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Sloshing Response Amnalysis of LNG Carrier Tank using
Fluid-Structure Interaction Analysis Technique of LS-DYNA3D
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Sloshing Response Analysis of LNG Carrier Tank using
Fluid-Structure Interaction Analysis Technique of LS-DYNA3D

Jang, In-Ho

Division of Marine Systems Engineering
Graduate School, Korea Maritime University

Abstract

Recently, as the demand of LNG(Liquefied Natura Gas) is rapidly increased, the
construction of LNG carrier is active and the sloshing problem is also greatly on the
rise causing the structural damage in containment system inside cargo tank. Sloshing is
a typical field of Fluid-Structure Interaction(FSI) problem, and its numerical analysis
approach becomes possible and is actively in progress with an advent and ongoing
advances in numerical simulation capabilities and its sophisticated tools.

In this study, numerica analyses for the sloshing of tank model and wet drop test
of box model, typical FSI problems, were carried out using ALE Multi-Material
Eulerian(AMME) technique of hydrocode LS-DYNA3D. LSDYNA3D code and
analysis technique were also validated through the comparison of simulation results
with experimental ones. Through this study, the opportunity could be obtained to
establish a more new and effective analysis of FSI problems.

The more accurate solution could be obtained and much less number of finite
elements could make an anaysis by the application of Grouping algorithm together
with AMME technique. It was found that the selection of pressure measuring locations
would be very important to get the more close responses to the experimental ones,
and that the more exact fluid response behavior, such as breaking wave etc., could be
realized.

Through the examination of the correlation between Lagrangian and Eulerian
elements in box type model wet drop simulation, it was aso confirmed that the
simulation results could more coincide with experimental ones, as the element size
becomes smaller, the ratio of Lagrangian element size to Eulerian one, the same, air
layers, more than four between box model and free surface, and the element of air
layer, a regular hexahedron.
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Table 3.1 Analysis condition of Tank Model 1

Analysis condition Surge
Period 1.12 sec
Amplitude 20 mm

Filling depth of water

0.7 of tank height

Pressure measuring locations

PT1, PT2

Fig. 3.2 Configuration of Finite Element model oank Model 1

Table 3.2 Finite element numbers of Tank Model 1

Node 138,602

Shell element 12,896

Solid element 124,544
Fig. 3.3 t = 0.0, 1.5, 3.0 %2 6.0 secol A &2 EYP W] {4 €274 A=
BHo]Fa glow, 3 Fo 7E & ¢ AusA FEE & AqJn & G2
mde] g2y FAMYAME B2 By F49E FAAMHANAY AA A
of £ AT SHe "MAe IdFS AESAT. A ®mMA Aol =
AR 84 AAE T FALE FEFoEA FAYY FAAH] ax
o Sl AAANANA Fokrh. & =&odAe FAAR ] dagAt a4 AR
TG YA/ ES 3o, Fig. 340049 o] HAAE case 1, $AE case 22
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with tank (t = 0.0 sec) withowtnk (t = 0.0 sec)

with tank (t = 1.5 sec) withowtnk (t = 1.5 sec)



with tank (t = 3.0 sec) withowtnk (t = 3.0sec)

with tank (t = 6.0 sec) withowtnk (t = 6.0 sec)
Fig. 3.3 Configuration of fluid sloshing behaviar Tank Model 1

(a) case 1

case 2
Fig. 3.4 Pressure measuring locations
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Fig. 3.5 Comparison of impact pressure of sloshiegf and simulation(Tank Model 1)
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Fig. 3.6 Configuration and dimensions of Tank Mo@elunit : mm)

Table 3.3 Analysis condition of Tank Model 2

Analysis condition sway

Period 1.00sec

Amplitude 5mm

Filling depth of water 0.5 of tank height
Pressure measuring locations P1, P2, P3

Fig. 3.7 Configuration of Finite Element model o&rik Model 2



Table 3.4 Finite element numbers of Tank Model 2

Node 143,226
Shell element 16,270
Solid element 126,504

with tank (t = 0.0 sec) withowtnk (t = 0.0 sec)

-

with tank (t = 1.5 sec) withowtink (t = 1.5 sec)




Pressure(kPa)

with tank (t = 3.0 sec)

withowtnk (t = 3.0 sec)

with tank (t = 6.0 sec)
Fig. 3.8 Configuration of fluid sloshing

withowtnk (t = 6.0 sec)
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Fig. 3.9 Comparison of impact pressure of sloshiegf and simulation(Tank Model 2)
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Table 4.2 Analysis scenario according to mesh size

item .
mesh size(mm)
case
case 1 50.0
case 2 25.0
case 3 12.5
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(c) case 3
Fig. 4.7 Impact pressure responses according tch e
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Table 4.3 Analysis scenario according to the ratioLagrangian & Eulerian mesh size

item . . . .
ratio of Lagrangian & Eulerian mesh siz¢
case
case 1 Lagrangian & Eulerian = 2:1
case 2 Lagrangian & Eulerian = 1:2
case 3 Lagrangian & Eulerian = 1:1
400 L} L) L) L} ' L) L) L} L} ' L} L} L} L} l L) L} L} L} 4y U I ! ! ! ! I ! ! ' !
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(c) case 3
Fig. 4.8 Impact pressure responses according tordtie of Lagrangian & Eulerian

mesh size
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Table 4.4 Analysis scenario according to the numiferir layer between box model
and free surface

item .
number of air layer
case
case 1 1
case 2 2
case 3 3
case 4 4
case 5 5
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2 -1 2 - =
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] ]
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Fig. 4.9 Impact pressure responses according tontimeber of air layer between box
model and free surface
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Table 4.5 Analysis scenario according to the théslenof air layer between box model
and free surface

item ” .
thickness of air layer(mm)
case
case 1 12.50
case 2 18.75
case 3 25.00
case 4 31.25
case 5 37.50
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(@) case 1 (b) case
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Fig. 4.10 Impact pressure responses according dotliltkness of air layer between

box model and free surface
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