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Numerical Analysis of Sloshing Problems
for the Middle-sized Double Hull Tanker

by Akiji Shinkai, Member,
Shinji Nonaka, Member,

Masami Mano, Member
Masami Fujii, Member

Summary

This paper deals with numerical analysis of sloshing problems for the middle-sized double hull
tanker. A numerical simulation method for non-linear liquid sloshing in the cargo oil tank is proposed
by making up a new sloshing cord based upon the SOLA-SURF scheme and a simple two-dimensional
sloshing cord. The new sloshing cord has many functions for analyzing sloshing liquid violence motions
in the octagon-shaped tank fitted with centre girder, deck centre girder, deck side girder, horizontal girder
etc. A series of numerical simulations are executed for cargo oil tanks of a middle-sized double hull
tanker and of a single hull tanker sailing at forward speed in regular waves, and numerical calculations
are executed for four model tanks in order to compare with experimental results too. By numerical
simulations, it is confirmed that the sloshing cord is useful for analyzing non-linear sloshing and for
estimating sloshing pressure in liquid cargo tanks of a double hull tanker.
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Fig.1 Rough midship sections for double hull tankers and single hull tankers
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Fig.2 Co-ordinate systems
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Fig.3 Finite difference variables used in calculating
z-directional velocity u
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Fig.4 Dimensions of cargo oil tanks for a double hull
tanker and a single hull tanker
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Fig.6 Velocity vectors and pressure distribution in
liquid domain of double hull tanker’s cargo oil
tank at time ¢=14.20 sec

P-10 P-9 P-8
P-7
R1
P-6
3
g - P-5
P-4
P-3
Pt P-Z’
1200
P-13 P-12 P-11 P-10
P-14 P-9
o
RS P-15 I l§ P-8
- . P-16 g
e - P-6
P-1 T3
Aezzi, e P-5
P-3 P—4’
1200 |

B (W8 77 160 0 53 B8 N X 8 X 771860 538130 Ny) = (40 x 20)

ERA LT BOBESHRSND & %12 35 B E
T 572012 (20X10) Z2 A, A EERLE N L S
KT 2D Ihs L BRI EADERRALEED 5
3,

AL LT, HERBELTWw 280 LT 0
L OMEONREES 2 EA S 2 Z L L LTz, WHEEHB
S UAEE 2R 0 & REGERICHRBIR 2 IRER & L
TEIAMHESDNEZNEZERL THEZ T3, WiEE
BEE, ARE, AIEESRLEESS L CHEHH S
SEHIhW2ZNZThOER b TEHL O » AL TS
Tw3,

VY —AFEIC LB ROy YU SORKEY S 2L — 3
R % Fig. 8~12 KR L TWw 3,

Fig. 81Zi%, R3 ¥ V7 ETNIZD W0 TRE 60% DHBS
AR (IRIR 20°, MHRAIEI1.458) 252 7-BoBhE
HOEBOHT LY a V5 —E D P-6 DALEDFEHEH
DRZIEDF 2R L T b, HERED ZOME I
3 EAEBHZENEHBHERSNA TN S,

Fig.912i¥, R5%8 > 7 EFNMIZDWTIRE 85% DHE
WA (RIE 50 mm, JHEAER1.338) 252 EEOH
HEXEOEBDOREF LT v F Ly —4—F—ORIRELD
DALE P-14 OWEH 4 F iz B 3 ENEBORBIEDOH %
AL TWwW3, HRERSY -5 — L BHROBEICET 5 2
LRk BERNZENEBVHARENTED, RAKELICH
J2HELZ V% Fig. 10 iR L TW 3,

150
P-10 P-9 P-8
- P-7
— P-6
4 1
R P-5
3l &
| ™ mm P-4
g(—L P-3
g P-1 |
90 1020 - P72 90
1200
P-13 P-14 P-15
P-12
S P2 P-1
o~
— pog o 9y 22
s B mm P-2
- p-7 120
=] P-8 P-3
pa P-6
P-5 P-4
780

3

Fig.7 Dimensions and calculating points for model
tanks (R1, R3, R4, R5 model)



394 BAEINFE SRR

1765

t = 2.80 ~ 3.45 (sec)

MODEL : R3
POINT : 6 ROLL : 20°
~ 0.15¢ T =1.45 sec
& L d= 60%
I
: 0.1:
0.05¢
g —
= _
- t (sec)

Fig.8 Time history of sloshing pressure induced at the
point 6 of R3 model tank and free surface
configurations

Fig. 10 Velocity vectors in R 5 model tank at time
314 sec (85% filled)
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Fig.9 Time histories of sloshing pressure induced at
both sides of the point 14 of R 5 model tank and
free surface configurations
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Fig. 12 Time histories of sloshing pressure
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Fig. 13 Pressure distributions induced on the tank wall (R 1)
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Fig. 14 Pressure distributions induced on the tank wall (R 3)
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