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SUMMARY 

This report describes an optimisation process of the bulbous bow shape of a feeder container vessel, with 

the aim of minimising total resistance in waves. The optimisation is carried out by evaluating four different 

sailing conditions: three in calm water and one in regular waves. Minimisation of weighted effective power 

is set as the optimisation goal. Modifications of the bow of the vessel are described using three parameters, 

changing the bulb and stem shape. Bayesian optimisation technique is used to guide the optimisation effort. 

The optimum bow design reduced effective power in waves by 6.6%, while increasing the weighted power 

in calm water by 0.6%. The total weighted effective power is reduced by 2%. The optimum stem shape is 

a blend between a traditional slanted stem (baseline design), and a vertical stem shape. 
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1. VESSEL DESCRIPTION 

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

conditions for which the optimisation study is conducted are shown in Table 2, together with weights 

representing individual condition’s relative frequency in the operational profile of the vessel.  

 

Table 1. Ship main particulars. 

𝐿𝑃𝑃, m 196 

B, m 35.2 

D, m 18.1 

Displacement, t 48 151 

Draught, T, m 10.0 

 
Figure 1. Container ship parent geometry. 

 
Table 2. Operational points and their relative frequency considered in the optimisation study. 

Condition Speed, kt Weight 

Calm water 10 0.2 

Calm water 12 0.2 

Clam water 16 0.3 

Regular waves 12 0.3 

2. BOW PARAMETRISATION 

Three parameters are used to parametrise the bow geometry: 

1. Linear geometric blending weight between a conventional and vertical bow stem: wstem, 

2. Change of the thickness of the bulb: Δ𝐵𝑏𝑢𝑙𝑏, 

3. Change of the height of the bulb: Δ𝐻𝑏𝑢𝑙𝑏. 

Changes in displacement and LCB due to the local deformations of the bow are compensated using 

Lackenby, where the reference values are derived from the original hull form at a draught of 10 meters. The 

parameters are varied within the following intervals: 

1. 0 <wstem < 1 

2. -1 < Δ𝐵𝑏𝑢𝑙𝑏 < 1.5 m, 

3. -1.5 < Δ𝐻𝑏𝑢𝑙𝑏< 1.5 m. 

Images below demonstrate the change in geometry corresponding to different parameters in isolation: 
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wstem = 0 

 
wstem = 0.5 

 
wstem = 1 

 
Δ𝐵𝑏𝑢𝑙𝑏  = 0 

 
Δ𝐵𝑏𝑢𝑙𝑏  = −1 𝑚 

 
Δ𝐵𝑏𝑢𝑙𝑏  = 1.5 𝑚 

 
Δ𝐻𝑏𝑢𝑙𝑏 = 0 𝑚 

 
Δ𝐻𝑏𝑢𝑙𝑏 = −1.5 𝑚 

 
Δ𝐻𝑏𝑢𝑙𝑏 = 1.5 𝑚 

 

Parameter combinations are determined using the design of experiments, where the list of geometries that 

are tested are shown in the table below. 

Table 3. Tested hull geometries with corresponding parameters 

 Variant No. wstem, m Δ𝐵𝑏𝑢𝑙𝑏, m Δ𝐻𝑏𝑢𝑙𝑏, m 

Baseline 0 0 0 

0 0 -1 -1.5 

1 0 -1 0 

2 0 -1 1.5 

3 0 0.25 -1.5 

4 0 0.25 0 

5 0 0.25 1.5 

6 0 1.5 -1.5 

7 0 1.5 0 

8 0 1.5 1.5 

9 0.5 -1 -1.5 

10 0.5 -1 0 

11 0.5 -1 1.5 

12 0.5 0.25 -1.5 

13 0.5 0.25 0 

14 0.5 0.25 1.5 

15 0.5 1.5 -1.5 
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. 

3. EVALUATION OF DIFFERENT HULL GEOMETRIES 

CFD simulations are performed in towed condition, i.e. no propeller modelling was applied. Resistance is 

then used to estimate propulsion power (delivered propeller power 𝑃𝐷) based on propulsion coefficients 

from model test data. Simulations in waves are performed for 150 seconds; below is a time trace of 

resistance from one of the simulations in 12 knots: 

 

Convergence is monitored in the frequency domain, by performing a moving-window FFT of the signal, 

and plotting the mean and first order amplitudes of resistance: 

 

16 0.5 1.5 0 

17 0.5 1.5 1.5 

18 1 -1 -1.5 

19 1 -1 0 

20 1 -1 1.5 

21 1 0.25 -1.5 

22 1 0.25 0 

23 1 0.25 1.5 

24 1 1.5 -1.5 

25 1 1.5 0 

26 1 1.5 1.5 
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Results obtained for calm water and waves are combined into a single weighted propulsion power, 

following the formula: 

𝑃𝐷𝑐 = ∑ 𝑃𝐷𝑖 ⋅ 𝑤𝑖

𝑖

 

where 𝑃𝐷𝑐 stands for combined delivered power, 𝑃𝐷𝑖 stands for delivered power calculated for the 𝑖-th 

operational point, and 𝑤𝑖 is the corresponding weight. 

Table 4 shows the weighted power in calm water, in waves, and the total weighted power. Weighted power 

in calm water is calculated with the above equation, however only summing the calm water results. 

Baseline hull performs best in calm water conditions, with the assigned weights. In waves, hull number 18 

needs 6.7 % less power than baseline, making it the optimum in waves. Parameters that correspond to hull 

number 18 are: wstem =1 (vertical stem), Δ𝐵𝑏𝑢𝑙𝑏 = −1.0 m, Δ𝐻𝑏𝑢𝑙𝑏 =  −1.5 m. This is the smallest bulb 

tested, combined with the vertical stem. 

In total, when both calm water and power in waves are considered, hull number 9 is the optimum, which 

has the following parameters: wstem = 0.5, Δ𝐵𝑏𝑢𝑙𝑏 = −1.0 m, Δ𝐻𝑏𝑢𝑙𝑏 =  −1.5 m. This geometry also 

features the smallest tested bulb, together with a stem that is a blend between the conventional and vertical 

one. Hull 9 achieves 2% total power reduction. 

The worst-performing hull corresponds to parameter combination 26, with the following parameters: 

wstem = 1, Δ𝐵𝑏𝑢𝑙𝑏 = 1.5 m, Δ𝐻𝑏𝑢𝑙𝑏 =  1.5 m. This is a hull with a vertical stem and the largest tested 

bulb. 

It is also interesting to note that at speeds 10 and 12 knots in calm water, hull 0 shows the best power 

reduction. This hull has the following parameters: wstem = 0, Δ𝐵𝑏𝑢𝑙𝑏 = −1.0 m, Δ𝐻𝑏𝑢𝑙𝑏 =  −1.5 m. 

Expectedly, smaller bulb yields smaller power in lower speed compared to baseline, but higher power at 16 

knots – a speed closer to the speed for which the bulb is designed for.  

The results point to the fact that stem shape and bulb shape are somewhat weakly interactive in terms of 

performance. This indicates that they could be optimised separately, in a serial way. 
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This is also visible from the surrogate model interpolation functions. Figure 2 shows three slices through 

the 3D surrogate model, for three constant bulb thicknesses, while the 2D slice shows the dependence of 

power in waves to the stem weight parameter and bulb height parameter. It can be observed that power 

changes almost linearly with the change of the stem weight, which indicates that stem shape and bulb height 

are mostly independent. 

 

Table 4. Weighted power in calm water, in waves, and total weighted power, for all evaluated hull forms. 

Variant No. PDc,calm, 

kW 

 
(Weighted 

power in calm 

water)  

Δ𝑃𝐷𝑐,𝑐𝑎𝑙𝑚, 

% 

𝑃𝐷𝑐,𝑤𝑎𝑣𝑒𝑠, 

kW 

 
(Weighted 
power in 

waves)  

Δ𝑃𝐷𝑐,𝑤𝑎𝑣𝑒𝑠, 

% 

𝑃𝐷𝑐,𝑡𝑜𝑡𝑎𝑙, 

kW 

 
(Weighted 

total power)  

Δ𝑃𝐷𝑐,𝑡𝑜𝑡𝑎𝑙, 

% 

Baseline 2740.8 0.0 1561.6 0.0 4302.5 0.0 

0 2788.5 1.7 1471.5 -5.8 4260.0 -1.0 

1 2747.8 0.3 1528.4 -2.1 4276.2 -0.6 

2 2865.1 4.5 1531.3 -1.9 4396.4 2.2 

3 2807.5 2.4 1477.2 -5.4 4284.8 -0.4 

4 2790.7 1.8 1572.6 0.7 4363.3 1.4 

5 3207.7 17.0 1590.2 1.8 4797.9 11.5 

6 2875.6 4.9 1497.7 -4.1 4373.3 1.6 

7 3034.5 10.7 1613.3 3.3 4647.8 8.0 

8 3824.1 39.5 1608.6 3.0 5432.7 26.3 

9 2757.5 0.6 1459.0 -6.6 4216.5 -2.0 

10 2775.6 1.3 1504.2 -3.7 4279.7 -0.5 

11 2988.3 9.0 1526.8 -2.2 4515.1 4.9 

12 2766.4 0.9 1472.4 -5.7 4238.9 -1.5 

13 2961.8 8.1 1562.0 0.0 4523.9 5.1 

14 3446.0 25.7 1599.5 2.4 5045.6 17.3 

15 2808.0 2.4 1498.7 -4.0 4306.7 0.1 

16 3230.4 17.9 1616.8 3.5 4847.2 12.7 

17 4162.1 51.9 1619.6 3.7 5781.8 34.4 

18 2806.1 2.4 1456.3 -6.7 4262.3 -0.9 

19 2910.4 6.2 1513.0 -3.1 4423.5 2.8 

20 3113.6 13.6 1539.8 -1.4 4653.4 8.2 

21 2885.2 5.3 1495.0 -4.3 4380.2 1.8 

22 3269.1 19.3 1567.2 0.4 4836.3 12.4 

23 3778.1 37.8 1580.3 1.2 5358.5 24.5 

24 3013.7 10.0 1524.4 -2.4 4538.0 5.5 

25 3636.9 32.7 1590.8 1.9 5227.7 21.5 

26 4577.0 67.0 1601.5 2.6 6178.5 43.6 
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Figure 2. Surrogate model representation of total power. 

The images below show the visualisation of simulations in regular waves for different hulls. 

 
Baseline 
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Hull 9 

 
Hull 26 

4. CONCLUSION 

A parametric shape optimisation of the bulbous bow and stem of a container vessel is carried out by 

considering resistance in calm water and in waves. The optimum bow shape is found to reduce total 

weighted power by 2%, comprised of a 6.6% reduction of power in waves and a 0.6% increase in weighted 

calm water propulsion power. 


