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A Study on Trim Optimization by using CFD Analysis
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In this study reviewed the validity of the estimated optimum trim by the numerical analysis, For this purpose, the numerical analysis of
the trim optimization for 6500TEU container carrier and capesize bulk carrier were carried out using Star—CCM+, which results were
compared with the results of model tests, The reliability of results of the numerical analysis was confirmed via comparing the resistance
determined by the numerical analysis and model test, The performance of self—propulsion at each trim conditions were estimated using
the calculated resistance by numerical analysis. The BHP at each trim condition were calculated by estimated performance of
self—propulsion, which trend of results were confirmed similar trend of result of model test.

Keywords : Trim Optimization, CFD, Star—CCM+, Resistance, Self—propulsion

1.ME 2. el i
ZZ MFE2 X|F 2ut3lol| e Bl i E2 x|t 22 £ Aol CHAF Mukz2 EhALe| 6500TEU ZAE|O[LM =} #H0]
2elof w2 A 2UstZ olslo] 2EHIE 5| s o TAOI= HIaMoz Mo EBZHE Table 13f Zch
EAEI MR o ZMERE @510 QICh 0|2t AEsi0] HEA Table 10l EZ =712 += MEE, = MO|EE F=
2E £0[7| 2ot B2 oAU $lE 11 9lon] 2 A2 ofY EVEN, B= Ballast AE{E 2|o|stct, ZH ME2 Table 10f LIEL
K| Mzt x| 2= 2SR 2|2 Slol| st o377} 2hdks| R X0l 2zt S JIX| vis=Foll CHato] EVENAEHE Z &5 A
Z0|cHPark, et al. 2013; Park, et al. 2014). ofl{X| Mz Zhx| 7t EElz=Hol| Chsto] 2EA|ED} £=Xs1A S a5t
= Mol 7128 FA510] dBAEE E0|= ZXZ 0|2 A BHAHE2 KRISOQ| ofols==0f| M F=Jl5I% 20 X[l M2
5P| gt el 3™ut FIt AxH|7t LR Ui 25| Ak CFD(Computational Fluid Dynamics) 2 =921 Star—CCM+
Z|Msk= MAistEe| HIXIE = SIo2A £|EHe| ERCZ 2 £ ARB3sto{ H Akt
&510 HEARE E0|= WO 2 Clekst 240] ChSH £(H 2
EZMEE Mol & A2 MFEEE 27 &1 Art Table 1. Conditions of trim optimization and dimensions of
zH EZoTs ZYAYD F=XsiME ol T & F ship
ACt 23 A2 si2ARb M| MZE7F =X|2t H[Z0 Iltem 6500TEU CC Capesize BC
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Ch BHH sX|siAl2 3| 80| XMBstl IMsS AREHE & B 40.0m 45.0m
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Mg g5 sjot sk ofzigol ok Dt T asm / 145m | 18.8m / 18.m
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o 7—1KF9—| 37|1€ =85 7| 2I3ll Volume ééé;% éom
Xl ME5IEHJun, et al. 2011). F Mttof
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Table 2. Results of model test for 6500TEU CC oflAM M| 2&lele tix|slE 0], AFe4te| TEE 9|6}
T T2 04 VOF(Volume Of Fluid)7|HE M55G0 HezdHe
_ o Speed BHP BHP RSM(Reynolds Stress Model)2 At=235HCH,
Trim Condition (knots) (%) (%)
20.0 -3.8 -3.5
21.5 -4.0 -4.9 . e
23.0 -4.3 -5.6 2
20.0 22 -3.0 Symmetry
21.5 2.4 4.2 \ig\
23.0 -2.6 -5.0 oo Symmetry 200, W e
200 - ~ @ ; (Symmetry) \\le\oc
21.5 - -
23.0 - - (S(/B_ottvc‘ylm
IpP-Wall;
20.0 +2.7 +6.7 )
215 +2.6 +4.8 Fig. 1 Coordinate system and computational domain
23.0 +1.9 +4.2
Table 3. Results of model for Cape size BC
T1 T2
. . Speed BHP BHP
Trim Condition (knots) (%) (%)
13.0 -0.9 -2.6 e
14.0 -0.4 -1.8 : . . .
50 o1 Yy Fig. 2 Grid system for numerical analysis
13.0 - - KB =xd
15.0 - -
13.0 -0.2 +2.5 & AFM = F=RsIM 2 o8l Xe MsThs HiksINiCt
14.0 0.3 28 w2l E =20 w2 M52 FH5P| flsiMe Ateteao|
15.0 +0.1 +3.1 oist F8o| F12 desict $X[siA S 0|85t Al s &8
13.0 +0.5 +3.6 0‘”:: E‘:S )\|7I'J-|' XI'OJO| "_é 8|_|' H|_|'D|_4 78%“5‘0_' 7;_)_'1:_0“ Eng_I'
14.0 +0.5 +4.0 AE|Mo| £535ict ofof & oM = gAY HulE HIge
15.0 +0.5 +4.5 2 eRiEMoR FHE EB A 8 Mol HelFol uE




Table 4 Estimation of Self-Propulsion for 6500TEU CC
1N T2

Speed | ™ QMm NM ™ QMm NM
(%) | (%) | (%) | (%) | (%) | (%)
200 | 09| -09|-06|-36|-36|-1.8
+1.0m 215 | =141 -14|-09|-37|-37]-18
230 | -16|-16|-10|-38|-37|-18
20.0 0.0 0.0 00 |22 |-23]|-12
+0.5m 215 | 05|06 |-04|-23|-23]|-12
23.0 | 0.7 |07 |-04|-241|-23]-11
20.0 - - - - - -
E 21.5 - - - - - -
23.0 - - - - - -
200 | +2.3 | +24 | 15 | +4.0 | +4.0 | +25
-1.0m 215 | +1.8 | H19 | +1.2 | +42 | +4.2 | +2.6
23.0 | ¥1.8 | 1.9 | +1.1 | +4.2 | +41 | +2.7

Trim
Condition

Table 5. Estimation of Self-Propulsion for Cape size BC
T \ 2

Speed | T™M QMm NM ™ QMm NM
(%) | (%) | (%) | (%) | (%) | (%)
13.0 | -0.1 | -0.1 | 0.0 0.0 0.0 0.0
+1.0m 140 | -03 | -03|-0.11] 0.0 0.0 0.0
15.0 | =03 | 0.3 | -0.2 | 0.0 0.0 0.0
13.0 - - - - - -
B, E 14.0 - - - - - -
15.0 - - - - - -
13.0 0.0 0.0 0.0 0.0 0.0 0.0
-1.0m 140 | -01 1] -02|-0.2 | 0.0 0.0 0.0

Trim
Condition

Aleteao| Hst 22 Y510 220 Tl sk WS
ARZSIAC,. ek Aol ek 2HAIEo| AIEtAIS! Atz FE
Me-FH(TM), Me-E3(QM), Me-2lHNV) S4E 2H4
5t1, Zh SMollM exlsiM ez FHE 2F EFZo| X g
St 2, £3, 2|88 HRUACE Fig. 32 2 2l [uez
FE ARAE FEEH ool & YH2 ER x740| Hal510d
T 2} Z=dof| wE Aeteas0| M Hall| w2t Helshs 28|
| BRRX| ph=Che 7Rl HEg 5= QT oot g2 Yo
2 FH XEeA-E Table 4, Table 501 LFERHRUACE

6.1 2R} Fx[olAe| AE H|w

6500TEU ZiEflo|L M3} Ho|ZAlO|= HI M| =X|314 &
ofo| Ml AEE QI FABHIMZ AXE XEg ZEHA IR
M AZEl XMakn 8|wsi%ct 6500TEU ZiE|olLAe] 22 x5
Mo| XA MEIL DEAIY hd| ERAMEfet £2of w2t
—1.5~+1.5%2| QXS HelS =elsiien] Ho|ZAlo|= WM
o| A% &5of U2l +0.4%~+3.6%2| LAE Hels RISt
Table 6, Table 7= F MER| px[GHACZ HASE MEHE ZEHAIH
©| EVENT} Ballaste| M&tg 7|&=2 2 H|g2 LElA Aot
T Mdlol| che REAIED} FX[sHA 2| MaH| S Sl XIsHA

O o

oF Atket Mgl 2 AMEIEE 2olg afelet = Urt

Table 6. Comparison of RTM for 6500TEU CC

15.0 | -0.1 [ -0.1]-0.1| 00 | 0.0 | 0.0 RTM
13.0 | 0.1 | 0.1 | 0.0 | 0.0 | 0.0 | 0.0 Trim Speed T1 T2
-2.0m 140 | -0.2 | -0.2 | -0.1 | 0.0 | 0.1 | 0.0 Exp.(%) | CFD(%) | Exp.(%) | CFD(%)
150 | -0.1 | -0.1 | -0.1 | 0.0 | +0.1 | 0.0 20.0 -20 -15 -29 -4.3
+1.0m 21.5 =21 -1.8 -3.3 -4.3
23.0 =21 -1.7 -3.7 -4.2
20.0 -0.8 -0.6 -2.8 -3.1
+0.5m 21.5 -0.9 -0.8 -2.9 -3.1
23.0 -0.9 -0.7 -3.2 -3.0
20.0 - -0.5 - =11
E 21.5 - -0.2 - =11
5 23.0 - 0.0 - -0.9
i Ex 20.0 +0.9 +2.1 +2.2 +2.5
a =1.0m 21.5 +0.8 +1.9 +1.7 +2.6
23.0 +0.4 +1.9 +1.3 +2.7
Table 7 Comparison of RTM for Cape size BC
RTM
Trim Speed T1 T2
Exp. | CFD(%) | Exp. | CFD(%)
RTM 13.0 - +2.1 - +0.4
Fig. 3 Estimation of Self-Propulsion Components from B, E 14.0 - +33 - +0.4
Model Test 15.0 - +3.6 - +1.4
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6500TEU CCat T1

A 20.0 knots(Exp.) ¢ 21.5 p.) ® 23.0 knots(Exp.)
——20.0 knots(CFD) —21.5 knots(CFD) — 23.0 knots(CFD)

BHP
o\

+1.0m +0.5m EVEN -1.0m
Trim Condition

Fig. 4 Trim Performance at T1 for 6500TEU CC

6500TEU CCat T2

A 20.0 knots(Exp.) ¢ 21.5 knots(Exp.) ® 23.0 knots(Exp.)
——20.0 knots(CFD) —21.5 knots(CFD) — 23.0 knots(CFD)

BHP
0\\
°

+1.0m +0.5m EVEN -1.0m
Trim Condition

Fig. 5 Trim Performance at T2 for 6500TEU CC

Capesize BCat T1
4 13.0 knots(Exp.) # 14.0 knots(Exp.) M 15.0 knots(Exp.)
——13.0 knots(CFD) —14.0 knots(CFD) — 15.0 knots(CFD)
n = L
a.
= - s
— = T

+1.0m Ballast -1.0m -2.0m
Trim Condition

Fig. 6 Trim Performance at T1 for Cape size BC

Capesize BC at T2

A 13.0 knots(Exp.)  14.0 k
——13.0 knots(CFD) — 14.0 knots(CFD) — 15.0 knots(CFD)

) ® 15.0 knots(Exp.)

[}
L]
-—
a
I
) . .
. -
A A
A
+1.0m EVEN -1.0m -2.0m

Trim Condition

Fig. 7 Trim Performance at T2 for Cape size BC
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6500TEU CC at 21.5 knots

H BHP at T1{Exp.) m BHP at T1{CFD)

- l I
! - EVEN -1.0m
-2.00

BHP(%)

-10.00

Fig. 8 Optimum Trim at T1 for 6500TEU CC (V = 21.5 knots)

6500TEU CC at 21.5 knots

H BHP at T2 knots(Exp.) M BHP at T2 knots(CFD)

EVEN -1.om

BHP(%)

-10.00

Fig. 9 Optimum Trim at T2 for 6500TEU CC (V = 21.5 knots)

44

)
ro
B
o
B
am
g

0

=27 20153 9



oy
ro
3
Ho
|
ol
oz
0R
A

Cape size BC at 14.0 knots

M BHP at T1{Exp.) H BHP at T1(CFD)

8.00

6.00

4.00

2.00

0.00
+L4 Ballast -1 -2.0m

BHP(%)

Fig. 10 Optimum Trim at T1 for Cape size BC (V = 14.0 knots)

Cape size BC at 14.0 knots

m BHP at T2(Exp.) = BHP at T2(CFD)

BHP(%)
s s
g 8 =g

..nm EVEN 1.0m 2.0m

Fig. 11 Optimum Trim at T2 for Cape size BC (V = 14.0 knots)
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