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Interaction (FSI) analysis.

Youhei TAKAGI*"  Reiji TAZAWA*  Takanori HINO*  Yasumi KAWAMURA*

*Yokohama National University

Abstract

A tsunami effect on the oil tank storage was numerically investigated with the Fluid-Structure In-
teraction (FSI) analysis. The FSI solver is provided from the OpenFOAM extend project, and we
customized the original FSI solver for incompressible single phase flow to the two-phase flow solver.
The calculation was conducted for the tsunami water tank experiment. In order to investigate the de-
pendency of tank stiffness on fluid and tank motion, the Young’s module was numerically changed and
the stress on the tank side was calculated. The FSI solver in OpenFOAM-extend could not consider
shell element but we was able to simply model the oil tank storage with the solid element. When the
tsunami arrived at the tank and the hydrodynamic force took a maximum value, it was found that the
fixed tank with high stiffness had the large risk of buckling.
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2011 T Z o ZHHAAKRESL T, HHELSMBHIBICBWTERICH -7z 23 HOAME Y 7D5 5, 22
FEAEIIZ K o THEEE - SRAIL, KIEBEZRMFREHEASE Z o7, HHE U2 BEEE PR U 7238580 5 DIRE I
Ko TRENFAEL, KB RPEZFIESKI Uz, 20X RERIC X2 HEE &5 vl Z 5 K58 (1
PR IFHHAKES TS CHBElII NZA, BEMIRKICAHI Y EF— 22 8ET 2HEEETHEHAT
&, MRS T 7HIED K S I RHE A Z o 22 BROMERE 21T\, BRSNS B B SERi & N T B 4
ENd 5.

AR X BRI BT 2 BUEATSE & LTk, Kyaw et al. [1] D778 o 72 JRIREREHE &k T IE8GHE %
eI EmEHPEToNS. I O TR B ILBGHE OIS, T0bb & v 7 h 6 OFIHEAMIG &
WCBIUCHEBI T O ERE 2) # HWTHIMEZ 52T 0, [EREMEND D, EBROHKIZ X5 X v o OE#E)I,
18E), FE EAD, G, MR, KK, REDORRY LA THHD, X7 DEMEEFE L AT [3)
7 TRL, BV OFEEMBITHMEL > TL 5. LPLRAS, kG #E K (Fluid-Structure Interaction,
FSI) f@tr i3 ZR SN L FR I A ML <0570, BITEHRZTNIZES <mWv. BN S [4] 1X OpenFOAM %
FWTHE N 2 L, ZOEE» OBH I NG 2 EREM L UTR V7 OGN %2 SeanFEM %
WTHT o TWAB D, FRGEHIED & ERGEISAN DR ED A% E T % one-way coupling & 78> TH D, HRE R HE
it Tl 7\, F 2 TARIFE TIX, OpenFOAM-extend (2440 > T\ % BAHFR A FSI ATV VN — 2 IBAER (255
U, BEICKE 2 2@ <WERET - I EFEiT A Z L2 HIE LTWS.
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21. ERFEDDER
M7 % FHO 72 AR E S AT (Fluid-Solid Interaction (FSI) analysis) Tld, FHAMEE & GHRFIEDHLD
WHTH IO 3FEEIZEHI NS [5].
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& BRI O FREIZ B W T2 TR ELMERZBOFES 2DD 1 75 ) BBEL LS. OpenFOAM THIHT
B MTESLFSI VIN=ZZ OB - Y NN—Z A1 TTH5D.

2.2. OpenFOAM Y JL/N—TOEBARER

ER U7 & 512, OpenFOAM T® FSI Tl (luid region) & [E{RFHIE (solid region) (2 FHAHIE % 7
L, ZNTOMEBITN S 2 KRR E BV U TEBRARBEIC TR T WA, RIS T O X E AR,
BURIR K D K O Navier-Stokes HFEATH 5.
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BUR @ Geometric Conservation Law (GCL) %729 & 5 12 Arbitrary Lagrangian-Eulerian(ALE) #& 7 )52
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R X B TEAEM X 71, VOF B% (\alpha) Ok A2 % R BEXH O, KFHE L TOF
BB E KR OERDEE L alpha SR TN 5.

—F, ERGEETO L AN, total Lagragian iEiC X 29 v 7 F VKoM E# & EFAT, H
Piola-Kirchhoff i /] & Green-Lagrange U9 &% W TIAEMIZLATD L 51274 5.
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70 Bl AR R T IR AR RHISK & SR REI & 3] 2 i < 72D, BRAR-REIE S TH T IEB 2 - PR AEZRL TV 5.
OpenFOAM Tldi#k & U Tk, $9#EmMES 6 BMATE 2%, AW TIZMER Y VN -2 T 5.
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OpenFOAM T FSI V)L N—1% ESI b, Foundation fXxD W3 NI WD T, OpenFOAM-extend D HHr
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e fluidSolidInteraction
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e ThirdParty
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BRODOIBIEMNTES. solvers BAFIZ, fsiFoam & WO BAHKHD FSI VIV NN—2 RO B3 &N TE
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Chalmers KFD L R— b [7] 22 iz,
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LR o THEEREIES. O - MEIIEG KR L > THET LR TE S, MiHD S DR BIE
Pz, X2 ZHi 0.8 m fLE TOBEBITHGNC K 2EEERE L, X7 PO F7Za—RFerick-T
R RENZRET D2 LN TE S, FSIRNT 24T 5 BUITIEEBRIZ WIS 9 2 W ESRKE © I GH AR
ML m 5720, K 2ATRTHHMKEETVEAWCEIREEZITo72. EH5DMIETVIZBVWTEET VX
YIDAT—VIEER YD 1/100 TH Y, HBEER 21 U TBIRSERI 2 X5 0@ E L. EEFIET
AT blockMesh % FIWTAERL L, & ¥ 27306 K C/KMEEKEAHLICE W THEFREANS <22 X5 I2E %M1
To. MK FAEBUIZHRHEDADEK 107 — A TH 118 AL, FSIf#FON 20 — A TREKHEIRS & TH
159 isiTHh 5.

FEERDO AR > 7 ORGSO EREREEZ AT T2 Z 2 13# U <, £7 OpenFOAM DHERE R T 1378 Sk
TTETCVWEE V7 2KRETE-0DY c VEEZHAWSZENTETY I Y REZETODETFTY VI end
b, RV OREERMEEZBMEMICEAI BT — A 25 REM L Uz, BRIZIEER LRT &1, Yv o
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4, FEREER
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VIR U 7z AR AT 2 17 o 72, RERTIMEUINRZ RIS 2015 LTW\WB A%, R TIRFIHEETEHKL
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Fig. 2 Dimensions of short water tank for FSI analysis.
Label ~ FSI  Density [g/mm?®] Young’s modulus Poisson’s ratio
Case1l ON 915 5.8 x 108 0.3
Case 2 ON 915 5.8 x 1010 0.3
Case 3 ON 915 2.8 x 108 0.3
Case 4 OFF - - -

Table 1  Numerical parameters of FSI analysis.

B 5V Ml S ATHRINIE A X ISR T, EEAELET ARLIXEREGET-HLTE Y, EEYH
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RPN DN BIEIN TS, UL LR TIEIIEORT RS E 0 Hon T, HEIRC» IR > 7 B
ZEND AR DR o N7z, RIRDPVEL B & 5 kB4 % IEHEICHE A 5 720121 VOF % W72 554 T
M WETER TR E L 725 8] 720, SEIOFHERA Y Y aDBETEIA A TH-o-FEZLNS.
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Fig. 3 Comparison of tsunami wave around the tank at ¢ = 6.7 s, 6.8 s, and 6.9 s. The upper raw is experimental

result and the lower is calculation.
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Fig. 4 Time developments of wave velocity at the front of the tank (left) and horizontal hydrodynamic force acted
on the tank (right).
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Fig. 5 Dependency of Young's modulus on horizontal hydrodynamic force acted on the tank.
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Fig. 6 Calculated displacement (left) and equivalent stress (right) on the side of tank.
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