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Ship owners had pursued higher benefits by demanding the new design and construction of ships with higher operational

efficiency. There was a necessity for shipyards to suggest a more economical design and advanced operation concept in

order to meet the demands, Especially, since BOG combustion and activation of the re—liquefaction unit had to be taken into

account in ship design in addition to fuel oil and gas consumption, the evaluation of the operating efficiency considering the

technological trends was necessary, In this paper, it was aimed to study the design philosophy and operation strategy by

considering the effect of fuel ol and gas consumption, BOG combustion, and activation of the re—liquefaction unit on the

operating cost for laden voyage according to ship speed, BOR and activation of the re—liquefaction unit, For this purpose,

the costs were acquired by conducting the sailing simulation of an LNGC based on a mathematical model including the

maneuvering equations of motion, The design philosophy and operation strategy was reviewed in terms of the operating cost.
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Table 1 Principal particulars of the 173.4K LNGC

ltem Properties
Length between perpediculars (Lp,) [m] 283.50
Breadth (B) [m] 46.4
Draft (T) [m] 1.7
Block coefficients (Cg) [-] 0.77
LCG from midship [m] 2.75
Design speed [knots] 18.2
Area of each rudder (Ag) [m?] 40.00
Pitch at 0.7R [m] 8.7
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Table 2 RPM increment according to the speed difference
considered in the previous research (You et al., 2018b)

You et al., (2018b)

Condition [knots] RPM command [-]
AU>8.0 +0.4
80> AU>20 +0.2
20> AU>0.05 +0.1

0.05 > AU>—-0.05 Maintained

0.05= AU>—-2.0 -0.1
—20=>=AU>-8.0 -0.2
—80= AU -0.4
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Table 3 Simulation procedure to simulate the voyage Fig. 2 The recorded sea route obtained from the AIS data of
No. |Description of the activities during the simulation an LNGC
— Read the design information of the 173.4K LNGC Table 4 Detailed simulation matrix considering the draft, ship
including principal particulars, wind load speed, BOR and fuel type
coefﬂqentg vvav<la load cgeffments, and No. 1 ‘ 5 ‘ 3 ‘ 4 | 5
Step 0 operating information of equipments Condition Design condition (or Laden voyage)
— Read the voyage data including AIS data and 9 yag
ECMWF database according to the location and Draft [m] 1.7
uTc BOR 0.150 | 0.125 | 0.100 | 0.075 | 0.150
L " . Combustion rate | 0.150 | 0.125 | 0.100 | 0.075 X
— Set the initial condition considering speed, . :
Step 1| location, draft and COG Re-liquefaction| X X X X O
- Set the next way point from the AIS data Speed [knots] | 12, 13, 14, 15, 16, 17, 18, 19, 20
- Solve the maneuvering equations of motion to L . = Jjemoz
Step 2| acquire the updated speed, location, COG and Table 30fA= AlZ2f0Md0] +H== TME 2oz H
others (Eq. (1), (2), (3), (4), (5), (6), (7), (8)) 2lSICt Zt2te| TPl SEE0 TRIMeR AlMES sty
ZUHE|AMRE TEMo| T2 t77kK| Step 20lM Step 57KK|
— Compare the current speed and the command = up=sp Sick
speed at 30 seconds interval

Step 3 |- Add, reduce or maintain RPM based on the
look—up table (You et al., 2018b) after the
current speed is compared with the given speed 28k | 25 =7dof| thsiAet A=}, off gz‘\_E 11.7m
olct 3 JIA “EFOHES 0. 150 0.125, 0.100, 0.075 F/day
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— Compare the current location and the given way

pOint — Lo /'S HAVI, ©
Step 4 = 5 ES=)
P %1 Decide the rudder deflection angle to follow the 7|'A HMH%O' 0. 150 %/day '7—-|D‘—IE Aot d52 12
given way point knOtSOHA-I 20 kﬂOtSUPq, knot 7 7—:’|9§ 7:”t|-§ﬁl:|'

— Calculate the hydrodynamic coefficients = .
considering the kinematic state 4 AIEE-”OIAJ 7E=|.T'—|- Ecl i —'||
— Calculate propulsion power and electric power

Step 5 considering the updated state (Eq. (8) and (9)) Mto] S5 AlZalolMS kS AL Ml S5t He Sy
~ Calculate the fuel oil and gas consumption (Ea. el 29 I_gEﬂOII:._: &2 oS =5, ES g8, 28
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o : Go to Step 2)
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COG Course over ground

RPM Revolution per minute

SGC Specified fuel gas consumption
SPOC Specified fuel pilot oil consumption
SFOC Specified fuel oil consumption
usb US Dollar

CAPEX  Capital expenditure
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