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It is easy for a ship passing through confined waters to be exposed in dangers of collisions and grounding due to different hydrodynamic

responses, Since marine accidents can cause significant impacts on environments, global economy, and human lives, it is necessary
to study the effect of shallow water on hydrodynamic performance of a ship, In this paper, the effect of water depth on resistance

performance was investigated using CFD analysis as an initial study for improving navigational safety of a large container ship under
confined waters, After a CFD set—up for deep water condition was validated and verified by comparing CFD analysis with model test
results, CFD calculations according to ship speed and water depth were conducted, The features were investigated in terms of tendency
and physical knowledge related to resistance performance, The increase of resistance due to shallow water effect was reviewed with
empirical formula suggested from SWABE JIP. Speed loss due to shallow water effect was additionally reviewed from estimated delivered

power according to ship speed and water depth,
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Fig. 1 Geometric model of the 13,100 TEU container ship
(model-scale)
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Table 1 Principal particulars of the 13,100 TEU container

ship
Category ltem Full-scale properties
Lpp [m] 349.50
B [m] 48.40
Ts [m] 14.00
Hull Cs [-] 0.686
Scale ratio [-] 38.15
Design speed
[knots] 22.5
Dp [m] 9.3
Propeller
Rotation [-] Right
Type [-] twisted
Rudder
Aspect ratio [-] 1.24
bv__ 1 2yt
o=, Vit (1)
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Fig. 3 Details of numerical domain for shallow water
condition (h/T = 1.7)
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Table 2 Boundary conditions for CFD analysis using
STAR-CCM+ v.16.06
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Fig. 5 Grids for side (left) and top section (right) (top :
deep water condition, bottom : intermediate and
shallow condition)
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Table 3 Details of grid convergence test for deep sea and
shallow water conditions

No. 1 2 3 4 5 6

Number of grids for
deep water
condition (x10°)

136182 6039|2214

Number of grids for
intermediate and
shallow water
condition (x10°)

9573|561 ]43 ] - -

T Aljup g{ Mioio| EIAS SIolSISIT (DSVE. h/hy (1<i<6) | 1.0 |1.189|1.414|1.682| 2.0 |2.378
348 CglMatsl =% ® 59 2 M| 6 5 20024 12



Table 4 Details of time convergence test for deep sea and
shallow water conditions

No. 1 2 3 4 5

Time-step
0.005 0.01 0.02 0.04 0.08
[sec]
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(1=i<5)
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Fig. 6 Grid convergence test results for model-scale

resistance under deep and intermediate water

conditions
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Fig. 7 Time step convergence test results for model-scale
resistance under deep and intermediate water
conditions
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Table 5 Test matrix for CFD analysis for water depth s
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Q
Full-scale properties ;150 = DD J
1.5, 1.7 (Suez Canal), 2.0, 2.5, E
h/T [-] @
3.0, and Deep water =100
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1.96, and 2.00 Fig. 9 Estimated resistance according to h/T
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