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ABSTRACT 
 

CFD Investigation of Resistance of High-Speed Trimaran Hull 

Forms 

By 

Chang Hwan Son 

 

Principle Advisor: Prasanta K. Sahoo, Ph.D. 

 

 Although catamarans continue to increase in size and application with 

bigger and better designs than the present generation, trimaran and multi-hull 

forms for high-speed operation are a recent phenomenon due to speed of turn-

around time and payload. To fulfill the stringent requirement for commercial and 

military transportation, various versions of optimum design are being undertaken 

recently. In particular, the high-speed ferry industry is presently looking at novel 

hull forms such as the form of trimarans and pentamarans which are considered in 

one of the most affordable hull forms for high-speed operation around the world. 

However, few published articles are in existence regarding resistance of trimaran 

hull forms. This research conducted a CFD analysis of wave resistance for 

trimaran hull forms as a parameter range of practical hull forms is established 

round bilge trimaran hull forms based on the NPL systematic series. The wave 

resistances of high-speed trimaran hull forms are therefore, estimated by using 

ANSYS FLUENT, a commercial CFD software package. To begin with, a 

systematic series of round bilge demi-hulls are generated, and their wave 

resistances in calm water are determined by using ANSYS FLUENT to briefly 

examine nature and degree of reliability of ANSYS FLUENT. The primary aim of 

this investigation is to determine wave resistance characteristics of slender round 

bilge configurations of trimaran hull forms in the high-speed range corresponding 

to Froude numbers up to 1.0. Model test results obtained from the Ship Science 



 

iv 

Report (71) have been used to verify the efficacy of the CFD analysis. The results 

obtained from CFD have shown considerable promise, and form factors of 

trimaran hull forms in calm water can be seen as achievable. 
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CHAPTER 1 

INTRODUCTION 
 

1.1 Motivation 

 

 The demands for faster transportations by sea have continued to increase in 

the field of commercial and military applications. Although catamarans have 

adequately fulfilled such demands in the last decades, the high-speed ferry industry 

and navies around the world still require novel hull forms which provide much 

more deck space and high-speed operation than the conventional hull shape. One of 

the multi-hull forms to meet these strict requirements is a trimaran which has two 

outer riggers placed in both sides of the centre hull since it is able to significantly 

reduce the wave making resistance with high-speed operation, also having the 

advantages of economy of fuel consumption and time. 

 

 Indeed, a trimaran creates a high wetted area in the water compared with 

conventional hull form so that the higher wetted area increases frictional resistance 

at low speed operation. However, by using the slender hull form based on the 

slender body theory the fine hull configuration provides less wave-making 

resistance at a high-speed.  

 

 This thesis attempts to quantify the wave making resistances for slender 

round bilge configurations of trimaran hull forms in high-speed operation. The 

wave resistance of mono-hull and catamaran hull forms are briefly examined using 

ANSYS FLUENT, and then compared with experimental data and theoretical 

analysis. There appears to be good agreements between prediction and 

experimental data as it is possible to validate the efficacy of CFD analysis.  

 

 With good agreements on the wave resistance of mono-hull and catamaran, 

the systematic series of trimaran hull form are developed based on the NPL 
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systematic series of round bilge hulls, where the side hulls are scaled to one of third 

of the main hull. Finally, CFD analysis implements predictions of wave making 

resistances corresponding to Froude number up to 1.0 to the systematic series of 

trimaran hull forms. The computed data is therefore accomplished to determine the 

form factors by using Prohaska (1966) method, and with the obtained form factor, 

the total resistances are calculated and compared with CFD results. 

 

1.2 Background 

 

 Narita (1976) carried out research to verify the theoretical prediction 

compared with towing test and wave observation. This study investigated wave 

resistance characteristics of a trimaran hull form at Froude number, Fn = 0.3162 

and different hull arrangements such as a single hull, twin-hull and three-hull. 

Three wave systems ζ, ζ’, and ζ’’, their origin supposed to be at O, O’, and O’’, 

respectively, as shown below in Figure 1.1, are symmetrical to the center plane of 

each hull. 

 

Figure 1.1: Trimaran co-ordinate system [Narita (1976)] 

 

The wave systems originating in the far rear have been generally expressed as: 

 

ζ(x,y) =                 
               

          
   

    
              (1.1) 
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ζ’(x,y) =               
                    

          
   

    
           (1.2) 

ζ’’(x,y) =                
                      

           
   

    
        (1.3) 

                                                         (1.4) 

                                                      (1.5) 

                                                    (1.6) 

                                                     (1.7) 

The expression of the wave systems of the twin hull part is as below: 

ζw(x,y) = ζ´(x,y) + ζ´´(x,y) = 

                  
                   

      
   

    
           (1.8) 

where                  
                        

                                                     

                                       

                                   

                                   

 

So, the expression of a trimaran wave system is as given: 

 

         

                        
                          

      
   

    
  (1.9) 

 

 Inserting                  ,                  , then        

and        result in an amplitude function for the trimaran. The wave resistance is 

calculated by Havelock’s formula given by: 
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The wave resistance coefficient is defined as     
  

 

 
     

. Then the equation (1.10) 

is transformed: 
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where,                    
 

        

                               
 

        

 

 The results had a fairly good agreement with the theoretical prediction, 

towing test, and wave observation in every different arrangement. 

 

 Zhang (1997) investigated the effects of trimaran configuration with regard 

to the characteristics of trimaran wave making resistance on two different trimaran 

hull forms. Total resistance is usually broken into three main components - friction 

resistance depending on Reynolds number (LV/ν), residual resistance depending on 

Froude’s number (V/    ), and appendage resistance so the total resistance of  a 

trimaran thus can be written: 

 

RT = RF + RR + RA                                         (1.12) 

 

 The fictional resistance calculated by ITTC’57 correlation line is expressed 

as a function of the total wetted surface and the Reynolds number of the hull as: 

 

   
 

 
     

                                            (1.13) 

with 

   
     

            
                                            (1.14) 
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where CF is the ship-model friction line, Rn is the Reynolds number, S is the wetted 

area, and V is the velocity. Due to different Reynolds numbers for the centre hull 

and the sided hull, the total frictional resistance of a trimaran, therefore, is 

expressed as: 

 

   
 

 
                

                                 (1.15) 

where CFC and CFS are the frictional resistance coefficients for the centre hull and 

side hull and where SC and SS are the wetted areas for the centre hull and side hull, 

respectively.  

 This study used the slender hull forms where residuary resistance is 

dominated by wave making resistance, so the wave making resistance coefficient is 

expressed as: 

 

    
  

 

 
           

                                          (1.16) 

where RW is the wave making resistance. The results compared between the model 

experiment and the numerical analysis indicates good agreements as shown in 

Figure 1.2.  

 

 

Figure 1.2: Predictions and experimental results [Zhang (1997)] 
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 Furthermore, in this study the influence of the side hull configuration and 

the different positioning of outrigger on wave making resistance had been 

conducted. It had been concluded that if the side hulls were moved toward the stern 

of the ship, they would make less wave making resistance especially at high-speed 

operation of maximum speed of 30 knots. 

 

 Suzuki et al. (1997) carried out the wave resistance prediction using the 

CFD at Yokohama National University in Japan. This study investigated the 

numerical analysis of wave making resistance of trimaran hull forms based on the 

ordinary and modified Rankine source methods with the vortex effects in order to 

take into account the lifting effect. They used the numerical examples for trimaran 

hull forms, as reported by Suzuki et al. (1993), concerning optimum poisoning of 

small outriggers from the viewpoint of wave making resistance. Indeed the wave 

making interactions between the main hull and outriggers can be expected to 

reduce the total wave making resistance.  

 In this study, the classical linear wave making resistance theory is used to 

find the optimum positions of an outrigger. Its main hull is based on the Wigley 

hull, having waterlines of cosine curve and frame lines of forth order parabolic 

curve, expressed as: 

 

   
 

 
   

  

 
    

 

 
 
 

                                      (1.17) 

 

where L, B, and T are ship length, breadth, and draught, respectively, and y is the 

half breadth, x is the position of section, and z is positive upwards. The outriggers 

have a scale factor of 1:3 with respect to the main hull. The Table 1.1 shows that 

model names and positions of the outriggers are represented in Figure 1.3. 
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Table 1.1: Model testing conditions [Suzuki et al. (1997)] 

 

 

Figure 1.3: Positions of outriggers of trimaran models [Suzuki et al. (1997)] 

 

 The domain was created on the hull surface in order to carry out numerical 

computation. Results were carried out to verify the hydrodynamic effect of side 

hull, including towing tank tests, wave analyses, and trim and sinkage 

measurements. The result indicated that the total wave making resistance 

coefficient of the trimaran was acceptable compared to the experimental wave 

analysis. 

 

 Ackers et al. (1997) carried out the investigation of the interference effect 

between the main hull and the outriggers. They studied four different side hull 

Model Design Fn Stagger 2X0/L (%) Clearance 2Y0/L (%) 

MH-0 - Without outriggers Without outriggers 

TR-0 - 0.000 ± 0.900 

TR-1F 0.4 -0.667 ± 0.322 

TR-1A 0.4 0.667 ± 0.322 

TR-2F 0.5 -0.667 ± 0.195 

TR-2A 0.5 0.667 ± 0.195 
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displacement conditions corresponding to 5.8%, 8.4%, 10.9% and 13.6% of the 

total trimaran displacement and four different angles of attack, ranging from -2
o
 to 

4
o
 of the side hull on each condition. This study introduced 16 conditions of 

trimaran models having the round bilge type of main hull and the hard chin type of 

side hulls. The main characteristics of the main hulls and side hulls are shown in 

the following Table 1.2.  

 

Table 1.2: Main characteristics of trimaran [Ackers et al. (1997)] 

 Main hull Side hull 

LOA [m] 1.77 0.64 

L [m] 1.69 0.61 

B maximum [m] 0.12 0.03 

B [m] 0.12 0.03 

L/B 14 24 

T [m] 0.06 0.03 

S [m
2
] 0.24 0.03 

 [kg] 5.41 0.16 

Trimaran condition 

ST [m
2
] 0.31 

 [kg] 5.64 

 

The trimarans were tested in different side hull positions and configurations 

corresponding to Froude numbers 0.3 to 0.6, as shown in Figure 1.4 and 1.5.  

 

 

Figure 1.4: Side hull position [Ackers et al. (1997)] 

Transverse 

locations 

Longitudinal locations 
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Figure 1.5: Different side hull forms [Ackers et al. (1997)] 

 

 The results reported that side hull symmetry and position are most 

important for the trimaran resistance, while a side-hull angle of attack or increasing 

side-hull displacement is not effective for resistance reduction. When the side hulls 

are symmetric conditions, the lowest interference position of the side hulls is 

approximately 75% of the main hull length aft and with a transverse clearance of 

about 87% of the main hull beam throughout the entire speed range. As regards the 

symmetric hull form of the side hulls, asymmetric outboard side hull interference 

tends to be of the smallest variation. Symmetric and asymmetric inboard side hull 

interferences have more resistance than asymmetric outboard types. 

 

 Battistin (2000) studied the wave resistance interference effect by using 

analytical, numerical, and experimental methods. The model tested was a Wigley 

trimaran with the main hull two times longer than the outriggers, defined by the 

equation (1.18): 

 

  
 

 
    

  

 
 
 

     
 

 
 
 

                                     (1.18) 
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where x is distance from mid-ship (positive FWD), y is half-breadth in point, and z 

is distance measured from the base line (positive in the direction of the keel), as 

shown in Figure1.6. 

 

 

Figure 1.6: Wigley hull [Larsson et al. (1997)] 

 

Experimental method:  

Sixteen different trimaran configurations have been tested: Y and X, respectively 

the distance between the centre-plane of the main hull and that of the outriggers 

and the distance between the midsections of the main hull and outriggers took four 

different values. The tests were carried out in the model basin at the Department of 

Naval Architecture, Ocean and Environmental Engineering (DINMA), University 

of Trieste. The resistance data had been analyzed by means of the ITTC’78 

procedure and the form factor had been calculated using the Prohaska (1966) 

method. 

 

Analytical method: 

It was based on the classical thin ship theory (Michell’s theory), extended to the 

multihull case. Also, the wave resistance of a thin ship was expressed as follows: 

 







dkHkRW
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                  (1.19) 
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where H is called the Kochin function, expressed as the equation (1.20) and k0 = 

g/V
2
. 

 dxdzeekH yxik

T

x

x

kz
b

a




 sincos

0

4

1
),( 



  (1.20)

where xa, xb=the abscissas of stern and bow, respectively,  being the source field 

 To extend the Michell’s theory to the multi-hulls case, it is necessary to sum 

up the contributions coming from the different hulls, considered as isolated, so for a 

trimaran with three hulls: 

 

),(),(

3
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                             (1.21) 

 

Hence the general wave resistance equation for trimaran is expressed as: 
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                 (1.22) 

 

Numerical method: 

The code used for the numerical simulations is a Rankine source panel code 

developed at DINMA based on the inviscid and irrotatioal fluid assumptions. 

 

 By comparing the three methods, it appears clear that the numerical panel 

method predicts the interference effect better than the analytical one. In particular, 

it shows quite well the position of maxima and minima of the interference, while 

the analytical method cannot do it. However, there is an important gap between 

numerical simulations and experiments to find the absolute value of the 

interference. 
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Figure 1.7: Experimental result of trimaran [Mynard et al. (2008)] 

 

 Mynard et al. (2008) investigated a systematic series of high-speed trimaran 

hull forms to determine the wave resistance for each model corresponding to 

Froude number up to 1.0 in conjunction with varying longitudinal side hull 

locations. This study used the tank testing date on the TRI-9 model having a 

clearance of 0.2 and was conducted at Australian Maritime College Ship 

Hydrodynamics Centre (AMCSHC). The experimental result of wave resistance 

coefficients are shown in Figure 1.7 compared with original testing data. 

 

 They implemented CFD analysis for systematic series of trimarans by using 

SHIPFLOW v3.3. The model particulars are shown in Table 1.3 and 1.4. 

 

Table 1.3: Variable particulars [Mynard et al. (2008)]  

Trimaran model TRI 
Values 

1 3 4 6 9 10 12 

Displacement [kg] 6.33 11.372 7.148 10.103 12.781 7.989 9.829 

Displacement [kg] 0.612 1.1 0.691 0.977 1.236 0.773 0.951 

Displacement [kg] 7.554 13.571 8.531 12.057 15.253 9.534 11.73 

Draft(main) [m] 0.05 0.08 0.05 0.08 0.08 0.05 0.062 

Draft(side) [m] 0.023 0.037 0.023 0.037 0.037 0.023 0.028 

Block Coefficient  0.396 0.447 0.447 0.395 0.5 0.5 0.497 

Beam-draft Ratio  4 2.5 4 2.5 2.5 4 3.25 



 

１３ 

Table 1.4: Different longitudinal locations [Mynard et al. (2008)] 

Condition Fn Long. Location Trans. Location 

  X/L1 (m) S/L1 (m) 

1 0.3 to 1 -0.2 -0.32 0.2 0.32 

2 0.3 to 1 -0.3 -0.48 0.2 0.32 

3 0.3 to 1 -0.4 -0.64 0.2 0.32 

 

 The results were compared against side hull location corresponding to the 

range of Froude numbers and are shown in Figure 1.8 and 1.9. 

 

Figure 1.8: Wave resistance coefficients, X/L -0.2 [Mynard et al. (2008)] 

 

 

Figure 1.9: Wave resistance coefficients, X/L -0.3 [Mynard et al. (2008)] 
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  Mahmood (2011) investigated the prediction of wave resistance on the 

trimaran hull forms using ANSYS FLUENT. Three different mesh sizes are used to 

investigate the mesh effects, and two different turbulence models of standard κ- ε 

and SST κ-ω are used to calculate free surface of the ship. It was observed that both 

turbulence models are acceptable to predict accurately, as shown in Table 1.5. 

 

Table 1.5: Resistance results of turbulence models [Mahmood (2011)] 

Fn 
Rt (N) 

Experiment 

Standard k-ε SST k-ω 

Rt (N) Error (%) Rt (N) Error (%) 

0.48 11.085 10.983 -0.92 11.110 0.22 

0.55 13.999 13.284 -5.11 13.404 -4.25 

0.61 17.001 16.034 -5.68 16.206 -4.67 

0.68 21.082 20.322 -3.60 20.505 -2.74 

0.75 25.997 26.957 3.70 26.812 3.14 

 

 The total resistances were computed corresponding to Froude Number 

ranges 0.14 to 0.75. The results obtained were compared with the experiment data 

so that they were acceptable, as shown in Figure 1.10. 

 

 

Figure 1.10: Comparison of CFD and experimental results [Mahmood (2011)]  
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CHAPTER 2 

THEORY 

 

2.1 Theory of Trimaran Resistance  

 

 The ship wave pattern is determined mainly by the peak of pressure points 

that occurs in the pressure distribution around the hull. Kelvin demonstrated the 

nature of wave pattern accompanying a surface ship. The wave pattern formed 

consists of two types of wave systems: a system of diverging waves on each side of 

the fore hull with their crest inclined at an angle to the direction of motion and a 

system of transverse waves with curved crest intersecting the centre line at right 

angles as shown in Figure 2.1. 

 

 

Figure 2.1: Wave pattern of Kelvin [Molland et al. (2011)] 

 

 The peaks of high and low pressure around the hull create a wave pattern 

with a crest positioned some distance behind the point of high pressure. The 

components of the wave system for a ship are shown in Figure 2.2. 
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 The resistance is the force that is able to move a ship with a uniform 

rectilinear motion and constant speed in a calm sea. The total resistance is divided 

into two main factors, one is associated with the friction, and the other is mainly 

driven by wave making resistance and other associated components. The wave 

making resistance is the resultant force that appears in the fore and aft direction of 

the hull. It is caused by the pressure of atmosphere on the free surface, which 

causes waves on the surface. The wave resistance is the most important component 

of the ship resistance when the speed increases, so it is essential to reduce it in 

order to improve the performance of any hull form including trimarans. Generally, 

to do this, high values of L/
1/3

,
 
or increasing the dynamic lift of the hull, are 

required. Also,
 
in order to limit the main hull wave resistance, L/B of the main hull 

has to be higher than 10. Wave making resistance is also affected by the 

interference between the separate hull wakes. Indeed the favorable wave 

interference can compensate for the increase of the wetted surface, ensuring the 

advantages of very slender hulls over a significant range of Froude numbers 

together with good stability characteristics. However, it can either increase or 

decrease the total wave resistance, depending on the dimensions and mutual 

positions of the three hulls. 

 

 

 Figure 2.2: Components of wave system [Molland et al. (2011)] 
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 In 1978, ITTC suggested using a tentative standard called “1978 ITTC 

Performance Prediction for Single Screw Ship” proposed by Hughes-Prohaska, as 

a new method to evaluate the resistance where CT and CF are always the same form 

as show by: 

 

                                                     (2.1) 

where (1+k) = form factor according to Hughes-Prohaska 

            (1+k)    = Viscous resistance coefficient 

            CF is calculated according to the ITTC’57 ship-model correlation line 

 

In order to calculate the total resistance, there is a new equation that takes into 

account the effect of roughness of the ship hull and air resistance as shown by: 

 

                                                (2.2) 

where CA is incremental resistance coefficient for model ship correlation taking 

into account the effect of roughness of the surface of the ship and CAA is the air 

resistance coefficient. In the case of a trimaran, it consists of one long slender main 

hull and two smaller hulls. Combining the main hull and the side hulls, the total 

frictional resistance coefficient of a trimaran (subscript T) is given by: 

 

CFT = CFC (SC/ST) + CFS (2SS/ST)                        (2.3) 

where the CFC and CFS are the frictional resistance coefficient of the main center 

hull and outrigger, respectively; SC and SS are wetted surfaces of main and outrigger, 

respectively; and ST is the total trimaran-wetted surface. The residuary resistance 

coefficient is then calculated by subtracting CFT from CT. To evaluate the 

interference effects of each configuration, depending on the side hulls position, the 

following interference factor has been defined as: 
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IF = (CR-CRNI)/CRNI                                       (2.4) 

where CRNI is “non-interference” component of the residuary resistance defined as: 

 

CRNI = CRC (SC/ST) + CRS (2SS/ST)                            (2.5) 

Here, a negative interference factor is a favorable situation. 

 

2.2 ANSYS FLUENT 

  

 ANSYS FLUENT (2013) provides comprehensive modeling capabilities for 

a wide range of incompressible, compressible, laminar, and turbulent fluid flow 

problems and solves conservation equations of mass and momentum. The equation 

of motion for Newtonian fluid is generally expressed by Navier-Stokes equation 

given by: 
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where, 

      
    

      
 

    

   
  

    

   
  

    

   
                               (2.7) 

 

 In this thesis, incompressible, viscous turbulent, and two-phase (air-water) 

flow is considered. For this flow the governing equations are written as 

incompressible Reynolds-averaged Navier-Stokes (RANS) equation, so continuity 

and momentum equations are given by: 
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where ui and uj are time averaged velocity components,   is fluid density, p is 

pressure, and μ is dynamic viscosity. RANS equations govern the transport of the 

averaged flow quantities corresponding with the whole range of the scales of 

turbulence, greatly reducing the required computational effort. It has the same 

general form as Navier-Stokes equations with the velocities and other solutions. 

Above equation involves additional term, -   
    

       that represents the effects of 

turbulence. It is called Reynolds stresses that must be modeled in order to close 

RANS Equation. The turbulence kinetic energy k, and its rate of dissipation,  , are 

given by following transport equations (2.10) and (2.11): 
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Here, Gk represents the generation of turbulence kinetic energy due to the mean 

velocity gradients, Gb is the generation of turbulence kinetic energy due to 

buoyancy, and YM represents the contribution of the fluctuating dilatation in 

compressible turbulence to the overall dissipation rate.        , and     are 

constants;    and  ε are the turbulent Prandtl number for k and ε, respectively.    

and  ε are user-defined source terms. The turbulent viscosity is computed as shown 

below in equation (2.12): 

   
         

 
                                              (2.12) 

Then, the modeled transport equations for k and   in the realizable k-  model are 

given by following equations (2.13) and (2.14): 
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(2.14) 

where, 

            
 

   
     

 

 
            

Here, Gk represents the generation of turbulence kinetic energy due to the mean 

velocity gradients, Gb is the generation of turbulence kinetic energy due to 

buoyancy, and YM represents the contribution of the fluctuating dilatation in 

compressible turbulence to the overall dissipation rate. C2 and C1ε are constants;    

and  ε  are the turbulent Prandtl number for k and ε, respectively.    and  ε  are 

user-defined source terms. The turbulent viscosity is computed as shown below in 

equation (2.15): 

      
  

 
                                                 (2.15) 

Here,   is not constant.  

 

2.3 Slender Body Method  

 

 When the vessel moves through the water, wave making resistance takes 

place on the hull surface due to the elevation of the surface causing waves on the 

surface. To calculate the wave making resistance, there are two main methods. One 

method developed by Michell (1898) is that the flow around the hull is affected by 

the normal pressure distribution, so the fore and aft components of these pressures 

over the hull surface are integrated. The other method is that the wave pattern is 

calculated by the wave resistance which is determined from the flow of energy 

necessary to maintain the wave system. Work of Michell (1898) was not used for a 
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number of years until being rescued by Havelock (1951). He showed the wave 

pattern is measured by the ship at a great distance, the wave making resistance then 

being calculated by integrating the amplitude function of its free wave system. 

Michell’s theory (1898) for a slender hull moving over the surface of a non-viscous 

fluid applies to multihull as well as to mono-hull. The wave resistance coefficients 

of trimaran hulls are therefore calculated by using an analytical process known as 

the Slender Body Method (SBM) based on Michell (1898). The process is to 

compute the energy in the free surface wave pattern generated by the slender body 

and thus the wave resistance of the vessel. The original integral suggested by 

Michell (1898) to predict the wave resistance of ship is given as: 
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where,        , and 
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 Tuck (1987) states that the wave resistance of a single hull with equation, 

         , can be obtained using three integrals slightly varying from standard 

versions of the original Michell’s (1898) integral as written by: 
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where,  
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CHAPTER 3  

DEVELOPMENT OF MODELS 

 

3.1 Slender Body Hull Forms 

 

 The NPL systematic series provide very useful resistance data on high-

speed and round bilge displacement hull forms published by Marwood and Bailey 

(1969) and Bailey (1976). The experimental tests were carried out at the Ship 

Division of the British National Physical Laboratory with a systematic series of 22 

models of which L/B and B/T have been systematically varied. Molland et al. 

(1994) predicted wave making resistance on the systematic series of 10 round bilge 

NPL hulls. The S-NPL series were defined by the non-dimensional parameters as 

shown in Table 3.1. Slenderness ratios of hull forms, L/ 1/3
, ranges from 6.27 to 

9.50. The speed range covered corresponds to values of the Froude number ranging 

from 0.2 to 1.0. The residuary resistance values were calculated from the measured 

model resistance by subtracting the frictional resistance as determined in terms of 

the 1957 ITTC skin friction formulation.  

 

Table 3.1: Systematic series of round bilge NPL models [Molland et al. (1994)] 

Model L(m) L/B B/T L/ 
 

  CB CP CM 
WSA 

(m
2
) 

LCB(%) 
from midship 

3b 1.6 7.0 2.0 6.27 0.397 0.693 0.565 0.434 -6.4* 

4a 1.6 10.4 1.5 7.40 0.397 0.693 0.565 0.348 -6.4 

4b 1.6 9.0 2.0 7.41 0.397 0.693 0.565 0.348 -6.4 

4c 1.6 8.0 2.5 7.39 0.397 0.693 0.565 0.348 -6.4 

5a 1.6 12.8 1.5 8.51 0.397 0.693 0.565 0.282 -6.4 

5b 1.6 11.0 2.0 8.50 0.397 0.693 0.565 0.282 -6.4 

5c 1.6 9.9 2.5 8.49 0.397 0.693 0.565 0.277 -6.4 

6a 1.6 15.1 1.5 9.50 0.397 0.693 0.565 0.240 -6.4 

6b 1.6 13.1 2.0 9.50 0.397 0.693 0.565 0.233 -6.4 

6c 1.6 11.7 2.5 9.50 0.397 0.693 0.565 0.234 -6.4 

* Minus (-) indicates aft of midship as percentage of L 
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Figure 3.1: S-NPL Lines Planes [Molland et al. (1994)] 

 

 



 

２４ 

3.2 The Configuration of Trimaran model 

 

 The models are initially created as the trimaran, which has a main hull with 

two outriggers, and the separation ratio (S/L) between the centre hull and side hull 

is 0.2. Based on NPL systematic series, trimaran models were generated by using 

Maxsurf Modeler, which is standard modelling software. The outrigger was scaled 

to 1:3 with respect to the mainhull, as shown in Table 3.2 and Figure 3.2. The 

variable particulars and hydrostatics for 4a NPL model are given by Table 3.3, and 

the modelling is shown in Figure 3.3. Appendix A describes the variable particulars 

of 4b and 4c model. 

 

Table 3.2: Models of trimaran particulars 

Model 

LWL(m) Wetted Area(m
2
) 

Draft

(m) 
B/T S/L 

Main 

hull 
Outrigger 

Main 

hull 
Outrigger 

4a 1.6 0.53 0.347 0.038 0.103 1.5 0.2 

4b 1.6 0.53 0.339 0.037 0.089 2.0 0.2 

4c 1.6 0.53 0.341 0.039 0.080 2.5 0.2 
 

 

 

 

 

 

 

 

 

 

 

Figure 3.2: Configuration of trimaran [S/L=0.2] 

 

Outrigger 

L 
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Table 3.3 Hydrostatics of 4a trimaran Model [S/L 0.2] 

Displacement(Main) [kg] 10.3 Draft(main) [m] 0.103 

Displacement(Outrigger) [kg] 0.35 Draft(side) [m] 0.034 

Displacement(Total) [kg] 11.0 Block coefficient  0.397 

Wetted Area(Main hull) [m
2
] 0.347 Length-Beam Ratio(L/B)  10.4 

Wetted Area(Outrigger) [m
2
] 0.038 Beam-Draft Ratio(B/T)  1.5 

Wetted Area(Total) [m
2
] 0.423 L/ 

 

  
 7.4 

 

 

Profile 
 

 

Plan 

Body Plan 
 

Figure 3.3: Modeling of trimaran – NPL 4a Model 
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3.3 Geometry  

 

 In order to provide a comprehensive CFD solution, it requires three 

different steps known as pre-processing, analysis of the problem, and post 

processing (Mahmood, 2001). Pre-processing of the problem involves geometry 

extraction, domain creation, and accurate mesh generation of the model. The 

geometry of models was first initialized in Maxsurf using a Non-Uniform Rational 

B-Spline (NURBS) surface. With the initial surfaces, it is exported to IGES file to 

be transformed into a solid using the Rhino, as shown in Figure 3.4.  

 

 

Figure 3.4: The Geometry of trimaran solid work 

 

  Once the model is generated into a solid it is imported to the ANSYS 

geometry to create the domain. The domain size is determined by the main hull 

length, which is one ship length forward and three ship lengths aft of the main hull. 

The breadth is created one ship length port and starboard of the main hull. The 

depth is half of the ship length in the air and one ship length in the water. The 

domain of a trimaran hull is shown in Figure 3.5.  
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Figure 3.5: The domain of trimaran 

 

 Since the model of a trimaran is of a symmetric nature it can be modelled as 

a half domain along the central longitudinal axis in order to save the computational 

calculation. The domain zones are defined as inlet, outlet, symmetry, three walls, 

and ship. Inlet is specified at the front of the domain and outlet is named at the rear 

of the domain. 

 

3.4 Mesh Generation 

 

 After creating half of the domain, mesh should be generated from the 

existing geometry. For the accurate mesh the cut cell meshing method was used as 

it allows for a greater mesh quality and obtaining a good result of the solution. The 

mesh orthogonal quality can range from 0 to 1.0, representing a very fine mesh as 

the range of quality goes to 1.0. Samarpana et al. (2013) recommended that mesh 

quality should be above the standard, or 0.27. Cut cell mesh of the half domain for 

trimaran is shown in Figure 3.6 and Table 3.4. 
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Table 3.4: Cutcell mesh details for trimaran 4a model 

 Cell/Elements 2,964,200 

 Nodes 3,115,011 

 Minimum size 3 10
-3

 

 Maximum size 2.4 10
-2

 

 Face sizing/Element size 1 10
-5

 

 Element quality 0.997 

 Orthogonal quality 0.991 

 

 

 

Figure 3.6: Cutcell mesh of trimarna CFD domain (Symmetry) 

 

 In order to get the accuracy of solution in ANSYS FLUNT, wall functions 

also should be taken into account since turbulent flows are significantly affected by 

the presence of walls. Wall functions are a set of semi-empirical formulas and 

function that in effect bridge the solution variables at the near-wall cells and 

corresponding quantities on the wall. In ANSYS FLUENT, the standard wall 

functions are available with the turbulence model of k-  as they have been most 

widely used in industrial flows. y
*
 value is non-dimensional distance from the wall 

as given by following equation (3.1):  

 

   
   

   
  
   

  

 
    (3.1) 
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Here, κ p is turbulence kinetic energy at the wall-adjacent cell centroid, and yp is 

distance from the centroid of the wall-adjacent cell to the wall. It is used to describe 

how coarse or fine a mesh is for a particular flow pattern. This value is critical for 

turbulence model to determine the proper size of the cells near domain walls. The 

range of y* values depend on the overall Reynolds number of the flow. Below 

y
*
~15, wall functions will typically deteriorate and the accuracy of the solution 

can’t be guaranteed, whereas the upper limit depends strongly on the Reynolds 

number, which ranges from one hundred for low Reynolds number flows to several 

thousand for very high Reynolds number flow (ANSUS FLUENT, 2013). y
* 

value 

in this study ranges from120 to 350. 

 

3.5 Boundary Condition and Solution Setup 

 

 In this study the flow simulation for trimaran hull is mainly conducted with 

the commercial software of ANSYS FLUENT. The system is considered as three 

dimensional steady, incompressible, viscous turbulent flow, and multi-phase flow. 

The fluid properties of water are given by Table 3.5. 

 

Table 3.5: Fluid properties of fresh water 

 Reynolds Number ranges, Rn 1.7~5.6ⅹ10
6
 

 Kinematic Viscosity, ν 1.005ⅹ10
-6

 m
2
/s 

 Dynamic Viscosity,  1.003ⅹ10
-3 

kg/m-s 

 Density,  998.2 kg/m
3
 

   

 The motion of the free surface is governed by gravitational and initial force 

so that gravity effects should be taken into account in the boundary conditions. 

Since volume of fluid (VOF) method is suitable for modelling free surface flows 

such as ship motion through open water, filling of tank, and sloshing (Jones and 

Clarke, 2010), VOF formulation is applied in CFD to solve the multiphase free 

surface and open channel flows. To choose the affordable turbulence models in this 

study, standard, RNG, and realizable k-   models are considered to compute 
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turbulence flow. Those turbulence models based on RANS equation have similar 

forms with transport equation of k and ε . However, the turbulence model of 

realizable k-  is applied for the computation since it is likely to provide superior 

performance compared with standard k-  model for flow involving the boundary 

layers and accurately predicts the spreading rate of planar. This model therefore, 

satisfies certain mathematical constraints on the Reynolds stresses, consistent with 

the physics of turbulent flows. For the real circumstance, multi-phases are chosen 

for fluid condition, which are defined as air and water. The primary phase is set to 

air which has lower density, while the secondary phase will be water which has the 

highest density. The coupling of inlet and outlet is set up for pressure boundary to 

calculate pressure and viscous forces on the free surface ship flow. The boundary 

condition and solution method used in this study is given by Table 3.6. 

 

Table 3.6: Boundary condition and solution method 

Inlet/Outlet Pressure - Inlet/Outlet 

Turbulence Intensity and Length Scale 0.01%, 0.01m 

 Scheme Simple 

 Gradient Least Squares Cell Based 

 Pressure Body Force Weighted 

 Momentum Second Order Upwind 

 Volume Fraction First Order Upwind 

Turbulent Kinetic Energy First Order Upwind 
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CHAPTER 4  

VALIDATION OF CFD 

 

4.1 Analysis of Slender Body Method 

 

 Maxsurf Resistance (2013) is one of the promising methods providing a 

mean of predicting the resistance of a ship hull using a number of regression-based 

and analytical methods. Total resistance is normally broken down into a Froude 

number dependent component - wave resistance (residuary resistance) and a 

Reynolds number dependent component - viscous resistance (friction resistance). 

The friction resistance is predicted using the ITTC (1957) ship-model correlation 

line, and the viscous resistance is affected by the form factor applied to the friction 

resistance. The computations of resistance coefficient using the slender body 

method for the NPL systematic series are given by Table 4.1, and the results are 

shown below in Figure 4.1. The wave pattern of free surface computed by Maxsurf 

Resistance is thus shown below in Figure 4.2.  

 

Table 4.1: Resistance coefficients of mono-hull [Slender Body Method] 

Fn 
4a 4b 4c 

10
3
CT 10

3
CW 10

3
CT 10

3
CW 10

3
CT 10

3
CW 

0.3 6.336 0.501  6.219 0.384 6.160 0.324 

0.4 6.671 0.880 6.698 0.907 6.738 0.947 

0.5 7.968 2.216 7.961 2.208 7.921 2.169 

0.6 8.016 2.298 8.064 2.346 8.063 2.344 

0.7 7.642 1.954 7.708 2.020 7.726 2.038 

0.8 7.362 1.642 7.374 1.713 7.400 1.739 

0.9 7.038 1.403 7.113 1.477 7.144 1.508 

1.0 6.830 1.218 6.907 1.294 6.941 1.328 
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Figure 4.1: Wave resistance coefficients of mono-hulls [Slender Body Method] 

 

 

 

Figure 4.2: Free surface calculation [4a model at Fn 0.8] 
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4.2 Validation of CFD analysis  

 

 The wave resistance of a systematic series of round bilge mono-hulls and 

catamarans is computed by ANSYS FLUENT. The calculations are preliminary 

tested to examine the nature and degree of reliability of CFD carried out in the 

high-speed range corresponding to Froude number up to 1.0. To determine the total 

coefficients of resistance the frictional coefficients of resistance are calculated by 

ITTC’57 correlation line,    
     

            
 , and form factor (1+k) as defined by 

Molland et al. (1994). The wave resistances compared with CFD and experimental 

data for mono-hull and catamaran are given in Table 4.2 and 4.3. The results show 

that the CFD analysis has good agreements with the experimental results, as shown 

below in Figure 4.3 and 4.4. 

 

Table 4.2: Resistance coefficients [4a mono-hull] 

Fn 
CFD Experiment [Molland] 

10
3
CT 10

3
CV 10

3
CW 10

3
CT 10

3
CW 

0.3 6.364 5.330 1.934 7.481 0.632 

0.4 6.894 5.032 2.162 8.069 1.256 

0.5 8.047 4.817 3.230 9.324 2.846 

0.6 7.573 4.652 2.921 8.098 2.551 

0.7 6.870 4.519 2.351 7.037 2.061 

0.8 6.334 4.408 1.926 6.376 1.764 

0.9 5.869 4.314 1.555 5.941 1.434 

1.0 5.527 4.232 1.295 5.604 1.087 

 

Table 4.3: Resistance coefficients [4a catamaran, S/L=0.2] 

Fn 
CFD Experiment [Molland] 

10
3
CT 10

3
CV 10

3
CW 10

3
CT 10

3
CW 

0.3 6.799 5.863 2.042 8.162 0.575 

0.4 7.259 5.535 2.224 8.843 0.976 

0.5 10.007 5.299 4.708 12.163 4.784 

0.6 9.060 5.117 3.943 9.544 3.844 

0.7 7.857 4.971 2.886 7.607 2.563 

0.8 7.121 4.849 2.272 6.696 1.763 

0.9 6.535 4.745 1.790 6.126 1.164 

1.0 6.140 4.655 1.485 5.764 0.881 



 

３４ 

 

Figure 4.3: Comparison of wave resistance coefficients [4a mono-hull] 

 

 

 

Figure 4.4: Comparison of wave resistance coefficients [4a catamaran  S/L=0.2] 
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 The wave contours computed by CFD are illuminated by the volume 

fraction scheme on the free surface, as shown in Figure 4.5 and 4.6. 

 

 
 

Figure 4.5: Free surface wave contours at Fn 0.8 [4a mono-hull model] 

 

 
 

Figure 4.6: Free surface wave contours at Fn 0.8 [4a catamaran model] 

 

4.3 Comparison of Total Resistance 

 

 The ITTC-57 correlation line (1978) suggested the total resistance 

components of mono-hull should be expressed by equation (4.1): 
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                                                      (4.1) 

where (1+k) is the form factor according to Hughes-Prohaska 

             CF is always calculated according to the ITTC’57 correlation line and is 

given by: 

   
     

            
                                                     (4.1a) 

 

 Molland (2011) proposed the total resistance of catamaran was practically 

expressed by equation (4.2): 

 

                                                    (4.2) 

where   is the wave resistance interference factor. 

 

A satisfactory fit to the mono-hull form factors is 

 

           
 

 
 
 

                                         (4.3) 

A satisfactory fit to the catamaran form factors is 

 

            
 

 
 
 

                                       (4.4) 

 

 In CFD the total viscous drag is measured from a wake traverse so that the 

direct physical measurement of resistance components is given by equation (4.5): 

 

                                                       (4.5) 

where CV is viscous resistance coefficient and CP is pressure resistance coefficient. 

 

 To calculate the total resistance, the wave resistance coefficient is obtained 

by experimental data (Molland, 1994), and the frictional resistance coefficient is 
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calculated by using the form factor and ITTC’57 correlation line so that the total 

resistance coefficient can be expressed as: 

 

                                                       (4.6) 

 

Comparisons of total resistance between CFD and calculation data for mono-hull 

and catamaran are given by Table 4.3 and 4.4. As a result, total resistances are 

plotted as shown in Figure 4.7 and 4.8. 

 

Table 4.4: The calculated resistance coefficients of mono-hull-4a 

Fn 1+k 10
3
(1+k)CF 10

3
Cw (EXP) 10

3
CT (Cal) 10

3
CT (CFD) 

0.3 1.239 5.081 0.632  5.713  5.476 

0.4 1.239 4.797 1.256  6.053  5.496 

0.5 1.239 4.593 2.846  7.439  6.360  

0.6 1.239 4.435 2.551  6.986  6.030  

0.7 1.239 4.308 2.061  6.369  5.453  

0.8 1.239 4.203 1.764  5.967  5.039  

0.9 1.239 4.113 1.434  5.547  4.729  

1.0 1.239 4.035 1.087  5.122  4.515  

 

Table 4.5: The calculated resistance coefficients of catamaran-4a 

Fn 1+βk 10
3
(1+βk)CF 10

3
Cw (EXP) 10

3
CT (Cal) 10

3
CT (CFD) 

0.3 1.361 5.579 0.575 6.154 5.507 

0.4 1.361 5.266 0.976 6.242 5.548 

0.5 1.361 5.042 4.784 9.826 7.705 

0.6 1.361 4.869 3.844 8.713 7.038 

0.7 1.361 4.730 2.563 7.293 6.084 

0.8 1.361 4.614 1.763 6.377 5.510 

0.9 1.361 4.515 1.164 5.679 5.092 

1.0 1.361 4.429 0.881 5.310 4.841 
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Figure 4.7: Comparison of total resistance [mono-hull form - 4a] 

 

 

Figure 4.8: Comparison of total resistance [catamaran - 4a]  
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CHAPTER 5  

CFD ANALYSIS OF TRIMARAN 
 

5.1 CFD Simulation 

 

 With good agreements between experimental results and CFD data, the total 

resistance of the trimaran hulls are computed by ANSYS FLUENT. It carries out to 

calculate the total resistance of the trimaran hull forms in the high-speed range 

corresponding to Froude number from 0.4 to 1.0. Multiphase boundary condition 

defined as air and water flows involves the simultaneous flow of two interacting 

phases, as shown in Figure 5.1.  

 

 

Figure 5.1: Two interacting phases [air and water]  

 

 



 

４０ 

 The VOF applied in CFD is the separated multiphase flows that are only 

interested in the liquid phase and free surface flows of open channel. The 

turbulence model is set up for realizable k-  method, and the pressure boundary is 

chosen for the coupling of inlet and outlet, which involved the turbulence intensity 

and length scales setup. Particularly in this model, the turbulence intensity is set 

below 1% for external flow, which is a condition for low turbulence. The contour 

of pressure layers in the multiphase is shown in Figure 5.2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2: Contour of pressure layers 

 

 In this study the solver settings are in the pressure-velocity coupling scheme 

so that SIMPLE scheme applies to the VOF models. When the residuals scale is 

converged, the wave resistance coefficients of a trimaran hull configuration are 

computed and solved. The residuals scales indicate continuity, k- , and velocity 

scale against iteration, as shown in Figure 5.3 

 



 

４１ 

 

 

Figure XX: Convergence of scales 

 

 

 

 

 

 

 

Figure 5.3: Convergence of residual scales 

 

 The results of the wave resistance coefficients on the systematic trimaran 

model are given by Table 5.1 and shown in Figure 5.4. It indicates the wave 

resistances slightly decline when the Length to Beam ratios (L/B) increase over 

Froude number 0.6. The volume fraction on the free surface computed by CFD is 

shown in Figure 5.5, and the detailed investigation data on CFD are described in 

Appendix B. 

 

Table 5.1: Total and wave resistance coefficients of trimaran 

Fn 
4a 4b 4c 

10
3
CT 10

3
CW 10

3
CT 10

3
CW 10

3
CT 10

3
CW 

0.4 5.483 2.125 5.773 2.433 5.996 2.664 

0.5 5.970 2.930 5.994 2.983 5.952 2.944 

0.6 5.970 2.810 6.034 2.879 6.088 2.927 

0.7 5.739 2.435 5.765 2.475 5.812 2.515 

0.8 5.518 2.115 5.559 2.177 5.659 2.272 

0.9 5.199 1.758 5.234 1.821 5.326 1.918 

1.0 4.900 1.417 4.933 1.495 5.038 1.624 

Iterations 

R
esid

u
als 
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Figure 5.4: Wave resistance coefficients of trimaran hull [S/L=0.2] 

 

 

 
 

Figure 5.5: Free surface wave contours at Fn 0.8 – 4a 
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5.2 Form factors of Trimaran 

 

 In this study, it is necessary to combine that of the main hull and the side 

hulls as using the equation (2.3) to calculate the total frictional resistance 

coefficient of the trimaran. The recommended method for experimental evaluation 

of the form-factor is proposed by Prohaska (1996). If the model is tested at very 

low Froude number until CT runs parallel with CF as shown in Figure 5.6 the 

straight line plot of CT/CF versus Fr
4
/CF will intersect Fr=0 at (1+k), making it 

capable to determine the form factor, as shown in Figure 5.7. The wave resistance 

coefficient is proportional to Fr
4
 so that the total resistance is given by equation 

(5.1), and the CT/CF is expressed by equation (5.2): 

 

CT = (1+k)CF + AFr
4
                                         (5.1) 

 

CT/CF = (1+k) + AFr
4
/CF                                      (5.2) 

where (1+k) and A are determined from least-square approximation.  

 

 

Figure 5.6: Resistance components [Molland et al. (2011)] 
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Figure 5.7: Prohaska plot [Molland et al. (2011)] 

 

 The Prohaska (1966) method is applied to the CFD results in order to obtain 

the form factor of systematic trimaran hull forms. The ratios of CT/CF and Fr
4
/CF 

are given by Table 5.2 to 5.4 and the tangential slopes are shown in Figure 5.8 to 

5.10 to obtain the form factor for each model. 

 

Table 5.2: CT/CF versus Fr
4
/CF -4a 

Fn 10
3
CFT 10

3
CT Fn

4
/CF CT/CF 

0.4 4.050 5.483 6.321 1.354 

0.5 3.873 5.970 16.138 1.541 

0.6 3.737 5.970 34.683 1.598 

0.7 3.627 5.739 66.194 1.582 

0.8 3.536 5.518 115.831 1.560 

0.9 3.459 5.199 189.695 1.503 

1.0 3.392 4.900 294.851 1.445 

 

Table 5.3: CT/CF versus Fr
4
/CF -4b 

Fn 10
3
CFT 10

3
CT Fn

4
/CF CT/CF 

0.4 4.049 5.773 6.322 1.426 

0.5 3.872 5.994 16.140 1.548 

0.6 3.736 6.034 34.687 1.615 

0.7 3.627 5.765 66.202 1.590 

0.8 3.536 5.559 115.844 1.572 

0.9 3.458 5.234 189.716 1.513 

1.0 3.391 4.933 294.884 1.455 
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Table 5.4: CT/CF versus Fr
4
/CF -4c 

Fn 10
3
CFT 10

3
CT Fn

4
/CF CT/CF 

0.4 4.056 5.996 6.311 1.478 

0.5 3.879 5.952 16.113 1.534 

0.6 3.742 6.088 34.630 1.627 

0.7 3.633 5.812 66.095 1.600 

0.8 3.541 5.659 115.660 1.598 

0.9 3.464 5.326 189.418 1.538 

1.0 3.396 5.038 294.424 1.483 

 

 

 

Figure 5.8: Form factor [trimaran 4a] 
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Figure 5.9: Form factor [trimaran 4b] 

 

 

Figure 5.10: Form factor [trimaran 4c] 
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5.3 Total Resistance of Trimaran 

 

 The total resistance of a trimaran hull form consists of the fictional 

resistance and wave resistance as expressed by equation (5.3): 

 

As per CFD   CT(CFD)=CV+CP 

As per calculation                                                      (5.3) 

 

  To calculate the total resistance, the form factor is used for calculation of 

the fictional resistance coefficient with ITTC’57 correlation line. Calculated total 

resistances and CFD results are given by Table 5.5 to 5.7, and the comparisons are 

shown in Figure 5.11 to 5.13. 

 

Table 5.5: The calculated resistance coefficients of trimaran-4a 

Fn 1+k 10
3
(1+ k)CF 10

3
CP  10

3
CT (Cal) 10

3
CT (CFD) 

0.4 1.21 4.900 2.125 7.025  5.483 

0.5 1.21 4.686 2.93 7.616  5.97 

0.6 1.21 4.521 2.81 7.331  5.97 

0.7 1.21 4.389 2.435 6.824  5.739 

0.8 1.21 4.279 2.115 6.394  5.518 

0.9 1.21 4.185 1.758 5.943  5.199 

1.0 1.21 4.104 1.417 5.521  4.900 

 

Table 5.6: The calculated resistance coefficients of trimaran-4b 

Fn 1+k 10
3
(1+ k)CF 10

3
CP  10

3
CT (Cal) 10

3
CT (CFD) 

0.4 1.32 5.345  2.433 7.778  5.773 

0.5 1.32 5.112  2.983 8.095  5.994 

0.6 1.32 4.932  2.879 7.811  6.034 

0.7 1.32 4.787  2.475 7.262  5.765 

0.8 1.32 4.667  2.177 6.844  5.559 

0.9 1.32 4.565  1.821 6.386  5.234 

1.0 1.32 4.476  1.495 5.971  4.933 
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Table 5.7: The calculated resistance coefficients of trimaran-4c 

Fn 1+k 10
3
(1+ k)CF 10

3
CP  10

3
CT (Cal) 10

3
CT (CFD) 

0.4 1.44 5.841  2.664 8.505  5.996 

0.5 1.44 5.586  2.944 8.530  5.952 

0.6 1.44 5.389  2.927 8.316  6.088 

0.7 1.44 5.231  2.515 7.746  5.812 

0.8 1.44 5.100  2.272 7.372  5.659 

0.9 1.44 4.988  1.918 6.906  5.326 

1.0 1.44 4.891  1.624 6.515  5.038 

 

 

 

Figure 5.11: Comparison of total resistance [trimaran - 4a] 
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Figure 5.12: Comparison of total resistance [trimaran – 4b] 

 

 

Figure 5.13: Comparison of total resistance [trimaran – 4c]  
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CHAPTER 6  

CONCLUSION 

 

6.1 Conclusion 

 

 A high-speed and round bilge trimaran hull form, based on the NPL 

systematic series, was considered for CFD analysis to determine wave resistance 

since the prediction of wave resistance is a crucial component of the ship resistance 

when it operates at high-speed. The trimaran models were generated using Maxsurf 

Modeller with the outriggers scaled to one third of the main hull with a separation 

ratio (S/L) of 0.2. 

 

 First and foremost, the mono-hull and catamaran hull forms were briefly 

examined and compared with experimental data conducted by AMCSHC for the 

purpose of reliability of ANSYS FLUENT. Although the wave resistance 

coefficients of CFD were comparatively higher than the experimental data, there 

were reliable agreements with the wave resistance coefficients showing that the 

trend of the curves coincides with the experimental results and slender body 

method. 

 

 With good agreements between experimental results and CFD investigation 

data, the wave resistance coefficients of trimaran hull forms were computed as 

having shown considerable promise and economical advantage when compared to 

model testing. The results showed that the wave resistances decreased with respect 

to increases in the Length to Beam ratio (L/B) of trimaran hull forms. Indeed, those 

results are very achievable works, since few published articles are in existence 

regarding to the resistance characteristics of trimarans. 

 

 In addition, with the obtained total resistance, the form factors of NPL 

systematic series of 4a, 4b and 4c models were found by using the Prohaska (1966) 
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method. The results showed the form factor increased corresponding to the Beam-

Draft ratio (B/T), as given by Table 6.1. With the obtained form factor, the total 

resistances were calculated, and CFD results were compared with calculated results. 

 

Table 6.1: Form factors of trimaran 

Model B/T L/B Form factors 

4a 1.5 10.4 1.21 

4b 2.0 9.0 1.32 

4c 2.5 8.0 1.44 

 

 In conclusion, this thesis shows that the characteristics of wave resistance 

obtained by CFD reveal a significant consistency with another prominent research 

paper including the experimental and numerical analysis. Therefore, the process of 

this study provides the advantages of economy of time and cost consumption in the 

relevant fields. 

 

6.2 Future Work 

 

 This thesis is limited to the investigation of three models of trimarans 

having round bilge hull form and transom stern configuration with the separation 

ratio between centre hull and side hull of 0.2 and outriggers positioned aft of main 

hull. Furthermore, verification of the CFD analysis with experimental data was 

lacking. Although several published articles in well-known journals having the 

detailed various procedures to estimate the resistance characteristics of tirmaran, 

there are few available research papers regarding the resistance investigation on 

trimarans. 

 

 In order to get the various, considerable wave resistance characteristics, 

especially the influence of Length to Beam ratio (L/B) and the slenderness ratio 

(L/ 1/3
), the next computation performance can be accomplished with all systematic 
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series of trimaran hull forms based on the NPL hull form. Furthermore, it can be 

performed by varying the positioning and separation of outriggers using benefits of 

CFD analysis so that the wave resistances will be investigated and estimated to 

determine the influence of hull form parameters on wave resistance characteristics  

of trimarans. 
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APPENDIX A: HYDROSTATICS OF TRIMARAN MODEL 
 

Table A.1: Hydrostatics of trimaran 4b Model 

Displacement( 1) [kg] 10.3 

Displacement( 2) [kg] 0.4 

Displacement( ) [kg] 11.1 

Wetted Area(A1) [m
2
] 0.339 

Wetted Area(A2) [m
2
] 0.037 

Wetted Area(A) [m
2
] 0.413 

Draft(main) [m] 0.089 

Draft(side) [m] 0.030 

Block coefficient  0.397 

Length-Beam Ratio(L/B)  9.0 

Beam-Draft Ratio(B/T)  2.0 

L/ 
 

  
 7.4 

 

Table A.2: Hydrostatics of trimaran 4c Model 

Displacement( 1) [kg] 10.4 

Displacement( 2) [kg] 0.4 

Displacement( ) [kg] 11.2 

Wetted Area(A1) [m
2
] 0.341 

Wetted Area(A2) [m
2
] 0.039 

Wetted Area(A) [m
2
] 0.419 

Draft(main) [m] 0.080 

Draft(side) [m] 0.027 

Block coefficient  0.397 

Length-Beam Ratio(L/B)  8.0 

Beam-Draft Ratio(B/T)  2.5 

L/ 
 

  
 7.4 
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APPENDIX B: DATA ON CFD INVESTIGATION 
 

Table B.1: CFD analysis of model 4a for trimaran [S/L=0.2] 

Fn V (m/s) 10
3
CT 10

3
CP 10

3
CV Force(N) 

0.4 1.585 5.483 2.125 3.358 2.90 

0.5 1.981 5.970 2.930 3.040 4.94 

0.6 2.377 5.970 2.810 3.160 7.12 

0.7 2.773 5.739 2.435 3.304 9.32 

0.8 3.169 5.518 2.115 3.403 12.02 

0.9 3.566 5.199 1.758 3.441 14.42 

1.0 3.962 4.900 1.417 3.483 16.70 

 

Table B.2: CFD analysis of model 4b for trimaran [S/L=0.2] 

Fn V (m/s) 10
3
CT 10

3
CP 10

3
CV Force(N) 

0.4 1.585 5.773 2.433 3.34 2.98 

0.5 1.981 5.994 2.983 3.011 4.84 

0.6 2.377 6.034 2.879 3.155 7.02 

0.7 2.773 5.765 2.475 3.290 9.14 

0.8 3.169 5.559 2.177 3.382 11.50 

0.9 3.566 5.234 1.821 3.413 13.72 

1.0 3.962 4.933 1.495 3.438 15.96 

 

Table B.3: CFD analysis of model 4c for trimaran [S/L=0.2] 

Fn V (m/s) 10
3
CT 10

3
CP 10

3
CV Force(N) 

0.4 1.585 5.996 2.664 3.332 3.14 

0.5 1.981 5.952 2.944 3.008 4.88 

0.6 2.377 6.088 2.927 3.161 7.20 

0.7 2.773 5.812 2.515 3.297 9.34 

0.8 3.169 5.659 2.272 3.387 11.88 

0.9 3.566 5.326 1.918 3.408 14.16 

1.0 3.962 5.038 1.624 3.414 16.54 
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Table B.4: CFD analysis of model 4a for trimaran-one outrigger [S/L=0.2] 

Fn V (m/s) 10
3
CT 10

3
CP 10

3
CV Force(N) 

0.4 1.585 5.491 2.179 3.312 2.65 

0.5 1.981 6.051 2.97 3.081 4.56 

0.6 2.377 5.98 2.861 3.119 6.49 

0.7 2.773 5.516 2.397 3.119 8.27 

0.8 3.169 5.335 2.082 3.253 10.30 

0.9 3.566 4.992 1.688 3.304 12.20 

1.0 3.962 4.773 1.409 3.364 14.39 

 

Table B.5: CFD analysis of model 4b for trimaran-one outrigger [S/L=0.2] 

Fn V (m/s) 10
3
CT 10

3
CP 10

3
CV Force(N) 

0.4 1.585 5.704 2.405 3.299 2.69 

0.5 1.981 6.146 3.101 3.045 4.53 

0.6 2.377 6.047 2.929 3.118 6.41 

0.7 2.773 5.673 2.472 3.201 8.19 

0.8 3.169 5.389 2.119 3.27 10.16 

0.9 3.566 5.070 1.757 3.313 12.10 

1.0 3.962 4.823 1.483 3.34 14.21 

 

Table B.6: CFD analysis of model 4c for trimaran-one outrigger [S/L=0.2] 

Fn V (m/s) 10
3
CT 10

3
CP 10

3
CV Force(N) 

0.4 1.585 6.050 2.751 3.299 2.88 

0.5 1.981 6.157 3.099 3.058 4.58 

0.6 2.377 6.116 2.974 3.142 6.55 

0.7 2.773 5.730 2.500 3.230 8.36 

0.8 3.169 5.473 2.179 3.294 10.43 

0.9 3.566 5.138 1.806 3.332 12.39 

1.0 3.962 4.922 1.568 3.354 14.65 
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APPENDIX C: THE DATA OF RESISTANCE 

COEFFICIENTS USING SLENDER BODY METHOD 

 

Table C.1: Resistance coefficients of mono-hull [L/ 
 

       

Fn 
4a 4b 4c 

10
3
CT 10

3
CW 10

3
CT 10

3
CW 10

3
CT 10

3
CW 

0.3 6.336 0.501  6.219 0.384 6.160 0.324 

0.4 6.671 0.880 6.698 0.907 6.738 0.947 

0.5 7.968 2.216 7.961 2.208 7.921 2.169 

0.6 8.016 2.298 8.064 2.346 8.063 2.344 

0.7 7.642 1.954 7.708 2.020 7.726 2.038 

0.8 7.362 1.642 7.374 1.713 7.400 1.739 

0.9 7.038 1.403 7.113 1.477 7.144 1.508 

1.0 6.830 1.218 6.907 1.294 6.941 1.328 

 

Table C.2: Resistance coefficients of mono-hull [B/T = 1.5] 

Fn 
4a 5a 6a 

10
3
CT 10

3
CW CT CW CT CW 

0.3 6.336 0.501 6.252 0.501 5.975 0.479 

0.4 6.671 0.880 6.341 0.630 5.973 0.502 

0.5 7.968 2.216 7.098 1.422 6.446 1.000 

0.6 8.016 2.298 7.065 1.421 6.394 0.971 

0.7 7.642 1.954 6.823 1.206 6.224 0.823 

0.8 7.362 1.642 6.612 1.021 6.080 0.699 

0.9 7.038 1.403 6.448 0.881 5.968 0.606 

1.0 6.830 1.218 6.317 0.772 5.878 0.534 
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APPENDIX D: WAVE CONTOURS ON FREE SURFACE 
 

 

 

 

Figure D.1: Different configuration of model [one outrigger, Fn=0.8] 

 

 

 

Figure D.2: Different configuration of model [two outrigger, Fn=0.8] 
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APPENDIX E: WAVE PROFILE 
 

 

 

Figure E.1: Wave profile around the hull [Fn=0.8] 


