=3 QF - 8l o3 8 3] =5 #/ISSN 1976-8192(Print), ISSN 2288-2227(Online)
Journal of Korean Society of Coastal and Ocean Engineers 33(3), pp. 93~100, June 2021
https://doi.org/10.9765/KSCOE.2021.33.3.93

Ve &A1 =25 A $3 Simplified Immersed Boundary'e] 7%
Development of Simplified Immersed Boundary Method
for Analysis of Movable Structures

o] T * . 715 Ak
Kwang-Ho Lee* and Do-Sam Kim**

Q X" FAAAIAECA AAGe] BRI AAE 2 EASE A9k AAEe] 71est IB(Immersed
Boundary)jjo] 7l # o]$= Tikst CFD EdolA B9 &8o] T7ketal itk 719 IBYY i 73
=9 AARNA AVEE fAEo 2 Y FXHoR AAXAE RESA7]E directing-forcingolv 7aE U]l
TPHAE AANA Bk B3 BAAZRAE WHATIE ghosteellER darE]Fo] Bilsit) & Aol 14w
AR 7 EAR TaE o] Thset HliEe] 3akdoRe] S go|gh SIB(Simplified Immersed
Boundary)H= ARF3ATE. & Aol AlRKeE SIBHS 7} g (phase)?] W7t mAdZe] S43 3 )53
= Aoz 7Pg3t B 59 (one-field model for immiscible two-phase fluidyS 7]%% 3}It}. B3k o]Fsl= 1L
A FRES HAgsh] sl AL ARgE ol gst AV RS A8star, FAERES WHE] A8l
oAkl CIPHES A-&3I8lth. Ak SIBHYS 3Xd5-S HES] 3l AMrHoR Hslek= EAlol st
FARE FHIGlL. SR ATE AR Yikshe 2418 Jaskl Adsigl.

SHAIR0] : SIBH, Directing-forcing¥, Ghost-celld, & 71H+H, CIPH

Abstract : Since the IB (Immersed Boundary) method, which can perform coupling analysis with objects and flu-
ids having an impermeable boundary of arbitrary shape on a fixed grid system, has been developed, the IB method
in various CFD models is increasing. The representative IB methods are the directing-forcing method and the
ghost cell method. The directing-forcing type method numerically satisfies the boundary condition from the fluid
force calculated at the boundary surface of the structure, and the ghost-cell type method is a computational method
that satisfies the boundary condition through interpolation by placing a virtual cell inside the obstacle. These 1B
methods have a disadvantage in that the computational algorithm is complex. In this study, the simplified
immersed boundary (SIB) method enables the analysis of temporary structures on a fixed grid system and is easy
to expand to three proposed dimensions. The SIB method proposed in this study is based on a one-field model for
immiscible two-phase fluid that assumes that the density function of each phase moves with the center of local
mass. In addition, the volume-weighted average method using the density function of the solid was applied to han-
dle moving solid structures, and the CIP method was applied to the advection calculation to prevent numerical dif-
fusion. To examine the analysis performance of the proposed SIB method, a numerical simulation was performed
on an object falling to the free water surface. The numerical analysis result reproduced the object falling to the
free water surface well.

Keywords : Simplified Immersed Boundary method, Directing-forcing method, Ghost-cell method, volume-
weighted average method, CIP method
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TR o] skl wat x|sAlo] sl W akaetA
TAE sidge oAl st ] B2 AAE Sl &
Ao w Fsto] 2w 9] AEAE-S TR
2 7og 4= 9l X954 % (Numerical Wave Tank
& T 9] o] &5 7HE5EF A7 Sl
TR TE UFFEEHA o5t fretxtr ol

N2

oL} o] F @A et AAIZAL] FHF 5ol oA B2
A S E3ekal ol vgo] I 32 HAteh P4
TRER A8790] AASHA sttt o)} 22 A 7H4
A 2] & 1eksl7] $13) Hirt and Sicilian(1985)71 Al
ket Az} el] x=22] A AE arefste] oikEd 2
< 74 4 Sl& Fig. 19 > FAVOR(Fractional Area
Volume Obstacle Representation) H & 4-8-0] F7lska $)
Th(Ataur Rahman et al, 2006; Kermanpur et al., 2008;
Kuroiwa et al., 2010; Najafi-Jilani et al., 2014; Abbasi et
al., 2018; Tajabadi et al., 2018; Ghanbari and Heidarnejad,
2020).

SHAWE FAVOR Y2 2253418 7|22 o) =8

Az

Cell volume open to flow LJ' ( Fraction of cell)

V, <1 Surface porosity

Ay L (01’)1'.]_ =1L,
Volume porosity

0y). =V,

Obstacle ( ‘)LJ 2

[\

V1 (Volume occupied by a obstacle)

Fig. 1. The FAVOR method approximation.
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Fig. 2. Interpolation for variables at Lagrangian points (Lee and

Mizutani, 2009).
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Fig. 3. Principle of CIP method.

(b) Linear interpolation after advection
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(c) CIP scheme after advection
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Fig. 5. Comparison between the numerical solution and the Archi-

medes model.
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Fig. 6. Measured and Computed free-falling object before water impact.
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Fig. 7. Measured and Computed free-falling object at the moment of water impact.
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