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Development of an estimation method of hydrodynamic forces acting on maneuvering
motion ships in shallow water

Nishio, Shigeru
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The behavior of hydrodynamic forces acting on a ship at lateral motion was
investigated. Force measurement in towing tank and numerical simulation on viscous flow field were made,
and correlations of hydrodynamic forces with flow field around ships were examined. A large flow pattern
change at extreme shallow water case such as water depth/draft ratio H/d<1.20 was observed in model
scale, and it causes serious characteristics change of lateral force. Present characteristics change
could be caused by the pressure loss at the gap between sea bottom and ship bottom, which may be referred
by * retaining effect’ , and that generates the upstream flow pattern and separation pattern change.
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Table 1 Experimental condition.

Model
Length: Ly, (M) 3.17
Breadth: B (m) 0.57
Draft: d (m) 0.19
Block coefficient: C, 0.82
Midship coefficient: C,, 0.997
Measurement condition

Towing speed: V (m/s) 0.04
Froude number: Fn 7.35x1073
Reynold’s number: Rn 1.42x10°
Water depth/ draft ratio: H/d 1.05~4.00
Restrict ratio: B¢/Lpp 1.89
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Table 2 Principal dimension of target hull forms.

Computation codes

. OpenFOAM
Main source code Ver2.11
Turbulence model N/A
Solvers SIMPLE, PISO
Number of cells Up to 4.0x10°

Calculation conditions
Uniform flow speed: V (m/s) 0.04
Reynold’s number: Rn 1.42x10°
Water depth/draft ratio H/d 1.05~5.00
Channel width: By (m) 6.0, 30.0
Boundary conditions
Bottom \’/\lv?t?] ngzg speed
Load water plane/ Side wall Slip wall
Inlet Uniform flow
Outlet Free gradient

Water Plane Hull

Fig.1 Boundary conditions and a schematic view
of generated computational girds.
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Fig.2 Comparisons of lateral force coefficients in
open water and restricted channel.
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Fig.3 Comparison of lateral force coefficient
changes according to water depth/draft ratio.
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Fig.4 Comparison of surface pressure
distributions.
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Fig.5 Upstream flow pattern change, (a)H/d=2.00,

(b)H/d=1.05.
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Fig.6 Downstream flow pattern change, (a)H/d=
2.00, (b)H/d=1.05, (c)H/d=1.05 (overview).
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