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Over the last 40 years, the use of fast catamaran has progressively developed 
attributed to its unique characteristics on resistance and seakeeping. The advantages 
have also been applied to military vessels to gain both resistance and seakeeping 
benefits. The current study focuses on the resistance of catamaran warships to 
provide less resistance, therefore, the size of engine and emission of toxic gases to 
the atmosphere. The total resistance of a catamaran will be different from a monohull 
of equal displacement. There are several factors including viscous interference factors 
such as φ, which is introduced to take account of the pressure field change around 
the hull, σ takes account of the velocity augmentation between the two hulls and 
calculated from an integration of local frictional resistance over the wetted surface, 
and τ is the wave resistance interference factor change. Those resistance components 
were developed by Insel and Molland in the 1990s. The investigation discusses the 
derivation of those components numerically using Computational Fluid Dynamics 
(CFD) approach. The speeds (hence, the Froude numbers) are varied from 0.2 to 0.6 
and the separations between the hulls (S/L) are made between 0.2 and 0.4 so the 
comparative purposes can be done against the classical work of Insel and Molland 
and other published data. 
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1. Introduction 
 

The utilization of catamarans instead of the more traditional monohull high-speed vessels is 
growing in various fields such as transportation, naval operations, and offshore applications [1]. This 
upward trend is a direct result of the global demand for vessels that are both commercially and 
militarily efficient, providing high speed, the potential for better performance in rough seas, lower 
hydrodynamic resistance in waves, and a more usable deck area. Achieving improved seakeeping and 
other hydrodynamic performance greatly depends on the design and hull geometry of catamarans. 
The design and shape of catamarans play a crucial role in enhancing their performance at sea, 
particularly in terms of seakeeping and hydrodynamics. Catamarans have gained popularity as a 
mode of transportation because they offer a wider deck area, increased stability, and a more 
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comfortable and safe experience for passengers [1,2]. The catamaran (double hull) tends to have a 
more draft lower than monohull ships with the same displacement, thus it can be operated in shallow 
water [3]. The resistance component of the catamaran has more complex phenomena compared to 
the monohull, because of the interaction effect between two hulls and this creates interference of 
viscous and wave resistance components [4,5]. 

Barrier viscous interferences arise when the uneven flow of water around the hull disrupts the 
formation of the boundary layer and longitudinal vortices. This is further complicated by wave 
interference, which is the result of the interaction of waves created by each individual catamaran 
hull. Several factors play a role in this, including viscous interference factors like φ, which is 
introduced to consider changes in the pressure field around the hull, σ, which accounts for the 
increase in velocity between the two hulls and is calculated by integrating local frictional resistance 
over the wetted surface, and τ, which represents changes in wave resistance interference factors. 
The analysis of these catamaran components has been carried out by Jamaluddin et al., [5] and Insel 
and Molland [6]. 

This present study research about component resistance of catamaran in asymmetrical hull and 
compare with previous study. The investigation discusses the derivation of those components 
numerically using Computational Fluid Dynamics (CFD) approach [5,7,8]. In a general context, this 
computational approach exhibits favorable agreement with the outcomes of experimental model 
tests conducted in the towing tank, as evidenced by the studies of He et al., [9], Sadeghi and Hajivand 
[10], and Sadeghi and Zeraatgar [11]. The speeds (therefore, the Froude numbers) are varied from 
0.2 to 0.7 and the separations between the hulls (S/L) are made between 0.2 and 0.4, hence, the 
comparative purposes can be done against the classical work of Insel and Molland and other 
published data. Those previous studies mentioned above resistance component still rarely conducted 
(σ, ø and τ). This study conducted previously by Jamaluddin et al., [5] and Insel and Molland [6]. 
However, the study involves a catamaran hull and investigates how different hull separations and 
speed variations impact its performance. Two distinct interference effects were identified as 
contributing to the overall resistance: Viscous interference, which results from the uneven flow 
around the demi-hulls, influencing the formation of the boundary layer. Wave interference, 
stemming from the interaction between the wave systems generated by each demihull. This study 
employed CFD-based software and applied the incompressible unsteady Reynolds-Averaged Navier 
Stokes equations (RANS) for modeling. to handle nonlinear free surface conditions iturbulent flow, 
the research used the Volume of Fluid (VOF) method to discretize the RANSE and continuity 
equations. The chosen turbulence model was the SST k-ω (Shear-Stress Transport for k-ω) model, 
which is integrated into the ISIS-CFD solver code. In this context, 'k' represents turbulent kinetic 
energy, and 'ω' stands for the specific dissipation rate [12]. 
 
2. Methodology 
2.1 The Catamaran Warship 
 

The object of this research is a warship catamaran with length of 16.52 m, breadth of 6.649 m, 
draft of 1.184 m, and speed of 40 knots. The test is carried out numerically with a variation of speed 
(Froude Number) between 0.2 and 0.7 and separation to length (S/L) ratios 0.2, 0.3 and 0.4. 
 
2.2 Numerical Equation 
 

In this latest research, a readily available viscous solver was used to tackle the unsteady Reynolds-
Averaged Navier-Stokes (URANS) equations, which are described in previous studies [7,8]. The core 
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equations that govern this study, which include the continuity and momentum equations, were 
discretized using the finite volume method (FVM) as detailed in previous studies [13,14]. Specifically, 
the continuity and momentum equation can be represented in Eq. (1) and Eq. (2) as follows 
 
𝜕(𝜌𝑢̅𝑖)

𝜕𝑥𝑖
= 0              (1) 

 
𝜕(𝜌𝑢̅𝑖)

𝜕𝑡
+

𝜕

𝜕𝑥𝑗
(𝜌𝑢𝑖𝑢𝑗̅̅ ̅̅ ̅ + 𝜌𝑢′𝑖𝑢′𝑗̅̅ ̅̅ ̅̅ ̅) = −

𝜕𝑝̅

𝜕𝑥𝑖
+

𝜕𝜏𝑖𝑗̅̅ ̅̅

𝜕𝑥𝑗
= 0         (2) 

 
where ρ is the fluid density, xi and xj are the components of the position vector in Cartesian 

coordinate, 𝑢̅𝑖 and 𝑢̅𝑗 are the components of the mean velocity vector, 𝑢′𝑖𝑢′𝑗̅̅ ̅̅ ̅̅ ̅ is the Reynolds stresses 

and 𝑝̅ is the mean pressure. 𝜏𝑖𝑗̅̅ ̅ are the components of the mean viscous stress tensor, which can be 

written in Eq. (3). 
 

𝜏𝑖𝑗̅̅ ̅ = 𝜇 (
𝜕𝑢𝑖̅̅ ̅

𝜕𝑥𝑗
+

𝜕𝑢𝑗̅̅ ̅

𝜕𝑥𝑖
)             (3) 

 
where µ is the fluid dynamic viscosity. The k −ω SST turbulence model, which has been widely used 
for marine hydrodynamics is employed as shown in Eq. (4) [15]. 
 
𝛾

𝑣𝑡
𝑃 − 𝛽𝜌𝜔2 +

𝜕

𝜕𝑥𝑗
[(𝜇 + 𝜎𝜔𝜇𝑡)

𝜕𝜔

𝜕𝑥𝑗
] + 2(1 − 𝐹1)2𝜌𝜔2

1

𝜔

𝜕𝑘

𝜕𝑥𝑗

𝜕𝜔

𝜕𝑥𝑗
− (

𝜕(𝜌𝜔)

𝜕𝑡
+

𝜕(𝜌𝑢𝑗𝜔)

𝜕𝑥𝑗
) = 0    (4) 

 
The symbols in the equation likely represent various parameters and variables in fluid mechanics 

or turbulence modeling: γ for a specific ratio, vt for turbulent viscosity, P for turbulence production, 

β for a turbulence model coefficient, ρ for fluid density, ω for specific dissipation rate, 
𝜕

𝜕𝑥𝑗
 for partial 

derivatives with respect to spatial coordinates, μ for dynamic viscosity 𝜎𝜔 for a coefficient in the k-ω 

model, 𝜇𝑡 for turbulent viscosity, F1 for a blending function,k for turbulent kinetic energy, 
𝜕𝑘

𝜕𝑥𝑗
 and 

𝜕𝜔

𝜕𝑥𝑗
 

for partial derivatives of k and ω, 
𝜕(𝜌𝜔)

𝜕𝑡
 for the time derivative of density times specific dissipation 

rate, and 
𝜕(𝜌𝑢𝑗𝜔)

𝜕𝑥𝑗
 for the partial derivative of density times velocity times specific dissipation rate with 

respect to spatial coordinates. 
The principle particular of catamaran is shown in Table 1. The lines plan of catamaran as shown 

in Figure 1. 
 

Table 1 
Principle Particular of Catamaran 
Parameter Catamaran 

Lwl (m) 16.52 
B (m) 6.649 
T (m) 1.184 
Cb  0.319 
Displ. (ton) 42.52 
V (knot) 40 
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Fig. 1. Lines plan of catamaran 

 
2.3 Resistance of Catamaran 
 

The total resistance is analyzed in calm water with variation of speeds [6,16]. The total resistance 
of catamaran, in coefficient form may be expressed in Eq. (5) as: 
 
𝐶𝑇𝑐𝑎𝑡 = (1 + ∅𝑘)𝜎𝐶𝐹 + 𝜏𝐶𝑤            (5) 
 
where 
 
CT = Total Resistance 
CF = Friction Resistance 
Cw = Wave Resistance 
∅ = Factor for pressure field change 
𝜎 = velocity augmentation between the hulls 
𝜏 = Wave-resistance interference factor 
 

The variable ø was introduced to account for changes in the pressure distribution around the half-
hulls, while σ considers the velocity increase between the two hulls. The value of σ can be calculated 
by integrating the local frictional resistance across the wetted surface. Furthermore, the term (1+ k) 
represents the shape factor for the half-hull when it is analyzed independently. To enhance practical 
usability, Eq. (6) was reformulated in the following manner. 
 
(𝐶𝑇)𝐶𝐴𝑇 = (1 + 𝛽𝑘)𝐶𝐹 + 𝜏𝐶𝑊           (6) 
 

For practical purposes, ø and σ are combined into a viscous interference factor (β) in Eq. (7), 
where [6] 
 

𝛽 =
𝐹𝐹𝐶𝑎𝑡−1

𝐹𝐹𝐷𝑒𝑚𝑖− 1
              (7) 

 
where 𝐹𝐹𝐷𝑒𝑚𝑖 is the form factor of the demihull = (1+k) and 𝐹𝐹𝐶𝑎𝑡 is the form factor of the catamaran 
= (1+βk). 

The factor 𝜏 is wave interference and can be calculated from the Eq. (8). 
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𝜏 =
𝐶𝑊𝐶𝐴𝑇

𝐶𝑊𝐷𝐸𝑀𝐼
=

[𝐶𝑇−(1+𝛽𝑘)𝐶𝐹]𝐶𝐴𝑇

[𝐶𝑇−(1+𝑘)𝐶𝐹]𝐷𝐸𝑀𝐼
           (8) 

 
The value of the interference factor of the resistance component for the catamaran hull to the 

variation in the change in the distance between the hulls (S/L) and speeds is calculated based on the 
Eq. (9) and Eq. (10) below 
 

𝐼𝐹𝐶𝑣  =  
𝐶𝑉𝑐𝑎𝑡

𝐶𝑉𝑑𝑒𝑚𝑖
              (9) 

 

𝐼𝐹𝐶𝑤  =  
𝐶𝑤𝑐𝑎𝑡

𝐶𝑤𝑑𝑒𝑚𝑖
                       (10) 

 
The desire to break down the various components of resistance has driven efforts to employ 

Computational Fluid Dynamics (CFD) tools for estimating and predicting the flow characteristics 
around ship hulls, particularly in the context of resistance [18]. Some research has already been 
conducted in the maritime field in this regard [19]. However, there still exist uncertainties when it 
comes to computing viscous and wave resistances separately. This can be attributed to the 
shortcomings in modeling free surfaces during those earlier phases. Fortunately, modern CFD codes 
now incorporate improved free surface algorithms [20]. Consequently, our current research is 
centered on advancing free surface modeling while also considering the breakdown of ship resistance 
components, with a specific focus on catamaran resistance in this case. 
 
2.4 Grid Independence Study 
 

A grid independence study is a process in CFD where the solution of a CFD problem is tested to 
ensure that it is independent of the size of the grid used [17]. The research involves solving the 
identical problem using various grid sizes, spanning from coarse to fine, and then comparing the 
outcomes. It's essential that the finest grid produced is sufficiently fine to confirm that the CFD results 
obtained are considered as fully converged results. This investigation holds significance because it 
ensures the accuracy and dependability of the results obtained through CFD simulation. Table 2 
presents the findings of a grid independence study for this particular model. According to the 
research by Molland and others, grid independence is achieved when the difference in resistance 
between a given number of elements and the preceding element is less than 2% [15]. In this study, 
the number of mesh elements was made between 619,530 and 4,615,990. According to Table 2 and 
Figure 2, the optimum number of grids are 2,920,594, satisfying the grid independence criteria. 
 

Table 2 
Grid Independence 
Number of Grid CT (x 10-3) Margin (%) 

619,530 3.093 - 
1,556,716 2.066 20% 
1,945,586 1.971 2.34% 
2,920,594 1.926 1.15% 
3,258,389 1.906 0.53% 
4,615,990 1.887 0.48% 
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Fig. 2. Grid independence study of the different number 
of cells 

 
2.5 Computational Model 
 

Numerical simulations were performed for the warship models. CFD approach involves employing 
computer-based numerical simulation methods to replicate and examine problems in fluid 
mechanics [18]. The computational domain of the boundary conditions is outlined as follows: the 
entrance is set as velocity inlet, the exit as pressure outlet, both sides of the domain are labelled as 
symmetry planes, the top and bottom are designated as velocity inlets, and the surface of the ship is 
identified as a sliding wall, as shown in Figure 3. 
 

 
Fig. 3. Domain setting on CFD 
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The computational domain is partitioned into grid cells. To minimize grid density, typically, a 
larger grid size is employed for the surrounding domain, with finer grid cells concentrated around the 
hull. Additionally, the mesh for the free liquid surface is refined in the z-axis direction, and a specific 
mesh is established for the ship's surface. This is primarily done to control mesh thickness and adjust 
the wall distance represented as y+ value. The outcome of this meshing process is shown in Figure 4. 
 

 
(a) 

  
(b) (c) 

Fig. 4. Visualization meshing condition of ship; (a) Meshing in fluid domain with refinement levels, (b) Side 
view of Model, (c) Front View of Model 

 
3. Result and Discussion 
 

Using CFD software, the three-dimensional ship model was used to calculate the total resistance 
of variations of hull and variation of speed. with different hull spacing ratios S/L 0.2, 0.3, and 0,4 
when the Froude Number (Fr) 0.2 to 0.7. the contour map of the numerical simulation showed in 
Figure 5(a) to Figure 5(f). 

Figure 5(a) to Figure 5(f) illustrate variations in wave elevation based on different hull spacings 
and speeds, with a focus on Froude numbers (Fr). The image employs a colour scheme to depict wave 
heights surrounding the catamaran. Red hues denote elevated areas, while blue shades represent 
lower elevations. This colour scheme aids in comprehending how the catamaran influences the water 
surface. By measuring wave heights at specific locations within the image, it is possible to conduct a 
quantitative assessment of the catamaran's hydrodynamic performance across different scenarios. 
At Fr 0.2, the wave elevation is 1.45 m, while at Fr 0.3, it reaches 1.8 m. The highest wave elevation 
occurs at Fr 0.4 is 2 m, and it further increases to 2.5 m at Fr 0.5. Furthermore, at Fr 0.6 and 0.7, the 
highest wave elevations are 2.5 m and 3 m, respectively. Notably, the colours on the graph represent 
various transverse wave patterns, and their number decreases as the ship's speed increases. At Fr 
0.3, a transverse wave with half the hull length occurs, characterized by wave crests in the midship 
area. Larger peak waves originate from the bow of the hull, leading to relatively larger waves. At Fr 
0.4, where the highest wave is 2 m, the transverse wavelength matches the ship's hull length, and 
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the interaction of waves at the front and back strengthens each other. In the context of Fr 0.6 and 
0.7, with wave elevations of 2.5 and 3 m, respectively, different wave patterns emerge below the 
deck due to varying hull spacings. Notably, in this specific Froude number range, larger waves develop 
at the bow due to interaction effects resulting from specific hull spacing and speeds, potentially 
reducing wave resistance. 
 

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

(a) 

   
(b) 

   
(c) 

   
(d) 

   
(e) 

   
(f) 

   
Fig. 5. Wave Elevation Contour in (a) Fr 0.2, (b) Fr 0.3, (c) Fr 0.4, (d) Fr 0.5, (e) Fr 0.6, (f) Fr 0.7 with 
S/L 0.2-0.4 

 
The result of the resistance coefficient in the different hull spacing and Froude number are shown 

in Figure 6 to Figure 8. Figure 6 illustrates the variations in total resistance (CT), friction resistance 
(CF), wave resistance (Cw), and viscous resistance (Cv) concerning S/L at a value of 0.2. Notably, Cw 
and CT exhibit the same trend, reaching its peak values at Fr 0.5, with CT generate maximum value of 
17.45 x 10-3 and Cw at 13.95 x 10-3. Meanwhile, CF and Cv exhibit a similar pattern at S/L 0.2 but 
demonstrate different behavior across various Froude Numbers. The highest recorded value for CF is 
2.13 x 10-3 and for Cv, it stands at 3.5 x 10-3. It is noteworthy that at S/L 0.2, the data signifies peak 
resistance at a Froude Number of 0.5. Furthermore, it is observed that as the Froude Number 
escalates from 0.2 to 0.5, vessel speed correlates with an increase in resistance. This is caused by an 
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increase in speed affecting resistance, where resistance decreases as speed increases (expressed as 
the Froude number) [18]. However, in the Fr range of 0.6-0.7, the trend reverses, showing a decrease 
in resistance as speed rises. This is due to the onset of wave breaking and spray occurring at Fr values 
above 0.5 [19]. 
 

 
Fig. 6. Component of resistance S/L 0.2 in different 
Froude number 

 
Figure 7 shows the total resistance (CT), friction resistance (CF), wave resistance (Cw), and viscous 

resistance (Cv) of the 0.3 ship hull spacing variation. Notably, Cw and CT exhibit similar trend, with 
their peak values occurring at a Fr 0.5. At this Fr value, CT attains its maximum at 16.59 x 10-3, while 
Cw reaches 13.1 x 10-3. Conversely, CF and Cv display a consistent pattern at S/L 0.3 across various Fr, 
with the highest values at 2.14 x 10-3 for CF and 3.49 x 10-3 for Cv. This phenomenon is a result of 
rising speed impacting resistance, with resistance diminishing as speed increases [17]. Nevertheless, 
in the Fr range of 0.6-0.7, this pattern shifts, demonstrating a decline in resistance with increasing 
speed. This alteration is attributed to the initiation of wave breaking and spray at Fr values exceeding 
0.5 [21]. 
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Fig. 7. Component of resistance S/L 0.3 in different 
Froude number 
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Figure 8 presents data on total resistance (CT), friction resistance (CF), wave resistance (Cw), and 
viscous resistance (Cv) at S/L 0.4. Similar trend of Cw and CT occured with their peak values at Fr 0.5. 
At this Fr value, CT reaches its maximum at 16.36 x 10-3, while Cw generates 12.77 x 10-3. Similarly, CF 
and Cv follow the same trend at S/L 0.4 across different Fr, with the highest values at 2.12 x 10-3 for 
CF and 3.44 x 10-3 for Cv. It is important to highlight that at S/L 0.4, the data indicates the highest 
resistance values at a Froude Number of 0.5. The observed phenomenon is a consequence of 
heightened speed influencing resistance, resulting in a reduction in resistance as speed escalates, a 
relationship expressed through the Froude number [17]. However, within the Froude number range 
of 0.6-0.7, there is a notable reversal in this pattern, where resistance decreases as speed increases. 
This shift can be attributed to the initiation of wave breaking and spray, which becomes prominent 
at Froude number values exceeding 0.5 [21]. 
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Fig. 8. Component of resistance S/L 0.4 in different 
Froude number 

 
The phenomenon of viscous interference arises due to changes in the distribution of the 

boundary layer and the acceleration of flow velocity near a catamaran's hulls. It also results from the 
distribution of pressure changes in the area between the demihull. These phenomena are discussed 
through the study and simulation of CFD and calculate with Eq. (8). The value of the viscous form 
factor is influenced by the distance between the hulls (S/L) shown in Figure 9, expressing that as the 
distance between the hulls (S/L) increases, the initial value of the viscous form factor decreases. The 
value of viscous component factors is concluded in Table 3. 
 

Table 3 
Viscous Interference Factor 
Fr S/L 0,2 S/L 0,3 S/L 0,4 

0.2 1.1002 1.0514 1.0156 
0.3 1.1030 1.0483 1.0113 
0.4 1.1044 1.0472 1.0116 
0.5 1.1104 1.0449 1.0124 
0.6 1.1052 1.0467 1.0157 
0.7 1.1168 1.0483 1.0108 
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Fig. 9. Viscous interference factor in different hull spacing and 
Froude number  

 
Wave interference factor calculated using Eq. (7). It is observed that fluctuations in clearance 

between the hulls were experienced across different Fr, as depicted in Figure 10 and summarized in 
Table 4. The effect of wave interference factor in S/L 0.2 in Fr. 0.3 and wave interference become 
smaller in Fr > 0.3. This was caused by a certain distance and speed generated by interaction effect 
waves which can negate each other, resulting in smaller wave resistance. The change in wave 
interference factor is also influenced by the variation in the distance between the hulls (S/L). The 
greater the distance between the hulls, the lower the pressure and wave elevation that occurred. 
This is because of disturbances in the flow velocity and pressure around the demi hulls, which 
increase, particularly in the inner area due to the interaction between hull and water surface 
[16,22,23]. 
 

Table 4 
Wave Interference Factor (τ) 
Fr S/L 0,2 S/L 0,3 S/L 0,4 

0.2 0.9748 0.8803 0.8748 
0.3 1.1711 1.1278 0.9891 
0.4 1.0300 0.9859 0.9840 
0.5 1.1230 1.0162 0.9912 
0.6 1.0462 1.0070 0.9964 
0.7 0.9685 0.9441 0.9275 

 
Pressure and flow velocity variations due to alterations in catamaran hull clearance were assessed 

via Computational Fluid Dynamics (CFD), and the outcomes are summarized in Table 5. Viscous 
interference was deconstructed into two essential factors: σ, responsible for accounting for velocity 
augmentation between the hulls, as observed in Figure 11(a), σ and ø, responsible for considering 
changes in the pressure field around the demihulls as shown in Figure 11(b). Significantly, it was 
observed that each of these factors remained constant across the Fr variations studied. Furthermore, 
as S/L decreased, the flow velocity ratio increased, intensifying the velocity between the hulls. In 
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contrast, a contrasting trend was evident in the flow pressure ratio, as larger S/L resulted in smaller 
pressure ratios [23,24]. 
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Fig. 10. Wave interference factor in different hull spacing 
and Froude number 

 
Table 5 
Interference of Flow Velocity (σ) and pressure (ø) from CFD results 
Fr Rn Sc/L=0.2 Sc/L=0.3 Sc/L=0.4 

inner /outer 

Flow Velocity (σ) 

0.2 4.21 x 107 0.9921 0.9616 0.9289 
0.3 6.73 x 107 0.9898 0.9596 0.9267 
0.4 8.42 x 107 0.9879 0.9582 0.9255 
0.5 1.09 x 108 0.9883 0.9591 0.9258 
0.6 1.26 x 108 0.9885 0.9578 0.9240 
0.7 1.52 x 108 0.9882 0.9560 0.9225 

Flow Pressure (ø) 

0.2 4.21 x 107 1.2619 1.4066 1.5468 
0.3 6.73 x 107 1.2666 1.4109 1.5441 
0.4 8.42 x 107 1.2700 1.4117 1.5479 
0.5 1.09 x 108 1.2702 1.4142 1.5522 
0.6 1.26 x 108 1.2697 1.4220 1.5500 
0.7 1.52 x 108 1.2707 1.4242 1.5433 

 
The research findings of Insel and Molland [6] indicate that wave resistance interference has a 

positive effect on catamaran hulls within the Froude Number (Fr) range of 0.35 - 0.42. Furthermore, 
the results of the research by Broglia et al., [13] shows similar phenomenon occurs within the Fr 
range of 0.2 to 0.4. Based on the research conducted through CFD simulations and calculations using 
Eq. (7) as depicted in Figure 12, it is indicated that the favourable impact of wave resistance 
interference on catamaran hulls is not confined to Froude (Fr) values below 0.4 but is also evident at 
Fr values exceeding 0.5. 
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Fig. 11. Viscous interference, σ, based on flow velocity (CFD result); (a) Flow velocity (σ), (b) Flow 
pressure (ø) 
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Fig. 12. Wave interference, τ, based on CFD result 

 
Regression analysis was utilized provides interference factors (τ) a set of curves for various S/L. 

This approach leads to the derivation of equations for interference factors related to hull clearances/ 
Figure 13 visually represents these equations and demonstrates an intriguing trend: S/L increases, 
the value of τ consistently decreases [5,24]. 

Regression analysis was utilized to provides resistance components within a set of curves for 
different Froude Numbers (Fr) and flow pressure (ø) within a set of curves for various S/L. Figure 14 
provides a clear illustration of the relationship between S/L and interference viscous resistance. As 
the hull clearance (the distance between the hulls) increases, there is a continuous and noticeable 
increase in the values associated with viscous resistance interference [5,24]. 
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Fig. 13. Regression of wave resistance interference (τ) 
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Fig. 14. Regression of viscous resistance interference (ø) 

 
Regression analysis was employed to investigate resistance components within two sets of 

curves: one for different Froude Numbers (Fr) and the other for various ship length to waterline 
length ratios (S/L), specifically focusing on flow velocity (σ), as depicted in Figure 15. It is observed 
that the interference viscous resistance value remains consistent across different Froude Numbers, 
implying that it doesn't vary with changes in speed. However, what is particularly noteworthy is that 
this resistance value decreases as the S/L becomes larger. The regression model takes into 
consideration that a specific variable may follow linear, power, or exponential relationships, 
summarized in Table 6. 
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Fig. 15. Regression of viscous resistance interference (σ) 

 
Table 6 
Results of Regression Analysis 
Symbol Equation Curve Form Validity Factor (R2) 

τ (Fr 0.2) τ = 0.7054(S/L)-0.206 Power 0.9846 
τ (Fr 0.3) τ = 0.8206(S/L)-0.127 0.9946 
τ (Fr 0.4) τ = 0.8568(S/L)-0.106 0.9686 
τ (Fr 0.5) τ = 0.8747(S/L)-0.11 0.9967 
τ (Fr 0.6) τ = 0.9031(S/L)-0.102 0.9925 
τ (Fr 0.7) τ = 0.9159(S/L)-0.133 0.9798 

Ø  Ø =1.396 (S/L) + 0.9914 Linear 0.9998 

σ  σ = 1.0045e-0.005(S/L) Exponential 0.9238 

 
4. Conclusion 
 

A successful combination of numerical optimization modeling and CFD simulations has been 
utilized to predict the optimal total resistance coefficient (CT) for a catamaran hull. The numerical 
findings emphasize that changes in speed have a substantial effect on the resistance characteristics 
of catamarans, primarily due to interactions between the hulls, causing waves and viscosity effects. 
The largest resistance coefficient on S/L 0.2, 0.3, and 0.4 respectively are 17.45 x 10-3, 16.59 x 10-3, 
and 16.36 x 10-3, which occurred at Fr 0.5. 

The effect of wave interference factor in S/L 0.2 in Fr. 0.3 and wave interference become smaller 
in Fr > 0.3. This was caused by a certain distance and speed generated by interaction effect waves 
which can negate each other, resulting in wave resistance to be smaller. S/L is very crucial for the 
emergence of wave interactions (wave making) which impacting the wave effect between the demi 
hulls. The viscous interference factors are generating little differences for each S/L in Fr 0.2 to 0.7 
because it has relatively no effect on speeds. 

Regression technique was employed to analyze these variables ø, σ and τ. The regression analysis 
provides interference factors (τ) for resistance components in a set of curves for various Froude 
Numbers and viscous components (ø and σ) in a set of curves for different S/L. Consistent inverse 
trend for τ occurred as S/L increased, where the values consistently decreased. Interference viscous 
resistance of flow velocity σ remained constant across varying Froude Numbers, emphasizing its 
independence from speed alterations, yet exhibited a decrease as S/L increased. The resistance 
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components were influenced by Froude Numbers and separation to length (S/L), with flow pressure 
ø showing a notable increase as hull clearances expanded. 
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