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Sloshing Load Analysis in Spherical Tank of LNG Carrier
B. J. Noh™

Project Planning Department 2, Hyundai Heavy Industries Co.,Lid.”

Abstract

Sloshing loads, produced by the violent liquid free—surface motions inside the cargo tank,
have become an important design parameter in ship building industry since there have been
demands for the increased sizes of the cargo containment system of LNG carriers. In this
study, sloshing impact pressure acting on the shell of the spherical cargo tank of an LNG
carrier as well as dynamic pressure and flow behavior around the pump tower located at
the center of the tank have been calculated. Comparative numerical sloshing simulations for
a spherical LNG tank using 2-D LR.FLUIDS which is based on the finite difference method
and 3-D MSC.DYTRAN which is capable of calculating nonlinear fluid-structure interaction
have been carried out. A method of calculating sloshing—induced dynamic loads and the
subseqguent structural strength analysis for pump tower of a spherical LNG carrier using
MSC.OYTRAN and MSC.NASTRAN have been presented.

¥ Keywords : Very large containership(ZCH& HHIOILH &), Wave load analysis(

mEslEolA),
Design wave(& A Il), Load transfer(3l=X %), Dynamic loading approach(Z&3IE6HA),
Heeling angle(FAI2tE), Load case(dt 21), Germanischer lloyd classification(= 2 & 2)
1. A2 : UKL ING =27t S50l 239 37|

Jb BOHE INGH2l tEsht 27H1 UCH

sE0lzel £ o2t FoiKlE NG =842 (NG 22 RH2 |RSS MEeU 2H&
SH2(-1630C)Y dHIStESES 2HHGHH 256H0t UE & £ Us U= 22U M=~ ZH0| gl
ol ME0 1N=2 FLUS HIKE Axdids 2 CE 832 HII0F 32T TRl Ol0 Ciet &=
2 ok NPIDIIE0ICE =2 GIHAIRS & U INGHRS2 S92 Eotel 8 2RIt UW=F

Craetet 23 HiUAl S5 =000] 2I6to & SIACL S5l FE2EME & AEtiN 286t=



H
08
=

DR=IDF Heel
dﬂl-i—% |2 °'i|6PO# &
S

00
ol
Mo
il
LU
=
2
>
10
O
1o

L=
i
1
s
1A
1
F?L
s
1
0
M
dJ
o
10
=
10 7

Qb UXIGHA LGt EREEoz =2
2MEIH Zle F=I19) 90| UCH 0
LHE S22 A 258 ‘&24°0(2)
AT (Standing  wave),  &EiI}
(Travelling wave), 4ZEeF (Hydraulic—jump),
AEZ0/(Swirling) S0l UCH 0IF Swirling2 =

J

M KW H oY
-
4
2
ry
it} '
oo
o
m!I
oi
E
~U
A
>
o U
10
g

no 2 4

o o
2 m Jy 90

o]l

Sile S48 943a0ME 2oLXer =2 28
BOMA Lol LEROR, 24 a2
o) & 2828, 232 )|, HdEe sE
40X Hel, H FZ0 Ot s24 I

o B=E HuEiAS 22201 T LE
Ch. [Metd HXIAElel 3te8 FZdk=s J2HlA
£ BEA =24 §UE 128 €A 0|F0
A2 s 2FHOIGL == ZHO| CHet oA
HOEAN= SEAZHDL SIHMEE & = U
Ch. ®3Ue RS RS2 HIdERQ E40
Zotd SX RS =0l oI=oh] 01g0] I
201 INGH2 A0 #eote 19708 A2t
2ol JALY W2 A8NSS0l 28E U
1, Ol I=Se =24 S0 e sasrA
Olaet =AHol AIANTE AHBE=M w2
SEE ofAChL 1oLl @2 HI80l AREUs
At QS ZUE AMHOE EAok=0 AN A
AE2 2HE KL AN 1 HEW SHE Ot
N ACHD & == UACH Oleigt etHiel =5get
CZ 2 £XAHLES OI8F HAZH0| Al=E
1 JAsl, ZM20AE REXH2H(FOMA 21
22 & 22X HHIIHE 0I&8 Uoydd=z2

Ny
w

LRFLUIDS Z=20#s Yl AE6to UL
=20AE P& INGt2 &2, Y83
= =24 FA22A0 Y39 ZAL0 ¢
TEFON &2
FIoHH B LPRSZ Bl 0I8HD U
LR.FLUIDSE 0|88t 2

BldE HedE g = U= MSC. DYTRANS
OlE¢er 3xHE ofddS Soll 2UE HIwHESIRAUCE

=]

Joll
rnr
10
>0
1
Jg
il
10
o
]
&
[pad
Ql

Fig. 1 & aido =
HBIEHIIA 2UHMO| LHHRXISOICE 0l
2 4042 S22 IPHEHD, FEIISH2
2ol AlBIHE AHE(SKIt)Ol Slol &2H0 XX
T 28s55= 19.55E0ICH
TEHEAE 22T 16320 HEs UAESE &
20l &2 5083-0= ?HETUASCH rigid plastic
foamQZ 2BR&|1) 2= foil2 20 QUCH

> 0o
)T o

SHS duol DRI
XSO RS0l &
SAED| 95H0, P& NG SH2&0 @3

P BEEIR0 ®Bsls SRS AHOIA
Q5IH DASIOI0F BHCH gm olF zyS
EO2[1], FLEYA SH = =
ol 35%, 50% EIHHSI0IA Jrz_sr A2H51CHD
22 UL FHHT QWL NREI)
OlZHSH 22 BIABAI) OJsHH BRSICH

T, = 2|5 f (k) (1)

r uY op S off JE Oﬂ

I

PROFILE

Fig. 1 General arrangement

Special Issue of SNAK, June 2005

MIDSHIP SECTION



24

OJIA, p= YASRUHAML SH HiH=01, D

= SN o= YIS, MU &= p/D
= Ofelie) 2tetst Beoz ZAECH
AN _pq BNi2q05

0l &0 A2 XMIBl p/p O SO0 M
ot |HIC DRFIIE BASEHL 12l 80%014
o MMAIU= SAotH ZA8Ch p/DE EEE
35%, 50%2 SISEMAMEHUA SHIRTFII=
BOtEACH 22 =
BAS0 st A0l SISAEE H=iot0 2K,
E=Q0 e DRFIIE HLEHL 35%, 50%
o E2XM SHEXRANA sk URFI=
14.9%, 1622 ZACRUCEL HHSSFII= LE

=]
(Strip)el 2SoiA Z2IH2E HLGHA

MIHAENC] Y0 S2A 2ES2
=R(e.g., sway motion)?t BUE2=Z
HIHM E2E2 (e.q., roll motion)

g2 LoICh JadLt A=ElME &

9]
ol
0 oA

10
Ho
Ol
[0
Hu
™

t0
o
O
=
1
5
ofn "
0 = 2
J
i —_
0 X o
\J
0
e
®BEo
M 3Q Mf ng o 2 T 40

=
MSICHD B8 QUCHL Weid, 8 ==20A
7Q|_ _<'3_ , = 2
Ch HRER9 ZXFJ= SASl Ag:212
90| 2E2 HBEIo| ZAO=RH HEXFR
S22 JIFEGIGLL 259 3Dl(excitation
amplitude) = Of2HS! LR&ZCl JI1EE EE5H
oeto] A0iEoto] (| 283018 Z2EGI
Ct.[2]
- Maximum lifetime roll angle (degree) :

¢m=[14.8+3.7f§]e-°-00m 3)

- Maximum lifetime sway amplitude (m) :

— 5o 0.0025L

ymax !

OIIA,
L &ete) 201 (m)
B: A= & (m)

LNG 2gtde 78 2=

uly

Zd o4

ol AlgE HZEZ2 AL (3),(4)0 2o 19.13
T(ESR), 252miese)2 ZEHUL, X
SHAAIZEE LR &332 EXE AMEoIH 12022

4 4
og >
o o
W ox
Ir

= J|5HEHE a2 2SI HIohH

O £Z40| 2HDI =& $Cl, FEHI= =

AN oM S8z ZH6H! 20
2&a H=IF ULCH

ODIAE PEHIN BHIER 222 524

AEE SUBLHG AELH AN Navier—Stokes

gHEAE GHEAID|D] Rl SURFIIYO0] HEE

LR FLUIDSE 0I®5tH EOtet= RS AJNGH
DA BHCH[3] SN &H2

Ol
2
=

A
o 2
¥ 40
Qe g

_&
HI
H
02 ne Jg -
B oo 2

=
W0
o
N
®
_Q_I_I
2
0
pa}
2
11
un
oY
im
o B

HeHsCH 2 SHR0A A
S0 CHEr HHMtE2 Xt

9 K

0
10
i
e 40 o 12

H0
0
o
mx

No.2 tank, 137.3k, 8.35D (roll=19.13deg, 11.868)
PRESSURE SARPLING CELLS

Sl R
el " m‘“’\ .

: "
7 2 \
/ 1n b
, @ %
/ ) 1%
9
l 4
1 7 H
\ : é
S 3 . P
. 284"

Fig. 2 Sampling cells for calculation

No.Z tank, 137.3k, 8.350 (rol1=19.13deg, 11.868)
FREE SURFACE ENVELOTE @ 1 = P.8 T0 197.204

;;;

Fig. 3 Cargo free surface movement

(HstZ4dsts SE=SF 20058 68

it



L

L=

= 1”0l Fig. 2, 30 LIE P UL O 222
SOx30_J SUACTE oIV, s2HYHE 1}
etokJl fI5te 280K 2l n—IXI% ot L.

SHUEE

2 HRNNME PEHETS BEER fIRINAS
KUNEEE ZHOPD| <ol 28R, MRS
CHolt 22FD| g0l 23 2] AFOI20 CHalA
AEIOIE0] +=EUCL Fig. 4= SR, 2
S0 st KEZXE LIEHHK, Fig. 5= Ol
Al (5)0 2 HAE HARSC| 35%, 50% &
THAFEHONAI L] BEIER 28209 2AXIUA HaE

EE2HE LHEHACH

=
um
A

1
V =[Vg?+ V%] 2 (5)

RUEEe BEE MNES HYS0 2 B
EtRIOl 2t 2AXI0IAS otES EX= Fig. 600
LIEH Keulegan—Carpenter &==Z ZIASICH (4]
Keulegan—Carpenter 2 (Alg)2 248D} &40

< Ji2 ots4FE EEctl HEERE et 2

§5
>0

Bi

s . ” s
Ponicveiaciy (ris) Poak wwociy ()

Fig. 4 Distribution of velocities (Roll, Sway)

s i
Pask pioot (i3

Fig. 5 Distribution of velocities (Roll + sway)

Special Issue of SNAK, June 2005

25

L .
PPN S——}

[ 20 a0 60 80 100

Fig. 6 Force coefficient curve by Keulegn
and Carpenter

£ SIXAS HRZ0i” dXioHE2 “U}i I
SO st BIE Zels HNEE 5%
2XZE E06t¢ Fig. 62 0|85HH %_*-LEHOH 0l
A= SI20lE ZIUSHES Keulegan—Carpenter
2(UmT/D)E 0IR5t0 H&HSHCH

A2 A %=(Inertia coefficient)

C,  &28H=(Drag coefficient)

K ' Keulegan and Carpenter Number
= U,T/D (D: &M &A)

U, D/v : Reynolds ==

v=yp/p & SEEH=

g SHES, o SHZE

Fig. 7, 82 35%, 50%2 HIME0AM HbHe
BIEIRC 2F AXIUAS 6tE2 EEE LIEHH
Ch ZCl oS BEZES 3 AXM HEok)
TLoAE 8ot ZTE HIOLSICHL

001'



26 LNG 22 78 32d 524 oA

%0 Q o MSC Praten 200712 27-4ar04 084411
&H oxo AL e Fngeicisub_iaad_s_J, Staic Subcese: Stress Tensar -41 21 (VONM]
e 0] Detorm dists_losd_s_s. Stehc Subicase Displocements, Translatonel

o]

e

16300
umnl
26200

A Fuoge
M 96007 CONA 64504
Min 2824004 G 487

] S L

dejout Detonnaton
0s Mo 11400 @ Ba502

Fig. 11 Stress result of pump tower(Roll +

] Sway)

- - - ] ZHEA0| HlatTlE 50% ’EXHQEHWI/\-IQI B
Fig. 8 Distribution of peak loads (Roll + DEMY PXBEl S2E Fig. 90IlA Fig. 1101
sway) LIEHHRACEH EIZEIRQ AES AlRIH XEHE

MEOIH20 BEEIRS RN =24 o1ES B
L YK 2TEECR MBEALCL,

MSCParen 20012 27Mer DATS 4T
Fringe dises Jaed_s_ Stusc Subcase Svess Tonsor, A1 Z1 (VONM)

Datopm cky ooy 1, Sweac Subcase Displocements, Transiasions)

4, MSC.DYTRANE 0|8% HIZER &
Z4al ol
8990 F=0 ther &3 W MH S22 &2
Al BA S8t X Efo Y2HBIE IR =
A Yy HAZZ ol MSC.DytranlE 2%
FH AHoiAE =350, LHE =2t 2O &
(—* ARLE Msc. Nastran?l HHQI =0z shat
Fig. 9 Stress result of pump tower (Holl}”™ 5l XS0 S FEIACH

MSC ol 2003 12 27ar 04 0844 51
Frnge.chstt_Joad,_s. St Subcoss Sruss Tonsor A1 (VONM)
Ootom tesat_load., S Subcace. Dispiacemens, Transtatonsl

FH-7E2 AdoiA

Msc.Dytranllle |Hl-7E2 Adois @
F 1) SHIAHAES Euler 242 FER
Lagrange24:2l ZHE XNsSH FHO
General Couplingdt 2) & RA2t9 25 4
£ Ho5lH NRE2 L4 olsg H8

U= ALE Coupling0l JSH, = 9";?0”/\45
EiSt MHl2s dHE A_ODI A8 ALE &
ZoIALCE Fig. 120 SIERT -0 CHSt JHE%-t
101 AHE HACL[5]
ALE(Arbitrary Lagrange Euler) 282, xR

h_f@»ug

2 e o

Jd > o -|>

Mers 53007 ew som
0007

P ssn)

Fig. 10 Stress result of pump tower (gway

RAEHE

e

o

i
Joh

o
Jm

S=2% 20054 62



Lagrange

Euler

ALE Lagrange ALE Lagrange

Fig. 12 Interaction between fluid and tank

220 SH celll ZERUAM A cellel H3ES
2 PXRAS BHESH BH 2S00, ol 25
2 Euler mesh &xE &IECH ZRUHMH &
QAE KU B0l BHHCE HESIH, &
MU0l PERAM BECL 0] B |ME
0IRE cell(Buler mesh) 2 22 DETN U
= 210] OtLID] 20 Euler mesh&l Ol=0)l

ch AigHgdA2 =3&Ch

SH-ZH PXxo Ay
MSC.DytranOllAl= AIZHOI CHEH HI<
BHdAE RS 28 222 8H

=}
FH Ads 2 AIZSE0A2 2o

r
0x

o o
J
S
i
02
1
10
Hu
£
02
rin
a
=
o
*

02 1 02 10 Al

3 o -

oh=0 .

SHH, UoHEO gt Alts=el Zd80ls, U
of B30 Bl & 2Tt 22 HEH A
2o, RERAC IS ol &t 22 2
TEZC R EA AUEES 1.0E-7sec

Special Issue of SNAK, June 2005

-
e
lu!

[

=
1o
10
ol
=2
1o
ron
Ny
0Qr HU
0x 09 ofn Iy

0 =
fu
1
|0
HU
o
B>
_O'j
®
0
fir
50 4
o
K 1o o 0z
S S T (%
oL QO =2 1o

o
o
2
I
&
02
Z o
i
S
0D

4 12 40
K
£
x
e
oy
o
>..
H
0%
Ml
10
>
1
=2
>_
T
=

et 78 & EZ B9l & i CHS
ot 20l & BAZ U0 oids = ofdlt

<
sc.Dytran0ll 28t £24 KSoliA

<< -

FY
>
H
s
%
>

MSC.DYTRANE 0IS8t 3%t
-8 =89 ¢S
RAZ FOloHH, 0 ZHl 2
S0/8E R0olvd,
st & 22 #SR
0152 HEE 2s6te =2

Ch AlB=El €3 259

<
o
ol
]
5

|
2 >4

[
2
Jal
o
oM
19 4

I

30
= HO oo

d

iy

#
O
fO
Q
08 2 0o
o
Al
[

il
48]
1o
=
el !

o
0
o
o 32

o 0z
™
g o

,_

o

M

—

c

)

0

in

ne

rol

o

[

E

HU

fel]

2 10

(Y
9
to

- wjo

Al R4z R2ASGIRICH Fs2 &
NGOl CHolAl= Polynomial2, XIS =0
ol &4 2ol BI|0l THahM= ot 240| &
CZ FoJetlt NG S4XIE U=z A2
OteH2t 2Ct,

LNG material:

Density Rho = 450 Kg/m3

J

ui

T

= oH

o
DY 0o Mo

rr

}

Ol



28

Bulk Modulus K = 2.2e6 Kg/m/s2
Gravity g = 9.8 m/s2
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Fig. 13 Modelling of a spherical cargo tank

MSC.Petran 12.0.044 27-Mar-0417:26:27
Fringe:MOSS137K_ROLL_SWAY244_EULER_ALL A3:Cycle 95437, Time 113.001: FMATPLT, -(NON-LAYERE
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