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ABSTRACT

The fluid motion inside a partially filled tank is called ”sloshing” and it
is of great concern to structural designers of ships. Sloshing analysis is
significant, especially in the design of liquid cargo vessels such as LNG
carriers and crude oil tankers, since sloshing loads attain such considerable

value enough to cause structural damage.

In this paper, three dimensional governing equations and exciting forces
are derived for the study of sloshing phenomena. In order to include the
nonlinearity that occurs at the fluid-tank interface and to avoid the complex
boundary conditions on moving walls, a fixed coordinate system to the

moving tank is adopted.
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AA e AHRAL AANE FiUe H3Y 7HEE B g3 FAsH
Folale ZAFo] AUk AR YEAHORE AAY gA7t 58Y A #Had
7d&= WEke] eyt itk W HER ) wela ZAfRWe ¢ A
© BEUAA Hol AREUE 834 o olzg Ay AR FadY
2 €74 (sloshing) ©lg} slv] o]2 Qlsle] BAWA T4 FAPo] Rus
vl o] R AL NASE W] A UM a3 Fasio)

olgldt 2=A Aol Ui Mg 1950dhel ¢34 dmgae] AA )
AojA EAZE A7 olFE F2 AP A FIve] e HTE0
o2 712 SRS YPe] ALHEA DE5HAA7E o] &7 FA A AU Yol
ol AMS-E T ok JEv BE AvaAsEL A4 £24 4L 249 A=
GestAl A s s AV B4 A9-elvt 3 EAE FFEsige, ASE
4ol A&3A EGAY F& B39 FaUl 55 Heo R AG A
$7F REolAt

Mute] £824 S5 npAsRAE, A4 AN AAY 6AFE F
82 9% 7D FH43] z;etn YA EIgdn ¥ 4 ok 8=
Pantazopoulos(1988) 7} A Al¢] 52Af= ¥8E 1dsty A9 (long wave) ©]
2= A3t 32 £AE A% v Jovt a9 UL 2238 9-S o
B A7AES] (o] 2, 1988) 239 WA 4 dX8A] e Ego] @i
AL, 1 e 33+ EAE Q77 =55 (Arai et al, 1992, 3FE 9|, 1991)
MMy F=e] AT ]3] gd SdFo aAMnt Y A=
HAesa o

A AFE 33 sHe] a7HE olfE £RACZ QI AAHNEE o
F37] A8A g3 2o FES ueisor 7] Wio)ut

(1) AR s gl AA 9 6A-FE FLE 710F 712,

(2) Bagol A FTwakal i o =z WAAdE whe] A A4S

(3) 339 FrEol VA BaBage] gk L A aw

(4) =22 AA (ceiling) ¥ T (corner) ¢ 713 A= A3 E o] 22,

(5) Ao DAY= v NHaw
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B ZgAo dg 3% TRV 717H

99 AlgEL mE 329 AL geasted £33 W)L Yoy TRP
Aol Eago] NFHQ &4 £ 4 UE HAFAHA FHL™H A €
g wdol glth

B)&e] MAZHE Wad wgsel WAt §AF FRE S AXAS
Abgatd W& £ gtk (Su et al, 1982). o] HFEAME B2 AR}
WEkA] 7] wlEo] WA AZ|NA7F vt B39 &AL "ok o] A
BageAa AAZAL 1 iAoMY EH FARHoE HAE
Uk, AR £2AE 71EE] A6A Bas) $Ud FaE e iEAS
AH§-3HE el W sich
E2AE AN 7IRHE AN THEAZ B SHA T
& ded ARNaE o e oS fEse] WETL ol7] W
ol (Malvern, 1969) 239 i Mol ALE-REA W34 2) KX AH2] (] RE
9], 1986) & 3z M= 48 4 Qivh F, 22 EAlNAM = P
AR Ihie] oAyt slde] sty A B Hulvoagt WAy
7] W&ol A& HElE HFAE T 3xd EAlAE 3719 FHE ]
FZAsa M) AAFAN DA AL AErPEeR FHY & foBR
e P4 e] FRPAHL ALY ¢ ok 22 ER N HAF A 3
AE87t 7Aed Afode dAg A9 A waAS Agdlor gt B97] 3
AF a7t GAsls Fol o Ji/E EAT ZE A-dEAMd wa =&
HAIAZ = 71 o] vtz ] wlitel A iEE o AHEe e ¢AE WEA
aeisfofp gt

B oo R A dEel dAe 6 FaR Qg VdES
ek Ak AL AW AE P nH o] PAs) TAY EQE 3=
7t Aot BT 8.0 THL A RAFAN FAn, MA FAFH e
= ¥ A 99 wix: Avd-E A Jdedu stk el B
wEAA FRg 7WHE 271A 549 TR ded AEE W B @
FAHEe) FEF ANAFHE (o)L 9] 1088 283 o), 1992; Arai, 1986: Su
et al.,, 1982, Arai et al. 1992) 34 A &3] A W}
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2. SRYUHA (Governing Equations)

E dgoM el dale P4 THolvl Newton FAFAZ 7HF3d
o w3 WA gagdoln AgE AEAL Pae] ngse] Pas A
FLRE 3u gae 3349 6A4E FLE S o= syt
HlrEA fAZ AR A A5BHAL FRABANNE vhest gol
FAA
;i =0 (1)

T vgtEAd HARAG P SFFELE9] YA Navier-Stokes WA
Aoz FALSH nRAHEANA L o] FA AL}

A= — 1P, + B+ vUin @

714 A; B LRABANA 23 AAREY e o £ A=
A%, P, v AARANM 4% A7, B, £ LARTANM 24
3 dAsEe g AFRoR ZEure TP adu v = AAI)
5 THAAF, U © 1RZR(FANN S3F AASEY X0l v U p
= nAREANA EAF AT o).

ELATANN SEFRE] e 4 95 AXAUPA AL & Y
g auizez ZayEe ZHdAE Zledr] A8 sFes AsEe &
FAd EFHA gors TaARANAY SEFUAAT 4 (9 e B
B RAHoloF fe) & ERHTANN LEFRIe WAL o3 o] ¥
Al 4 Qo

a; = —“‘1;"15.1‘ + it vuim (3
gy Edgs 2R e ALSEE AF A oFEInzE FaAFTANA &4
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FAFES IE&EE g, FEHFH b, AFH f, AAATE VU g

NAFFANA FAF A tErh 53 FLAFA NN SHE AHH
ARHFAGNA Z4% FHL o] WA FAE VAT BAH] EFEHT,
FEE 9P Yo g 2834 Ptk o] AFYPo] £RAY-E WA= 7]
7 (exciting force) &2 #g-3=dl HAEHP-L FA & & Ut

oy

N

3. ¥Euisa J|Ma (Coordinate Transformation

and Expression of Exciting Forces)

By Egdde JlEsty] A8 71Ee =2 AMEET #AXAlC &S}
Al FARE AR B HEBANA ZAHE FHFELS INk¥ R vratt iy
22 MR & #BAGM FAEE EFE Aloldle ofd BAZT AHE0
o} sh=dl, o] #AE HEWHF (coordinate transformation) F-2 BZHaPAF
(observer transformation) ol&} ¢v} &, FHgjo] 1A HEA (o]3} 1A
A, fixed coodinate system) oA £ZA #AA-E 7]& v 36 uAH
o] B39 FYF BLE Sl AFA (13} ¥LAHEA, moving coodinate
system) oA 424 dA4-S J1€¥ uw HEde UL §Ystn WA
Ao Fen Tdalor gt 2 B A veue EUFES & ARA
A2 dzoz dAskA gt ¢rA 42 dASE Y REAAR 7]
A3 A-R-HAY EA9t g7 7t&x 502 71Q0% BAEHe) dFo) VA
How A-gar] mie] WAt o] #AY L AYRTA NN FRHARAR
o] HRAYZ FaA 7 5 Atk 28l gAY F2E AA 9 62/ % F
8% F¥ 7|0€ Zel7] Wi £24 €4S dvAHoz V&dr] s
AA e F8E 71€3h7] AT FeATALL FAd FAYEY ANE /=3
7] F ToABRAE B2 dAsh ol Foh 18R /XL I 4
A Fel Agygel dgsA ok
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Fig. 1 & I3ATAL A FAZTH HE JBAE BHoF:Ey,
AZHAIZAE (0-X) X, X3, 1) 2 BASAD. 979 245499
AAlel FAFZHOl Hed Ba9 ZFANFTLE 71287 YelA A BAE
Aol A FRAFXACIEAS (0" —af, x5, 43, H & FABA} 28z

./
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Fig.1 A coordinate system ond a moving coordinate system 1.

v AEANA BAse Bege gns] did TRE 98N 2gHEA
N E2REE BEFe WEAR BEASYR HAL FAFA g€ Fas
EANAN 2A8E BaFe 2ad 4PA ¥ & Bl EAYY Fig. 1
AR R & B2 0 7t B #34 o 9 AR, 6,, 6,, 63&
27t x}, xy, x) FOl WH AT FAG sETare] HHol:
R 9 24 =g4 7ol daspl Hed 29 4 #xE WEdEq
Ry, By, RBy7b o2t Xy, Xy, X3 % 3%e) WAE8E Q% 7MEEE B
A g},

wola BEA 0 9 o 7h FY Aol AEAS Q4R WY
GAHES YA slesed olA Azt talal oked Apolz} Ytk @



Az 24 g 32kl FEHEATH 71

-
L

[

B2 2ol Ak ¢ o] WAy fAle U4 F A M & AZA 0 & X,
2, BEA o & xf 2 7123 ZAelw ¥ #AA7 B AAW M & ¥IH

ol thE FAVE AHBH

X; = R + Qi (4)

A7 Q £ ¥ AWAAY wFo@ez BAAN vhest T AR %
et

Q. = Ee (5
Z2 Q= o oA 0 =9 X3 AA (linear mapping) < R} T
AYHPAY Q@ = 574413 2xlA] (proper orthogonal second order tensor) ©]
A D2 Y 252 0 7F AT A £x9d ViEee 4 gt
#Zrt},

U= PR, + Qux + Qiu; (6)

A= B, + Quyx +209,u + Qi )

2 (Dol Qp & Jstd A 7 & #9 (contraction) 3 #FH2 o” 7} &

A¥ b ohE s gro] Ry HED.

ay = QirA; — Qi Ri — Qi qu; —2Qik Qiiu; (8)

2l (®)2] o) 2WA o] 99 o] Bl TR Qg BAgHolx o] i}

FEo] €24 WHATE N1Age] Bu, aJBR 7|NE-E f = BAE
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4 (82 g3t o] "Art

ar = Qu(A; — B) + fi (9)

fi = Qu(Bi— R) — Qix Qujxj — 2Qix Qijuj (10)

3.2 M2 RASHO I¥H SHFEANM 300 ¥
ELFNFEAZ FHEHH

Fig. 2 & AAQ ZAZH 249 5ax84 (o, x1, x3, 3, D H

Hol FAZFAHA 1AL FLARA (o, x1, X9, X3, D E HA&ET 2" = B

T

%
e
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AT X
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et
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Fig.2 A moving coordinate system 1 ond a moving coordinate system 2.
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27 0" 7t 24T A2 #AY M Q AANEE BAFD, & £ BEA
0" 7t ZAF BEZA o o JAMEelth 2T ¥ & AFA o st Y
da FAY Moo gAueeltt @3 o s #&A o° JF 4 WA

W RAd M 2 B4R oy dAE U5

x; = di + Sjpxa (11)

o}714]
S,‘n = 8; €y (12)

S & o A o = Aoy ST 23@A ol 18T BEA o
9 B2 o = AT TAF LS oz AN 4 o ¥ S =
Azt mgEld 4 (1D2 2E F 547 23¢ w9 25 lass
77t gres e @A Yok

u, = Sj, Uy (13)
a; = Sj,an (14)

4 (11, (13), AHE 4 (9, O HY3pd b3 2o,

Sintn = Qu(A; — B) + fi (15)

fi = Qu(Bi— R) — Qi Qi (4] + Sjnxa)
—2Qir Qi Sjnttn (16)

4 (19), (16)9] FWel S, & Fota FA bk & Fokabd #A9 stExg
717N e gAad v AE FRxAL e o] AT}



a, = SgQuld; — B) + f, (17

2 (2)2] A; 2 4 (Nl dislshdE 4 172 4 (o] Hedl 1A e] B

i

IR FaIFA A 71£T Navier-Stokes A4 olaL, 4] (18)¢] vlz &=
& dYATIE 717 e] "

3.3 S2HEANAM HYSHE J18H

X FE 1Eez ¢, BF NS W A4S X 2 BAFAL,

A

X B 1FEeR g, 1 JWANAL O HAINEL V 2 x) 2L 7
02 g, wE SRS W 4L Z = 44 BANR Fig 3, Fig. 4

Fig. 5 2 78 AYq44s5L 470 o3 2ok

1 0 0
X = 0 cosf; ~—sind, 0, = 6,09 (19)
0 sind, cos 0
cos 0 0 sin@,
Y = 0 1 0 , 6, = 040D (20)
—sinf, 0 cos@,
cos 3 —sinfy 0
Z = [ sin 6 4 cos 4 5 0] , 63 = 63(D (21)
0 0 1

cos ¢ —sin ¢ 0
S = sin ¢ cos ¢ 0 ] ¢ = constant (22)
0 0 1



A ZzAo thd 3x1d TLEFAY 7)AY

Fig.3 Rotation about the z} axis. Fig.4 Rotation about the zjaxis.

Fig.5 Rotation about the x5 axis. Fig.6 Setting angle.

HAFTR7E 27 Fol Wil WAL Qolol xp &, x5 Foll tisiA @

APtd A9y Q@ © v

Q= XYZ (23)
AHAY Q 9 14l T84 2 84t zhz} vhgr gt
= XYZ+ XYZ+ XYZ (24)

O = XYZ+XVZ+XYZ+2X YZH+2XYZ+2XY Z (25
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A (23), (24) B (298 4 (10 tdsld A FAFHA LPd FRFHE
AdM 243 71388 9L 5 AL 7 AR AN g B oJ71A
G2 Algdeldd s B HA 1, 2, 3 Al «x, v, z B E7IE3

I ox, oy 2z BEF &5 47w, v, w 2 E71EAT

fi = (B, — R)cos0,cos0, + (B, — R,)cos 6 ,siné,
+ (B, — R)sinf#,sinf,cos6, + (B, — F)sin6,sinb,
— (B, — R;)cosexsineycosﬂz
+(wi+ ol —20,0,0080,sn6,c086,+20,0,sn86,)x"
+( wysinb, + o, +2w,0,c080,sin%6,)y"
+ ( w4080 ,8in 6, ~ w,c088, 2w w,sind,sind,)z
+2w,+ w,sinf,)v" +2(w,cos0,sinb,~ w,cos0,)w
(26)
fy = —(B: = R)cos6,sin6, + (B, — R,)cos 6 ,cos 6,
— (B, — R,)sin@,sin@,sinf, + (B, — R,)sinf,cos6,
— (B, — R)cosf,sinf,siné,
~( wysinf,+ w,+2w,w,cos0,c08%6 ,)x"
+(cuf,+wﬁ+2wxcuycosOysinezcosez-{—Za)zwxsinay)y'
+( wic080,c080,+ w,sinf,—2w,0,sind,cosd,)z"
—2w,sinf,+ w,)u' +2(w,co80,c086,+ w,sinb,)w

(27)



a7 Ao AT 3349 FawPAR 77

fr = (B, — R)sin0, — (B, — R,)siné,cos 8,
+ (B, — R)cos @ ,cos0,
—(wyc080 ,8N0,— w,co056 ;+2w,w,cos6,c080,
+20yw,sn0 )x" —( wycos8,c080, + w,sinb,
—2w,w,co80,8n0, +20,0,c086,)y"
+(wi+ wi)z'—2(w,co8 6 ,8n6,— w,cos6,)u"

—2(w,cos0,c088 ,+ w,sind,)v" (28)

o] 714

wy = 0O,,0,= 6, ,0,= 6, (29)

a8l P30 13" FeAFAA Z]AFEL A7) & 4 A (11), (13)
I A (2)2 Y ggd 42 5 dth

¥ = d, +xcose —ysing

y' = d,+xsing + ycos ¢ (30)

= =4d, + =z

u' = ucose — vsing

v" = using + vcose (31)
»

w = w

ada 4 (16)6A Rmeixl A A7 A (307 BDE A (26), 2D B’ 4 (28)
of A H AL 4 (18 R A AE FXHEL 3R 23 o)
Bao] ngd HARA AN SAFE /17HE 7€ 4 Aok



fr = frcosp + fysing (32)
fy = —fysing + fycose (33)
L= f (34)

4. J1¥ge] 2XHE ¥ A

Hae] T8yt oz WeAMrk AT A (26), (27) ® (28)9A
0,=10,6,=02dx R, =0 och 2z XA (o",2",y", )%
1A (0,x,9, 08 71A47F 2UW ¢ = Qolth o]RL 4] (32), (33) ¥ (34)al
uglsta deg AL 4 gl

fe = (By — R)cosb,+ (B, — R)sin,+ w,(d, +5)
+ @i(d, +2) + 20,0 (35)

fy=—(B, — RB)sinb,+ (B, — B)cos0,~ w,(d, +x)
+0i(d,+y) —20,u (36)

AN Y & FEWger FHYPhd B, =0, B, = ¢ 283 94 o
9 23 o vt AAFYA d, = 0, d, = 0 oItk 2¥EE 4 (35), (36)e
023 Zo] BFAHAG

fo = — R,cos0,+4+ (g — R)sinb,+ w,vy+ w’zx+ 2w,v (38)
fy = R,sind,+ (g — R)cosb,— w,xvwy— 2w, u (39)

4 (38), (39 olWE (198 B 7188 (1902 oA AL AR VA
Ak T x Mol y WA WA vt Bty APE A

AHE A=Y ( Fig. 7 Z2).
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Fig.7 Coordinate transformation 1

Fig.8 Coordinate transformation 2
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3 Arai(1986) olAe 0.4 W= IAFTATS A 22 EAE
A7 Hol glwl o] Ag- WA¥L/AERE R, = (0, R, = 0 oItk 27
oY &g FHEe YWiWPFeR FHsd ez ®H B, = 0
B, = —g otk 2li #AXA (0°,27,y", )% AEA (o,x,5, 05 I
Zol Nz B¢ ez AW = d, = 0 d, = 0 otk oA 7|
(35), (36)ell tiial® h3& P& 5 At (Fig. 8 F=R).

fo= —gsinb,+ «,y+ oixt 20,0 (40)

fy = —gcos 8 ,— w'zx+w§y—2cuzu (41)

o] AL Arai(1986) ol X AM&-3F 712123} At
TR Su et al(1982) M= WA HHFaTE I 22Y EAE
A7E Aol AANEH AL el fAe Ae FAH =4S 718
AWM AAe RAFAH 44 FaduAd @34 n¥E FaARAE
02 Aoz A, & ¢ AJ3AY 99 X Bz dcos¢, Y wagoen
dsing WF ol ez o 2 ¥V T FHI 22 PP
R,

o = d, = dcos¢, d;,: d sin ¢, =0, }?yzo) B, =0

g 5 4 (353 (36) digstd vd-2 & 4 Urh

i3
o)
<

[

fo=gsinf,+ o,(dsind + W+ wi(dcos¢ +x)+ 2w, v (42)

f, =8gcos0,— w,(dcos¢d +2x +wi(dsind +y)— 2w,u (43

4] (42), (43)2 Su et al.(1982) oA AH&3F 718 | gHch
A Arai et al.(1992) oAli= 329 £AE A7 vl A=dH IJHdF8e

xy = 2 3" o WalAE Bk Ao w My oy 2Ly o WEA] 2]
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o WE %014 Y}, 2B 6, =0, 0, = 0,0, =002 ¥

Agge tes gol BAHD. % Wagd A 9 4re o 2o

Am' = SkVQik TYe A = StQt = Sth

g
cos ¢ cos 6 sin ¢ —Cos ¢ sin 6
A= —sin ¢ cos 8 cos @ sin ¢ sin 4 (44)
sin @ 0 sin ¢ cos 4

el AL Arai et al.(1992) ¢ HAYPHER Ax)Fc}h aeln FEYFS 9

.

Bako 7 3ty PN o, = o S AME3ME 4 (26), (27), (28)9] 7|WH S
a3 e g
fo = — FR,cos0 + (g + R)sing
+ w?(d, +xcos ¢ —ysing) — w (d, + 2)— 20 w (45)
f, = — R, (46)
fi = —R,sind — (g + R)cos?

+ 0(d,+2z)+ @ (d, +xcos ¢ — ysing)

+2w(ucos ¢ — vsing) 47)

223 9 A —1 (32) (33) @ (3ol HiYsd Arai et al.(1992) oA AHE-g
=

fo = {(g+ R,sinf — R,cos 0
+ w?(d, +xcos e —ysing) — w (d, +2)— 20 w)cos ¢

— R,sin ¢ (48)
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T

f, = —{(g+ R)sind — R,cos 0
+ w%(d, +xcos ¢ —ysing) — o (d, + 2)— 2w w}sing
— R, cos ¢ (49)
fo= —K,sing — (g + R)cos ¥
+ w?(d,+2) + & (d, +xcos¢ — ysing)

+2w(2ucos ¢ — vsing) (50)

Sgels o+ e A AW B =RdA fE=8 349 FawAAs s
o AA £2A4 BN FeHoR TASE 1P QWA Aol T 4 ok

6. 4 &

£2AL REAAYE P37t M4 F8E U] wEd RAAsiey, 22
A Hdel 4FAHQJA AEilold o= 4FY VYo r eI WA F
8E dopgrE Q&3] et FH Ut o] AL A AR A E
oA AAe AHB 64 FRE UG Zlolojof gt} 23k Mo 2= A
Aol AAHE 6ARE FTLE 1T Zeol EVlEdr] Wi €24 42
B3] Al Bl 7] YaAE 32k 3ol g -drt

B dxs 4AA9 A48 6247k $22 A% 71X FEI=d EF
= TN 2 AFAE @ A S FeR dedAzE b9 a3 A9l
AHgE o] 71X Ea HEe] dXFE By 2Ela dnkAd-2 eiA] W=
A, 1A 7He’E AAl Aol e Feek FLdA sty en Heldat @
WAl WAlshs HAEAS Halr] e BT ngse] A FUI
ERE st AFAES A3

—96—



#aEd

Arai, M., 1986, "Experimental and Numerical Studies of Sloshing in Liquid
Cargo Tanks with Internal Structures”, THI Enginering Review,
Vol.19, No.2, p51-56.

Arai, M., Cheng, LY. and Inoue, Y. 1992, "3D Numerical Simulation of
Impact Load due to Liquid Cargo Sloshing”, Journal of The
Society of Naval Architects of Japan, Vol.171, pl77-184.

Faltinsen, OM.,, 1974. "A Nonlinear Theory of Sloshing in Rectangular
Tanks”, Journal of Ship Research, Vol.18, No.4, p224-241.

Faltinsen, O.M,, 1978. "A Numerical Nonlinear Method of Sloshing in Tanks
with Two-Dimensional Flow,” Journal of Ship Research, Vol.22,
No.3, p.193-202,

Hirt, C W, Nichols, BD. and Romero, N.C, 1975. "SOLA-A Numerical
Solution Algorithm for Transient Fluid Flows”, Los Alamos
Scientific Lab. Report LA-5852.

Iseki, T. and Shinkai, A, 1988. "Boundary Element Analysis of Non-linear
Sloshing Problems Using Cubic Element”, HZAEARME @R IHE 163
5%, p294-302.

Kang, S.Y. 1984. "Analysis of Liquid Impact on Moving Containers”, Master
Thesis, Florida Atlantic University.

Lou, K, Wu, MC, and lee, CK., 1985 "Further Studies on Liquid
Sloshing.” Maritime Administration Report No. MA-RD-760-85009.

Malvern, L.E, 1969. INTRODUCTION TO THE MECHANICS OF A
CONTINUOUS MEDIUM, Prentice-Hall, Inc. Englewood Cliffs,
New Jersey.

Mikelis, N.E., Miller, J.K. and Taylor, K.V., 1984, "Sloshing in Partially Filled
Liquid Tanks and its Effect on Ship Motions: Numerical
Simulation and Experimental Verifications”, Proceeding RINA,

Spring Meeting.



A3g, A

o, 4734

Nichols, B.D., Hirt, C.W. and Hotchkiss, R.S., 1980. "SOLA-VOI": A Solution
Algorithm for Transient Fluid Flow with Multiple Free
Boundaries”, Los Alamos Scientific I.ab. Report LA-8355.

Ogden, RW., 1984, NON-LINEAR ELASTIC DEFORMATIONS, John Wiley
& Sons Inc. New York,

Pantazopoulos, M., 1988. "Three-Dimensional Sloshing of Water on Decks,”
Journal of Maritime Technology, Vol.25 No.4, p.253-261.
Sokolnikoff, 1.5, 1964. TENSOR ANALYSIS, John Wiley & Sons Inc. New

York.

Su, T.C. and Kang, S.Y., 1986. "Analysis and Testing of the Large
Amplitude Liquid Sloshing in Rectangular Containers”, ASME
PVP Conference, Vol.108, pl45-154.

Su, T.C. and Kang, S.Y., 1984. "Numerical Simulation of Liguid Sloshing”,
ASCE, Engineering Mechanics in Civil Engineering, Vol.2,

Su, T.C, Lou, Y.K., Flipse, J.E. and Bridge, T., 1982. "A Numerical Analysis
of Large Amplitude Liquid Sloshing in Baffled Containers”, Report
No. MA-RD-940-82046, U.S. DOT, Maritime Administration.

A, gkl 1987, “Two Dimensional Numerical Simulation of Liquid
Sloshing”, &=31%F3t3 A A29 13, p78-82.

2488, w7, 1992, "R 712 o]-&F Sloshing FAIS] 4", gz}
=4 A294 3%, p33-44.

O RE, FAY FARe, 1988 “‘BAU RFIHAH A", FZIAATA TR
itA, UCE413-1302D.

ol #E, FAQ ZAlY 1990, “Lagrangian 842 o] &% 22 w0y
fFrEalAd”, Utz Es =], A274d, A2s, p.21-30.

olfy, FA{, FAG, 1990, “FxEe] BAE A 2a4d BaW §53
A" gz A8E A A27d 3%, pl07-116.

BETE, AL, 295, oA, Ag7), 191 "33k e O &=
A8 A A" AT =] AWBA 15, pl2-18



