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The Sloshing Effect on the Roll Motion and 2—DoF Motions of a 2D

Rectangular Cylinder

Yun—Ho Kim" T - Hong—Gun Sung'- Seok—Kyu Cho' - Hang—-Shoon Choi?

Maritime & Ocean Engineering Research Institute, Daejeon’
Prof. Emer., Seoul National University, Seoul’

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License(http://creativecommons,org/licenses/by—nc/3.0)
which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

This study is constructed to investigate the sloshing effect on the motions of a two—dimensional rectangular cylinder experimentally and

numerically, The modes of motion under consideration are sway and roll, and also experimental cases are divided by two categories;

1—DoF roll motion and 2—DoF motion (Coupling sway and roll). It is found that the sway response is considerably affected by the motion

of the fluid, particularly near the sloshing natural frequency, while the roll response changes comparatively small, The dominant mode

of motion is analyzed for 2—DoF experiments as well. The measured data for 1—-DoF motions is compared with numerical results obtained

by the Multi-modal approach, The numerical schemes vary in detail with the number of dominant sloshing modes; i e, there is a single

dominant mode for the Single—dominant method, while the Model 2 method assumes that the first two modes are superior, For the roll

motion, numerical results obtained by the two different methods are relatively in good agreement with the experiments, and these two

results are similar in most wave frequency range, However, the discrepancies are apparent where the fluid motion is not governed by

a single mode, But both of numerical methods over—predict the motion at the vicinity of the sloshing natural frequency, In order to

correct the discrepancy, the modal damping needs to be investigated more precisely, Furthermore, another multi-modal approach, such

as the Boussinesg—type method, seems to be required in the region of the intermediate liquid,

Keywords :
Re U 2XRE 25), Modal damping(2E ZH4))
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Filling ratio[%] Roll natural Sloshing natural
frequency[rad/s] | frequency[rad/s]
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[ Tank Length, 3;: The Free Surface Mode, /V: Number of

Free Surface Modes

Multi-modalHollM= 2 S z[Alzlol 7|2Fst Betaman
ke HEHES 0|25101 A7 Mol CHSH X[ A2 4] (6)
o 2 HIM giMAloz FSZIC) (Faltinsen & Timokha, 2009).
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N b
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b=1lc=1

+ZZ@

a=1b=1
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N a b
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Table 2 Roll and sloshing natural frequencies for dif-
ferent filling ratios

Modal 10% filled 30% filled 50% filled

Damping case case case
& 0.0056 0.0022 0.0018
& 0.0039 0.0015 0.0014
&3 0.0029 0.0013 0.0013
&y 0.0022 0.0012 0.0012
& 0.0017 0.0011 0.0011
& 0.0014 0.0011 0.0011

3.3 5llA] A=}

AME YHO 2= RungeKutta 4xF LS 0IS3IAL, At
]

M 21X} ojRe| 7| =HS 2F 022 FACt Ak 0.1
X 71402 AHAA|IZE2 5022 Ml o, AlED} oE X2
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Fig. 15 Roll motion(upper graph) and first three sloshing
modes(lower one) — by Model 1 method, ®=8.1
rad/s, 50% filled case
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Fig. 19 Snapshots for the 10% filled experiment at 5.2
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