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Fig. 1  Geometric shape for liquid filled container
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Fig.2 Numerical results of the free — surface
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Fig.3 Cylindrical coordinate system
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Table 1 Numerical result for g =10 *m/s’
Filling ratio First — order Second — order = Third — order
0.15 3.1346 12.9423 24.6515
0.4 6.4168 18.6521 30.6074
0.5 6.5538 18. 6021 30.8076
0.75 6.9771 18.6333 31.1614
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Table 2 Numerical result for g =10 *m/s’

Filling ratio First — order Second —order Third — order

0.15 7.5390 16. 8096 27.5617
0.4 11.3333 21.2839 32.4210
0.5 11.4886 21.6196 32.4832
0.75 11.6085 22.5615 32.5563
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Table 3 Comparison of the numerical results

for different value of g

g First — order  Second — order Third — order

L 6.0542 18.5628 30. 1234
10 3¢, 6.4168 18.6521 30.6074
10 *g, 11.3333 21.2839 32.4210
10 g, 74.6233 88.7584 97.0612
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Table 4 Model parameters

h m, (kg) L (m) z1 (m)
0.4 20. 8827 0. 1558 -0.0118
0.5 21. 6229 0. 1526 -0.0453
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Fig.4 Pulse excitation function
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Fig.5 Container geometry and coordinate system

3.3 RIEAARIERAN%E

K5 B il or SR Cassini WAS AL AR AR 2
G WAGAESN TR B 7 A 14 S8 2l 70 ol A A
J s, (B e ) 22 1) o £ B TG ™ A . kel & S
ST R R S sl R BE T KA A

27rE0

prsinﬁcos@rtd.fdﬁ (18)

B S SER T N e SR (S PR 1
V3. TE A v SRl A = A 9 S A F T LA
BTSN RR i

2
do v P _
6t+2+p_c (19)

TEFTEEBAR A 1 SE s B2 i A rp J AT TR A
THEB AR AT L ) 3 R B, T A b 5]
PAZE H A e 52 Sl P s s il Ly 38 e R S ik
R, AR 230 5830 k B2 i S AR A
YRR A TRl AT 21 1 fif k.

k - th B KAE R R 5

LAZKF-J5 I EE LA g1 = 0. 16m/s” i1l 5y
ERE g =0. 01m/s™ , — J&IH1 P ok o bl £ 1 i)
0.5s, FEif LL o 0. 4.0.5.0. 6 i, 15 Jl 0] Jok e
PR AR SRl S AR R AR T

PA(21) ((20) 20 SEmfi 580 393 bk o 5Uah
BAER S AR R AR P 6 ~ 4] 8.

@ T

Force/Momentum.

3 4 5 B

Fogadid
[ 2
Pulse Excitation omegal

K6 FEMLL 0.4 W4 R
Fig.6  Numerical results for liquid - filled Ratio 0.4

3
Pulse Excitation omega0.

BT FEWEO.5 MG
Fig.7 Numerical results for liquid — filled Ratio 0.5

300
+
*
_ 20
£
H H
& :
£ :
8150 R - N
3 : 2
& ]
5 :
* ok NS ST
&
ki T2 3 4 5 5
Pulse Excitation omegal

K8 FEH Ll 0. 6 B iToa 4R
Fig.8 Numerical results for liquid - filled Ratio 0.6



Ml % 4 2012 4FE45 10 45

o

4

TS XA SR AR BT UL, Al BA5

(1) PG, WA 3 8 TA e (B AL BET, 2
AR FEWR L WA S Bl R AE AR AL R, 1 — A,
5 R BRSNS SRR AR BE 70 LU AL
B g R T 0. 0lm/s™ IF T 5K J1 0 B 45
RPN AHIERER g (EARIN, Fii Tk S %
RSB HIREMREABOR , THRZE R 5 SR AHAT.

(2) HFEIHEFER ¢ =0. 0lm/s”, AL —
ARV R RAE A IR F,,, =10 V3N B XK T
JrI R KN al =0. 16m/s* i 6 & 7 /& 8
AT LA Sl A AR S A SR 2l [ A AR I
SRR RE P L AT 5 F,, A ELBAR D,
LA AT

Z % X #

1 DB R EIR AL S AR, TR, 1994,
15(4):65 ~70 (Bao G W. Natural frequencies of liquid
slosh in zero-gravity condition. Journal of Astronautics,

1994 ,15(4) :65 ~70 (in Chinese) )

EROR, FE . BERES P AT B X PR AR AR %3l
FRERTST. FERLSR,1992,3:1 ~7 (Wang Z L, Kuang J L.
Low-gravity sloshing in an arbitrary rotational symmetry rigid
tank. Journal of Astronautics, 1992,3:1 ~7(in Chinese) )
SRR, G5 B0, AR 20 15 70 1R 5% 3l Y A8 RURRE. 3l
T12E 54,2007 ,5(4) 1346 ~349 (Xia H X, Baoy-
in H X,Zheng Y. Equivalent characteristics of liquid slos-
hing in multi-tank. Journal of Dynamics and Control,
2007,5(4) :346 ~349(in Chinese) )

Wiid , JE0s 2. RS A HEDE R B 0 T S s AT FROTHE
AR, TR ,2004,3:15 ~19 (Chen J,Fan Q Y.
Finite element analysis and experiment technology of pro-
pellants slosh in tank under micro gravity. Aerospace
Shanghai, 2004 ,3:15 ~19 (in Chinese) )

TGN RIGERE, T HEAR. R D A5 T = 4R AR L i
SERNHVRERI. T4 ,2000,21(4) :25 ~30 (Yue B
Z,Liu Y Z,Wang Z L. Simulation of three dimensional liq-
uid nonlinear sloshing under low gravity environment. Jour-
nal of Astronautics ,2000,21(4) :25 ~30 (in Chinese) )
Yue B Z. Nonlinear phenomena of three-dimensional liquid
sloshing in micro-gravity environment. Chinese Science Bul-
letin, 2006, 51(20) . 2425 ~2431

Ikedat. Nonlinear parametric vibrations of an elastic struc-

ture with a rectangular liquid tank. Nonlinear Dynamics,

2003,33:43 ~70

RESEARCH ON LIQUID SLOSHING CHARACTERISTICS IN
CASSINI CONTAINER IN MICRO-GRAVITY ENVIRONMENT *

Yue Baozeng Yu Dan
( Department of Mechanics ,School of Aerospace Engineering ,Beijing Institute of Technology ,Beijing 100081 )

Abstract For a certain geometric shape of liquid fuel container-Cassini tank, which has a cylindrical waist and
two hemispherical bottoms, and is used in a large satellite of our country,the problems of liquid sloshing and later-
al forced sloshing in micro-gravity environment were studied by using finite element method. The finite element e-
quations of the system were derived by means of Galerkin method. The natural frequency of sloshing and the e-
quivalent model parameters of sloshing were obtained. For periodic pulse excitations,the numerical formulations
for computing the sloshing force and momentum acting on the wall of the tank were deduced. Finally,the numeri-

cal results and some conclusion remarks were given.

Key words micro-gravity, liquid sloshing, equivalent mechanical model, finite element method, period-

ic pulse excitation
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