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SUMMARY 

This report describes an optimisation process of the aft hull shape for the KRISO Container Ship (KCS), 

by employing CFD and parametric geometry design. The aim of the optimisation is to minimise delivered 

power 𝑃𝐷, for one operational point, while maintaining displacement and longitudinal centre of buoyancy 

(LCB) fixed. Bayesian optimisation technique is used to guide the optimisation effort, while the stern shape 

geometry is parametrised using three parameters and deformed in a free-form deformation fashion. 

Displacement and LCB are maintained fixed using a generalised Lackenby approach (Kramer, 2023). 

The optimised geometry that has been found shows power savings of 1.6%, while increasing the average 

wake angle variance by 0.6%.  
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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 

conditions for which the optimisation study is conducted is shown in Table 2.  

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. Speed and drought used in optimisation. 

Speed, knots Draught, m 

20 9.0 

2. METHODOLOGY 

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

geometry to be varied using three parameters. The optimisation process is started by parametrising the aft 

hull with three parameters. The different parameters change the following characteristics: thickness of the 

aft body gondola (bulb), Y direction deformation of aft hull sections, and Z direction deformation of the aft 

body hull sections. Differences in displacement and LCB are calculated for the initial hull shape and the 

modified one. These differences are then used as input for the generalised Lackenby transformation in order 

to shift the hull frames to compensate for displacement and LCB differences. Using parametric design, a 
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population of 30 different parameter combinations are proposed and tested using CFD. Calm water self-

propulsion simulations are carried out with an actuator disc propeller model. 

3. TESTED AFT HULL GEOMETRIES 

The geometry of the aft hull is parametrised with three parameters: 𝛿𝐵, 𝛿𝑌 and 𝛿𝑍, which represent the 

change in gondola or aft bulb thickness, Y and Z deformation of the aft hull frames, respectively. Table 3 

shows tested parameters, where the first entry is the original aft hull geometry. The first 28 parameter sets 

are determined using Design of experiments approach. 29th an 30th variations are proposed based by the 

Bayesian optimisation algorithm based on a surrogate model. 
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Table 3. Aft hull parameters. 

Geometry No. 𝛿𝐵, m 𝛿𝑌, m 𝛿𝑍, m 

0 (original design) 0 0 0 

1 -0.5 -3 -2 

2 -0.5 -3 0 

3 -0.5 -3 2 

4 -0.5 1.5 -2 

5 -0.5 1.5 0 

6 -0.5 1.5 2 

7 -0.5 6 -2 

8 -0.5 6 0 

9 -0.5 6 2 

10 0.25 -3 -2 

11 0.25 -3 0 

12 0.25 -3 2 

13 0.25 1.5 -2 

14 0.25 1.5 0 

15 0.25 1.5 2 

16 0.25 6 -2 

17 0.25 6 0 

18 0.25 6 2 

19 1 -3 -2 

20 1 -3 0 

21 1 -3 2 

22 1 1.5 -2 

23 1 1.5 0 

24 1 1.5 2 

25 1 6 -2 

26 1 6 0 

27 1 6 2 

28 -0.5 3.76 2 

29 0.04 1.03 1.11 

30 0.7 -3 0.97 

4. EVALUATION OF DIFFERENT AFT HULL DESIGNS 

Delivered power and average wake angle variance obtained for different geometries are summarised in 

Table 4, together with relative differences calculated as: 

𝛿𝑃𝐷 =
𝑃𝐷𝑖 − 𝑃𝐷0

𝑃𝐷0
 

Where 𝑃𝐷0 represents the delivered power of the original geometry while 𝑃𝐷𝑖 denotes delivered power of 

the 𝑖-th geometry. An analogue expression is used for average angle variance 𝛿𝛽̅, which is calculated as: 

𝛿𝛽

𝛿𝜃

̅̅̅̅
=

∫ ∮ |
𝜕𝛽
𝜕𝜃

|
𝜃

𝑟=𝑡𝑖𝑝

𝑟=ℎ𝑢𝑏
𝑑𝜃𝑑𝑟

∫ ∮ 𝑑𝜃𝑑𝑟
𝜃

𝑟=𝑡𝑖𝑝

𝑟=ℎ𝑢𝑏
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where 𝛽 is the undisturbed inflow velocity vector angle relative to the longitudinal axis of the vessel: 

𝛽 = tan−1 (
𝑉𝑥

𝜔𝑟 − 𝑉𝜃
) 

where 𝑉𝑥  stands for the axial velocity component of the wake, 𝑉𝜃 is the circumferential velocity component, 

𝜔 is the rotation rate of the propeller in rad/s, while 𝑟 is the radius. 𝜃 is the circumferential angle, ranging 

from 0 to 360 degrees. 

Table 5 shows the wave field in the stern region of the vessel, where it can be observed that the optimal 

hull form shows a significantly lower stern-system wave elevation. Table 6 and Table 7 show the pressure 

distribution along the hull, where the shape of the waterline due to the changes in hull shape can be seen. 

Figure 2 shows the hull frames of the original and optimized hull form. The change in aft hull frames can 

be seen as well as the narrowing of the aft gondola. Figure 3 shows the Pareto front with respect to power 

change and average wake variation change. In general, a reduction in power is accompanied by an increase 

in wake angle variation. 

Table 4. Delivered power, average wake angle variance, and their relative differences. 

Geometry No. 
𝑃𝐷, kW 

𝛿𝛽

𝛿𝜃

̅̅̅̅
 𝛿𝑃𝐷, % 𝛿

𝛿𝛽

𝛿𝜃

̅̅ ̅̅ ̅
, % 

0 (original 

design) 

14860 1.76 0.00 0.00 

1 15187 1.75 2.20 -0.57 

2 14766 1.79 -0.63 1.70 

3 14954 1.83 0.63 3.98 

4 15805 1.73 6.36 -1.70 

5 14912 1.73 0.35 -1.70 

6 14624 1.77 -1.59 0.57 

7 17061 1.69 14.81 -3.98 

8 15933 1.71 7.22 -2.84 

9 14829 1.74 -0.21 -1.14 

10 15370 1.74 3.43 -1.14 

11 14667 1.92 -1.30 9.09 

12 14732 1.8 -0.86 2.27 

13 16032 1.75 7.88 -0.57 

14 14989 1.76 0.87 0.00 

15 14754 1.78 -0.72 1.14 

16 17574 1.74 18.26 -1.14 

17 16372 1.73 10.17 -1.70 

18 14880 1.74 0.13 -1.14 

19 15453 1.75 3.99 -0.57 

20 14702 1.83 -1.06 3.98 

21 14656 1.78 -1.38 1.14 

22 16363 1.74 10.11 -1.14 

23 15151 1.74 1.96 -1.14 

24 14764 1.86 -0.64 5.68 
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25 18090 1.71 21.73 -2.84 

26 16779 1.73 12.91 -1.70 

27 14902 1.76 0.28 0.00 

28 14742 1.72 -0.79 -2.27 

29 14699 1.83 -1.08 3.98 

30 14641 1.78 -1.47 1.14 

Table 5. Wave field for different aft hull designs. 

 
 

 

0 (Original) 6 

  

21 25 (Max. power) 

Table 6. Pressure distribution for different aft hull designs, bottom view. 
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21 25 (Max. power) 

Table 7. Pressure distribution for different aft hull designs, side view. 
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Figure 2. Frame comparison: Original hull form is shown in black, optimum hull form in red. 
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Figure 3. Pareto front shows power change versus wake angle variance change. Red indicates the optimum hull form. 

5. CONCLUSION 

This white paper shows an exercise in aft hull shape optimisation where small changes to the geometry are 

made in an attempt to reduce the required propulsion power. It is shown that a reduction in aft gondola 

thickness as well as an upward curving of aft frames above the gondola reduces total propulsion power. 

The study demonstrates the viability of performing parametric optimisation of the aft hull using free form 

deformation parametrisation coupled with a generalised Lackenby approach to compensate displacement 

and LCB changes. The presented optimisation process required only a limited number of simulations. While 

the achieved savings may be considered modest, they explicitly demonstrate the effectiveness of the 

proposed workflow by producing improved designs. 
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