, where the ship’s displacement is assumed to be constant. Several parameters such 
as variation of the lengths, beams and drafts have been accordingly taken into consideration in the 
simulation. In addition, the various geometric parametric constraints by structure or other operating 
constraints for instance her displacement and hull main dimensions are set up during optimisation 
modelling. The optimum candidate of the catamaran hull form was then selected with respect to her 
lowest total resistance value. Merely, this finding will be further assessed using the computational 
simulation as well-presented in Section of Results and Discussion. 
 
2. Methodology  
2.1 Methods and Materials 

 
Computer simulations of physical processes are utilized in research, within the analysis and style 

of engineered systems in these few decades. CFD is an engineering tool which able to solve the basic 
non-linear equation to describes the fluid flow for predefined geometries and boundary conditions 
employing a numerical method. It is used by many industries in their development work to analyze, 
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optimize, and verify the performance of designs before costly prototypes and physical tests (Wendt, 
J. F. et al., [22]). CFD also allows the visualization of complex patterns of fluid flow in an exceedingly 
physics-based model. Thus, CFD is more reliable and widely applied in various application, such as 
automobiles, aircraft design, weather science, civil engineering, oceanography, and so on, as result 
generated by the use of CFD is reliable and its numerical schemes and method are much more 
accurate in visualization when compared to analytical and experiment methods.  

In NUMECA FINETM/Marine, the CFD flow solver is based on the incompressible unsteady RANSE, 
which means that finite volume is applied to the solver to build a spatial discretization of transport 
equation (Fitriadhy, et al.,  [23] , Fitriadhy, et al., [24]). Meanwhile, the momentum equation is used 
to derive the velocity field, while the mass conservation equation, otherwise continuity equation is 
transformed into pressure equation to extract the pressure field. The flow is assumed to be 
incompressible and isotropic Newtonian as it is a non-linear free surface flow between air and water. 

 
2.2 Conservation Equations 

Basically, the CFD solution approach has applied the Navier-Stokes equation, which inherently 
includes continuity and momentum equations as expressed in Eqs. (1)-(4) . The CFD flow solver on 
Flow3D is based on the incompressible unsteady RANSE in which the solver applies the volume of 
fluid (VOF) to solve a free surface model [25-27].  

 

             (1) 
      
                                              (2) 
 

     
                             (3) 

 
 

    (4) 

where u, v, w, is the component of velocity in the x, y, z direction, respectively. ρ is the density, 𝑝 and 
µ is the pressure and the viscosity, respectively. 

 
2.3 Turbulence Model 
 

We have applied RNG k-𝜀 turbulence model in the current computational simulation. This 
turbulent model defined the region flows between open water and floating object that employed the 
double averaging strategy to the transport equations model. These turbulence models are simplified 
constitutive equations that predict the statistical evolution of turbulent flows [27]. 
 
3. Simulation Condition  
 

Here, the computational fluid dynamic simulation has conducted to obtain the total resistance at 
various speeds. The results are remarked as the initial data for the optimisation modelling processes. 
Furthermore, the optimum hull form candidates are then evaluated using the CFD approach. 
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3.1 Principle Data of Catamaran 
 

The geometrical model of the catamaran is clearly shown in Figure 1. Several data of the ship’s 
particulars is completely presented in Table 1. 
 

 
Fig. 1. The geometrical model of catamaran 

 
Table 1 
Principle of dimension 

Description  Demi-hull Catamaran 

Length Overall, LOA (m)  1.433 1.433 

Length Between Perpendicular, LBP (m)  1.372 1.372 

Beam, B (m)  0.138 - 

Draft, T (m)  0.078 0.078 

Wetted Surface Area (m2) 0.2511 0.5022 

Displacement, Δ (tonnes) 6.8184 13.6368 

 
3.2 Geometrical Constraints 
 

To achieve the objectives, the geometrical constraints have been set up with respect to the 
optimisation objectives including length, beam and draft of the catamaran hull. The detailed 
simulation conditions are presented in Table 2. 
 

Table 2 
Geometrical constraints on computational 
simulation conditions 
Condition  Original Value 

Length: 1.3 m up to 1.5 m 1.433 m 

Beam: 0.11 m up to 0.14 m  0.138 m  

Draft: 0.07 m up to 0.8 m 0.078 m  

 
3.3 Optimization Modelling Phase 
 

Here, the most optimum hull form of a catamaran will be evaluated to get the best design based 
on a set of prioritized criteria or constraints. Optimization would be a costly process for a limited 
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number of designs. The performance of the algorithm is dependent on the types of constraints, the 
number of objectives, the function of the problem to solve, the period needed for the procedure and 
the precision of the objectives. The main design method used for process optimization is the Tsearch 
tool. In this method, a MOGA is conducted on a response surface that is iteratively built-up. The best 
designs of each MOGA run get evaluated and are added to the response surface by using DAKOTA. 
For final step, choose the best design of optimum model to observe the total resistance and 
compared the result with the origin model in FINETM Marine 3.1-1.  
 

 
Fig. 2.  Optimization process 

 
3.4 Computational Domain and Boundary Conditions 
 

In this phase, it mainly focuses on how to set the computational model associated with the 
unstructured hexahedral meshes as shown in Figure 3. In the mesh modelling, we employ the mesh 
generation setting, which is divided into five main steps namely initial mesh, adaption, snapping, 
optimization and viscous layer insertion. In addition, the local mesh refinement on the ship’s hull 
form has been accordingly added in the current phase. An initial mesh is automatically proposed 
which corresponds to an isotropic subdivision of the computational domain bounding box. The 
authors have applied the symmetrical computational domain of the catamaran model to reduce the 
computational time. 
 

 
Fig. 3. Meshing setup 
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The initial domain was split up in many patches with the specific names and assigned in different 
boundary type condition. In initial mesh, only patch domain with SOL boundary type will apply in 
trimming action. Table 3 presents the specific names given to each patch and the boundary 
properties as well previously presented by Fitriadhy et al., [23, 24] 

 
Table 3 

         Boundary setting conditions 
Condition Description Type Setting Distance of Boundary 

Solid Hull (H) 

Deck (D) 

Transom (T) 

SOL 

SOL 

SOL 

Wall-function 

Slip-wall 

Wall-function 

 

External Xmin (Inlet) 

Xmax (Outlet) 

Zmin (Top) 

Zmax (Bottom) 

Ymin (Side) 

Ymax (Side) 

EXT 

MIR 

EXT 

SOL 

SOL 

SOL 

Far field 

Far field 

Prescribed pressure 

Prescribed pressure 

Mirror 

Far field 

1.0 L 

3.0 L 

1.5 L 

0.5 L 

1.5 L 

1.5 L 

 
In general parameter, it was set up as steady and for body motion, a fixed, imposed, or solved 

body motion can be set up for each body and performed by the flow solver for two different 
parametric systems. The Imposed law of motion can be chosen independently for one or all degrees 
of freedom. In post-processing phase, compared and analysed between the original and optimum 
hull. If the total resistance of optimum hull was less than the original hull, visualization of wave 
elevation and total resistance was analysed.   

 
 

 
Fig. 4. CFD visualization on wave elevation around the existing (original) 
demihull 

 

4. Results and Discussion  
 

The purpose of this study was to analyse the pressure and viscous resistance characteristics of 
catamaran with respect to the different geometry of hull configurations (length and beam) and wave-
making resistance using CFD software. In order to achieve the objectives, the pressure and viscous 
data analysis of catamaran with various hull design variables were carried out in CFD simulation. The 
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results are divided into several aspects; effect of length of hull, and effect of beam of hull. The results 
data are displayed and discussed based on the graphs and tables. 
 
4.1 Effect Length of Demihull 
 

Regardless of optimized length of demihull, the results showed the subsequent decrease 
compared to the original length demihull of catamaran as displayed in Figure 5. It was found that as 
the length of demihull increases, the total resistance, 𝑅𝑇 decreases. As the optimized length of 
demihull increased up to 7.20% or 0.11m, the demihull of catamaran correspondingly experience 
decrement of 𝑅𝑇 by 21.08% and decrement of 𝐶𝑇 by 20.88%. This occurred mainly due to demihull 
becomes slimmer, which reduces the pressure resistance. 
 

 
Fig. 5. Characteristics of ship’s resistances between the original and optimum length of demihull 

 
Table 4 
Total resistance of original and optimized length of demi hull 

Description Fr Length (m) RT (N) CT 

Original Length  0.66 1.433 7.387 0.010040 

Optimized length  0.66 1.544 5.838 0.007944 

 

 

  

  

Fig. 6. The visualization of wave pattern and free surface for optimum length of demi hull 
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4.1.1 Effect length on symmetrical catamaran by lateral separation ratio (s/l) 

The study shows a corresponding decrease, regardless of the lateral separation ratios relative to 
the original catamaran hull, as seen in Figure 7 of the graph. The increase in S/L ratios resulted in an 
almost insignificant effect on the total resistance coefficient (CT). Referring Table 5 on S/L of 0.2, the 
catamaran correspondingly experience decrement of 𝑅𝑇 by 13.27 % and decrement of 𝐶𝑇 by 9.95 %. 
For S/L of 0.3, the catamaran correspondingly experience decrement of 𝑅𝑇 by 9.57 % and decrement 
of 𝐶𝑇 by 9.57 %. For S/L 0f 0.4, the catamaran correspondingly experience decrement of 𝑅𝑇 by 9.61 
% and decrement of 𝐶𝑇 by 9.61 %.  It can be concluded that the total resistance coefficient essentially 
depends upon the lateral separation ratio where increase in S/L ratio affects a proportionate 
decrease in the total resistance coefficient.  
 

 
Fig. 7.  Characteristics of ship’s resistances between the original and optimum length of catamaran at 
S/L = 0.2 

 
Table 5 
Total resistance of original and optimized length of catamaran hull at various S/L ratios  

S/L Ratio Fr Original RT (N) Optimum RT (N) Original CT Optimum CT 

0.2 0.66 13.210 11.458  0.00787 0.00779 

0.3 0.66 12.228 11.058  0.00831 0.00752 

0.4 0.66 12.214 11.039  0.00831 0.00751 

 

S/L 0.2 S/L 0.3 S/L 0.4 

Fig. 8. Characteristics of wave pattern and free surface elevations on optimum length  at  S/L ratios 
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4.2 Effect Beam of Demihull 
 

Figure 11 shows that the optimum with of the demihull results in the less total resistance. It 
should be noted here that the optimum beam of the demihulls has been trade-off with her draft 
values. This means that the beam of demihull increases, whilst the draft of the demihull decreases. 
The simulations revealed that the optimum total ship resistance has been obtained due to reduction 
of the beam of the demihull 0.1396 m, in which this directly leads to decrease the ship’s total 
resistance by 16.95% as completely summarised in Table 6. The reason can be explained by the fact 
that the pressure and viscous resistances especially at the bow region has reduced indicated by the 
lighter red colour region relatively smaller (Figure 12) compared to the original beam of the demihull 
as seen in Figure 4 (darker red colour region). 

 

 
Fig. 11. Characteristics of ship’s resistances between the original and optimum beam of demi hull 

 
          Table 6 
          Total resistance of original and optimized beam of demihull 

Description Fr Beam (m) RT (N) CT 

Original beam  0.66 0.123 7.397 0.01004 

Optimized beam  0.66 0.139 6.144 0.00836 
               

S/L 0.2 S/L 0.3 S/L 0.4 

Fig. 9. Characteristics of turbulent viscosity on optimum length of catamaran at  S/L ratios 
 

S/L 0.2 S/L 0.3 S/L 0.4 
Fig. 10. Characteristics of hydrodynamic pressure on optimum length at various S/L ratios 
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4.2.1 Effect beam on symmetrical catamaran by lateral separation ratio (s/l) 
 

The optimum beam leads to reduce the total catamaran resistance as compared to the original 
beam as displayed in Figure 13. Referring to Table 7 with S/L of 0.2, the total resistance of the 
catamaran decreases by 2.49%, while 𝐶𝑇 by 11.35%. Regardless of the lateral separation ratios, the 
effect of S/L ratios resulted in having almost negligible effect on the coefficient of total resistance, 
𝐶𝑇. The reason can be explained by the fact that the values of RT and CT of the catamaran with S/L = 
0.3 and S/L =0.4 reduce by 0.07% and 0.07%, respectively and 0.58% and 0.10%, respectively.  It is 
merely noted resistance coefficient depends on the lateral separation ratio, where an increase 
influences a proportionate decrease in the total resistance.  

 

 
Fig. 13. Characteristics of ship’s resistances between the original and optimum of beam at S/L = 0.2 
 

 

Fig. 12. The visualization of wave pattern and free surface for optimum beam of demi hull 
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……………..S/L 0.2                                                         S/L 0.3                                                            …………… 

S/L 0.2                                                            S/L 0.3                                                     S/L 0.4 

Fig. 14. Characteristics of free surface elevations on optimum beam at various S/L ratios 
 

S/L 0.2                                                            S/L 0.3                                                     S/L 0.4 

Fig. 15. Characteristics of turbulent viscosity on optimum beam of catamaran at various S/L ratios 
 

S/L 0.2                                                              S/L 0.3                                                       S/L 0.4 

Fig. 16. Characteristics of hydrodynamic pressure on optimum beam at various S/L ratios 
 

Table 7 
Total resistance of original and optimized beam of catamaran hull at various S/L ratios 

S/L Ratio Fr Original RT (N)  Optimum RT (N)  Original CT   Optimum CT  

0.2 0.66 13.2103  12.8806  0.00787 0.007712 

0.3 0.66 12.2281  12.2196  0.008197 0.007314 

0.4 0.66 12.2140  12.1433  0.008116 0.007262 

 
5. Conclusions 
 

The numerical optimization modelling incorporated with CFD simulation on predicting the 
optimum total resistance, 𝑅𝑇 of catamaran hull has been successfully conducted. Several parameters 
of the catamaran dimension such as length and beam have been taken into account. Several results 
are drawn bellows: 

 
i. Optimum length of demihull, the total resistance and coefficient of total resistance was 

decreased to 5.8378N and 0.007844. It reduced the total resistance and total resistance 
coefficient up to 21%. 
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ii. Optimum length for S/L 0.4 results into reduction of the total resistance and coefficient 
of total resistance reduces up to 10%. 

iii. In addition to the optimum beam of demihull, her total resistance and coefficient of 
total resistance decreases by 16.95%. 

iv. Optimum beam for S/L 0.4 results into decreasing of the total resistance and coefficient 
of total resistance up to 0.58%. 
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