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Velume Fraction of water

NG 0.00000 020000  0.40000  0.60000
X

[ 23 e (a4 sl e HIm e
3 SEDEE Y A R (KNS B A

080000 1.0000

SRR EM)\EERR | 03H | 0.5H | 0.7H | 0.9H

(z=0.1 H) 15.32 | 11.22 | 13.55 | 6.56
(z=0.2 H) 16.41 | 1242 | 13.94 | 7.85
(2=0.25 H) 16.5

(z=0.3 H) 171 | 11.99 | 15.43 | 8.64




(z=0.35H) 12.5

(z=0.4 H) 42 | 14.98 | 18.61 | 10.84
(z=0.45 H) 15.3

(z=0.5H) 0 175 | 19.92 | 1243
(z=0.55H) 6.2

(z=0.6 H) 0 33 | 2179 | 15.72
(2=0.65H) 22.4

(z=0.7 H) 0 0 231 | 1752
(z=0.75H) 19.5

(z=0.8 H) 0 0 13 | 19.01
(z=0.85H) 19.2
(z=0.9 H) 0 0 1.2 | 206
(2=0.95H) 12.2
FAHE Ponast 19.79 | 26.78 | 29.11 | 26.78

Volume Fraction of water
WY 0.00000 0.20000 0.40000 0.60000 0.80000 1.0000

X

24 BEHGIRIL 3090 H HIR I 5

Volume Fraction of Phase 1
na 0.00000 0.20000 0.40000  0.60000 0.80000 1.0000
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Volume Fraction of water
"4 1.2400e-007 0.20000 040000 0.60000

X

0.60000 1.0000
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Volume Fraction of water
ng 0.00000 0.20000 0.40000  0.60000 0.80000 1.0000
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bs<0.32B)V &M -

Volume Fraction of water
000000 020000 040000 060000  0.80000 1.0000

£X

31 BREL/KAE(Hw5E 1)AHiR00 70%Ks H
MRS

%4 BRECKRE(ERSE 1)/ MR B E

FIHSEa 2.654 | 3.060 | 1.895 | 0.641
FIHEED 1.906 | 2491 | 1.687 | 0.292
FT1HEEEC 0.005 | 0.450 | 2.400 | 0.151
F1HE=Ed 0.005 | 0.380 | 1.900 | 0.046
FBHEEEa 2.334 | 5.800 | 5.095 | 1.291
F BHEEEDb 1.936 | 5.061 | 5.187 | 2.012
FBHEEEc 0.020 | 3.200 | 6.890 | 5.751
F BHkEEd 0.020 | 2.560 | 6.400 | 6.756

7 BECKRBERTE 2)/c HIRg B & 1
(KN/m)z FEL(E

ERRREE | SERIAR | BRI | SO | BRI
BENEEE 30% 50% 70% 90%

(KN/m?)EHE{E
AMRARE | BERGR | BEGRIT | SR | SEERIRR
BEAMEE 30% 50% 70% 90%

(z=0.1H) 2.696 8.531 4.797 5.412

(z=0.2 H) 2.788 8.873 4.739 5.554

(z=0.1 H) 2.026 5.231 5.897 2.712

(z=0.3 H) 2.750 8.916 4.981 5.777

(z=0.2 H) 2.078 5.373 6.149 3.324

(z=0.4 H) 0.520 9.038 5.353 6.349

(z=0.3 H) 2.120 5.516 6.451 3.957

(z=0.4 H) 0.022 5.558 6.873 4.639

(z=0.5H) 0.022 5.800 7.476 5.351

(z=0.5H) 0 9.200 5.966 7.211
(z=0.6 H) 0 6.300 6.258 7.953
(z=0.7H) 0 5.800 7.280 9.096
(z=0.8H) 0 5.200 6.050 | 10.308
(z=0.9H) 0 5.130 5.600 11.200

HE(E 12 12 12 12

(z=0.6 H) 0 3.700 7.808 5.663
(z=0.7 H) 0 2.900 8.430 6.346
(z=0.8H) 0 2.750 6.820 7.138
(z=0.9H) 0 2.500 6.410 7.970

AaE 12 12 12 12

5 EEEUKREERTE VA I BT & i

% 8 BREUKRE(ERTT 2) 4 TIRE B A ey
(KN/m)z F L AE

AEREEE | BRI | SRR | BEERN | EERR
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(KN/m?)s (g
AHRREE | SSERR | SSERRR | BRI | SRR
BENEEE 30% 50% 70% 90%

(z=0.1H) 1.016 4.231 0.497 1.112

(z=0.2 H) 1.558 4.323 0.189 1.004

(z=0.3H) 1.380 3.666 7.831 6.947

(z=0.3H) 1.900 4.536 0.601 1.397

(z=0.5H) 0.002 4.850 8.036 7.151

(z=0.4 H) 0.400 4.888 1.203 2.199

(z=0.7 H) 0 3.500 8.200 7.696
(z=0.9H) 0 3.240 6.820 7.720
FRHE(E 12 12 12 12

2 6 EEECUKREERTE Vst &
(KN/m*)5 F 5B

(z=0.5H) 0 5.200 1.966 3211
(z=0.6 H) 0 2.600 2.558 4.253
(z=0.7H) 0 1.900 3.380 5.196
(z=0.8H) 0 1.700 2.550 6.808
(z=0.9H) 0 1.600 2.070 7.670
HE(E 12 12 12 12

%9 BSHUKAA(RTE 2 I58bt TR
(kN/m*) 5

5514 5514 B 5514
RIE RIE AR RIE
30% 50% 70% 90%

piiE::)
EHIREGRR

S| BER | BR | S
30% 50% 70% 90%
FlPE=Ea 1.244 | 4.680 | 6.595 | 5.491
FLHESED 1.106 | 4.471 | 6.567 | 5.562
FlgE=Ec 0.000 | 1.200 | 6.950 | 5.911
FlikmEd 0.000 | 0.920 | 6.700 | 6.686

ElH=Ea | 0964 3.490 3.645 5.511

F1PEED 1.356 3.771 3.687 5.702




F1HEEE c | 0.000 1.350 1.920 6.171

F1H=Ed 0.000 1.200 1.610 6.186

FoPk=Ea 2.564 4.800 1.395 4211

FoPk=Eb 2.756 4.121 1.187 2.802

F6HE=Ec | 0.000 0.730 0.300 0.571

FoHE=Ed 0.000 0.600 0.140 0.306

FlLHSEa | 2.784 7.780 0.295 1.011

FLUHPE=ED | 2.856 9.671 0.387 1.302

FLLHEEEc | 0.000 4.900 1.800 4271

SF11HESEd | 0.000 4.680 1.400 6.406
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TANK SLOSHING LOAD CALCULATION AND ITS

COMPARISON WITH RULE VALUE

P.W.Wang* C.H.Huang* C.C.Chen*

*China Corporation Register of Shipping
Keywords: Sloshing, CFD

ABSTRACT

Sloshing is an important issue in structure design of liquid cargo ships. When external excitation
frequency is closed to the natural frequency of liquid inside the tank, the violent sloshing phenomenon
will occur and cause severe sloshing and impact pressures on the tank boundaries and tank roofs, and
lead to structural damage. In recent years, the sloshing problem becomes more vital because the design
trend of VLCC and LNG ships is increasing in size and the volume of single liquid cargo tank becomes

larger and larger.

The purpose of this research is to realize the theoretical basis of sloshing loads formula of CSR-H
rules. The factors of defined parameters of the formula were investigated by using fluid dynamic, and
established a reasonable numerical process for estimating sloshing pressures. This research described
that the Computational Fluid Dynamics commercial code was adopted to calculate sloshing loads.
Firstly, two-dimensional tank was chosen to be a computational model in the first and second cases,
and evaluated sloshing loads on the bulkhead in periodic motion, and analyzed the effects on the
results of time step and grid size. Then the third case computational model chose the cargo oil tank and
ballast tank in double bottom of a 300 thousand tons tanker, and evaluated each sloshing load on the
bulkhead at different filling level conditions. The safety of rules and background considerations of
parameters in the formula are studied from computational results in comparison with design loads of

Rules.






