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Introduction

[] Research background
- IHSATA(IMO) 2R E MEe 2MTA HEZ RIS 8 EEDI ® EEOI =9

% Energy Efficiency Design Index, EEDI : MHAZ QIH|A|
Energy Efficiency Operator Indicator, EEOI : MY2%
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Introduction

[1 Research background
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[ ] Research objective
- OpenFOAME ©|&35}°] Tty 7 Mol BN Wit
- SR Aol gt Mol HAY A 2A3 L (pitch & heave) FAISHA

- 2015 Tokyo CFD workshop EWAE ZEAY Hijef Hu
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Numerical modeling

[] Ship model and boundary conditions
- 3,600TEU KRISO Container Ship(KCS)E& M7
- blockMesh®t snappyHexMeshZ ©|&3t°] HA} M (3702H7H)

Table 1. Principal particulars of KCS model

Full Scale Model Scale

Scale ratio 1 1/37.9
Length (m) 230.0 6.0702
Breadth (m) 32.2 0.8498
Depth (m) 19.0 0.5015
Draft (m) 10.8 0.2850
Reynolds number 2.4 x 10° 1.07 x 107

Froude number 0.261
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hull : no-slip condition

outlet velocity:
Neumann condition

inlet velocity:
Dirichlet condition

mid : symmetry condition

Fig. 1 Boundary conditions and domain size
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Numerical modeling

[ ] Numerical methods

- Solver : interDyMFoam (2-phase flow, dynamic mesh)

- Dynamic module : Six-degree of freedom rigid body motion

- Free surface : VOF (Volume Of Fluid) method

- Wave generation : waves2Foam

- Turbulence model : k-w SST Model

- P-V coupling : PIMPLE (hybrid method between PISO and SIMPLE)
- Convection term : 27t F2T AR (vanlLeer)

- Diffusion term : 2Ar &L FA AR




Numerical modeling

[] Simulation conditions [Foave
Yaw
9| 2At{k(heave & pitch) 2% 3HA _+ Surge
'_,_,r\l: #____:__%}_‘E:x
- EH()/1=0.65) ~ T(N/L[=1.95) 511A FAMPOR BF ™ L -— <
wave

Table 2. Simulation conditions in calm water and in regular head waves

Wave Encounter Encounter
Case Froude Wave length P iod
ho. number steepness AMLpp requency perio
H/A fe (Hz) Te (s)
0 0.261 no waves
1 0.261 1/60 0.65 1.136 0.878
2 0.261 1/60 0.85 0.940 1.064
3 0.261 1/60 1.15 0.762 1.312
4 0.261 1/60 1.37 0.676 1.480
5 0.261 1/60 1.95 0.533 1.874
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Numerical modeling

[] Wave generating method
- AARAET} FWE waves2Foam At&(Jacobsen et al.,, 2012)
- Generating zoneZ} Damping zoneZ AH&SI Iigol MAn AHZ HYH

- 2R stokes O C|E2 ML
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Results

[] Ship resistance, sinkage and trim in calm water

Table 3. Result in calm water

Case 0 C; (X1073) sinkage/Lyp (X10-3) trim (deg)
EFD 3.835 -2.074 -0.1646
Present 4.018 -1.989 -0.1676
Error (% EFD) -4.757 4216 -1.845
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Fig. 3 Wave pattern around the KCS in calm water




Results

L1 Wave generation

. ]I[Eof Igllg 'é;l_rg Au's-l'l:lﬂ[sz[ I:I|J__|I_

=2 =202
- Red symbol : analytic solution Case 4
- Blue line : present (ML=1.37)
Case 1 ..
(ML=0.65) .|
N ' Case 5
13 53 V}e s 2 ()\/L=1 .95)
Case 2 - “""»: “‘--;.5 Table 4. The 1st harmonic wave amplitude in different
(ML=0.85) A ,‘ wave conditions
. EFD
; ; (=6o7m) 5132 6409 10152 12300 16114
(;\?EE? 135) S op (Lpzrgsg;;) 4883 6226 10033 12169 15452
| (%'frg‘;{)) 4846 2849 1167 1068  4.109




Results

[] Total resistance, heave & pitch motion in waves

added resistance :

. E x,wave

- Fx,calm

[} O-a w

- pg(llBI%/L/LPP

Table 7. Results of C; added resistance, 7F; and 7F; in difference wave conditions

heave :

X .
TF, ==1  pitch : TF; =
I1

(Ilk

C; (x103)

o, (added resistance)

Case 1 2 3 4 5 Case 1 2 3 4 5
EFD 4127 4622 7.078 6.977 5.421 EFD 3.386 6.102 9.911 6.512 1.909
(L=6.07m) ) ' ’ ) ' (L=6.07m) ) ’ ’ ’ '
Present Present
(L=6.07m) 4.379 5.036 7.451 7.559 5.514 (L=6.07m) 4.803 8.320 10.807 7577 1.986
Error(%) -6.120 -8.944 -5.271 -8.335 -1.725 Error(%) -41.853 -36.353 -9.042 -16.348 -4.039

TF; (heave) TF; (pitch)

Case 1 2 3 4 5 Case 1 2 3 4 5
EFD 0130 0241 0899 0875 0933 EFD 0017 0146 0748 0966  1.119
(L=6.07m) ' : ' ' (L=6.07m) : : : '
Present Present
(o 0117 0242 0901 0899 0928 T 0010 0225 0724 0971 1113
Error%) 9936  -0446 -0242 -2760 0571 | Error%) 42.000 -53.573 3294 -0578  0.610
Sm .
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Results

[ 1 Total

[

resistance, heave & pitch motion in waves
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Conclusion and discussion

L]
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- HI¥H(Case 1~2)2 BWME AW A= 41%, pitch 2% AU A= 53%
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