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Abstract - Ship hydrodynamics in the confined waterways is challenging. When a ship Is maneuvering in confined waterways, the
hydrodynamic behavior may vary significantly because of the hydrodynamic interaction between the bottom of the ship hull and the seabed,
or so-called shallow water efiects. Thus, an accurate prediction of shallow water and bank eflects is essential to minimizing the risk ot
the collision and the grounding of the ships. The hydrodynamic derivatives measured by the virtual captive model test provide a path
to predicting the change in ship maneuverability. This paper presents a numerical simulation of captive model tests to predict the
maneuverability of a ship in confined waterways. Also, straight and zig-zag simulation were conducted to predict the trajectory of a ship
maneuvering in confined waterways. The results showed that the asymmetric flow around a ship induced by vicinity of banks causes
pressure diflerences between the port and starboard sides and the trajectory of a ship maneuvering in confined waterways.

Key words - Confined Waterways, MMG Model, Course Keeping Ability, Virtual Captive Model Test, CFD
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Fig. 2 3D longitudinal view of the KCS model
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Table 1 Main particulars of KCS

Dimensions Full scale Model scale
Scale 1.00 52.667
Lpp(m) 230.00 4.3671
B (m) 32.20 0.6114
d(m) 10.8 0.2051
Vv (m?) 52030 0.3562
G, 0.651 0.651
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Table 2 Boundary condition
Boundary Boundary condition
Inlet Velocity inlet
Outlet Pressure outlet
Top Velocity inlet
. No slip condition
Side .
-moving wall
Bottom No Shp‘ condition
-moving wall

ERYPAY AlgdoldE Fystro dA AR 5
HESIIY. 7' =0.38 A A 9] A A Al
Fo i S7le] AAAl tel Az 6 HES

43d - 95

ettt 2+ AXAC] 271 Refinement ratio’t /2 91k
o2 AVNE FVMAA ZA3A A, olu Refinement ratio2]
#-2 ITTC(2008)2] Recommended Procedure and Guideline
S Zusle] AAEA

Fig. 4= 24 AAA w}a‘r Qe 7
Yaw REWIES] Azl +HA HE AHRE HERUT
finedt AxAI(SF 5¥NEA ] Ao M FA &7t F7EHA
21 3] Wslsty, 9 finest AAAE Ag3lokwt & &
A BEA4E AT ¢ AS AR AGHAT o] V& A
-+ Hoydonck et al.(2015)¢} Zou and Larrson(2013)2] 1l
M oolel g A3yt #EHoH, Az £ EVFE QI
A QAE ARbste] 3 FA AlEHolAS WaAE vt Tk
2 AFNME $2] BE-S skl Grid 39 AAHAIE A
sto] E AlEoldS xeYstaal gt

2t st @ Sway 3}
7V

Table 3 Condition of grid convergence study

hi/h, Number of y" on hull
cells surface
Grid 1 | 1.000 5,113,425 34.6
Grid 2 | 1.414 3,818,470 38.8
Grid 3 | 2.000 2,965,284 435
Grid 4 | 2.828 2,316,666 49.0
Grid 5 | 4.000 1,706,909 54.9
- Grid Convergence study -
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Fig. 4 Grid convergence study
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Table 4 Test conditions for validation
Parameters Condition
£ 2.5° 5° 75° 10°
n 0.2, 0.3, 0.34, 0.38
Sway force
0.8 OFurukawa EFD
0.7 e Present CFD
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0.3 o
5 04 N
03 o
02 =
0.1 ¢
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0 2 4 § 8 10 12
Drift angle

Fig. 5 Non-dimensional sway force for static drift
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Fig. 6 Non-dimensional yaw moment for static drift
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Fig. 7 Non-dimensional sway force for n simulation
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Fig. 8 Non-dimensional yaw moment for n simulation

Table 5 Computed and experimental values of
hydrodynamic derivatives

EFD CFD Error %)
Yy 1.232 1.491 21.02%
Ygs 39.11 43.65 11.61%
Ny 0.4413 0.3726 1557%
Nisg' 3.983 5.343 34.15%

Table 6 Computed and experimental values of hydrodynamic

derivatives
EFD CFD Error %)
v, 0.06921 0.05438 21.43%
Y, 0.14690 0.09485 35.43%
N, -0.03042 -0.03096 1.78%
N, -0.08342 -0.11000 31.86%
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Fig. 10 Non—dimensional yaw moment for static drift simulation
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Fig. 11 Non-dimensional in-phase sway force for pure sway
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Fig. 13 Non-dimensional out-of-phase sway force for pure
yaw simulation
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pure yaw simulation
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