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Abstract : The primary objective of the current work was to develop a standardized retrofit hull form capable of saving energy based on existing vessels.
The bow shape of existing vessels was investigated, giving consideration to design draft and speed. Resistance performances were assessed for existing
vessels according to operating conditions. Commercial CFD codes and model test materials were used for assessment of effective power. Three retrofit hull
forms with minimum resistance were selected given real operating conditions. These vessels were named after customized ready-made hull forms to enable
ship owners to make easier choices. The effective power of each vessel was estimated under real operating conditions. Subjects were operated with the
lowest draft, and performance for retrofit No. 3 showed an 11-16% improvement in effective power at low speed ranges of 16-18 knots compared to
existing vessels. When operated with a middle draft, performance for retrofit No. 3 showed a 6-11% improvement in effective power at low speed ranges

compared to existing vessels. When operated with the highest draft, performance for all vessels showed little difference in effective power.
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Fig. 1. Bow shape of the Fig. 2. Retrofit.
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Fig. 3. Existing vessel.
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Table 1. Particulars of the existing vessel

Contents
Length, Lpp (m) 175.0
Breadth, B (m) 27.60
9.8 (100 % draft compared to
draft, T (m) design draft)
Design speed, Vs (knot) 20.0
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Table 2. Operating condition for the existing vessel
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Condition 1 Condition 2
Length, Lpp (m) 175.0 175.0
Breadth, B (m) 27.60 27.60

°
32 #EsE Mz J1YE ME AY

2 Aoy e A HAAFE 23 71 A5
BEE e AMx 19 WellA HaAFE 7= ANz
& =Fehs Aotk HEAY L Table 30 HERHRLR ]
37HA = Aoyt ME1E FAAFE EZ3Ee] 195
Station7}A] ©]3L | F2E FAAASFEE E3510] 19.0 Station
i R3S FEATE X8kl 185 Station7HA 2 A
Astdek AMz1e] 7 A2 M E MAskE Aol JHE3
o] 7Fd & WHYE HASE Aot}

Table 3. Under-Relaxation Factors for each variables

8.5 (83 % draft 7.5 (72 % draft
draft, T (m) compared to design | compared to design Contents for retrofit
draft) draft) Retrofit 1 | Station No. 19.5 including the bulbous bow
; Retrofit 2 | Station No. 19.0 including the bulbous bow
Design speed, 16-18 16-18 : meuene
Vs (knot) Retrofit 3 | Station No. 18.5 including the bulbous bow
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Fig. 4. Comparison of wave profile for 3 condition.
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Operating Condition 1
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Fig. 6. Hydrodynamic analysis for 7.5 m draft and 16 knot.
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Fig. 7. Hydrodynamic analysis for 7.5 m draft and 18 knot.

=9 7% A9 e

R4

Operating Condition 1
(draft: 7.5m, 72 % compared to design draft), 20 knot

Existing

Retrofit 1

Retrofit 2

Retrofit 3

gk Aot} Fig. 69
B Fel)7E Skl whet
o 3

204 18:=E0] 3k Aztoltt. Fig,
o] Feh MEL ME2, ME3 AP o
et At Al A e deg

Cole AT SHelA PS¢ 5 ek

Operating Condition 2
(draft: 8.5m, 83 % compared to design draft), 16 knot

Existing
Retrofit 1
Retrofit 2

Retrofit 3

Fig. 9. Hydrodynamic analysis for 8.5 m draft and 16 knot.
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Fig. 10. Hydrodynamic analysis for 8.5 m draft and 18 knot.
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Fig. 11. Hydrodynamic analysis for 9.5 m draft and 16 knot.
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Fig. 12. Hydrodynamic analysis for 9.5 m draft and 18 knot.
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Table 4. Comparison of the resistance performance for the existing vessel and retrofit hull form at the 7.5m draft

Speed Effective power at the 7.5m draft (kW)

(knots) Existing Retrofit 1 Diff.(%) Existing Retrofit 2 Diff.(%) Existing Retrofit 3 Diff.(%)
14.0 3,053 2,867 -6.1% 3,053 2,774 -9.1% 3,053 2,521 -17.4%
15.0 3,629 3,458 -4.7% 3,629 3,358 -7.5% 3,629 3,091 -14.8%
16.0 4,271 4,110 -3.8% 4,271 4,011 -6.1% 4,271 3,739 -12.5%
17.0 5,008 4,828 -3.6% 5,008 4,738 -5.4% 5,008 4,474 -10.7%
18.0 5,839 5,637 -3.5% 5,839 5,559 -4.8% 5,839 5311 -9.0%
19.0 6,775 6,609 -2.5% 6,775 6,530 -3.6% 6,775 6,298 -7.0%
20.0 7,982 7,941 -0.5% 7,982 7,858 -1.6% 7,982 7,649 -4.2%

Diff.(%) = [(Effective power of retrofitx100)/Effective power of existing]-100.0
Table 5. Comparison of the resistance performance for the existing vessel and retrofit hull form at the 8.5m draft

Speed Effective power at the 8.5m draft (kW)

(knots) Existing Retrofit 1 Dift.(%) Existing Retrofit 2 Diff.(%) Existing Retrofit 3 Diff.(%)
14.0 3,071 2,815 -8.3% 3,071 2,700 -12.1% 3,071 2,546 -17.1%
15.0 3,603 3,353 -6.9% 3,603 3,242 -10.0% 3,603 3,099 -14.0%
16.0 4,188 3,953 -5.6% 4,188 3,850 -8.1% 4,188 3,729 -11.0%
17.0 4,861 4,640 -4.5% 4,861 4,548 -6.4% 4,861 4,459 -8.3%
18.0 5,637 5,442 -3.5% 5,637 5,364 -4.8% 5,637 5,313 -5.7%
19.0 6,545 6,404 -2.2% 6,545 6,343 -3.1% 6,545 6,338 -3.2%
20.0 7,769 7,670 -1.3% 7,769 7,621 -1.9% 7,769 7,664 -1.4%

Diff.(%) = [(Effective power of retrofitx100)/Effective power of existing]-100.0
Table 6. Comparison of the resistance performance for the existing vessel and retrofit hull form at the 9.8m draft

Speed Effective Power at the 9.8m draft (kW)

(knots) Existing Retrofit 1 Diff.(%) Existing Retrofit 2 Diff.(%) Existing Retrofit 3 Diff.(%)
14.0 2,701 2,545 -5.8% 2,701 2,527 -6.4% 2,701 2,514 -6.9%
15.0 3,276 3,135 -4.3% 3,276 3,116 -4.9% 3,276 3,105 -5.2%
16.0 3,946 3,828 -3.0% 3,946 3,810 -3.4% 3,946 3,807 -3.5%
17.0 4,754 4,654 -2.1% 4,754 4,649 -2.2% 4,754 4,662 -1.9%
18.0 5,704 5,617 -1.5% 5,704 5,632 -1.3% 5,704 5,669 -0.6%
19.0 6,811 6,739 -1.1% 6,811 6,774 -0.5% 6,811 6,838 0.4%
20.0 8,296 8,232 -0.8% 8,296 8,281 -0.2% 8,296 8,384 1.1%

Diff.(%) = [(Effective power of retrofitx100)/Effective power of existing]-100.0
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Fig. 12. Comparison of the effective power for the existing vessel and retrofit hull form according to the operating draft.
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