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Sloshing & Slamming Response Analyses using
Fluid-Structure Interaction Analysis Technique of
LS-DYNA

Baek, Yun-Hwa

Division of Naval Architecture and Ocean Systems Engineering

Graduate School, Korea Maritime University

Abstract

As the cargo tank size and configuration of LNG carrier grows in response to the global
increase in demands for LNG and the necessities of its economical transportation, sloshing
impact loadings may become one of the most important factors in the structural safety of
LNG Cargo Containment Systems (CCS). As the size of bow flare and the width of flat
stern shape also grow in the modern large containerships for the extension of deck area and
the improvement of propulsive efficiency, slamming impact loadings may be important factor
in their structural safety assessment.

With the advent and ongoing advances in computational capabilities and its sophisticated
tools, such as highly accurate dynamic nonlinear simulation code LS-DYNA, etc., shock
response analyses, such as sloshing and slamming, have been actively carried out for more
exact prediction of impact loadings together with tests and/or experiments, using
Fluid-Structure Interaction (FSI) analysis technique.

In this study, to understand the characteristics of shock response behaviors of tank
sloshing and wedge water entry problems and to enhance the shock response analysis
technique, numerical simulations of 2D tank sloshing and 2D wedge slamming were
performed using FSI analysis technique and ALE2D option of LS-DYNA code. Verifications
were also carried out for the enhancement of simulation capability through the comparison
of simulation results to experimental ones. Diverse parameters could be examined because of
very efficient computational time using 2D simulation problems with recent R4.2.1 version
of LS-DYNA ALE2D option. It could be confirmed that relatively good agreements of the
analysis results were obtained compared to the experimental ones, and several parameters in
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the coupling algorithm and the mesh size in the shock area greatly affected the shock
responses.
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(a) experimental set-up installed in a water tank



(b) free surface of deformation during water entry
Fig. 1.1 Configuration of wet drop test of symmetric wedge (Yang et al.
2007)
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(b) tank model 2

(a) tank model 1
Fig. 3.2 Configurations of 2-D F.E. mesh of tank models

Table 1 EOS linear polynomial of fluid model

item flesh water air
density(kg/m’) 1,000.000 1.225
Co (Pa) 0 0
C: (Pa) 2.002¢9 0
C, (Pa) 8.436¢9 0
C; (Pa) 8.010e9 0
Cy 0.4394 0.4000
Cs 1.3937 0.4000
Cs 0 0
E, (Pa) 2.086¢5 2.500e5
Vo 1 1

p= G+ Cu+ Gy’ + Cyi* +(C, + Gyu+ Gy’ )E (pressure in compression)
p=Cu+(C,+ Gu+ Gy )E (pressure in tension)

where, pu=p/p,—1

E : unit of pressure
Eo : initial internal energy per unit reference specific volume

Vo : initial relative volume



Fig. 3.4 Configuration of 2-D fluid sloshing behavior in tank model 2
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(a) 10 times (b) 25 times (c) 50 times
Fig. 4.6 Configuration of F.E. mesh of fluid domain with fine mesh 1.0mm
according to enlargement factors to boundary




(a) 0.5 mm (b) 1.0 mm (c) 2.0 mm
Fig. 4.7 Configuration of F.E. mesh of fluid domain with enlargement factor
50 to boundary according to fine mesh size

Table 2 Summary of the numbers of finite element mesh according
to fine mesh size

fine mesh size number of finite element mesh
0.5 mm 350,000
1.0 mm 90,000
2.0 mm 35,000




(a) 0.00 sec (b) 0.01 sec

(c) 0.03 sec (d) 0.05 sec
Fig. 4.8 Wedge slamming simulation response behavior with F.E. size
1.0mm and enlargement scale factor 50.0

(a) 0.00 sec (b) 0.01 sec



(c) 0.03 se (d) 0.05 sec
Fig. 49 Zoom view of wedge slamming simulation response behavior with
F.E. size 1.0mm and enlargement scale factor 50.0
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Fig. 4.10 Wedge slamming simulation response with F.E. size 1.0mm
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