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A Sloshing Analysis of Storage Tank using Multi-layer Perceptron
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Abstract

Exl-ﬂE

Artificial

The oscillation of the fluid caused by external forces is called sloshing, which occurs in moving
vehicles with contained liquid masses, such as aircraft, cars and liquid rocket and so on. This sloshing
effect could be a severe problem in vehicle stability and control. So, various baffles are used in order
to reduce the sloshing. The Lagrangian, Eulerian and ALE numerical method is widely used on the

analysis of sloshing presently.
study, for the reduction of the sloshing analysis time,

network is introduced and analysis results are presented.
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But, these numerical methods are needed so many CPU time. In this
the multi-layer perceptron artificial neural
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Fig. 1 Neuron with n-th inputs
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Fig. 2 Multi-layer perceptron airtificial neural
network
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Fig. 3 The dimensions of rectangular tank

H = 150 mm
hy = 25~50mm)

(L. = 300 mm W = 100 mm
Ly = 10~40 mm hy = 50mm
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Fig. 4 The wvelocity history applied in sloshing
analysis
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Table 1 Material properties of acrylic tank and

water

Material| Material properties | Unit Value
Young's modulus (E)| GPa 3.003
Acrylic| Poisson’s ratio (v) 0.3
Density (p) kg/m’ 1170
Bulk modulus (K) GPa 2.07

Water Shear viscosity s | 1.131x10°
Density (p) kg/m’ 1000

MEC Pofran 2000 12 26-Sep-03 22 4450

Fringe. Biesubs #1, Cycle 616 ML FRST-QUT, {NON-LAYERED)
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Min 217005 304d 1038

Fig. 5 Stress contour of the tank by sloshing
(Baffle length Ly=10, Install height hy=50mm)
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Fig. 6 Stress history at node 155 of storage tank
with Ly=10, hy,=50
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Table 2 Training data for sloshing analysis of
rectangular tank with baffle

Pattern
Design 1 2 3 4 5
variables
Install height” 05 0.5 0.5 0.5 0.8
Length™ 0.1 0.2 0.3 0.4 0.1
Target output | 0.4696|0.5030 | 0.5371 | 0.7841 | 0.6526
6 7 8 9 10 11 12
0.8 0.8 0.8 1.0 1.0 1.0 1.0
0.2 0.3 0.4 0.1 0.2 0.3 0.4
0.6161 | 0.6215 | 0.8403 | 0.6079 | 0.5722 | 0.6763 | 0.7790
# : Baffle install height = x10°[mm],
#% : Lengh of baffle = x10°[mm],
##%  Maximum stress = x2x10'[MPal
Table 3 The analysis results using by ANN
Pattern 1 9 3 4 5 6 7
Results
a1 05 | 05 | 05| 05 | 08| 08| 08
height
Length 0.1 02 | 0.3 0.4 0.1 0.2 0.3
Actual 1, 171710,5000(0.5383]0.7841|0.6149(0.6184/0.6403
output
Target |, 1696(0.5030]0.5371{0.7841/0.6526/0.6161|0.6215
output
Error(%)" | -0.45 | 0.60 022 000 | 580 0.37 | -3.03
8 9 10 11 12 13 14 15
0.8 1.0 1.0 1.0 1.0 0.5 0.8 1.0
0.4 0.1 0.2 0.3 04 | 025 ] 025 | 0.25
0.8347 | 0.6161 | 0.6186 | 0.6356 | 0.7866|[0.5156 | 0.6243 | 0.6232
0.8403 | 0.6079 | 0.5722 | 0.6763 | 0.7790 | 0.4987 | 0.4982 | 0.5703
067 | -1.35 | 810 | 6.02 | 098 | -3.4 |-25.31| -9.28
_ _Target ouipret— Actual ouwipet
* Errorl%1= Targef ouwipret >100
Qv NAWeGol HEHOL oFoIASE
% & ok AT, ol olFolAA @ 5
B 13~15% FH A 3.4%0AM Hol 253%9] LAkE
Rola Qlvt, Z+zbe] e ofgt o]t Axf=
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Fig. 7 The analysis results using by ANN
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