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Abstract 
 

The selection of a hull design with minimal drag is an important effort to 

reduce emission levels on ships. Two different hull shapes, U and V hulls, have 

unique properties that affect their drag production, which has been studied 

extensively in the past. This study aims to re-examine the differences 

between the two hull types by conducting a simple analysis of drag 

prediction results using empirical and numerical slender body methods. Both 

hull models in this study have the same size and volume. The results indicate 

that the U hull has a higher frictional resistance (𝑅𝐹) than the V hull due to its 

wider wetted surface area (𝑊𝑆𝐴). Additionally, the viscous pressure 

resistance (𝑅𝑉𝑃) and form factor coefficient (𝑘) of the U hull are also higher 

than those of the V hull. However, for Froude numbers (Fr) above 0.245, the 

U hull has lower wave resistance (𝑅𝑊) than the V hull, whereas for Fr below 

0.245, the U hull has higher 𝑅𝑊. Overall, the U hull produces a higher total 

resistance (𝑅𝑇) than the V hull at low speeds, but a lower 𝑅𝑇 at high speeds. 

Therefore, the choice of hull shape for minimizing a ship's resistance is 

influenced by the desired speed of service. If Fr is low, below 0.24, a V-

shaped hull is more suitable. However, if Fr is higher than 0.24, a U-shaped 

hull is more appropriate. 
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1.0 INTRODUCTION 
 

Special efforts need to be made to reduce emission 

levels or increase the efficiency of energy use on ships. 

The IMO notes that by 2021, the emission level from 

ships worldwide reached 2.2% of the total CO2 

emissions created by humans [1]. If no precautions are 

taken, the emission level is projected to increase by 2 

to 3 times [2]. Wang and Lutsey [3], as well as Molland 

et al. [4], have described several methods to increase 

the efficiency of energy use on ships. These methods 

include weather routing [5], [6], speed reduction [7], 

[6], propeller [8], [9], and hull optimization [10], [11], 

bow modification [12], [13], [14], hull cleaning 

management or preventing biofouling [15], [16], [17], 

[18], [19], [20], trimming strategy [21], adding devices 

[22], [23], [24], [25], [26], using more advanced anti-

fouling [27], [28], [29], and analyzing the coating 

roughness [30], [31], [32], [33], [34], etc. 

To reduce ships' emissions, one effective method is 

to choose a hull shape design with minimal drag. The 

shape of the hull is closely tied to the type of ship and 

its respective duties [36]. Several studies have 

analyzed hull shape modifications, such as the 
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modification of the bulbous bow shape by Choi [37] 

and Kleinsorge et al. [11], the modification of hull 

shape by Eberechukwu et al. [10], and the work of 

Jung and Kim [38], Chrismianto et al. [39], and 

Fitriadhy et al. [40]. 

 

 
(a) 

 
(b) 

Figure 1 Body plan for the stern (a) and bow (b) for the U hull 

[35] 

 

 

The shape of the hull can be determined by the 

lines plan, which includes three forms: V, U, and N 

shapes, according to FORMDATA I and FORMDATA II 

[41][35]. Figure 1 and Figure 2 illustrate the curved lines 

of the body plan for the U and V hulls, respectively. 

While the two hulls may appear similar at first glance, 

a closer examination and comparison, as shown in 

Figure 3, reveals differences in the curvature line 

patterns [36]. The V hull features mostly straight lines, 

whereas the U hull is characterized by curves. Despite 

these differences, the two hulls have the same area or 

volume. 

Different variations in hull shape have distinct 

characteristics that impact the designer's choice 

based on the ship's mission. These characteristics 

affect various aspects of design, hydrodynamics, 

construction, and production. For example, the U hull 

has a wider bottom area than the V hull, as seen from 

the design aspect [36]. From the construction aspect, 

the U hull has more strength than the V hull with the 

same structural size [42]. The V hull is easier to produce 

due to the lesser need for bending plates during 

production [43]. In terms of drag, both the U and V 

hulls have unique characteristics. Schneekluth & 

Bertram [36] found that the U hull produces less wave 

resistance than the V hull for high Froude numbers.  
 

 
(a) 

 
(b) 

Figure 2 Body plan for the stern (a) and bow (b) for the V hull 

[35] 

 
Figure 3 The difference in the cross-sectional shape of the 

front U and V with the area under the same draft [36] 

 

 

According to the literature, variations in hull shape 

only affect the wave resistance components and not 

the other resistance components such as frictional 

and viscous pressure resistance, which have not been 

specifically described. The total resistance of a ship is 

determined by adding up all these resistance 

components. The authors of a study suggested that 

differences in hull shape could also cause variations in 

the other resistance components. Therefore, a U-

shaped hull that has lower wave resistance may not 

necessarily have lower total resistance. 

This study aims to demonstrate the drag specificity 

resulting from each hull shape by investigating the 

differences in predicted drag values using two simple 
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methods: the empirical and numerical the slender 

body methods. To ensure a fair comparison, both the 

U and V hulls were constructed to have the same size 

and volume displacement values according to the 

Formdata II procedure. The Maxsurf software's student 

version assisted the work in this study. The analysis of 

the two hulls involves comparing their hydrostatic 

characteristics, frictional resistance, viscous pressure 

resistance, wave resistance, and total resistance. 

 

 

2.0 METHODOLOGY 
 

This chapter outlines the methodology employed in 

conducting a comparative analysis. The study 

commenced by creating line plans based on 

Formdata II [35], followed by a comparison of hull 

characteristics for both hulls. Next, drag components 

were calculated using both empirical and numerical 

techniques. Empirical methods were utilized to predict 

frictional resistances, viscous pressure resistance, and 

form factor, while the numerical method, slender 

body, was utilized to predict wave resistance. 

 

2.1 Making Both Hull Models 

 

The process of creating the lines plan models for the U 

and V hulls involved referencing Formdata II, as 

depicted in Figure 1 and Figure 2. The process 

commenced by selecting the body plan or station line 

shape, based on the available lines. The line selection 

process also accounted for the desired 𝐶𝐵 (coefficient 

block) and 𝐿𝐶𝐵 (length of center buoyancy) values, 

which are described in Table 1 along with the values 

of the main dimensions for both models. 

 
Table 1 The main dimensions of both hull models 

 

Item Description Value Unit 

𝐿𝑃𝑃 Length of Perpendicular 60 m 

𝐿𝑊𝐿 Length of Waterline 62.3 m 

𝐵 Breadth 12 m 

𝐻 Depth 4 m 

𝑇 Draught 2.7 m 

𝐶𝐵 Coefficient Block 0.6  

𝐿𝐶𝐵 
Length of center 

Buoyancy from midship 
1.55 % 

 

 

Figure 4 illustrates the difference in cross-sectional 

lines between the U hull and V hull models. The red 

lines depict the station lines for the U hull, while the 

blue lines represent those for the V hull. The differing 

characteristics of the station lines for both hulls are 

consistent with those shown in Figure 3. Specifically, 

the U hull has a larger area at the bottom than the V 

hull, while the V hull has a larger area at the draft than 

the U hull. The 3D hull models, which were created 

using Maxsurf software, can be viewed in Figure 5, 

where the U hull model is shown in red and the V hull 

model is shown in blue. 

 
 

Figure 4 Comparison of cross-sectional or body plans 

(stations) of the U hull (red) and V hull (blue line) models 

 

 
(a) 

 
(b) 

Figure 5 3D models of the U hull (red) and the V hull (blue) 

 

 

2.2 Ship Resistance Components 

 

The equation for the ship drag component is written in 

Equation 1 [44], where 𝑅𝑇 is the total resistance, 𝑅𝐹 is 

the frictional resistance, 𝑅𝑉𝑃 is the viscous pressure 

resistance, 𝑅𝑊 is the wave resistance, and 1 + 𝑘 is the 

form factor. Generally, Equation 1 can be converted 

into the coefficients form shown in Equation 2, where 

𝐶𝑇 is the total resistance coefficient, 𝐶𝐹 is the frictional 

resistance coefficient, 𝐶𝑉𝑃 is the viscous pressure 

resistance coefficient, 𝐶𝑊 is the wave resistance 

coefficient. All of the coefficients are explained in 

Equations 3 to 5, where 𝑉 is the velocity, 𝜌 is the density 

of the fluid, and 𝑆 is the surface area of the hull 

submerged in water. 

 
𝑅𝑇 = 𝑅𝐹 + 𝑅𝑉𝑃 + 𝑅𝑊 = 𝑅𝐹(1 + 𝑘) + 𝑅𝑊 (1) 

 
𝐶𝑇 = 𝐶𝐹 + 𝐶𝑉𝑃 + 𝐶𝑊 = 𝐶𝐹(1 + 𝑘) + 𝐶𝑊 (2) 

 

𝐶𝐹 =
𝑅𝐹

1
2

𝜌𝑉2𝑆
 (3) 

 

𝐶𝑉𝑃 =
𝑅𝑉𝑃

1
2

𝜌𝑉2𝑆
 (4) 
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𝐶𝑊 =
𝑅𝑊

1
2

𝜌𝑉2𝑆
 (5) 

 

2.3 Empirical Methods 

 

The empirical methods used in this study to predict the 

resistance components consist of the 𝐶𝐹 formula from 

ITTC 1957 [45] to estimate frictional resistance, the form 

factor formula from Holtrop [46] to determine the 

value of the viscous pressure resistance, and the wave 

resistance formula also from Holtrop [46]. 

The frictional resistance is predicted using the 𝐶𝐹 

formula from ITTC 1957 [45] shown in Equation 6. In this 

formula, it can be seen that the 𝐶𝐹 value is a function 

of Re (Reynolds number) described in Equation 7, 

where 𝜌 is the density of the fluid, 𝑉 is the speed of the 

ship, 𝐿 is the length of the ship (𝐿𝑊𝐿), 𝜇 is dynamic 

viscosity. 

 

𝐶𝐹 =
0.075

(Log10Re − 2)2 (6) 

 

Re =
𝜌𝑉𝐿

𝜇
 (7) 

 

The viscous pressure resistance is predicted using 

Equation 8, which is taken from Equation 2. The viscous 

pressure resistance (𝐶𝑉𝑃) is related to the coefficient of 

form factor (1 + 𝑘) of the hull. Thus, it is important to 

predict the form factor value, namely 𝑘. Holtrop [46] 

provides a formula to predict the form factor 

coefficient using the formula described in Equation 9. 

Equation 9 explains that the 𝑘 is a function of the 

shape of the ship's stern, namely 𝐶stern which values 

are described in Table 2. The other parameters consist 

of the length of the hull (𝐿), the breadth (𝐵), the draft 

(𝑇), the length of the hull at the waterline (𝐿𝑊𝐿). Then, 

𝐿𝑅 is the length of run which if not known can use 

Equation 10, where 𝐶𝑃 is the prismatic coefficient and 

𝐿𝐶𝐵 is the length of center buoyancy position to 

midship. 

 
Table 2 Parameter value of afterbody form [46] 

 

Afterbody form 𝑪𝐬𝐭𝐞𝐫𝐧 

Pram with gondola -25 

V-shaped sections -10 

Normal section shape 0 

U-shaped sections 10 

 
𝐶𝑉𝑃 = 𝐶𝐹𝑘 (8) 

 
𝑘 = 𝑓(𝐶stern, 𝐵, 𝐿, 𝑇, 𝐿𝑊𝐿, 𝐿𝑅, 𝛻, 𝐶𝑃) (9) 

 
𝐿𝑅 = 𝑓(𝐿𝑊𝐿, 𝐶𝑃, 𝐿𝐶𝐵) (10) 

 

The wave resistance was also predicted using the 

empirical method from Holtrop [46]. The wave 

resistance is also predicted using the slender body 

numerical method described in the next subsection. 

Holtrop's empirical method for predicting wave 

resistance is illustrated in Equation 11, where 𝑅𝑊(𝐹𝑟) is 

a function of the displaced volume in m3 (𝛻), 𝐿, 𝜌, 

acceleration of gravity (𝑔), 𝑇, 𝐵, 𝐶𝐵, Froude number 

(Fr), the half angle of entrance (𝑖𝐸), midship 

coefficient (𝐶𝑀), 𝐶𝑃. The half-angle of the entrance (𝑖𝐸) 

is described in Equation 12, where it is a function of 𝐿, 

𝐵, 𝐶𝑊𝑃 (coefficient of water plan area), 𝐶𝑃 and 𝐿𝐶𝐵. 

 
𝑅𝑊(Fr) =  𝑓(𝛻, 𝐿, 𝜌, 𝑔, 𝑇, 𝐵, 𝐶𝐵, Fr, 𝑖𝐸 , 𝐶𝑀, 𝐶𝑃) (11) 

 
𝑖𝐸 =  𝑓(𝐿, 𝐵, 𝐶𝑊𝑃, 𝐶𝑃, 𝐿𝐶𝐵) (12) 

 

2.4 Numerical Methods Slender Body 

 

The wave resistance was predicted using the 

slender body numerical method assisted by Maxsurf 

software. This method was first developed Michell [47], 

which was later enhanced by Insel and Molland [48] 

and Couser et al [49]. It can be seen in  

Figure 6, how the hull is positioned on the axis, where 

the x-axis points forward, y points to the right, and z 

points downwards. The vertical line of the tank is at y = 

0 and the free surface of the water is at z = 0. The hull 

model is discretized into rectangular panel elements, 

see the illustration in Figure 7. The wave resistance is 

calculated from the expression derived by Insel [50] 

which describes the drag in the form of the far-field 

Eggers [51] coefficient as a finite element source. 

 

 
 

 

Figure 6 Main notation and axis convention of slender body 

method [49] 

 

 
 

Figure 7 Slender body mesh [55] 

 

 

The slender body method can be used if the ship's 

hull is symmetrical and flat with a size ratio of 𝐿 √∇
3⁄ > 4 

[52], [53], [54]. For these hull models used, based on 

the main size values in Table 1, the value of 𝐿 √∇
3⁄  is 

5.845. So that the slender body method can be used 

for the size of these two hull models. 
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2.5 Validation 

 

In this study, the slender body method, which was 

simulated using Maxsurf, was validated against the 

work done by Bašić et al. [56]. The hull model used in 

the validation process is similar to the one used by 

Bašić et al. [56], namely Series 60 without a bulb, with 

dimensions of 𝐿𝑃𝑃 = 3.0 m, 𝐵 = 0.40 m, 𝑇 = 0.163 m, and 

𝐶𝐵 = 0.6. The Series 60 model is part of the reference 

model library on Maxsurf. The results obtained from the 

slender body method were compared to the results 

from the original thin-ship theory, the modified thin-

ship theory, and the CFD simulation conducted by 

Bašić et al. [56], as well as experimental results from 

Toda et al. [57]. 

The validation results are presented in  

Figure 8. Although there is some deviation between 

the results at 0.25 < Fr < 0.35, the other results are very 

close. Based on these findings, the authors believe it is 

appropriate to proceed to the specimen model 

simulation stage, as the purpose of this simulation is 

solely to compare the U and V shapes with other 

parameters held constant. 

 

 
 

Figure 8 Validation results 

 

 

3.0 RESULTS AND DISCUSSION 
 

3.1 Differences in hydrostatic characteristics 

 

After obtaining the body plan for the U and V hulls 

using the Formdata method, both hulls were modelled 

in 3D using Maxsurf software. The software was used to 

calculate and compare the hydrostatic 

characteristics of both hulls. The results of these 

calculations are presented in Table 3. To aid in 

comparative analysis, Equation 13 was used for this 

and subsequent comparisons. 

Comparing the U and V shapes of two hulls, certain 

parameters must be the same, while others must be 

different to determine the differences in shape. The 

parameters that must be the same include 𝐿 (length), 

𝐵 (breadth), 𝑇 (draft), 𝐶𝐵 (block coefficient), 𝐶𝑃 

(prismatic coefficient), 𝐶𝑀 (midship coefficient), 𝐿𝐶𝐵 

(longitudinal center of buoyancy), and 𝐿𝐶𝐹 

(longitudinal center of flotation). These parameters 

are not affected by differences in the shape of the 

hulls. On the other hand, the parameters that must be 

different include 𝑊𝑆𝐴 (wetted surface area), 𝐶𝑊𝑃 

(coefficient of wave profile), and 𝐾𝐵 (block 

coefficient). These parameters will obviously differ 

between the two hulls. By comparing the U and V 

shapes of the two hulls while controlling for these 

parameters, we can better understand the impact of 

differences in shape. 

Based on the calculation results shown in Table 3, it 

can be observed that there is a very slight difference 

in the volume displacement value between hull U and 

hull V, which is only 0.2 m3 or 0.02%. This difference can 

be considered negligible since it is a result of the 

precision in the model creation. The values of 𝐿, 𝐵, 𝑇, 

and 𝐶𝐵  for both models are also identical. Parameters 

𝐶𝑃, 𝐶𝑀, 𝐿𝐶𝐵, and 𝐿𝐶𝐹 have minimal differences, which 

are less than 0.3%. Due to these small differences, it is 

reasonable to assume that both hulls share similar 

values for certain parameters, allowing for proper 

analysis of the comparative drag value. 

 

∆% =  
result of U − result of V

result of V
× 100% (13) 

 
Table 3 Results of the differences in hydrostatic 

characteristics of the U and V hulls 
 

Parameter Units 
Value 

∆% 
U hull V hull 

Volume disp. m3 1188.40 1188.20 0.017 

𝐿𝑊𝐿 (𝐿) m 62.306 62.306 0.000 

Breadth (𝐵) m 12.000 12.000 0.000 

Draft (𝑇) m 2.700 2.700 0.000 

𝑊𝑆𝐴 m2 735.331 726.387 1.231 

𝐶𝐵  0.586 0.586 0.000 

𝐶𝑃  0.600 0.600 0.000 

𝐶𝑀  0.979 0.979 0.000 

𝐶𝑊𝑃  0.703 0.705 -0.284 

𝐿𝐶𝐵 (from 

midship) 

% 1.548 1.549 -0.084 

𝐿𝐶𝐹 (from 

midship) 

% 4.403 4.402 0.011 

𝐾𝐵 m 1.442 1.458 -1.097 

 

 

The values that differ significantly between the two 

hulls are the wetted surface area (𝑊𝑆𝐴), 𝐶𝑊𝑃, and 𝐾𝐵. 

The U hull has a greater 𝑊𝑆𝐴 compared to the V hull, 

as the U hull has a longer body plan line as shown in  

Figure 4. The V hull has a higher 𝐶𝑊𝑃 value compared 

to the U hull due to its wider top and narrower bottom 

shape. Additionally, the 𝐾𝐵 value for the V hull is higher 

than that of the U hull, as the V hull has a wider top 

and narrower bottom area, whereas the U hull has a 

wider bottom area compared to the V hull. 
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3.2 Frictional Resistance 

 

Based on Equation 3, it can be seen that there is an 

input parameter value of 𝑆 or 𝑊𝑆𝐴 to predict the 

frictional resistance (𝑅𝐹), where the 𝑊𝑆𝐴 for the two 

hulls is different. It can be seen in Table 3, that the 𝑊𝑆𝐴 

value for the U hull is higher than that of the V hull, so 

the 𝑅𝐹 value for the U hull is higher than that of the V 

hull. The difference in the 𝑅𝐹 value for the two hulls is 

1.231% constant, comparable to the difference in the 

𝑊𝑆𝐴 value. However, because the length of both 

models is the same, the 𝐶𝐹 value will be the same. 

 

3.3 Viscous Pressure Resistance and Form Factor 

 

The form factor (𝑘) prediction is required to predict the 

viscous pressure resistance. The form factor was 

calculated using Equation 9, where the calculation 

results are presented in Table 4. The prediction results 

show the difference between the U hull and V hull is 

4.94%, where the U hull has a higher value than that of 

the V hull. The difference in ∆% was calculated using 

Equation 13. Based on Equation 9, the parameter that 

causes the difference in the form factor value is the 

𝐶𝑠𝑡𝑒𝑟𝑛 parameter described in Table 2, where the value 

is -10 for the V hull and +10 for the U hull. 

 
Table 4 The difference in the prediction of the form factor 

 

 U hull V hull ∆% 

1+k 1.223 1.165 4.94 

k 0.223 0.165 34.86 

 

 

The value of the viscous pressure coefficient (𝐶𝑉𝑃) 

can be predicted based on the form factor value. 

Based on Equation 8, because the 𝐶𝐹 value is the 

same for both hulls, then the 𝐶𝑉𝑃 is proportional to the 

𝑘 value. Thus, the difference in the 𝐶𝑉𝑃 is 34.86% higher 

for the U hull than that of the V hull. The difference in 

the predicted 𝑅𝑉𝑃 is using Equation 4, where there is a 

𝑊𝑆𝐴 value parameter. Because the difference in the 

𝑊𝑆𝐴 value of about 1.231% greater for the U hull than 

that of the V hull, then the difference in the 𝑅𝑉𝑃 values 

are 36.52% higher for the U hull than that of the V hull. 

The form factor value in this study is limited to using 

empirical methods only. For more accurate 

prediction, towing tank experiments or CFD simulation 

can be used for further study. 

 

3.4 Wave Resistance 

 

The prediction of wave resistance in this study was 

carried out using two methods, namely the empirical 

method from Holtrop [46] and the numerical method, 

slender body [49], [50]. 
 

3.4.1 Result Using the Empirical Method 

 

In this subsection, an analysis of the differences in the 

predicted wave resistance (𝑅𝑊) and the wave 

resistance coefficient (𝐶𝑊) between the U hull and V 

hull is explained using the empirical method from 

Holtrop, as described in Equation 11. This prediction 

was assisted by Maxsurf software. The calculations 

were inputted from a speed of 0.375 knots to 30 knots. 

The calculation results for both hull models are plotted 

in Figure 9a for 𝑅𝑊 result and Figure 9b for 𝐶𝑊 result. 

Based on the graph plot in Figure 9a, the wave 

resistance (𝑅𝑊) value for the hull U and hull V is not 

significantly different. The 𝑅𝑊 for both increases as the 

velocity value increases. To see the difference, a 

comparative analysis was carried out using Equation 

13, and then the comparison is plotted in Figure 10a. It 

can be seen in the graph that the difference between 

the two hulls is not significant, only in the range of -4% 

to 1.5%. The U hull has a lower resistance value than 

that of the V hull at low speeds, from 4 knots to 20 

knots. The U hull has a higher wave resistance value 

than that of the V hull, for speeds above 20 knots. 

 

 
(a) 

 
(b) 

 

Figure 9 The prediction of wave resistance (a) and wave 

resistance coefficient (b) results using the Holtrop method 

 

 

The comparison of the wave resistance coefficient 

(𝐶𝑊) analysis with the Holtrop method for both hulls is 

plotted in Figure 9b and Figure 10b. It can be seen 

from these results that the U hull has 𝐶𝑊 value which is 
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always smaller than that of the V hull from -1% to -5%, 

where the difference starts from the Froude number 

(Fr) 0.075 to 0.6. 

The use of the Holtrop method for a comparative 

study of wave resistance for these the U hull and V hull 

is less visible because the parameters entered in 

Equation 11 and Equation 12 for both hulls have the 

same value, except for the 𝐶𝑊𝑃 parameter only. 

Therefore, the numerical slender body method was 

used to analyze the difference in resistance values 

arising from these the U hull and V hull, which is 

explained in the next subsection. 

 

 
(a) 

 
(b) 

 

Figure 10 The difference between the wave resistance values 

(a) and the wave resistance coefficient (b) for the U hull and 

V hull using the Holtrop method 

 

 

There are disparities in the comparison outcomes 

between the two hull shapes shown in Figures 10a and 

10b. The 𝑅𝑊 comparison value fluctuates in Figure 10a, 

whereas in Figure 10b, the 𝐶𝑊 value of U is consistently 

lower than that of V. It is important to note that the 

coefficient value is a non-dimensional value that 

represents the ratio of drag force to kinetic force, as 

explained in Equations 3, 4, and 5. Therefore, it is highly 

possible for these differences to arise. For example, the 

value of the frictional resistance coefficient 

continuously decreases with increasing speed, but in 

reality, the resistance value still increases instead of 

decreasing. 

 

3.4.2 Result Using Slender Body Method 

 

The simulation results using the slender body method 

to analyze the difference in the wave resistance of the 

U hull and V hull are described in this section. The 

numerical calculation was assisted by Maxsurf 

software with input speeds between 0.375 knots to 30 

knots or Froude number 0.01 to 0.6. The calculation 

results are plotted in Figure 11a for the wave resistance 

(𝑅𝑊), and in Figure 11b for the wave resistance 

coefficient (𝐶𝑊). Then, the comparative analysis of 

simulation results for the U hull and V hull is described 

in Figure 12a for wave resistance and Figure 12b for 

wave resistance coefficient. The calculation of the 

different analyses also used Equation 13. 

 

 
(a) 

 
(b) 

 

Figure 11 The prediction of wave resistance (a) and wave 

resistance coefficient (b) results using slender body method 
 

 

It can be seen in Figure 11a, that the prediction 

results of the wave resistance increase with increasing 

speed, but decrease and increase again at a speed 

of 14 knots to 16 knots. Based on these results, it can 
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be seen that almost overall the wave resistance for 

the U hull is lower than that for the V hull. Based on the 

results of the comparative analysis plotted in Figure 

12a, the wave resistance value for the U hull is higher 

than that of the V hull which occurs at low speeds, 

from 0.375 knots to 7 knots, and from 9.5 knots to 12 

knots. For high speeds, from 12 knots, the resistance of 

the U hull is smaller than that of the V hull. The 

fluctuation of the difference in the wave resistance 

between the two hulls is quite significant at low 

speeds, which is up to 120%, while for high speeds it 

can be up to 20%. 

 

 
(a) 

 
(b) 

 

Figure 12 The prediction of wave resistance (a) and wave 

resistance coefficient (b) results using slender body method 

 

 

The results of calculations and comparisons in the 

form of wave resistance coefficients are described in 

Figure 11b and Figure 12b. It can be seen that the 

wave resistance coefficient for both hulls increased 

from Fr 0.01 to 0.28, then decreased from Froude 

number 0.28 to 0.33, and then rise again to Fr 0.47 and 

then decreased again. From the results of the 

comparative analysis plotted in Figure 12b, it shows 

that the value of the wave resistance coefficient for 

the U hull is higher than that of the V hull at the low 

Froude number, which is below 0.22, while at the 

Froude number 0.22 and above, the U hull wave 

resistance coefficient value is smaller than that of the 

V hull. 

As proof that the phenomenon of the difference in 

wave resistance between the U hull and V hull, the 

resulting wave patterns are shown in Figures 13 and 14. 

Figure 13 is a comparison of the wave patterns formed 

for the U hull (a) and V hull (b) for high speed, 13 knots 

(Fr 0.27). It can be seen that the wave pattern formed 

from the U hull has a smaller breadth and angle than 

that of the V hull. Meanwhile, Figure 14 is the 

comparison of the wave pattern formed for the U hull 

(a) and the V hull (b) for low speed, 4 knots (Fr 0.08). It 

can be seen that the wave pattern from the U hull has 

a wider breadth and angle than that of the V hull. 

Therefore, it can be concluded that the wave 

resistance for the U hull is higher than that of the V hull 

for low speeds (Fr < 0.24) and the wave resistance for 

the V hull is higher than that of the U hull for high 

speeds (Fr > 0.24). 

 

 
(a) 

 
(b) 

 

Figure 13 The wave pattern formed of the U hull (a) and V hull 

(b) at a speed of 13 knots or Fr 0.27 
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(a) 

 
(b) 

 

Figure 14 The wave pattern formed of the U hull (a) and V hull 

(b) at a speed of 4 knots or Fr 0.08 

 

 

The wave resistance value decreases and then 

increases again at a certain speed due to the 

relationship between the length of the ship and the 

wavelength that is formed. Wave making resistance is 

a type of resistance that arises due to the formation of 

waves by the ship's hull when moving on water. At low 

speeds, the waves that are formed will be larger and 

have higher kinetic energy, which causes the wave 

making resistance to increase as the ship's speed 

increases. However, at the critical speed, the 

wavelength generated by the hull will be proportional 

to the length of the hull itself. When this happens, the 

waves generated will interfere with other waves and 

form wave patterns that can reduce the kinetic 

energy of the waves generated by the ship. It is at this 

time that wave making resistance can decrease or 

even reach its minimum. The speed at which this 

occurs is referred to as the critical speed. After the 

critical speed, the waves generated by the ship will be 

longer and more unstable, requiring more power to 

produce larger waves. Therefore, the wave making 

resistance will increase again as the ship's speed 

increases. 

 

3.5 Total Resistance 

 

The total resistance calculation is the sum of the 

frictional, viscous pressure, and wave resistance 

according to Equation 1 and Equation 2. The results of 

the total resistance for hull U and hull V are plotted in 

Figure 15a, while the total resistance coefficients are 

plotted in Figure 15b. The wave resistance used here is 

the wave resistance calculated by the slender body.  

Meanwhile, the difference in the total drag for the U 

hull and V hull is plotted in Figure 16a, while the total 

resistance coefficients are plotted in Figure 16b. The 

calculation of the difference in this total resistance 

coefficient uses Equation 13. 

 

 
(a) 

 
(b) 

Figure 15 The total resistances (a) and the total resistance 

coefficient (b) results 

 

 

It can be seen in Figures 16a and 16b, that at low 

speeds, the Fr number is less than 0.24, and the U hull 

produces a higher total resistance than that of the V 

hull, with a different range up to 25%. As for high 

speed, the Fr number is more than 0.24, the U hull 

resulting in a total resistance smaller than that of the V 

hull, with a different range up to -15%. 
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(a) 

 
(b) 

Figure 16 The differences of the total resistance (a) and the 

total resistance coefficient (b) 

 

 

4.0 CONCLUSIONS 

 
From the analysis results, it can be concluded that 

both U and V hulls have their own advantages in 

specific scenarios. In terms of hydrostatic differences, 

the two hulls show significant contrasts in 𝑊𝑆𝐴, 𝐶𝑊𝑃, 

and 𝐾𝐵. The U hull has a wider 𝑊𝑆𝐴 than the V hull, 

while the 𝐶𝑊𝑃 and 𝐾𝐵 values of the V hull are greater 

than those of the U hull. Additionally, the V hull has a 

broader top section compared to the bottom, which 

is distinctly different from the wider bottom of the U 

hull. 

The analysis of the resistance differences between 

the two hulls was unique. First, the wider 𝑊𝑆𝐴 value of 

the U hull results in a higher friction resistance 

compared to the V hull. Second, the U hull has a 

higher form factor value, resulting in higher pressure 

resistance than the V hull. Lastly, the U hull produces 

higher wave resistance than the V hull at low speeds, 

i.e., Fr<0.24, but the opposite occurs at high speeds, 

i.e., Fr>0.24, where the V hull's wave resistance is 

higher. However, it is important to note that this study 

is only applicable to displacement-type ships and not 

semi-displacement or planning hulls. Further research, 

including towing tank experiments or computational 

fluid dynamics, is necessary to confirm these findings. 
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