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Fig. 1 Schematic of a moving vehicle partially filled with fluid
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Fig. 4 Snapshots of the free surface profile
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Table 1 ~ Standard deviation of the energy

Stormer-Verlet scheme Euler scheme
Initial
Al 0) 20.03m ¢(0) =0. 12m/s 6 = —0.5°C ¢(0) =0. 12m/s
conditions
Standard 5 e 9 0.56e-8  1.37¢-8  1.99e-5
deviation
1.4
0.06
1.2
0.04
0 20 40 60 80 100

t/s

K5 FERIHR q (o) BETTR] ¢ AR AL TS OL M Os ~ 5s 281K
s q(e) BEFTE] ¢ B9AE AL B
Fig. 5 Computed vehicle position-time curves of the container

together with the corresponding curves in sub-interval of Os ~S5s

:i [ .1 N T j
ol B
€ Rl A

UM

o) i LLH ah I AJl 0

K6 Akt E, FERTT ¢ A9 3l El
Fig. 6 Energy-time curve

0 "”H””mm.I||.||I'|i|1u||.mli.ulg.mIJnu.u.m.l...u..m.,.m..luJ. i |.I||.|III|”I||‘||||||J|||I|L"|m
. 2 L
5 4

0 20 40 60 80 100
t/s
K7 fRemiRE

Fig. 7 Energy error



312 B %5

¥

2015 4E45 13 %

%k =Okg/s I U (1) ZkATFRA I
S AF15

o) = 400yt = [ Tx(at) =] X(da
(14)

U I o — WUR B S B, Hoh ¢ (0) =
0. 01m/s X AJ&T 4 1 Os ~ 100s 1475 WA R 5
ERS T [R] AR S A O AR A BB, 8 — T4 4%
T LA R I Bl 1R TR O R S 3 T 3 2
1, B — B[] 1 6252 AT W%, FEI&] 4 Os ~
5s B RO B b T LA H 2 —E /Y
Besh, UL ITRAAR S S 7E R Gia sl A e BB M
H1. 7350 E5 5 S T 6 S 1l LU H e e
BT E BB, (BRAR IR AT F, R 2 AR PR IA 2]
FREFAE AR 0/ ML N I3, I HRE R iR 22 2
/1N RS BERRFAE 10~ ik 2, RWTRL O] (9 115545
IR FTHERY.

3 i

BRI B IR, A SR Y 1 26 Tk B
18,4545 Stormer-Verlet HIEBLAY T 5. %77 %K
FHBOK B IS 5 R G R Pl s 7 , A oA R
FEOT AT A (A B A A Stormer-Verlet 53 JEAT IR
) BRI, A3 TSRS E RO BUE B IO 28, it 5
Euler 4 2} L, A ST IEAE T RCR AR 11 L
R 2 R R, T RS PR SO R 1 AL 1Y
e Pk, BUEE R R, 25 T HOK I HE REA 20t
itk DRI S B e AL

ARG SR 28 260k R GEA% 7 7, — B
AT A RO R SR BEE T AR e A A
PR UE T R B 7 A, SRR X R AR
B0 B BRSO AR 1A% AN Dy Z2 FV A s ) B JEE AN
RIS DL T 1A HEhe , A R BRIR IR
b, BN DL RS AR LA SE Bl )2 0 B8 {2
F LR S R E . RS ERSE T
SEBIX WA AR s SRR, A AR LR Ol — 2
ZRMET TR S 3l A E R Stis s id A
BB 2 BHE B

ARSCRAYUTT 58 J it — 22 BE 5 o 52 2% T 0L 2%
T FEHRAR LM LA SRR S sl P o TR LB 5 T
Bt

10

Z % X W

Xue M A, Lin P Z. Numerical study of ring baffle effects
on reducing violent liquid sloshing. Computers & Fluids,
2011,52:116 ~ 129
Hasheminejad S M, Aghabeigi M. Sloshing characteristics
in half-full horizontal elliptical tanks with vertical baffles.
Applied Mathematical Modeling, 2012,36(1) :57 ~71
PR AR SPGB A 1] 32
SrHr. R R 5 TR, 2009,9(14) ;3945 ~3949 (Lu
J, Yang Y R. Characteristics of liquid sloshing and trans-
verse force analysis of horizontal liquid-filled cylindrical
tank. Science Technology and Engineering, 2009,9 (14 ) .
3945 ~3949 (in Chinese))
Jung J H, Yoon H'S, Lee C Y, et al. Effect of the vertical
baffle height on the liquid sloshing in a three-dimensional
rectangular tank. Ocean Engineering, 2012 ,44.79 ~89
B, KA B E A PR P R AR IE B B
B b ACH K24l , 2012, 46(3) 2379 ~384 (Li
Y L, Zhu R C, Miao G P, et al. Simulation of ship mo-
tions coupled with tank sloshing in time domain. Journal of
Shanghai Jiaotong University, 2012 ,46(3) :379 ~ 384 (in
Chinese) )
Sygulski R. Boundary element analysis of liquid sloshing in
baffle tanks. Engineering Analysis with Boundary Element,
2011,35(8) :978 ~983
XE, FEH I, BREET. JEF SPH 7 ik i) = 4 ik St sh
B B TS LR 2274, 2010,42(1) 0122 ~
126 (Liu F, Tong M B, Chen J P. Numerical simulation of
three-dimensional liquid sloshing based on SPH method.
Journal of Nanjing University of Aeronautics & Astronautics ,
2010,42(1) ;122 ~ 126 (in Chinese) )
DR BEBROME , XIS 168 34 , T B A7 BRAARR bk i W 1 52 3
BE R A2 i A, 2013,19:75 ~ 79 (Ouyang L
H, Deng X T, Huo S H. Numerical simulation of sloshing
waves based on volume of fluid method. Aeronautical Man-
ufacturing Technology, 2013,19:75 ~79 (in Chinese) )
PINTRR, Jo] [ . G 2 A e S 3l 5 e R DL
. PRsh 5w, 2012,31(22):147 ~150 (Sun L N,
Zhou G F. Numerical simulation for liquid sloshing process
of a tank truck. Journal of Vibration and Shock, 2012 ,31
(22) :147 ~150 (in Chinese) )
AESOG OA , D WA AU R N IBA R B AR
NS 1 o0 A7 HRHE S wh it ,2014,34 (1) : 87 ~ 92



54 1]

PR MDUAEE « e P /K 2 0 S S Sl 0 L I A ) K A AL 313

(Li WS, Zhao Y Q, Jia S P, et al. Numerical analysis

Motion, 1994 ,20(4) :358 ~ 395

on liquid sloshing in storage container by nonlinear dy- 13 Alemi Ardakani H, Bridges T J. Dynamic coupling be-

namics method. Explosion and Shock Waves, 2014, 34 tween shallow-water sloshing and horizontal vehicle mo-

(1):87 ~92 (in Chinese) ) tion. European Journal of Applied Mathematics, 2010,21
11 TR RARE AR A0 I A A3 0 W A S 5 1Y (6) :479 ~517

B, MEERLERERE, 2012,30(1) 145 ~53 (Ning D Z, 14 Marsden J E, West M. Discrete mechanics and variational

Song W H, Teng B, et al. Effect of natural frequencies of integrators. Acta Numerica, 2001,10:357 ~514

container on fluid sloshing. Advances in Marine Science, 15 Hairer E, Lubich C, Wanner G. Geometric numerical in-

2012,30(1) :45 ~53 (in Chinese) ) tegration illustrated by the Stormer-Verlet method. Acta
12 Cooker M J. Water waves in a suspended container. Wave Numerica, 2003,12.399 ~450

NUMERICAL SIMULATION ON THE INITIAL VALUE PROBLEMS OF
LIQUID SLOSHING BY SHALLOW WATER WAVE THEORY

Xue Weishun
(College of Architecture and Environment, Sichuan University, Chengdu 610065, China)

Xiong Yuanbo®

Abstract Based on the shallow water wave theory, a research scheme was proposed for liquid sloshing problems
in this paper. In this scheme, the system control equations was derived using the shallow water wave theory rather
than potential flow theory, and Hamiltonian system was used to express the equations. The centered finite differ-
ence and Stormer-Verlet algorithm were then used for discrete space and time, respectively. Moreover, liquid
sloshing under different initial conditions were simulated and compared to obtain the main factor that affecting the
nonlinear response of the system. The simulating results indicate that shallow water wave theory can effectively
solve the problem of liquid sloshing. Compared with the Eulerian scheme, the Stormer-Verlet scheme had higher
accuracy, while compared with the initial velocity of the vehicle, the initial displacement had more remarkable
effect on the nonlinearity response of the system. It is also found that under certain conditions, liquid sloshing ac-

ted as damping in the process of the vehicle movement.

Key words liquid sloshing, shallow water wave theory, initial value problems, numerical simulation,

nonlinearity
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