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This study performs resistance and self—propulsion simulations for four ship types using computational fluid dynamics(CFD) and
evaluates the impact of grid resolution on prediction accuracy and numerical convergence, A total of 56 cases were analyzed by
applying coarse, medium, and fine mesh systems, Convergence behavior was assessed based on the Grid Convergence
Index(GCl) methodology. Among the 56 cases, 42 were included in the GCI analysis, showing order of convergence(p) greater
than 1.5 and grid uncertainty(Ug) below 3% in most conditions, In particular, when over 10 million cells were used, simulation
results showed consistent trends across different speeds within the same hull form, indicating robust convergence and reliability.
Although a few cases were excluded due to irregular convergence behavior, their impact on the overall tendency was negligible,
The findings provide practical guidelines for grid arrangement and uncertainty quantification in CFD—based ship performance
predictions,
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(Hino et al., 2020).

X@7nk| e CFD 7(8k Xfah s eA7E2 KCSKRISO
container ship), KMLCC2(KRISO very large crude carrier 2),
DTMB 5415(David Taylor model basin), JBC(Japan bulk
carrier) St Z2 40| SUE EFE MES A2 3=
2IHCarrica et al., 2011; Kim et al., 2005; Jin et al., 2019;
Hoa, 2024). 7|& 17 &2 F2 £ &Lt ML S Falidl =
ZollA ZHHAE Zaele| H|nE Sl silA 7[He| EfdAM S A

[}
E511, ol2fet H|nE viEeR i Zue| MEMdE Hrlksks

ol 2=2ct ik siAol ARgE M, 1, 2+ S 2 X
710] MZHHOI7| mi2oll, o7 HtE Clfet Aol dbtslst
= Hole APt ATt wepM MAKO| FESLE siA Hxt

2 =g 1t

£ TRISP| fleiMs, 2ot cieket Ment
=
=

o
J1Hel x| oM Aot LRSie) ol cfReh EZolA2|

[¢]

—
TR oM 2o Seez A5 Falshs Aol A= &
Mg JEsict
Cl

[z
u
I
i
HIF
o
N
=

aiM= i Zzjoll A

I 9opt dd=lojof ot

fl}
rot
(g

for
S
0x

J

a
2
kH
Jal
o
=0)
O
|o
HU
rir
| L
3u
H
i

xol 2ol | BRE AMe) SN, AR
7924, 2R} A0l W2 SRR 2EAY

Jo| Z5HEICt o & AR}
Xz 84 & SIOIR}, AREX}
Lool2{st EMo=z Qlsl, AR}
M2 HIIE 9Ish galEel ooz A
Qct. o EhH2 siA Zapt AR} MXof| w2} ofg
A MRITE Sk
A7l ol 71048kt 33t 2olollA= Roache (1998)7+ |
okst Grid Convergence Index(GCl)7t EZE MXI2 XE|RI4S
0{, Roy (2005)= OIE CiFst xi=0| £=X| 7|Hol| M Eslo{ &
2 HIE &6k CFD MEllM= Eca and Hoekstra
(2014)7t X} =8N 7|gte| x| 24N HEs| e HE

SI, Mek XE siM ZolollA= Song et al. (2021)7F Effet

2
ol
o
g

30 rm
0
0
I

Rt T7I9k AlZk 220l WE 43 RS HIK5I01 s 23
of ME|EE SAAZ| TR} IgICH Ol2E HTES 2RI
A7} shA Znle] AT M2T SR AEHO= Jlojgt
%+ IS HofEC) Ui, X3 sAOIAE 2 By B
o HBEl ARIZ} MIMOE Hof, 2{xt TA0| W s 23t
o BIZTE olskstn HYMOE WRKs ol MDY 4 U=
Riz ofa SiX| ict

Olof] & ¢4 Clopt MED 23 £ Z2lo|A CFD 74t
Rigt shsig S5k, AR Uzl Xjols} sha AekTol ofd
QS 0IXEAIS HIKOEZ BABIDA} Sick 0/ flaH AR
T $FS THNOR Hal|ol shA2 Sskn, 1 ZS
DA} B THORM A ARITE BB Of2fet £
A ZATE B0, 8% AfF A 4 Al AEHOR U8 )
S8t 242 74 71FS MABKD, ADE & 3l Mg Jlo|
| m—

2.1 Sl CHAF Mat gl o =By

H of

—

2 4P|

C} A+ MBS

o o

TOllME Clfgt M3 2

(i

o ZrlollMe] x| siM &

Qo & Ul Mol MEk2 oA thaez HESIN

KSUPRAMAX-60K Bulk Carrier (BC), STD

2700TEU Feeder Container Carrier (CC), 13K Methanol PC

Tanker (MPC), STD 45K LPG Carrier (LPGC)2 TM=ICt o|E
MUk vij=E4, AL MAH| SollM MZ 2 EME JX|0,

So, o

= o

Table 1 Principal particulars of KSUPRAMAX-60K Bulk

Carrier

Category | ltem Full-scale properties
Lpp [m] 196.0
B [m] 36.0
T [m] 11.2

Hull

DISV [m®] 64894
Scale ratio 24.0
Fr 0.0929~0.1742
Dp [m] 6.0

Propeller
Turning direction R.H.

Table 2 Principal particulars of STD 2700TEU Feeder
Container Carrier

Category | ltem Full-scale properties
Lpp [m] 192.0
B [m] 32.2
T [m] 10.0

Hull

DISV [m®] 40181
Scale ratio 27.2
Fr 0.1653~0.2479
Dp [m] 6.8

Propeller : —
Turning direction R.H.

Table 3 Principal particulars of 13K Methanol PC Tanker

Category | ltem Full-scale properties
Lpp [m] 122.0
B [m] 21.0
T [m] 8.55

Hull

DISV [m®] 17134
Scale ratio 19.2
Fr 0.1613~0.2200
Dp [m] 4.8

Propeller
Turning direction R.H.
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Table 4 Principal particulars of STD 45K LPG Carrier

Category | Item Full-scale properties
Lpp [m] 184.7
B [m] 30.4
T [m] 9.5

Hull

DISV [m?] 39250
Scale ratio 26.8
Fr 0.1567~0.2169
Dp [m] 6.7

Propeller - —
Turning direction R.H.
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Fig. 1 Computational domain for resistance simulation
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Fig. 2 Computational domain for self—propulsion simulation

Table 5 Boundary conditions for resistance and self—propulsion
simulations

Boundary name Boundary condition

inlet Velocity inlet
outlet Pressure outlet
top Velocity inlet
bottom Velocity inlet
right Symmetry plane
left Symmetry plane
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ol BME T Liejbsl, AsiZtEct 2 22 D) oS5l Fr ratio P Ua(%) | Uoo(%)
A7 25 BEIEIC i, oF 1508 74 O[Ale] Z7+ ZAjeE 0.1653 | 0.240 | 5500 | 2.5 | 1.12
= o530l 1.02 BMow Fe el Bxsie, Mzl x0T | 0115 | 8541 | 170 | 08
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M3k el Lo Exsts Hste 2olc) 0.2125 | 0.416 3.378 0.73 0.25
Fig. 4= Fig. 30IA AKREl slilA 1} = T2USH X} =20 0.2184 | 0.425 3.299 1.96 0.65
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o H5IE ERoIsP| fglolct Fig. 45 S35l &ERlE 4= U0, 0.2479 | -0.426 - - -
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Table 7 Verification of grid systems for resistance calculation
of PC tanker

Fr ratio p Ua(%) Usc(%)
0.1613 1.927 - - -
0.1760 0.505 2.482 0.04 0.01
0.1906 0.258 4.915 1.24 0.53
0.1980 0.128 7.468 0.39 0.19
0.2053 0.516 2.400 1.41 0.25
0.2200 0.897 0.394 27.90 8.76

Table 8 Verification of grid systems for resistance
calculation of LPG carrier

Fr ratio p Ua(%) Uac(%)
0.1567 0.173 6.381 0.93 0.43
0.1687 0.475 2.707 2.32 0.58
0.1808 0.378 3.537 1.55 0.55
0.1928 0.561 2.101 1.21 0.12
0.2049 -0.787 - - -
0.2169 -0.838 - - -

Table 9 Verification of grid systems for resistance
calculation of bulk carrier

Fr ratio p Ua(%) Ugc(%)
0.0929 0.706 1.283 0.74 0.17
0.1162 0.319 4.215 2.66 1.06
0.1394 0.335 4.034 2.12 0.83
0.1510 0.378 3.590 1.97 0.7
0.1626 0.117 7.930 1.99 0.95
0.1684 0.146 7.094 2.85 1.33
0.1742 0.121 7.790 2.64 1.25
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Table 10 Verification of grid systems for self—propulsion
calculation of container carrier

Fr ratio p Ua(%) Uac(%)
0.1653 0.254 5.129 2.97 1.28
0.1771 0.164 6.765 2.43 1.12
0.1889 0.360 3.825 2.93 1.10
0.2007 0.580 2.037 2.33 0.21
0.2125 1.535 - - -
0.2184 0.556 2.199 1.56 0.18
0.2243 0.174 6.553 2.19 1.01
0.2361 1.146 - - -
0.2479 -5.913 - - -

Table 11 Verification of grid systems for self—propulsion
calculation of PC tanker

Fr ratio p Ua(%) Uac(%)
0.1613 0.500 2.616 0.56 0.13
0.1760 0.604 1.905 0.51 0.05
0.1906 1.541 - - -
0.1980 0.610 1.867 1.00 0.10
0.2053 -0.719 - - -
0.2200 -1.633 - - -

Table 12 Verification of grid systems for self—propulsion
calculation of LPG carrier

Fr ratio o Ua(%) Uge(%)
0.1567 0.119 7.674 2.72 1.29
0.1687 0.100 8.294 2.76 1.32
0.1808 0.212 5.5692 3.04 1.35
0.1928 0.168 6.417 2.96 1.36
0.2049 0.860 0.545 46.37 14.13
0.2169 1.052 - - -
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LPGCe| Fr = 0.2169, BC2| Fr = 0.1510 ¥ 0.16260]ct.
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Table 13 Verification of grid systems for self—propulsion
calculation of bulk carrier

Fr ratio p Ua(%) Uac(%)
0.0929 0.442 3.111 1.68 0.52
0.1162 0.281 4.840 2.71 1.14
0.1394 0.407 3.427 2.32 0.80
0.1510 -1.770 - - -
0.1626 1.743 - - -
0.1684 0.409 3.410 2.14 0.73
0.1742 0.354 3.958 2.12 0.81
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