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Abstract : The primary objective of this study was to assess the energy efficiency performance of an optimized hull form capable of saving energy based
on existing vessels. The bow shape of existing vessels was investigated, giving consideration to design drafi and speed. Resistance performances were also
assessed for existing vessels according to operating conditions. Commercial CFD codes and model test materials were used to assess effective power. An
optimized hull form with minimum resistance was selected given real operating conditions. The effective horsepower of existing and optimized vessels was
estimated at three speeds. Resistance performance for an optimized vessel showed a 6 % improvement in effective horsepower at design speed (12 knots)
compared to existing vessels. Quasi-propulsive efficiency employed experimental data, while energy efficiency performance was analyzed based on
operating days, bunker fuel oil C cost, daily fuel oil consumption and specific fuel oil consumption. Energy efficiency performance for an optimized vessel

showed a gain of 30 million won per year in reduced costs at design speed (12 knots) compared to existing vessels.
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Fig. 2. Existing vessel.
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Fig. 6. Resistance of the existing vessel (12 kts).
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Fig. 8. Comparison of the existing and Optimized vessel.

Fig. 13. Resistance of the existing vessel (13 kts).

Fig. 10. Hull pressure of the existing vessel (12 kts).
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Fig. 14. Resistance of the optimized vessel (13 kts).
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Table 2. Resistance performance prediction for the existing vessel employing the Ry based on CFD

Speed Vum E Ram Rm(N) Cm Crum Cw Rus Crs Crs Rrs PE PE
(knots) | (m/s) N *E-06 | by CFD | *E+3 *E+3 *E+3 | *E-09 | *E+3 *E+3 (kN) (KW (PS)
14.0 1.4610 | 0.1844 | 8.4480 | 45274 | 4.1134 | 3.0899 | 1.0236 | 0.4571 | 1.6909 | 2.9856 114 645 877
15.0 1.5938 | 0.2012 | 9.2160 54.270 4.1432 | 3.0430 | 1.1002 | 0.4987 | 1.6718 | 3.0431 138 853 1160
16.0 1.7266 | 02179 | 9.9840 | 68.832 | 4.4776 | 3.0008 | 1.4767 | 0.5402 | 1.6546 | 3.4022 181 1212 | 1649
Table 3. Resistance performance prediction for the optimized vessel employing the Rpy based on CFD
Speed VM F RNM RW(N) CTM CFM CW RNS CFS CTS RTS PE PE
(knots) | (m/s) N | #E06 | by CFD | *E+3 | *E+3 | *E+3 | *E-09 | *E+3 | *E+3 | (kN) | (kW) | (PS)
14.0 1.4610 | 0.1844 | 8.4480 | 44.009 | 3.9881 | 3.0899 | 0.8983 | 0.4571 | 1.6909 | 2.8601 109 619 842
15.0 1.5938 | 02012 | 9.2160 | 51.903 | 3.9523 | 3.0430 | 0.9093 | 0.4987 | 1.6718 | 2.8519 130 801 1090
16.0 1.7266 | 02179 | 9.9840 | 66.107 | 4.2892 | 3.0008 | 1.2884 | 0.5402 | 1.6546 | 3.2137 172 1148 | 1561
Table 4. Brake horse power prediction for two vessels based on CFD
Speed EHP(PS) ETA D BHP(PS) w/ 15 SM.
(knots) Existing Optimized Diff. Existing Optimized Diff. Existing Optimized Diff.
14.0 877 842 -4.0% 0.665 0.665 0.0% 1,540 1,478 -4.0%
15.0 1,160 1,090 -6.0% 0.625 0.625 0.0% 2,167 2,036 -6.0%
16.0 1,649 1,561 -5.3% 0.623 0.623 0.0% 3,090 2,925 -5.3%
CFDZ4-H Al4td &5 HdA(bare hull)e] A& (Rm)S  Table 5. Engine specifications
o]-&-3te] ITTC-1978 22+<) s Rl whet A3 aj4)s =3 Contents
—5]‘0ﬂ E}(ITTC-1978) EH Ax J’]’ ’E‘ Table 29’}' Table 3°ﬂ L}E}LH Type MAN B&W 6L.35MC (MARKH)
Rom Sl U Aol = ITTC-1978% 32-317] vhebe. MCR (PS*RPM) 3,648%200.0
71 AEe FYHAS o] &3to] ITTC-1978 32 Holl Al A MCR (PS*RPM) 3,283%193.0
QbRE A& o]&dte] FA AT Table 29} 3] f+ &V (PE)
& Fr|AE 2@ AxAd =z Q3 3lo] Z 3% o
° 1A% % A _1 ] el e 6 Specific Fuel Oil Consumption, SFOC
A & ASFETA D)= 7|EdF 0] BPAY X}EETH A
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e AQE e R
=R ; 8 o}??. ;ﬂ 5 oq 2] (Brake Power, B:E) er] 4 o] (% of MCR) Power (PS) RPM (&/PS-h)
A= ] o = — o o
A= U}; B . (G100 Li °}O ﬂ“'ﬂ 1ok (Sea 75 2,736 182.0 1282
2o 1592 AR5t o] 8l =& vlEgto =7
l\glai:]gm)u lf /4033 18 o}ME}E I Ej] = E ? =7 50 1,824 159.0 136.6
A& HA S 3 o =2 o 1
Al oJ’]' 1 i RS ooﬂ EH °r ] U}' (BI‘IP) T8 O]' df 25 912 126.0 145.1
A3}Z Table 49l 2|5},
= = DFOC A%HS flal H< WAACH 7HAS Ak &
4. 04X B2 A5 B4 roC ; :
TAFFALA A AF 8k A W (Petronet)®] T Ul Al
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4.1 DI:OC:§7I' S ) 2B 1,08352790 0% H17E e o] 3 71A o) %o}
A} d ) o] Al aF o] SKE i
ddadrel distel 190 Abg-sh= O?CT: j(:)( D?“T 2 2016400 Bt HES 5205989 0.2 )¢ vk 7}A
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Fuel Oil Consumption, DFOCyS 7FSFE. & ¥l <1 wsich WACH 71716l 20104 o F 7ol 220k 2012
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4 AE & 5

il

DFOC(Ton/day) = SFOC * Brake Horse Power(BHP)
* 24hour * 10° 3)

Table 7. Daily Fuel Oil Consumption, DFOC

Speed Exisitng Optimized Diff. %
11 5.145 4.960 -0.185 3.6%
12 6.939 6.579 -0.360 5.2 %
13 9.268 8.879 -0.389 4.2 %
42 HZt AR A2 HIt
/g1 4ol Full Loadoll A 8] A%t 24 %915 npg o=
AF A% 2R AE AHGSGITE Table 8 37H4] Al ol A
71EAE I A AR A3 AR AHE NS A Aotk
AASE]D 12 B0l Az o 3xnt o] dpas & 5
At

Table 8. Yearly Fuel Consumption

Yearly Fuel Consumption (Won, W)
Speed — — -
Existing Optimized Saving
11 412,041,528 397,221,625 14,819,903
12 555,691,692 526,882,694 28,808,998
13 742,199,526 711,050,365 31,149,161
5.2 B
V=i F 5Ae 7|3 (el8t, Existingel 2hale 3h
3 A5 943 714S 489 18 (0l8), Optimizedo] 2}l
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e Ak Aot Ae2 &3 g
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