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Abstract - A sea trial of the speed performance test is the one of the most important means of verifying a ship’s performance, and the
International Organization for Standardization established a standard for this test in 2015 Environmental disturbances such as wind and
waves are always present under real sea conditions, however, so it is impossible to accurately estimate delivered horsepower under ideal
conditions. These disruptive influences also make it difficult to evaluate the positive eflect of recently developed energy-saving devices.
In this study, uncertainty analysis of improved speed performance was carried out using Monte Carlo simulation to confirm the
energy-saving efiiciency of a ship equipped with an air-Iubrication system. The findings showed the average power saving to be 32%,
with the expanded uncertainty of + 2.7% at a 95% confidence level (k=2).
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Table 1 Uncertainty of resistance increase due to wind

(Air_OFF)

Raa U (95%, k=2) | U (95%, k=2)

(kKN) (kN) (%)
50% 1%t | - 665 +4.0 +6.1
50% 2 | 110.1 +159 +14.4
75% 1%t | - 89.8 +1.1 +1.2
75% 2™ | 1526 +18 +11.8
909% 1%t | - 482 +6.5 +11.8
90% 24 32.1 +12.3 +38.3
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Table 20141 MCR®] 50%-1%, 50%-2"" 7% wlgre] <]k
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Table 2 Uncertainty of resistance increase due to wind

(Air_ON)

Raa U (95%, k=2) | U (95%, k=2)

(kN) (kN) (%)
50% 1%t | 585 £30 52
5096 2nd 674 +12.0 +178
5% 1t | 935 121 +23
75% 2 | 1464 +199 +136
90% 1t | -808 +46 +57
90% 2™ | 1399 +23.0 +165

o FFETHISO, 2015).

A EF BE MCR 270A stwe] og §7hA3
1=}
=

Table 3 Uncertainty of resistance increase due to wave (Air OFF )

Raw U (95%, k=2) U (95%, k=2)
(kN) (kN) (%)
50% 1% - - -
50% 2 56.9 +8.8 +155
75% 1% - - -
75% 21 81.3 +12.8 +15.7
90% 1% - - -
909 2 83.3 +13.0 +15.6

Table 4 Uncertainty of resistance increase due to wave (Air_ON )

Raw | U (9% k=2 | U (9%, k=2)
(kN) (IN) (%)
50% 1° - - -
50% 29 | 514 8.9 154
75% 1 - - -
5% 29 | 817 +126 155
90% 1+ - - -
90% 29 | 833 +129 155
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]

Table 5 Uncertainty for the effects of water temperature
and density (Air_OFF )

Ras U (95%, k=2) | U (95%, k=2)

(kN) (KN) (%)
50% 1% -36.4 +1.2 +33
50% 2nd -36.1 +1.2 +33
75% 1% -475 +15 +32
75% 2nd -46.7 +15 +32
90% 1% -51.1 +16 +32
90% 2nd -51.1 +1.7 +32

Table 6 Uncertainty for the effects of water temperature
and density (Air ON )

Fas U (95%, k=2) | U (95%, k=2)

(kN) (kN) (%)
50% 1% -376 +1.2 3.3
50% 2 -36.1 1.2 13.3
75% 1% 476 £1.5 3.2
75% 2 -484 t1.6 +3.3
90% 1* -51.3 1.7 3.2
90% 2 -51.3 1.7 3.2

71N EE S TR B, oAl e w Sakd
AGEH(Ppi)e DS S FASA "k & 22 IS0
1501690 4] AA g el F7hH o 78 He fa 2Ry
TLf %Q(Pms*ALS) —T’—E:] }_9:]]-4_
PDId_PDms‘+Pms—ALS AP (4)
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2 95% A#TRHR=2) A oF +1.2%2] 3¢ BatEel 7
o vehgrh o F/RTA2UL HEHA B F 9
ASEE BIay A3 FAT AL L 5 Ak F 8
A9 JHEMIZFE A9 Al Sleke] Walrh 24 Qe
2 ARG 5 Ak TF T FFA LY BE BAE G4

% & ¥ &

A 7NefsA] ¥ Aoz dd T 5 gl

MCR 75%°1 4 4% A% 58(Ppg)e 95%A18 T 7Hk=2)
ol Al £225kW (e £1.2%)°] Aoz L),

Table 7 Uncertainty for corrected ideal power

U (95%, k=2) U (95%, k=2)
MCR
(kW) (%)
. 50%% + 164.2 1.2
Air
75% + 227.3 1.2
OFF
90% + 265.1 1.2
. 50% +149.6 1.2
Air
5% +224.8 1.2
ON
90% +263.9 1.2

Fig. 2= &
4 sl 371
(Ppig)& &7 ]%%%

olmE  FU|&

Kim et al.(2017)0] Q& & n} ¢} 2ol 44 37)
& B AL 175mEdA o 32%9 o]
o} of7]el ¥ A7-g 53 c%rz 59
9l 2796(95%41 B 73, k=2)F 1L
wle a% A7Fe A2 +05%4 A +

Fﬂ ¥ ok

E T

Air_OFF

—-—-- Air_OFF (-95%)
| BT Air_OFF (+95%)
L Air_ON
SElells Air_ON (-95%)
= = Air_ON (+95%)

Poia(kW)

16 17 18 19 20
V_(m/s)

Fig. 2 Results of the uncertainty analysis on power saving
between Air-OFF and Air-ON condition
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Fig. 3 Sensitivity of corrected shaft power on basic input
parameters (MCR 75%, Air-ON)
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