3085 11 T RINE S N N Vol.30 No. 1

20124 1A ADVANCES IN MARINE SCIENCE January, 2012

= ax BB RN RER 70

>, ) 1,2 8 2 P 2h 2 A2
QR KF KFRRSKETEMNFERE TR, WL R 430072;
2 REHT R BEMIE ITRERESLRE,TT KiE 116024)

W EBEAHANEREEARKEGHA . XA THAGENARATEBELEBAT AR R EBARLHNHE
FHA, KBEPRARSRE-PUEH I T R ERR AR AT - EAURNARELETRERT-—HEAFHEKE
FEED., AR ERANPIER S ER B E AN BN CRRERA L. YERE.BET AT &0 EH
e, #MARAEIMTELN TREREAGTR. HAZBELNEARARNRERG AR, FRRA, EAAK
BRREGWEHER EEASRE. ETNEALEAAMENHHA A,
XBEH:EARAE ;T2 FEERANL BN B FE AT RERTF %8040

hESES P75 XHRARIAEG A XERE1671-6647(2012)01-0045-09

FEL 25 UK R T S 47 IF 328 i A0 A R 7 il 8 A7 0 4 TR SR o %R A A R TBLIA SR 9 I Rl A
1E, HA AR T AWM 2R 2 B, RIS, b TR A LNG . LPG 5 % il K 46 Y
L BB IR RS R E R TR T AR R B RTE . HRGREA B M BARTESNRER T 2R G R
K, 2 G IR R EGR S5 A R ES, R GI RILIRIGR, X G R AR R EE . Mk, B 53R 8
RRGKERRRAE R FERLN TR ANE.

TE I A 58 B0 W B L B R AT 3R T 9 (0 S 3 ) 0 R ok 5 2 s 90 9 A S8 0 S O T L IR AN 2o
EHRETREMBF. FIN, Sriram %1 Frandsen %™ B T 764N FMUEIE AT SRR A8 R kB —
Yk 52 5 1) R 5 BB SRS BT ST IR P R L 22 A A BB R T RO R G R O T R T PR
R A = 4R AR SR S A IR R AR TR A A BRI A P R AR ER Y 2 AR N 9 IR = 4 R AR LS R
ST R R AT T B E T RS R A R0 Bk A I T e A I AR A
JEhAE PR [ f T I s R R T 25 4% h IR ) R B SR 3l ) A 5 Brswal 5 R A T BF R T AT A 8RR K
P RRAR B WS A T s Liu S50 R T VOF Jrik B 5 T AT 25488 N 2 E FRAR A998 52 76

R TE LAER KA HIRARWG RGBT 2 0= BINE M AR5 5 8% — U B4 512408 &
A S5 ) B 98 A 5 7 TR0 L T — MR 0 T 20 0% B 430 3R 0 YA 5 9 O 2 TR % v B [ A A3 0 1 5 5 SRR Y
GINTEARIEARS . ABFFTR I R B3 4 T 7 ik oL B K R SE e AR A M R R R BCE T T
T UE AR Y IE T B BE A _E L BRSO T A4 A% I R R X AR R RO R R, B s — O OO T 4% B I8 AR SR
ARG &R TR AR

» R EHI:2010-12-29
RHWME :EXARB#RE M EEE —BERRKEEASEHL 2P (5092100 BX ARBIEESH L0 H—RE KR
HAKWIRE SHEE WY RN EIIPIR (5179028) s KB E 5K TRAXEFEALRENFNES —HIURKHET
15 30 I & 1Y S i AR BAE S (2009B057)
EERN - TEEAD, B BBILHE A, BIAR, TEAIEGE TR PR KR 54149 18 % 1 # 58, E-mail: dzning@ dlut.

edu. cn

(HEFE2 %8

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn


http://www.fineprint.cn
http://www.fineprint.cn

16 oW OB % B R

30 &

1 BRI

L1 E=HARLRAEH

WA LR AR KR LKA Ho B WAERR 0 Xo Zo 4 B & B9 2 0] M 45 &, OXZ B

HRBHBIRR. EWHNZ], R RES. Z,=0 L TH#
AT B H ZoHhe EONIE, Xo iR A R KE R . FRErE 246 -
BELMBEN X =2,z (D) ],

B0 A B WA O B AR A I B ¢ IO 2 Laplace

IR .
Vig=0 D
TEZFRIRE , ¢ N3 2 -
zé=Uon (2 L
an

St U= X gy e 35 S s OB R SO L 7 LR

EB7J(E Zo :770 (xo ,t)L,%ﬁJﬁ%ﬁiéﬁJﬁiﬂﬁ*%ﬁ:ﬁ: OOXOZO EF'
5H.
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Fig. 2 Time series of wave elevation of free water surface at the left wall of the tank and comparisons with other solutions
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Fig. 3 Comparisons of present numerical results with those of linear analytical solution, experimental data and FDM results
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Fig. 4 Time series of free water surface at the left wall of the tank and comparisons between present and FEM results
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Fig. 5 Spectral analysis results for the time series of free water surface at the left wall of the tank with different wave slopes
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Fig. 6 Distributions of wave amplitudes corresponding to different frequencies under various wave slopes
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Fig. 7 Spectral analysis for time series of free water surface at the left wall of the tank with different wave slopes
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Effect of Natural Frequencies of Container on Fluid Sloshing

NING De-zhi"?, SONG Wei-hua®’, TENG Bin’, ZHUO Xiao-ling®
(1. State Key Laboratory of Water Resources Hydropower Engineering Science , Wuhan University, Wuhan 430072, China;
2. State Key Laboratory of Coastal and Of fshore Engineering » Dalian University of Technology, Dalian 116024, China)

Abstract: To solve the problem of liquid sloshing in a rectangular container, a time-domain higher-order
boundary element method was adopted to establish a mathematical model with fully nonlinear boundary
conditions satisfied by free water surface. In the solving process, the mixed Eulerian-Lagrangian technique
was applied to track the transient liquid surface and the 4th-order Runge-Kutta method was used to refresh
wave elevation and velocity potential on the free water surface at each time step. The calculated results
were compared with experimental data, analytical solutions and published results respectively. Good
agreements among them were obtained and the accuracy of present model was verified. After the Fourier
Transformation method was adopted to study the time series of wave elevation, the contributions from va-
rious order natural frequencies of container for sloshing were analyzed. It shows that the fundamental fre-
quency contributes strongest effect on the sloshing, and the higher-order natural frequencies have more
effect with the nonlinearity increased.

Key words: natural frequency; fully nonlinear; Mixed Eulerian-Lagrangian method; Time-domain higher-
order boundary element method; spectrum analysis
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