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Abstract: The present study is based on the problem of liquid sloshing with small amplitude in a partial filling cylin-
drical cavity under harmonic excitation and low-gravity environment. Liquid sloshing velocity potential and wave
height function, which are the problems belong to Laplace equation and boundary conditions, were formulated using
Bessel expansion method in this paper. Since the phenomenon “crescent” of free surface due to low-gravity, the solving
process of velocity potential and wave height become more difficult. And the study of characters of liquid sloshing with
small amplitude in a cylindrical cavity in low-gravity condition was presented. Based on the consideration of surface
tension and the foundation of the predecessor studies, the analytical solution of Laplace equation was calculated after
the liquid velocity potential and wave height function were formulated firstly. Then the liquid sloshing force and slosh-
ing moment were given, and frequency of liquid free sloshing and velocity potential were computed. The equivalent
mechanical model of mass-spring was established by mechanical equivalent principle. The present method was certified
by comparison between numerical solution and analytical solution. The relationship between parameters of the equiva-
lent mechanical models and Bond number were revealed.

Keywords: Bessel Function; Low-Gravity; Liquid Sloshing; Equivalent Mechanical Models

T Bessel RENRETREHENFEA
R NER I

S BRI, BRI, HRE

JER B TR TR 1 &, e
Email: sxy103@163.com

Wk H: 20124F 11 A 27 H: BEEY: 2012412 H 10 H: FAHBEM: 2012412 426 H

Y& B DUBLEIAEE N B 78 G AT AR S A e T IR0 £ P IS VI /N S e B 727 5, A — B Bessel
BR BRI 196 AL A% ) A AE 1R Laplace J7 RE AL S 25 A 1R T FEE 54 MR ot bR 50 o Bl 1) i 2 R 2
(25T, IR fHAG R R BRI e R BSOS W0 A2 1 P VR T Ak R 57 2% AR AR AE — R R R M 7 BT BT TE AR 2
fiti b, 325 2RI FA TN Bessel BAAURITEL, XHLE N 19 B il & PFREAT R ALEE, 153 R ahEE %
AN e BRI — b idTi . it DHES T RIS E SRR, IR TSRO L TR B s
B - IR RO A S BE T AT B, B0 TSR IR MERIYE, JEETAE T AERO E  2
#5 Bond HZ A ARAL R o

KHBIE: Bessel BR&; fUE s WA SD; 580

HETIH: FEFRERBEAIES(11072030) K BT .

20 Copyright © 2013 Hanspub



BET Bessel ETTVARITMER T BAL AR PR /NI SE ke T 7T

1. 51§

WA SE B e ] 60 FARKIFFUR, B
BT AU HUR AR 2 0%, KB ARAE T AR
ARz TALAIRAS 2] TR EAINH . AT 5 N3 &
Q) 1 5EHR e, TR I8 RS0 %
R, BRI B (1) SR B S5 RO — A B AR Bl o
FART O T/IMESEBh), 5 BUR G5 AN ) S 3
HAMFEIN S )55 BRI e 2 T F ik
RNROHIEANSH DLl B ERAEH A0, 1HE
SANFE RN TR R R IERE) . BRis
AL I IR BN B LR . X TR AR BRRH )
DS o £ RN SR R e T s R SRR AN PN
o, P RGBT 2 S B SR BN R .
Gb, WERFFI AR, SBaEN—M R A
%, B HRMN N ZZIERNE, 1 HARZ M EE S
BEL 1) FLAz 2 90 R 7 [ A B 1 R A B A S, 45
v L ) SR i ok T AR R B R HE, B A 2 BBk ke
G, B SBXAE—AE AR R R, ACH &
1M & WA TRESEhR S, WA AEF EZERRE T
o

ZAER, [E NS AR R Bh i T K E
HIWE T . AT BEAR VAR 1) /MR S 3 7] @, Peterson,
Crawley %5 AR H —AMfal B0 3R B4R T oRARKR TR 2%
eI VEIRSN, 75 R b [ e — e i R A A,
JE R B 1 SR8 R A AR o A B R T AR - A
R MER G RGEMB) /12474 Berry Al Tegart™!
PR T — SR ARAR B N VA ORI 52 3 AE 0
TAREREE, RIS S 240 2558 s SR [4,510F
Fo 1 PR AE ) =l 1) TR R AR S B
BB, BT R RGNS ) P
s SCHR[6)H MR IERIE T T BRIEA i P VRAA 1) S8 3h ke
PEs SCHR[7)HRHIE B B FTVERE FT 1 7 A B i 1) 3k
fiti e N VR AR SEBNRRIE s SCHER[8I 78 1 R E I T T4
AN B S BN AARRR s SCHER9] 30 I 8 3755
JIE BT T ARBRNUR S % RS SCIR[10,11°R
FAA B 0 B8 SR A A 2 DI 1 25 2% N WA = 4k SE 3N 1)
[ A2 NS

ARICEET —Pr Bessel BRI IE 1 2 110 B H A
TE 1) Laplace 77 F2 F1H121 55 1 1 1 52 35 R0 51 R 4K
T PRI )R A S B0y T P A R B EH AR T ()

Copyright © 2013 Hanspub

AREE, TR R A R A T B RO
13 B e ERIE 2R B AR, XK
JEE 3R U8 v R ORS A 6 2 11 b VR TET Acb PR 5 A A A7
FE—E MM ASCHERT AR USRI B, B8 T &R
KRR, RS HSERE RS, (B — 5
RAMEIET F.T.DODGE 7T I ZEC2,,
C3,, MFIE M HAR Z A, I Hig I8 — b 5
N ) Bessel BRERE L, RHME T B E HIR &4
BEATREWHAL R, 15 21 58 538 B A0 o BB — e of
fbTiL. b HES T B IS B SRR,
R I T A5 R0ME N2 S 7 WK B el SE B 3 - IR T
SR R BUE T A B, BRE 1T
IRIHERTE, JFIRTTERU B ) — B SE s
SRSENIRE, BRL A2 A0S Bond B2 H AR LA
.,

2. AR

PR AR IR ] R AR TC e, W2 & AR
REPEREN, FEARKR R AR E G, TR A E TR
B R AR, & 1 Fros. il N/ iE &30
W, TR RIE 3 RO AELE B R AL, RTEELR
IZ B FH R L

WARAL AR 750, R 2Z h/2R > 1,
R R 7 ABES S . R E = f(r), B
EREC(r,0,2,t) o ESCEEEHBREGE O(r,0,2,t),
VRARAR S T 1 VR GE R0 B v 5 3 A bR 0l 2 o r
BT A%:

VD=0 (D

z!
Equilibrium N\ /) W%
Interface \&\ _ — 7 1A £r) ¢ (*r 0,t)
— r A
i
1
i
| R N
P
!
1
i
i
: \ 4
!
L xsinat

Figure 1. Cylindrical cavity model
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Figure 2. Equivalent mechanical model
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