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A Study on Trim Variation to Reduce the Required Power of 11,000TEU
Container Ship in Operation Condition
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This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License(http://creativecommons. org/licenses/by—nc/3,0) which
permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

In this paper, the effect of trim variation on the required power of 11,000TEU container ship was investigated under conditions considering
the actual operation speed and draft. For each draft condition, the effective power (Ps) and delivered power (Pp) trends were investigated
with changes in trim and ship speed. At this time, the displacement volume was fixed same as the value of the even trim condition
and the both sinkage at the fore and after perpendicular are confirmed, The test ship speeds were determined by considering the
operating speed. Both numerical and experimental methods were used to analyze the effects of trim variation, Numerical analysis results
were used for evaluating the resistance performance, and the self—propulsion performance was estimated using experimental data
obtained from model test,

Keywords : Operation condition(2&271), Container ship(ZIE|0|LHA), Trim variation(EZIH3}), Required power(AL0O)
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Ol - MAtg - g . ghHEl - G2k 0[N - okl A - ZFM - AU
ulo] ZFHOZ ME5l= 7|&™ Yoktechnical measures), HAE = Hislof w2 DAL Zofe| HEHE S J|o)5h | o#ct
CHAMAZ 2 of| L X|2l(alternative fuels or energy sources), & olof| w2} ZHAIED +=XsiMe| HHS &8sl0] S0l

x| 22| M2 maintenance strategies), 28 oK operational
measure), 12|10 Meto] GHG HiES ZMA oz 12510
ME5h= AlZ|EHIOHVBM, Market Based Measures)O| U
o, Table 10l 2} Eot H MIFEl Ateksol Chal H2I5I%
C} (GIoMEEP, 2018; Joung et al., 2020).

Mol Aoz Hgsle rhege

o o= =
Meto] ERHSt= MAo| Meoll Feks olxlod, MH|2l X
&2 Mol 4zt =2 AEATL ATt (Park et al.,

2 Mof| cHstd 2EHAIH (lakovatos et
al., 2013; Liarokapis et al., 2017)2} $=%I5iA (Seo et al.,
o|_.?_€|- =13

, 2015; Islam & Soares, 2019; Gao et al., 2019)2 o|2%+ &
0l HMM HE = L2 meksolnd, O & EE #Xs 2 AL FH=UCE o] HFER NEYs 2Ag Sof EE
(Trim optimization)= YW2IAESS| =M L= 3129 Hix|E H3lol| e MAe| AMah KMl Tigel HElE AZsIdien,
Soff SIAMoR Mulol| H|wA & Mg 5 U= LhHolct o Lot $=xlsiME ol8sto] Matg A2 E2 2Fsid 4
LS 2= Mulo]| M20| 7hsol, Mute] 888 =0{ HdEA E5t ot At (Park et al., 2013; Han et al., 2015). 4&te]
12 Ec2M HIEMe FE8 HaAld & Urt (Kishev A90l2g EAMsP| 95t o7 T o| $3EYl=r|, ols 2
et al., 2014) HAIHS &28tHL}t (Sogihara et al., 2018; Alexandrina,
Mere| Xgh 3 FEME Mol pxlsiAle] ol Mt E 2015), TAlGHAMe| XMEadntet DALl AI2dntE e &
7k Act HE0], XIEAQl AFY et WEM| 7|&s2 &5t 24 $SIUCH (Kim et al., 2015).
Wtz exefA S o|get Mute| Mgl gt MEl== &2 Ao ARZE HAME 11,000TEU ZHO|LMoZ Al
ZEAIE &0l 0|21 Uct FRlohAR REARFS Sof & 2Eo|Mel dt|gs S 112{slo] MA Kol H|50] X%
=0 ATt e =5 LYo et Fo+ HE =S50 e 2 oz g 3olct thaMg Hi 3 22lske MAK| HE At
Aliah o HModof| 2 &9 JHEPE 7EsE EEo] EE HIEHCE AN 2E X7 HKde 2 ¥ SEE AT
Ch Jeut FRME Folof Aol FREHAle Z2HHE 2Y T x7o=Z MHSINCE
2 AHdirect numerical simulation)sEHLE &2 (body force)S Z 250l tisll =7| ESNENS| b3S FAISH AEjol|A
2gol0 BARIE 52| 7|0l Zfeit, M RAlGtE wee M4 o Mo|Ege Teisigion], ARl 23 F7iel X B
S0l A &3 (off 2thst Atk AlZHcomputing time)ol olM oARE LE5IQICt CHAMMO| AQn|2dol| o|xl= Pat &
23k, SHHS &8ss YH2 EF Hatet Zo| o|agt Mol QU0 MEds BM2 FRlEiME, FEHMs 2M2 =Y
Azt sRlsiA S o] &sIUCt
Table 1 Detail methods to improve energy efficiency and
reduce GHG emission
Type of measure Detail methods 2 I:I'ljél-)kl_-l
— Optimization of hull form
reermical |- EroPe”er md‘?f‘?‘“ct?“ons CHAMS 201843 ZiZ5104 BiAIx] 282 kD Sl At
— Energy saving devices
~ Waste heat recovery - Table 2 Principal particulars for target vessel
- Biofuels Item Ship Model
Alternative fuels | LNG Scale ratio -] 1/38.8
or energy _ Ezglrocgee”n Length between
Sourees — Solar perpendiculars(LPP) [m] 316.4 8.155
- Wind - Breadth(B) [m] 48.2 1.242
Maintenance |~ Hull and propeller gleaning . Depth(D) [m] 27.2 0.701
strategies - Hulll surface coating(anti—fouling
paint) -
— Voyage route optimization 3 éﬂl%@"ﬂc—d = EE’I&I—DF—LI
Operational — Weather routing
measures — Speed reduction

— Trim optimization -

- GHG fund

— Emission trading system(ETS)

— Emission incentive system(EIS) -

Market based
measures

CHakel Stowage plan, Trim and Stability Booklet 2| 4
AllM HMBet AIRE HIEHCR AT £l =HS TH|E519
Ch T12t 29| & 7§ &8 M3, Fig. 10l 2t Z=0il

=1 =
M2l Stowage plang LIERHRACE THatdo| M= & Aojof|Af

ol
=
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(b) T2
Fig. 1 Stowage plan of target vessel

Fig. 2 Schematic configuration of T1 and T2 at bow and
stern

(a) Trim by bow(stem), +

Fwd

A
T

(b) Even

(c) Trim by stern, —
Fig. 3 Definition of trim

Table 3 Analysis conditions

Draft condition | [-] T1 | T2

Froude number | [-] about 0.11, 0.14, 0.16

—1
12.46/13.46 | 10.48/11.48
0(Even)
13.00/13.00 | 11.00/11.00
+1
13.54/12.54 | 11.52/10.52
+2
14.07/12.07 | 12.04/10.04

Trim(TFP/TAP) [m]

Table 30l £ 0170 BHEAIY 2 SAlsIMES 9ot 017 4

2 ATFoM= 2x2 ITTC 1978 SHAI S ALESI0 2yM
Z22E o 2z =Y, Table 40 M & F2Y
S Aol ALBE= tEAHRl Aut 2 Mof| AREE =2
off chstof metl(ZEAIR) ot W2 (FRGIA) 22 F=510d
HE|5Iodct. SE At S ANl 4% & ofY ¢y
MRS J2{5l0] MEMds 24ols FRl6iM 2E ol
sieH, FEMs 2Molls FAlslA X ZYAR Z2HE 0
st
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Table 4 Formulas of full scale prediction

Resistance

Crar = R ! O'5pA[I/1%[SAI
= 0= Cpy— Cpy = Cgg
Crs = Cpst Cpt Oy
Rys = 0.5psVeSsCrs
Py = R Vs

Propeller Open Water

J=V, /| nD
K;= T/ pn’D*
K,=Q/[ p’D’

Propulsion

Re= Ry (Cpype + Cp ) 1 Cpyp + )
t=(Ty+F,~Ro)I T

Crt C
wpg=(t+004 )+ (wy,, —t—004) FZY 4
FM
s c
K/ J = 5 & Jrss Kors

2D% (1—1)(1—wyg)*
5= (I—wg) Vi/ JpD
Py = 27TpD5niKQTS ! ng

p="pl Pp
Ny = (1—t) / 1—w)
= Qol Q

5.1 RI5H4]

FxsAoll= A8 CFD Fxl6lA ZE=Ql STAR-CCM+
v13.062 ARSsIRon, ZEAIY Znietel v, EMS 2]
EXd| 38.89 2y AA LS DHSINCE X[HEHAE Q%
8 AITL RANS(Reynolds Averaged Navier-Stokes) B4l
2 X[ty Alo| chFatnt ShiEk2 2R HEILEE JRRICE R
RSM(Reynolds Stress Model)0[od, A|Zkat SZtol| Chal
2Rt Metro| X2 E M ESIQICt AMpsg 125t
OF(Volume of Fluid) BfHS MSsICh £t 28
USH Pitch 2! Heave AS= ZARE| sl 2R

1 P?d'ik
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40
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(b) Stern

M=mlol| 2|5k M HSO0| 2 A= of&k=|of M2UEH HA}
A 2ol EH 2xAZICE E£5F Mol ool ofsl
== 2fF(vortex) #SS 12{5lo MolFolz =2t A
AE ZEAZCL FRGIA0| ARSE AR B 7|1ECR
oF 2.6842F 7Ho|oq, Fig. 50l M= & Mol 2X 9| AXY
LHERARACE

Lo

5.2 Tx[ohM FEd dE

TRl Zofe| REES HESH| floH Even AeHofA2]
Al Al v|wsiion, REAI

Tabl 501 He[siAct.

Metds HIJ_’L 7241}, T1 £59 Frne0.11 Z=Z0A ZEA|
o dnet Ry 2k 1.7%, Pe 9.* 3.5%2| 2= =olsiqict. O
2Lt FEIMS 8| 2o}, Y FHoMe] 2RPtP, oF 1.2%2

HoSIREE Selsidien, 0 AoME ZE =
1

2% O|Lfo| 2XFE Hoi = o719t 22 XMEFTM s

2ao| RaMg gelsiict
Table 40f1A] SHoIE 4+ 9150], DEA-AM ol 2I0f 5

XlailAe] Mah ZulRp)2t ZEAIEHS] Z2HEEE(Ty, Qo)
E!I 7(|.€L 74—1}(n, T, Q)
s E )

of @are | ek 0|2 lsf MMl &S ¥ Sajof ARk
A7t EE kol @A} 2SR, BBMOR FHMS| 2

R7F Z01EH = AUct,
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1,000TEU ZiH[O|LHMe] AQn|ad XMte 2ot E2lHHS} od

Table 5 Difference between CFD and model test at even
condition

Difference (CFD - Model test)/(Model test)[%]

o | Bpy | Cpg | Pp | Jps | g Mo | M | Ep
0111713535 |15]|12]11|123]|1.2
T1/0.141 0.0 0.1]0.1]00|0.1|0.2]|03]|-0.2
0.16|-1.0/-2.0(-2.0|-0.7|-0.7{-0.3|-1.1|-1.0
0.11|-0.6|-1.0{-1.1|-0.4|-0.4|-0.3|-0.5|-0.6
T210.14(-0.5/-0.9|-0.9|/-0.3|-0.3|-0.3|-0.5|-0.5

Trim -1 Even

Trim +1 Trim +2

0.16(/-0.4-0.7|-0.7{-0.3|-0.3|-0.1|-0.3|-0.4

5.3 TAlalA &zt
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Fig. 10 Model ship and model test at T2, trim +1
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