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Dynamic Interactive Behavior Between a Potential Fluid and Elastic Container

in Large Deformation
Two Dimensional Interaction Problems of Potential Fluid and Elastic Bar
Youichi MINAK AWA*

Liquid-filled tanks on a shaking table showed some vibratory responses that were contradiction to
expectation of elementary tank theory. The author has been studying to analyze the responses that
might be caused by dynamic geometric nonlinear behavior of the system, and showed a Lagrangian
function that governed the interactive behavior between the potential fluid and elastic container in large
deformations. Here, applying ALE(arbitrary Lagrangian-Eulerian Element) to the to the functional of
two dimensional model, we propose a new procedure to analyze the problem, and get various nonlinear
vibration responses corresponding to vibratory responses observed in the experiment on shaking table.
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ho e T T kR R OCTENEEE 21T 9, (n+]) A
Ty 7Oy BIHOERIEZ ¢ IREIOHE S % 49, &
T3 &, WMok L HicEsnD,

R R oR, . q . — oK 0
( n+l + n)+ il Dot — 4 +K  + n[+l q:H + fn+1

[ At oq At ™ o

=)y,
1 (45)

/-
= ARy + R (K g Ko, + S £}

@5 RXEHWT, IWEE55,
a0 =4+, 4., =@, —q,) A (46)

WHESE 2 BTVt DA T » TOfEE 35,
4 BIEREAT

4.1.1 BhEfires v
TRIEOFARFEEIINE 0.9m, &S 0.6m O E
AL, FaDJE, B X OHIBEDFIITMO HiLd,
G OIBE IR —HRIE O (5 S 0.99m, ¥ o 7=
E=2058GPa ) 76725, #. BILOIKDOE &
BT p, =7850kg/ m’ | B LV p, =1000kg/m’® &
T 5, AREZREOTT NVITESFEIC 8 B, /K
EFANT 16 B, AT 2 IOTEMRM 12 ERIZE
T M b(Fig2) S D, EMMITER CHEE ST
Do ZOFETIVZ, EZBEOIT. HENHE (R
g a) ZAEMSE D, BT OREH B A X
0.005sec AL L, BsMEEHWD & X1T%
DOMETRT 2, F7o, RICEHEREZHEAL, HHE
fig # o EME A MR T D, R R
h, =h,=0.0075 Z£MT 2, L— U =R RN
72 D IREEUT @, =6.0rad/sec, w,=5.76rad/sec & L7z,
4.1.2 IRET—Z DM

JNESENT ORFZNEE DISER T bV q ZHWT, %
ERAT D, ZOREEZART—Y =L L T
BNDINED 77—V AT ML b bLiRENK



R bR 5, SHI2. ZOISEZEARIIEIC
ST DHBEARBE— F2 T, WD L1
REE— FIZOML T, RIS 5,

4, =64+ +C.4 (47)
EXRDEACIELR ¢ (k=1,--,m) IFISEIZBT D,
EAHEBE—F ¢ ORSOREIEET,
FRNTE T TR ROIR A R DT, EAIR
BE— RO IR 2 F0H A Frh & 32 005
FE— R, H50ERHE— RIZRBIL TEhZTh
WATF a, HDDHNT s 2L TR, T7obb, i
HPMREIE— . 3 LOFRIRENE — RO/ O
fFiRBEz N 0, . BLTe, X, Zh
Ik 2 EAIREIE— F2ZnZh ¢, 55\
X g, &KL AlE—F, HOHWESIET—FER
W5, EHERBEOKRE SITE L To, <o, <.
BLUo, <o, <2l L ISF T2,

0.15%fRETH Y | 1ZZ[F—Th D,

MU 30mm, BEL O 10mm DETMIZEBWT, &
REMDEE L 2 HIREE — FXEAF R K o, .
BXWo,, 25T 25, MEOEERREZIT T,
ZNHIEEROADOME L VK 3%, BLT6% S\,
—J . WE 5 mm OFF, ik & BEROBMARITTR
L7 EAIREEEARASRS B L TN D, £ 1O
J& Smm OFTAOERLI T HxFR, 8 L O
IRENE— ROREFNRMLEIZBIT R, BXIO
EAOEZE 2 1T, RFOFEE Al HDHWT
SLiE, N ENIEEAREK 0, . 8LV o, DITF
ZxHEd 5, ABZRmEOLMW, TR, BILOLEHC
KU D2 REnd, C.Sur, 58 X (N LEnd THY |
H RN E TORFOLM, I X OER DIKPEZE
AZIX R.Disp.. L L.Disp. & £~ L7,

Table1 Natural Frequencies(8x16M)
285 | 5mm | 10mm  30mm Rigid
4.2 BEFEIRSH w1 | 540 574 578 578
FHONIEA 3 A (S mm, 10 mm, 30 mm) £ 01 {705 | 7.18 | 719 7.20
P e . e o ws; | 796 832 835 8.36
ML THELNATEAREE., X OHIZRAZROEA
. B . S wg | 9992 10.30 1 10.34 10.35
IRENEL A Table.l [T/, KIS A BIRWEZR DI Dy o, | 1166 1200 1213 12.14
INEFREER (EAORZNENENR—DOMEE F w,; |13.28 1379 13.83 13.85
D) ZRFRITRT, WRFHREE— R, L O w54 | 14.86 1548 1553 1555
FBE— FOZNZHNS O END 9%, BLU10 @us | 1639 1720 17.25 17.28
FECOFARBEICERT 2 Lz, B 30mm O @5 (11.97 |18.99 | 19.05 19.07
. — o . w.s5 | 19.42  20.85 | 20.93 20.95
ETNE | WOELRO EA R OHEEIT KT 0, 12107 2279 2288 22.92
a Model Mesh 8x16 o w.s | 22.55 24.78 | 2490 24.93
D h=5mm D T ws7 12439 26.75 26.89 26.93
w,7; |26.08 2857 | 28.75 28.79
T g o | 28.04 30.10 30.31 30.35
S w.s |129.69 31.14 31.35 31.39
£ oy | 3114 3163 3172 3177
3 0. 3319 4970 1543 -
i ws19 | 33.52 1 50.92  155.8 -
«— 90cm —_— only Container
Fig.2 Model Mesh for Analysis @oc1 | 2648 52.96 1589 —
Table 2 Natural Frequencies and Key Values of Vibration Mode(h=5mm)
notation Al S1 S2 A2 S3 A3 S7 A7 S8 A8 S9 A9 S10
Frequency]| 540 7.05 796 992 11.66 13.28 2439 26.08 28.04 29.69 31.14 33.19 33.52
R.End 0.505 0.427 -0.462 -0.469 0.458 -0.443 0.038 -0.092 0.112 0.166 -0.114 -0.479 0.473
C.Sur. 0.000 0.174 0.302 0.000 0.287 0.000 0.341 0.000 0.363 0.000 0.391 0.000 0.042
L.End []-0.505 0.427 -0.462 0.469 0.458 0.443 0.038 0.092 0.112 -0.166 -0.114 0.473 0.479
R.Disp. | 0.032 0.023 -0.027 -0.027 0.026 -0.027 0.026 0.020 -0.016 -0.012 0.008 0.019 -0.021
L.Disp 0.032 -0.023 0.027 -0.027 -0.026 -0.027+ -0.026 0.020 0.016 -0.012 -0.008 0.019 0.022
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