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- Application to the Cavity Filling and Sloshing Problems -
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Abstract

Finite element analysis of fluid flow with moving free surface has been carried out in two and three
dimensions. The new VOF-based numerical algorithm that has been proposed by the present authors was
applied to several 2-D and 3-D free surface flow problems. The proposed free surface tracking scheme is

based on two numerical tools that have been newly introduced by the present authors; the orientation vector to
represent the free surface orientation in each cell and the baby -cell to determine the fluid volume flux at each
cell boundary. The proposed numerical algorithm has been applied to 2 -D and 3-D cavity filling and sloshing

problems, which demonstrated versatility and effectiveness of the new free surface tracking scheme as well as

the overall solution procedure. The proposed numerical algorithm resolved successfully the interacting free

surfaces with each other. The simulated results demonstrated the applicability of proposed numerical

algorithm to the practical problems of large free surface motion. Also, it has been demonstrated that the

proposed free surface tracking scheme can be easily implemented in any irregular non -uniform grid systems
and can be extended to the 3-D free surface flow problem without additional efforts.
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Fig. 1 Definition sketch for 2-D cavity filling. (a)
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Fig. 2 Free surface profiles and velocity vectors in
2-D cavity filling. Results obtained with the
present numerical scheme. Time increment is
A=0.08 s
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Fig. 3 Free surface profiles and velocity vectors in
2-D cavity filling. Results obtained with
FLOW-3D®. Time increment is A=0.08 s
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Fig. 5 Free surface profiles during filling of 3-D
cavity with a centered injection hole. Results
obtained with the present numerical scheme.
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0.28 s, (f) 0.36 s, (g) 0.44 s, (h) 0.52 s, (i)
0.56s,(j) 0.68s, (k) 1.00s,and (1) 1.40 s
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Fig. 6 Free surface profiles during filling of 3-D
cavity with a centered injection hole. Results
obtained with FLOW-3D®. (a) 0's, (b) 0.12 s,
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Fig. 7 Free surface profiles during filling of 3-D
cavity with an off-centered injection hole.
Results obtained with the present numerical
scheme. (a) 0 s, (b) 0.12 s, (c) 0.20 s, (d)
0.24 s, (e) 0.28 s, (f) 0.36 s, (g) 0.44 s, (h)
0.52 s, (i) 0.56 s, (j) 0.80 s, (k) 1.00 s, and (1)

1.40s
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Fig. 8 Definition sketch for sloshing in a container
subject to forced sinusoidal horizontal
oscillation. (a) Container partially filled with
water and (b) a non-uniform 41x49 mesh
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Fig. 9 Free surface profiles in a container subject to
forced sinusoidal horizontal oscillation
(A4=0.93 cm, ®=5.31, T=1.183 s). Results
obtained with the present numerical scheme.
Time increment is Az=1.8 s
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of time during sloshing in a container
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obtained with the present numerical
scheme. Time increment is Ar=1.8 s
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Fig. 14 Free surface proﬁles of sloshing motion in
the oil tanker with a baffle. Results
obtained with the present numerical
scheme. Time increment is Ar=1.8 s
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Fig. 15 Definition sketch and numerical mesh
system for 3-D sloshing in an oil tanker. (a)
A tanker partially filled with crude oil and
(b) non-uniform 26x21x17 mesh

Table 2 Parameters for 3-D tanker motion

Translation Rotation
x y z x y z
B

Amplitde | 53 05 5 4 | 8 50 20
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Fig. 16 3-D free surface profiles of sloshing motion
in an oil tanker. Results obtained with the
present numetical scheme Time increment
isA=3.0s
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