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SUMMARY 

This report describes an optimisation process of a semi-displacement hull design based on the AMECRC 

systematic series (Bojovic & Fellow, 1997). CFD and parametric geometry design are employed to carry 

optimise local and global features of the hull. The aim of the optimisation is to minimise weighted effective 

power 𝑃𝐸 , calculated for three different speeds, while maintaining the displacement fixed within 2%. The 

three speeds that are selected correspond to Froude numbers of 0.5, 0.75 and 1.0, thus spanning the entire 

semi-displacement range. Bayesian optimisation technique is used to guide the optimisation effort, while 

the shape geometry is parametrised using three: 

1. LCB, 

2. Change of the depth of the transom, 

3. Change of the width of the transom relative to the parent hull. 

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

Weighted power savings of up to 1.6% have been demonstrated, while resistance reductions ranging 

between 2.8 and 4.8% have been shown for different speeds. 
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1. VESSEL DESCRIPTION 

Main ship particulars are specified in Table 1, while Figure 1shows 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. 

L/B 6.0 

B/T 4.0 

L, m 42.0 

Breadth, B, m 7.0 

Draught, T, m 1.75 

 

 
Figure 1. AMECRC parent geometry. 

 

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

Operational point  Speed, knots Froude No Draught, m Weight 

1 20 0.5 1.75 30 % 

2 30 0.75 1.75 40 % 

3 40 1.0 1.75 30 % 

2. HULL PARAMETRISATION 

Three parameters are used to parametrise the hull geometry: 

1. Longitudinal centre of buoyancy change, Δ𝑋𝐿𝐶𝐵, with range defined as: -1 < Δ𝑋𝐿𝐶𝐵< 1; 

2. Transom depth change, Δ𝐷𝑇, with range: -0.2 < Δ𝐷𝑇 < 0.2; 

3. Transom width change, Δ𝐵𝑇, with range: -0.3 < Δ𝐵𝑇 < 0.0; 

Changes of the transom shape are blended linearly towards amidship. Note that negative change of transom 

depth denotes a downward translation of the lower transom edge (increasing transom depth). Table 3 shows 

the hull buttock lines for different value of the Δ𝑋𝐿𝐶𝐵, while Table 4 shows hull frames for different depths 

and widths of the transom. In total, 27 different geometries are tested, with parameters being suggested 

using a design of experiments approach.  
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Table 5 shows the tested hull geometries with their parameters. Note that hull number 14 corresponds to 

the original hull form, since all parameters are equal to 0. 

 

Table 3. Hull variation with changing the Δ𝑋𝐿𝐶𝐵 parameter. Red curves correspond to the original hull form. 

ΔXLCB = −1 

 

ΔXLCB = 1 

 
 

Table 4. Hull geometry variation with changing the transom width and depth. Red curves correspond to the original hull form. 

 
Δ𝐷𝑇 =  −0.2 

 
Δ𝐷𝑇 =  0.2 

 
Δ𝐵𝑇 =  −0.3 

 
Table 5. Tested hull geometries with corresponding parameters. 

Geometry No. ΔXLCB, m Δ𝐷𝑇, m Δ𝐵𝑇, m 

0 -1.0 -0.2 -0.3 

1 -1.0 -0.2 -0.15 

2 -1.1 -0.2 0 

3 -0.9 0 -0.3 
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4 -0.9 0 -0.15 

5 -0.9 0 0 

6 -0.9 0.2 -0.3 

7 -0.9 0.2 -0.15 

8 -0.8 0.2 0 

9 -0.2 -0.2 -0.3 

10 -0.3 -0.2 -0.15 

11 -0.3 -0.2 0 

12 0.0 0 -0.3 

13 0.0 0 -0.15 

14 (original) 0.0 0 0 

15 0.1 0.2 -0.3 

16 0.1 0.2 -0.15 

17 0.1 0.2 0 

18 0.6 -0.2 -0.3 

19 0.5 -0.2 -0.15 

20 0.4 -0.2 0 

21 0.9 0 -0.3 

22 0.9 0 -0.15 

23 0.9 0 0 

24 1.1 0.2 -0.3 

25 1.1 0.2 -0.15 

26 1.1 0.2 0 

3. EVALUATION OF DIFFERENT HULL GEOMETRIES 

Hull forms are evaluated by running towed resistance CFD simulations. Resistance is used to estimate 

effective power, in order to be able to evaluate a combined weighted power, minimisation of which 

represents a single optimisation goal. Weighted 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. Table 6 shows calm water resistance results and their relative differences with respect to the original 

hull form, calculated as: 

𝛿𝐹𝑇 =
𝐹𝑡𝑖 − 𝐹𝑇0

𝐹𝑇0
 

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

geometry. Results show that different hull geometries achieve resistance optimum at different speeds. For 

the lowest speed, hull form number 26 gives the maximum savings of 3%. At 30 knots, hull form 9 is the 

optimum with 2.8% savings, while at 40 knots hull form 0 gives the minimum resistance with 4.8% savings. 
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Table 7 shows weighted effective power results and relative savings, according to which hull number 0 

gives the maximum power savings of 1.6%.  

 
Table 6. Calm water resistance calculated for different hull forms at three different speeds. 

Speed, kt 20 30 40 

Geometry No. 𝑅𝑇 , 𝑘𝑁 𝛿𝑅𝑇, % 𝑅𝑇 , 𝑘𝑁 𝛿𝑅𝑇, % 𝑅𝑇 , 𝑘𝑁 𝛿𝑅𝑇, % 

0 80.7 5.6 120.4 0.7 160.9 -4.8 

1 80.8 5.8 120.8 1.0 164.5 -2.7 

2 80.4 5.3 121.1 1.2 164.6 -2.6 

3 86.1 12.7 137.3 14.8 199.2 17.8 

4 83.8 9.6 133.7 11.8 187.2 10.7 

5 83.5 9.3 133.5 11.6 187.4 10.9 

6 104.9 37.3 180.0 50.5 307.8 82.1 

7 102.0 33.4 173.8 45.3 281.1 66.3 

8 102.4 34.0 183.4 53.3 302.6 79.0 

9 78.3 2.5 116.3 -2.8 166.6 -1.4 

10 78.4 2.6 116.5 -2.6 168.2 -0.5 

11 78.4 2.6 118.7 -0.8 168.6 -0.2 

12 78.1 2.1 123.2 3.0 174.3 3.1 

13 77.6 1.6 122.5 2.4 175.2 3.7 

14 76.4 0.0 119.6 0.0 169.0 0.0 

15 82.6 8.0 136.6 14.2 200.4 18.6 

16 82.3 7.6 135.9 13.7 198.7 17.5 

17 81.7 6.9 134.7 12.6 195.6 15.7 

18 76.9 0.6 117.9 -1.4 174.1 3.0 

19 77.2 1.0 118.3 -1.1 174.9 3.5 

20 77.8 1.8 119.8 0.1 176.5 4.4 

21 74.8 -2.1 118.5 -0.9 174.4 3.1 

22 74.3 -2.7 119.1 -0.4 175.3 3.7 

23 74.9 -2.0 119.3 -0.3 177.0 4.7 

24 75.0 -1.9 122.4 2.3 175.5 3.8 

25 74.3 -2.8 123.5 3.2 173.6 2.7 

26 74.2 -3.0 123.4 3.2 176.1 4.1 
 

Table 7. Weighted effective power results for different hull geometries. 

Geometry No. 𝑃𝐸𝑐 , 𝑘𝑊 𝛿𝑃𝐸𝑐, % 

0 1985.7 -1.6 

1 2010.2 -0.4 

2 2011.6 -0.3 

3 2342.5 16.1 

4 2239.6 11.0 

5 2239.0 11.0 

6 3335.2 65.3 

7 3122.7 54.8 

8 3315.9 64.3 

9 1988.0 -1.5 

10 1999.3 -0.9 

11 2015.4 -0.1 

12 2077.3 3.0 

13 2077.1 2.9 



 

CASE STUDY 

 

SEMI-DISPLACEMENT HULL 

OPTIMISATION 

In silico d.o.o. 

Kamengradska ulica 3 

10000 Zagreb 

Croatia 

Phone: +385 98 973 4778 

 

6 

  

14 2017.6 0.0 

15 2334.7 15.7 

16 2319.5 15.0 

17 2291.0 13.5 

18 2039.4 1.1 

19 2048.1 1.5 

20 2069.1 2.6 

21 2038.7 1.0 

22 2046.5 1.4 

23 2060.4 2.1 

24 2070.3 2.6 

25 2063.0 2.3 

26 2077.5 3.0 

 

Table 8. Trim calculated for different hull forms. 

Speed, kt 20 30 40 

Geometry No. 𝜙,  deg 

0 -1.4 -1.9 -1.7 

1 -1.3 -1.8 -1.6 

2 -1.3 -1.7 -1.5 

3 -1.8 -2.6 -3.2 

4 -1.7 -2.5 -2.9 

5 -1.7 -2.4 -2.8 

6 -2.5 -3.9 -6.4 

7 -2.4 -3.7 -5.8 

8 -2.2 -3.7 -5.6 

9 -1.2 -1.5 -1.4 

10 -1.1 -1.4 -1.3 

11 -1.1 -1.4 -1.3 

12 -1.4 -2.0 -2.2 

13 -1.4 -2.0 -2.1 

14 -1.3 -1.9 -2.0 

15 -1.8 -2.8 -3.5 

16 -1.8 -2.7 -3.4 

17 -1.7 -2.7 -3.2 

18 -1.0 -1.3 -1.2 

19 -0.9 -1.2 -1.2 

20 -0.9 -1.2 -1.1 

21 -1.2 -1.6 -1.8 

22 -1.1 -1.6 -1.7 

23 -1.1 -1.5 -1.6 

24 -1.4 -2.1 -2.5 

25 -1.4 -2.1 -2.4 

26 -1.3 -2.0 -2.4 

In order to better understand how different parameters influence the resistance at different speeds, 2D plots 

are generated with min, max and mean values of resistance for each parameter. Figure 2, Figure 3 and 

Figure 4 show the variation of resistance with respect to Δ𝑋𝐿𝐶𝐵. The spread of the curves indicates that for 
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Δ𝑋𝐿𝐶𝐵 approaching 1, the other two parameters have a smaller influence on results. This is indicated by the 

smaller spread of the three curves shown on the graph, since the difference between the minimum and 

maximum resistance are smaller for higher Δ𝑋𝐿𝐶𝐵. By moving the Δ𝑋𝐿𝐶𝐵 aft, influence of the other two 

parameters increases, and a larger resistance increase is possible. By observing the red line, indicating the 

minimum resistance for each parameter, it can be concluded that: 

1. For Fr = 0.5, lower resistance is achieved for LCB located forward, approaching a displacement 

sailing regime; 

2. For Fr = 0.75, the optimum with respect to LCB is close to 0; 

3. For Fr = 1.0, a reduction in resistance is achieved by moving the LCB aft, which is in line with 

common knowledge on round-bilge semi-displacement vessels. 

Figure 5, Figure 6 and Figure 7 show the variation of resistance with changing the transom depth parameter, 

Δ𝐷𝑇. At 20 knots, a shallower transom (positive Δ𝐷𝑇) gives lower resistance, while at higher speeds a 

deeper transom offers savings. This is possibly due to the trim-corrective effect of a deeper transom at larger 

speeds, but also perhaps influenced by the fact that for shallower transom, moving the LCB aft becomes 

more difficult without obtaining high curvatures. Since moving LCB aft is beneficial at higher speeds, this 

could be the reason why, in part, deeper transom benefits higher speeds. 

Figure 8, Figure 9 and Figure 10 show resistance variation for different transom widths. In general, 

resistance shows little variation with changing the transom width. Slight benefit is observed for higher 

speeds by narrowing the transom. This goes against the change in LCB, and suggests that there is a direct 

benefit of reducing the transom width at higher speeds. 

 

 
Figure 2. Resistance vs. LCG at 20 knots. 

 
Figure 3. Resistance vs. LCG at 30 knots. 



 

CASE STUDY 

 

SEMI-DISPLACEMENT HULL 

OPTIMISATION 

In silico d.o.o. 

Kamengradska ulica 3 

10000 Zagreb 

Croatia 

Phone: +385 98 973 4778 

 

8 

  

 
Figure 4. Resistance vs. LCG at 40 knots. 

 
Figure 5. Resistance vs. Transom depth at 20 knots. 

 
Figure 6. Resistance vs. Transom depth at 30 knots. 

 
Figure 7. Resistance vs. Transom depth at 40 knots. 

 
Figure 8. Resistance vs. Transom width at 20 knots. 

 
Figure 9. Resistance vs. Transom width at 30 knots. 
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Figure 10. Resistance vs. Transom width at 40 knots. 

 

 

 

 

 

 

 

4. OPTIMAL HULL GOEMETRIES 

Hull buttocks and frames for optimum hull geometries at different speeds are shown in Table 9. Optimal 

hull at 40 knots and in total, is hull No. 0, characterized with a deeper and narrower transom compared to 

the original, and a LCB moved aft. This hull is also optimal in terms of weighted effective power. Hull 

optimal at 30 knots, hull No. 9, has a similar transom to Hull 0, however LCB is close to its original position. 

At lower 20 knots speed there is a marked difference of the transom shape compared to hulls 0 and 9, with 

a shallower and wider transom. LCB is moved forward, as is visible from the buttock lines. 

 

Table 9. Geometry of optimal hulls at different speeds. 

 

 
Hull No. 0. Optimal at 40 knots and for total weighted power. 

 

 
Hull No. 9. Optimal at 30 knots. 
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Hull No. 26. Optimal at 20 knots. 

5. CONCLUSION 

Parametric optimisation of a semi-displacement vessel is carried out using three parameters. Three different 

speeds are considered spanning the entire semi-displacement regime. The study shows that moving the LCB 

aft reduces resistance at higher speeds, while moving it forward benefits the lower Froude number of 0.5. 

At higher speeds, a deeper and slightly narrower transom reduces resistance, while a shallower transom is 

beneficial at lower speeds. Reduction of resistance of up to 4.6% is achieved at 40 knots (Fr = 1.0), 

compared to the parent AMECRC hull, while 2.8% reduction is achieved at Fr = 0.75, representing a 

common sailing regime for this hull. 
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