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A Study on the Sloshing of the Rectangular Tank Partially Filled
with Fluid Under Translational Motion
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ABSTRACT

The oscillation of the fluid caused by external motions is called sloshing, which occurs in moving

vehicles with contained fluid masses, such as the oil tankers, railroad cars, aircraft and rockets.

Natural frequencies of fluid are much lower than that of solid structures, and the deformation caused

by the excitation that is less than 1st natural frequency of fluid is very large. For the reason of that,

sloshing characteristics under the excitation that is less than the 1st natural frequency must be

studied prior to the consideration of natural frequencies of fluid. The experimental devices are

constructed to simulate the translation motion. The rectangular tanks are made to study the sloshing

characteristics under external excitation. The changes of water height are measured using an

analogue camcorder and MPEG board, and those are compared to each other through a standard

deviation, From the results of experiments, the sloshing is greatly influenced by the length of the

rectangular tank than the width of that under the periodic franslational motion in the length

direction. The rapid amplification of sloshing by resonance is also confirmed experimentally.
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Fig. 1 Apparatus of sloshing experimental device

592/8=42xs3FstE =

ud

AL APAY TFLE AMESIAT AR AE S
mm FAY T olddzy ojZd ELE AMEEd
Fig. 29} 7o] AFstdom, AtZeae wo] HE
150mmE BEF 4ASA AAFAI Zol L3} L‘]
H W& ¥siA71EA *}2}%34 A7le e
g FP3A) olE A8 F S AHLHAE
sgom zZtzte] A7) Table 19 AAIESTE 3
Ast A" A A RS Ys)A] Table 24
Zol L3}t vl wel me} Alte=e] o]§8 B3
3o ALY &, A A olFo] L300W100°]
o 7ol Lo] 300 mme}T Y]l W7k 100 mmel A
e ag ouigit, Agd AHSE FAZE ES A
4351909 9 Folg EE A4 dsto g A
2t A =ol¢] 1/39) 50mmE A ¥ AFE 59
st

é ruZ
Dy g

rh

Z]
#

L

T "

Fig. 2 Coordinate system and shape of rectan-
gular tank

Table 1 Rectangular tank size for experiment

Rectangular tank size Width
{unit : mm) 50 100 150
200 0
Length 250 e}
300 O (@] O

Table 2 Designation for various rectangular tank

size
Tank name Description (unit : mm)
L200W100 Length 200, Width 100
L250W100 Length 250, Width 100
L300W100 Length 300, Width 100
L300W50 Length 300, Width 50
L300W150 Length 300, Width 150
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Measure water height
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Fig. 3 Procedure to measure water height
variation
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Fig. 4 Changes of water height for the tank
L250 W100 under 0.65Hz
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L : Length of rectangular tank

W Width of rectangular tank

g . Acceleration due to gravity

h . Depth of liquid
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Fig. 5 1st sloshing mode of water on the inside

of tank L300W100

Table 3 Material properties of acrylic tank and

4. Agda 3 nE

41 AAZtei3o 3Jjo) ME &2
AZE A A7) e 24
3to] Zojot UH|E WHEAFIHA 43
WA, Atzte g Zojol g
8 Fig. 6(a)X¥d "z Uro
mm¢ 150 mmZ FL3A 24
of "asl Zdo|lE 200, 250, 300 mmE A3 T HEA
AYsFy, Abeas vule] tigk s Lolr7|
8l Fig. 6(b)x¥ =29 Zolet EolE z}z 300
mm® 150mmZ 2ZA% F |yujE 50, 100, 150
mmZ WA 7|EAM AES FsHTh 7 He
Wz F7]E 051 Hz2 3 fAle &8 A3
o A=A gkl AYRE Y Eole EF 5
mmZ SH B9 Fo|dss AH A 9F%
Holx ZAsIPgon FZx AFEHE 12 7|FLE
g 7A%o i3] AiAQ ) FROE HAFUTL
Fig. 7& Abdejael Aelghs 200, 250, 300 mm
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2" o A3 dFHAGAY Exo] ¥ F%
A}FE°) 2, Fig. 82 Arztef=e] wu[ThE 50, 10,
150 mmE WA 7S HAF7] 051 He2 7h3€
m A 9E MY Egolwstoltt Fig 7

e 02

water ox B3 ZA ol Alzeiael Zolrt 71
Material | Material properties | Unit Value FE B9 goldsiyt SVHEE VT + Ydou
Young's modulus (£) | GPa 3.003
Acrylic | Poisson's ratio (1) - 0.36
Density (o) kg/ i 1170 - -
Bulk modulus (K) | GPa 2.07
Water Shear viscosity s 1.131x10° L200W 100 L250W 100 L300W 100
Density (o) {ke/m] 1000 (a) Various length at width 100 and height 150

Table 4 1st natural frequency of water by

FEM and theoretical method

Tank size 1st natural frequency(Hz)
(unit mm) ANSYS Theory
L 200 163 161
H 1501 w100| L 250 135 1.33
h 50 L 300 116 113
L 300, W50 1.16 113
594/8t =438 =28/A 13d A8 E,

———

L300W50 L300W100 L300W150

(b) Various width at length 300 and height 150

Fig. 6 Rectangular tanks for experiment depen-
ding on tank size(unit : mm)
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Table 5 Standard deviation

of water

variation for the various tank size

height

Rectangular tank name g?ﬁi{?@rg

Var L200W100 0.0522

arious L250W100 0.1071
length

L300W100 0.1475

, L300W50 0.1398

Various L300W100 0.1425
width

L300W150 0.1456
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Fig. 12 Standard deviation of water height

variation depending on various excitation
conditions

Table 6 Standard deviation of water height
variation for the various excitation
conditions

Tank name| o0 etd %y | deviation
0.508 (25.0 rpm) 0.1473
0.566 (27.7 rpm) 0.3273

L300W100 0.615 (30.0 rpm) 0.1875
0.659 (32.5rpm) 0.2414
0.713 (35.0 rpm) 0.2925
0.508 (25.0 rpm) 0.1120
0.615 (30.0 rpm) 0.2084

L250W100 0.645 (31.8 rpm) 0.3404
0.693 (33.8 rpm) 0.2493
0.713 (35.0 rpm) 0.2213
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