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SUMMARY 

This report describes an optimisation process of main dimensions of a bulbous bow of the KRISO Container 

Ship (KCS), by using CFD and parametric geometry design. The aim of the optimisation is to minimise 

effective power 𝑃𝐸 , for multiple operational points. Operational points are selected to represent a realistic 

scenario where a container vessel often sails at off-design speeds and draughts, and occasionally sails at 

higher speeds closer to the design point. Bayesian optimisation technique is used to guide the optimisation 

effort, while the bulb geometry is parametrised using three parameters.  

The optimised geometry that has been found shows savings in combined effective power of 14.4%, which 

roughly corresponds to yearly fuel savings. The optimised geometry significantly reduced resistance at 

lower speeds (up to 32.6%) while having a limited effect at design speed, where the resistance is increased 

by only 1%. 

The CFD simulations are directly performed in full scale with the Naval Hydro Pack using a free surface 

RANS solver. 
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1. VESSEL DESCRIPTION AND OPERTIONAL PROFILE 

Main ship particulars are specified in Table 1, while Figure 1 shows the original geometry of the KCS. The 

operational points and their respective weights are presented in Table 2. Weights represent the frequency 

of the operational point relative to the number of days the ship spends sailing per year. As is often the case, 

container vessels sail at low speeds for most of the year, far from the design condition. Here, it is assumed 

that the vessel sails at low speeds, 13 and 16 knots, for 75 % of the year, while speeds of 20 and 24 knots 

represent only 25 % of the yearly profile. High speeds are included in this study to investigate the possibility 

of optimising the bulb for lower speeds, while limiting the negative effects, i.e. increase of resistance, at 

higher speeds. Additionally, due to the quasi-cubic relation between speed and power, higher speeds have 

relatively larger influence on effective power compared to lower speeds, which is why it is important to 

take them into consideration. 

Table 1. Ship main particulars. 

Vessel Type Container carrier 

Lpp, m 230.0 

Depth, m 19.0 

Beam moulded, m 32.2 

Design draught, m 10.8 

Displacement, m3 52 030 

Design speed, kt 24.0 

 

 

Figure 1. KCS geometry. 

Table 2. Operational points and their relative weights. 

Operational point  Speed, knots Draught, m Weight 

1 13 8.0 40 % 

2 16 9.0 35 % 

3 20 9.0 15 % 

4 24 9.0 10 % 
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2. METHODOLOGY 

The optimisation process is conducted by first parametrising the geometry of the bulb to allow its geometry 

to be varied using three parameters. The different parameters change primary bulb dimensions: length, 

height and width, without considering secondary geometric characteristics of the bulb. Using parametric 

design, an initial population of 10 different bulb shapes are proposed and tested using CFD. Calm water 

resistance is calculated for each of the operational points for each of the geometries, and the combined 

effective power is calculated as: 

𝑃𝐸𝑐 =∑𝑃𝐸𝑖 ⋅ 𝑤𝑖

𝑖

 

where 𝑃𝐸𝑐 stands for combined effective power, 𝑃𝐸𝑖 stands for effective power calculated for the 𝑖-th 

operational point specified in Table 2, and 𝑤𝑖 is the corresponding weight. Effective power is calculated as 

𝑃𝐸𝑖 = 𝑅𝑇𝑖 ⋅ 𝑣𝑖, where 𝑅𝑇𝑖 stands for total resistance of the 𝑖-th point, and 𝑣𝑖 is ship speed in meters per 

second. 

Once 𝑃𝐸𝑐 is calculated for each of the proposed bulb geometries, and for the original hull geometry, the 

results are used to conduct a Bayesian optimisation, where the data is fitted with a response surface. The 

response surface is then used to suggest subsequent bulb parameters with the aim of reducing the effective 

power further. 

3. TESTED BULB GEOMETRIES 

The geometry of the bulb is parametrised with three parameters: 𝛿𝐿, 𝛿𝐵 and 𝛿𝐻, which roughly present the 

change in bulb’s length, width, and height in meters. Table 3 shows tested parameters, where the first entry 

is the original bulb design. Designs 1-10 are the initially proposed set of parameters, chosen based on 

experience and wave field of the original design at low speeds. Designs 11-13 are suggested by the surrogate 

model, based on previous evaluations. Table 4 shows the geometry of different bulb design. 
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Table 3. Bulb parameters. 

Geometry No. 𝛿𝐿, m 𝛿𝐵, m 𝛿𝐻, m 

0 (original design) 0 0 0 

Initial set of parameters: 

1 0 0 1 

2 0 0 -2 

3 0 2 0 

4 0 -2 0 

5 3 0 0 

6 3 -2 0 

7 3 -2 1 

8 -3 0 0 

9 -3 2 0 

10 -3 -2 -2 

Parameters suggested by the surrogate model 

11 -3 -1.2 -2 

12 -3 -1.5 -2 

13 -3 -1.7 -1.8 
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Table 4. Geometry of different bulbous bow geometries. The modified part of the geometry is shown in cyan colour. 
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4. EVALUATION OF DIFFERENT BULB DESIGNS 

Total resistance obtained for different geometries and different operational points is summarised in Table 

5, while Table 6 shows the relative difference of resistance with respect to the original bulb geometry, 

calculated as: 

𝛿𝐹𝑇 =
𝐹𝑡𝑖 − 𝐹𝑇0
𝐹𝑇0

 

Where 𝐹𝑇0 represents the resistance of the original geometry while 𝐹𝑇𝑖 denotes resistance of the 𝑖-th 

geometry. Table 7 presents effective power for individual operational point, and the combined effective 

power. Relative difference of effective power is also shown, calculated analogously with the expression 

above. Table 8, Table 9 and Table 10 show free surface elevation for selected bulb geometries at operational 

point 1, 3 and 4. 

From the initial population of different bulb designs, Geometry number 10 showed the smallest combined 

effective power, with a reduction of 13.8%. The optimal geometry, number 12, proposed by the surrogate 

model has characteristics that are similar to geometry 10. It further reduces the combined effective power 

by 0.6% to 14.3%. This reduction mostly stems from reduction in resistance at higher speeds, while 

maintaining savings at lower speeds very similar to those of geometry 10. 

Table 5. Total resistance of different bulb geometries. 

Operational 

point 

 

Geometry No. 

𝐹𝑇, kN 

1 2 3 4 

0 476.2 659.5 919.2 1475.5 

1 501.4 755.6 988.7 1490.5 

2 381.8 552.2 873.3 1475.6 

3 594.6 875.8 1084.1 1554.1 

4 396.7 532.1 854.9 1499.6 

5 464.4 689.2 965.6 1506.1 

6 399.0 553.8 874.0 1511.8 

7 409.2 610.8 913.3 1516.4 

8 490.7 623.4 884.9 1460.6 

9 600.7 831.7 1015.6 1506.9 

10 316.5 517.4 858.3 1514.1 

11 329.9 518.2 850.2 1487.7 

12 320.9 514.3 849.6 1490.8 

13 323.1 514.2 850.0 1495.4 
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Table 6. Relative difference of total resistance between different bulb geometries and the original bulb geometry, in percentages. 

Negative difference indicates savings. 

Operational 

point 

 

Geometry No. 

𝛿𝐹𝑇, % 

1 2 3 4 

0 0.0 0.0 0.0 0.0 

1 5.3 14.6 7.6 1.0 

2 -19.8 -16.3 -5.0 0.0 

3 24.9 32.8 17.9 5.3 

4 -16.7 -19.3 -7.0 1.6 

5 -2.5 4.5 5.0 2.1 

6 -16.2 -16.0 -4.9 2.5 

7 -14.1 -7.4 -0.6 2.8 

8 3.1 -5.5 -3.7 -1.0 

9 26.1 26.1 10.5 2.1 

10 -33.5 -21.6 -6.6 2.6 

11 -30.7 -21.4 -7.5 0.8 

12 -32.6 -22.0 -7.6 1.0 

13 -32.1 -22.0 -7.5 1.3 

Table 7. Effective power for all operational points, combined effective power, and relative difference of combined effective power 

comperd to the original design. 

Operational 

point 

 

Geometry No. 

𝑃𝐸𝑖, kW 

𝑃𝐸𝑐, kW 𝜹𝑷𝑬𝒄, % 
1 2 3 4 

0 3184.4 5428.2 9457.1 18216.0 6413.8 0.0 

1 3352.9 6218.7 10171.7 18401.3 6883.6 7.3 

2 2553.4 4544.8 8984.8 18216.8 5781.4 -9.9 

3 3976.4 7208.5 11152.8 19186.1 7705.1 20.1 

4 2653.1 4379.6 8795.5 18513.3 5764.7 -10.1 

5 3105.6 5672.6 9933.8 18593.1 6577.0 2.5 

6 2667.9 4557.8 8991.6 18664.5 5877.6 -8.4 

7 2736.4 5026.8 9396.2 18720.6 6135.5 -4.3 

8 3281.7 5130.8 9103.5 18032.1 6277.2 -2.1 

9 4016.7 6845.3 10448.7 18603.9 7430.2 15.8 

10 2116.7 4258.4 8830.0 18692.7 5530.9 -13.8 

11 2206.1 4265.3 8747.2 18367.1 5524.1 -13.9 

12 2145.8 4232.9 8741.0 18404.6 5491.4 -14.4 

13 2160.8 4231.7 8744.4 18461.5 5503.2 -14.2 
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Table 8. Bow wave for different bulb designs for operational point 1: Speed = 13 knots, Draught = 8 m. 

 
 

 

0 (Original bulb) 3 

  

9 12 (Optimal bulb) 

Table 9. Wave field for different bulb designs for operational point 3: Speed = 20 knots, Draught = 9 m. 

 
 

 

0 (Original bulb) 3 

  

9 12 (Optimal bulb) 
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Table 10. Wave field for different bulb designs for operational point 4: Speed = 24 knots, Draught = 9 m. 

 
 

 

0 (Original bulb) 3 

  

9 12 (Optimal bulb) 

5. CONCLUSION 

Parametric bulbous bow geometry design is used in this study to vary its geometry in a systematic fashion, 

and an optimal geometry is found by applying Bayesian optimisation. The optimised geometry reduces 

resistance significantly relative to the original design, with resistance/effective power reduction as follows: 

• 32.6% at 13 knots and 8 m draught 

• 22.0% at 16 knots and 9 m draught, 

• 7.6% at 20 knots and 9 m draught, 

• -1.0% at 24 knots and 9 m draught (resistance increase). 

From the above, it can be observed that significant reductions are achieved at lower speeds, at relatively 

low cost to performance at design speed of 24 knots. 

The overall yearly fuel consumption is reduced by about 14.4%, given the relative frequency of the above 

sailing conditions. 


