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ABSTRACT: The paper presents the influence of longitudinal center of buoyancy (LCB) on the ship resistance, 

then determine the optimized LCB to have minimum ship resistance. The initial hull form is modified by Lackenby 

method. The new hull form wave resistance is calculated by panel method, together with Simplex optimization 

algorithm to find the hull form with minimum wave resistance. The total resistance of initial hull form and 

optimized hull form are calculated by RANSE (Reynold Average Navier Stokes Equation) CFD method to 

determine the amount of reduction on total ship resistance. 
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INTRODUCTION 

Nowadays, the new-built ships are highly required to use efficiency energy and to reduce the amount of exhausted 

CO2. In 2010, the International Maritime Organization (IMO) has given the Energy Efficiency Design Index to 

measure the amount of CO2 which the ship has eliminate during her operation. Thus, it requires the designers to 

give the methods to reduce EEDI. One of the methods is the reduce ship resistance by optimization of the hull 

form. When the ship resistance decreases, the amount of consumed fuel also reduces and the amount of exhausted 

CO2 reduces accordingly. In the process of designing the ship hull form, there are several important factors that 

affect the ship resistance such as: the position of the floating center of buoyancy, the length of the parallel body, 

the shape of the bow and stern, the shape of the water line, the shape of the sections [14]. This paper presents the 

influence of one of these important factors on ship resistance, which is the position of the center of buoyancy. The 

buoyancy center of the initial hull was changed, but still kept the main dimensions (namely ship length, ship 

breadth, draft, displacement) through Lackenby method [1]. 

Currently there are many methods to estimate a ship's resistance in the early design stage. One can mentioned the 

method using regression formulas through ship model testing such as Holtrop & Menden, Hollenbach [3]. The 

advantage of these methods is that they quickly produce ship resistance results but have relatively large errors and 

especially it is difficult to apply in this case when there is only one parameter, the center of buoyancy, changed. 

The second most commonly used method currently is computational fluid dynamic (CFD). This method has been 

widely applied in the world because it gives relatively accurate results compared to the results of model testing, 

as well as it is more economically beneficial than the model testing method because the model is not manufactured. 

However, the disadvantage of this method is that the calculation time is relatively long for a case of calculating 

the resistance, so it is difficult to apply the optimal calculation. When calculating the optimum, it is necessary to 

calculate the resistance on the large number of hull forms to find the one with the least resistance. Another method 

is to use the panel method, which calculates drag by dividing the hull and water free surface into panels. This 

method ignores the viscosity of the liquid, also known as the potential flow method, so only the wave resistance 

can be calculated. The remaining resistance components can be estimated by experimental formulas.  

By using this method, it is possible to realize the difference in ship resistance when changing one of the hull 

parameters such as the longitudinal of buoyance (LCB). Another advantage is that the calculation time of this 

method is very fast compared to the CFD method. In fact, for the fast fleets like container ones, wave resistance 

accounts for a significant proportion of the total hull resistance component. In addition, changing the position of 

the longitudinal buoyancy greatly affects the wave system distribution along the hull, and mainly changes the 

wave resistance. Besides, the viscous resistance does not change significantly. Therefore, we can apply this 

method to calculate then select the hull with smallest wave resistance. The RANSE CFD method will be used at 
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the final stage, in order to determine the reduction in total resistance between the optimal hull and the original 

hull. The calculation diagram is shown in Figure 1. The calculated example is well-known Krisco container ship 

KCS. The large testing data of this container ship are available [2]. 

 

Figure 1. Optimization procedure 

LITERATURE REVIEW 

Hull form development 

There are several methods to create new hull shape, to adapt with technical and economical requirement from 

owners, classification society and other parties. In general, one can classify into three different methods: 

- The new hull form is developed from standard series 

- The new hull form is developed from hull form parameter (parametrical modelling) 

- The new hull form is developed from parent ship data 

The hull form design based on standard series are resulted from empirical data by model test. There are some 

well-known series such as Series 60, Taylor series, BSRA, MARAD and so on. However, each series is developed 

to specific type of vessels, so it is quite difficult to optimize the new hull form. 

Form parameter-based hull design start with the fundamental parameters of the ship such as length, beam, draft. 

Then detailed data can be provided, for example, the shape of bow, stern, the angle of water entrance and many 

other parameters. The advantage of method is that one can develop the new hull form with few steps, but the 

performance of the hull form is not guaranteed.  

The third method is designing hull form based on modifying existing one. The existing hull is well checked in 

real world and the designers do not have to start from scratch. By changing some parameters, designers can get 

better hull form in terms of resistance for example, but still do not influent other aspects such as stability, sea-

keeping and so on. Thus, this is the method that authors use in this paper. 

The influence of the center of buoyancy to ship resistance 
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The longitudinal center of buoyancy shows the distribution of the displacement along the hull. This position, 

together with the prismatic coefficient (CP), directly affects the wave produced by the vessel. The optimal position 

of the LCB in terms of resistance is normally expressed depending on the block coefficient (CB), the Froude 

number, the prismatic coefficient (CP), and the section shape [14] [15]. It can be seen that determining the optimal 

position of the LCB during the early design phase plays an important role, but it is difficult work, especially for 

designers who do not have much experience. Therefore, the authors find that it is necessary to come up with a 

method to determine the optimal position of the LCB in terms of resistance, based on the hull form transformation 

and numerical methods, without requiring much experience in the design of the ship hull form. 

Lackenby transformation 

H. Lackenby [1] proposed a systematic modification of the hull form. In this method the sectional area curve is 

changed by changing the following parameters:  prismatic coefficient (CP), the longitudinal center of buoyancy 

(LCB). The details of this method are explained in details in Principles of Naval Architecture, Vol 1 [4]. In this 

study, the constraint is that the ship displacement is kept constant, the authors only change the longitudinal center 

of buoyancy. 

Panel method 

The application of panel method in ship resistance calculation was explained by two authors Tu, T.N. & Chien, 

N.M [5] in details. The panel method is under the potential flow theory, so the water is assumed to be non-viscous 

and incompressible. Due to this assumption, using the panel method in the ship resistance calculation only gives 

us the wave resistance. Other resistance components can be estimated by using empirical formulas. However, as 

mentioned above, there are two main reasons that the authors chose this method for ship resistance optimization. 

The first reason is that for rather quick fleets like container ships, wave resistance accounts for a significant 

proportion, while the viscous resistance changes insignificantly when the displacement is kept constant, only 

longitudinal of buoyancy (LCB) changes. Thus, we can completely rely on wave resistance to "rank" the resistance 

of the hull. The second reason is that in order to find out the hull has the smallest resistance, we have to calculate 

a lot of different hulls, so the calculation time plays a very important role. Using the panel method can give us 

result in a few minutes (compared to 10-20 hours for the RANSE CFD method). In addition, although regression 

methods such as Holtrop Menen, Hollenbach also show very fast results, these methods can hardly be used to 

"rank" the hulls when there is only small change in the longitudinal of buoyancy. 

The literature of this method can be found in detail in references [5] [6]. 

RANSE CFD method 

RANSE (Reynold Averaged Navier Stokes Equation) CFD is a numerical method. This method is often applied 

to solve general hydrodynamic problems, including the flow around the hull. It considers the viscosity of the water 

and give an accurate result for resistance calculation of the vessel (comparing with experimental result). There 

have been many authors using this method to calculate the resistance of the ship and the error results are within 

2% compared with the model test [9] [10] [11]. However, the disadvantage of this method is time consumption. 

The total calculation time for one resistance case usually lasts from hours to days, depending on the number of 

grid cells and the speed of the computer system. Therefore, as mentioned above, the authors only use this method 

to determine the amount of reduction in total drag. Thus, only the initial hull and the optimal hull are calculated 

the resistance by RANSE method. The authors use ISIS solver, available as part of the Fine Marine software 

package. This solver is fully implicit, based on the fine volume method. 

Nelder Mead simplex algorithm 

Nelder Mead Simplex optimization algorithm was first published in 1965 [7]. This is one of the methods to find 

extreme values without using derivatives. It is widely applied in nonlinear optimization problems in practice. 

Practically, to find the extreme of a function f(x), the method of using the first derivative is not feasible, because 

we do not know or it is difficult to construct the equation form of f(x). Meanwhile, the Nelder-Mead method only 

needs the value of the function f(x). Therefore, we can apply it in the problem of finding the minimum resistance 

when the variable (x) is the center of the longitudinal of buoyancy, and we only know the value of the wave 
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resistance function f(x) through the panel method calculation. Figure 2 shows the Nelder Mead algorithm by the 

construction of a series of triangles, which are converging to the solution point. 

 

Figure 2. Nelder – Mead algorithm in 2D space [8] 

NUMERICAL SIMULATION 

Optimization case 

The authors use the method presented above to optimize the longitudinal center of buoyancy for a container ship 

with the main parameters listed in Table 1. It is well known test case Krisco container ship (Figure 3). The hull 

will be optimized for a design speed of 24 knots, equivalent to a Froude number of 0.26. At this speed, the wave 

resistance accounts for about 20-25% of the total resistance [13]. 

 

Figure 3. Initial KCS hull form 

Table 1. KCS hull form parameters 

Hull form parameters Unit Value 

Displacement Volume V m3 52,030 

Draft d m 10.8 

Length between Perpendiculars Lpp m 230 

Breadth B m 32.2 

Block coefficient CB - 0.6505 

Mid ship section area coefficient CM - 0.9849 

Longitudinal center of buoyancy LCB/Lpp % 48.52 

Speed V Knots 24 
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Calculation setup 

First step is setup to change the longitudinal center buoyance of the original hull. This is done in ShipFlow 

software of Flowtech. The 3D ship hull will be imported into the software, then initial parameters are set up. The 

longitudinal center of buoyancy xcb is a variable. After that, Lackenby transformation is apply to change the hull 

shape. Here, if xcb is set to 0, it means there is no change in longitudinal center of buoyancy, when xcb = 0.002 

it means shifting LCB towards the bow 0.2% Lpp. We get different hull form when shifting LCB. This 

transformation is easy to recognize by looking at sectional area curve (Figure 4). It is noted that the displacement 

is kept constant. This is an important constraint in this optimization problem. The next step is to calculate the 

resistance by panel method for the original hull, by the Xpan module of the ShipFlow software. The authors have 

set up the calculation process to be performed in parallel on 10 cores. Calculation time takes about 3-5 minutes. 

The result to consider here is the coefficient of the wave resistance CWTWC. This parameter will be used to set 

the goal of the optimization problem. The algorithm used to optimize is Nelder Mead Simplex, the variable is xcb, 

from -0.4% to 0.4% of the Lpp. The target function is the wave resistance coefficient CWTWC. 

 

Figure 4. Sectional area curve for initial hull and transformed hull 

Results of calculation by Panel method 

The optimal results are shown in Figure 5. Based on the Nelder Mead Simplex algorithm, the wave resistance has 

been calculated with many values of the longitudinal center of the buoyancy, and the minimum wave resistance 

is achieved when LCB equals to 0.1968% Lpp towards the bow (the result is starred and framed in Figure 5). The 

minimum wave resistance coefficient CWTWC = 0.24 x 10-3. Thus, compared with the wave resistance coefficient 

of the original hull of 0.368 x 10-3, the new ship's wave resistance has been reduced by 34.7%. However, the wave 

resistance only accounts for about 20% of the total resistance, so it can be predicted that the new hull has a 

reduction in total resistance of about 6% compared to the original hull. The calculation results are also shown 

graphically in Figure 6, with the vertical axis representing the wave resistance coefficient and the horizontal axis 

is longitudinal center of buoyancy Xcb. As can be seen from the graph, when moving the LCB towards the bow, 

the wave resistance decreases to the minimum value (at position xcb = 0.1968%), then starts to increase. Figures 

7 and 8 and 9 show the wave heights along the hull and the free surface elevation of the original hull and the new 

hull. It can be seen that the wave shape and wave height in the bow portion of the new vessel are significantly 

smaller than that of the original vessel, thus resulting in a reduced wave resistance. Meanwhile, the wave height 

in the stern part is almost unchanged. 
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Figure 5. Optimization result by Ship flow 

 

Figure 6. Optimization result 

 

Figure 7. Wave height along the hull of the initial hull 
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Figure 8. Wave height along the hull of the new hull 

 

Figure 9. Free surface elevation of the original hull (up) and new hull (down) 

TOTAL RESISTANCE CALCULATION BY RANSE METHOD 

As mentioned above, since the panel method only calculates the wave resistance, to determine the amount of total 

resistance reduction, we use the RANSE method. This method is performed by using Fine Marine software from 

Numeca with ISIS solver. 

Ranse CFD Validation 

The result of resistance test is available for KCS hull at model scale. The authors have performed RANSE CFD 

calculation at model scale first to compare the result with model test. To calculate the total resistance by RANSE 

CFD method, there are few steps need to be performed: meshing, calculation setup and doing calculation. Since 

the hull is symmetrical, only half of the hull is calculated for resistance. The domain dimension is as follows:  

- Front : 1 x Lpp 

- Back: 3 x Lpp 

- Top: 0.5 x Lpp 

- Bottom: 1.5 x Lpp 

- Side: 1.5 x Lpp 

The mesh characteristics for the vessel are listed below: 

Number of cells in Eulerian mesh: 1.7 million cells 

Number of cells with viscous layer: 2.1 million cells 

Maximal aspect ratio: 136 deg 

Maximal expansion ratio: 7.62 deg 

The vessel mesh is presented in Figure 10, 11 and 12. The Domain mesh and free surface mesh are displayed in 

Figure 13 and Figure 14 
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The computational setup is as Table 2 below. Readers interested in details about how to set these parameters can 

refer to the paper written by Queutey Patrick [12]. 

Table 2. Computational Setup 

Y + around 30 

Mass (kg) 1652 

Center of Gravity (3.5, 0, 0.23) 

Initial free surface location (m) 0. 

Turbulence model k-omega SST 

Velocity (model scale) 2.196 m/s 

Top and bottom boundary condition Pressure imposed 

Outlet, inlet boundary condition Far field 

Hull boundary condition Wall function 

Deck Slip condition 

Time step 0.018 s 

 

The resistance result is taken average of 100 last step after the calculation is converged. And the total resistance 

for the model scale is 81.75 (N). This result is taken as twice, considering only the half ship is calculated. 

Comparing with the experimental result [15], the difference is only 0.2% (Table 3). Thus, this computational setup 

is valid and we can use it for further calculation. 

Table 3. Resistance calculation (model scale) 

Total Resistance 81.75 N 

Resistance coefficient (CFD) 3.55 x 10-3 

Resistance coefficient (model test) 3.557 x 10-3 

Difference 0.196% 

 

 

Figure 10. Vessel meshing (1) 
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Figure 11. Vessel meshing (2) 

 

Figure 12. Vessel meshing (3) 

 

Figure 13. Domain meshing 

 

Figure 14. Free surface meshing 

Total Resistance Calculation At Full Scale 
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To calculate the resistance at full scale, the authors use 3 types of mesh: coarse mesh, medium mesh and fine 

mesh, corresponding to the number of cells of 0.5 million, 1.25 million and 4 million. The purpose of using these 

3 meshes is to find the convergence of calculation results. The authors calculate the actual size of the hull (not the 

model size), so the Y + value is set to 500. The calculation parameters are as follows (similar to the model 

calculation case): turbulence model k-omega SST, the wall function is applied to calculate the flow in the 

boundary layer. Ship speed is 24 knots. The boundary condition is "solid body" for the hull, and "far field" for the 

boundary regions. Through the calculation result of resistance in coarse, medium and fine mesh, the authors find 

that the convergence results are shown for the fine mesh. Thus, the results of resistance for fine mesh are given in 

here. The results of the resistance of the original hull and the new hull are shown in Table 4. This value has been 

doubled by considering whole ship. The resulting resistance is averaged over the last 100-time steps. Compared 

to the original hull, the new hull has a total resistance reduction of about 6%. This also corresponds to the 

calculation above that the wave resistance is reduced by 34% and at Froude equals to 0.26, the wave resistance is 

about 20% of total resistance [13]. Figures 15 and 16 show the free surface elevation of the original hull and the 

new hull by RANSE CFD. It can be seen that the wave system of the optimized ship has decreased significantly 

compared to the original one. 

Table 4. Total resistance of original hull and new hull 

 Total resistance  

Original hull 897,576 (N) 

New hull 840,874 (N) 

Reduction 6.32%  

 

Figure 15. Free surface elevation of original KCS hull – by RANSE CFD 

 

Figure 16. Free surface elevation of new hull – by RANSE CFD 

CONCLUSION AND RECOMMENDATION  

The paper presents the application of the panel method and CFD to optimize the resistance for a container ship by 

changing the longitudinal center of buoyancy.  The KCS hull is used as the input of optimization problem, due to 

the result of KCS model test is available. As the shown result, the total resistance of the new hull is reduced by 

6% compared to the original one. The method here is hybrid one. It takes the advantages of less computational 
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time of panel method to get the optimum position of longitudinal center of buoyancy and then it uses more accurate 

method but higher computational time to validate the result of optimization problem. However, the optimization 

problem here only uses one variable that is the longitudinal of buoyancy and an objective is the resistance. This 

is the basis for solving more complex optimization problems such as optimizing the shape of the bulbous bow 

with many objectives and constraints. In this case, there should be more variables to change the shape of the hull 

form. Moreover, multi-objective problems could be also solved by this method. The results also show the 

application of CFD in solving problems related to ship hydrodynamics. With the rapid development of 

computational speed, the application of CFD in calculating and designing ships is playing an indispensable role. 

This is a powerful tool for designers and researchers to solve complicated problems in ship hydrodynamics. 
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