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Sloshing Reduction Optimization of Storage Tank Using Evolutionary Method
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ABSTRACT

The oscillation of the fluid caused by external forces is called sloshing, which occurs in moving vehicles with contained liquid
masses, such as trucks, railroad cars, aircraft, and liquid rocket. This sloshing effect could be a severe problem in vehicle stability and
control. In this study, the optimization design technique for reduction of the sloshing using evolutionary method is suggested. Two
evolutionary methods are employed, respectively the artificial neural network(ANN) and genetic algorithm. An artificial neural
network is used for the analysis of sloshing and genetic algorithm is adopted as optimization algorithm. As a result of optimization

design, the optimized size and location of the baffle is presented
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Fig. 1 The shape of rectangular storage tank partially
filled water
(L =300 mm
Ly =10~40 mm

W =100 mm
h,, = 50mm

H=150 mm
hp=25~50mm)

Table 1. Mechanical properties of the Acrylic and Water

Material | Mechanical Property 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 ! 1.131x10°
Density (p) kg/m® 1000
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Fig. 2 Apparatus of experimental device for sloshing

Water heightlh/h ]

- - - - Experimental result
~——— ALE analysis result

2
Time [Sec]

Fig. 3 Comparison of Experimental result and ALE result
for water height variation under sloshing
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Fig. 4 Multilayer perceptron artificial neural network
used in this study
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Fig. 5 The velocity history applied in sloshing analysis
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Fig. 6 Water height variation history measured at the
wall of tank for Lh=40mm, Lb=10, 25, 40mm
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Fig. 7 Water height variation history measured at the
wall of tank for Lh=25, 40, 50mm, Lb=40mm
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Table 2. Learning data of storage tank with baffle for the
sloshing analysis

Patterns }?:tif}f Baffle Desired
. e Width Output
location

1 0.5 0.1 0.1824
2 0.5 0.25 0.1774
3 0.5 0.4 0.1561
4 0.8 0.1 0.0997
5 0.8 0.25 0.0833
6 0.8 0.4 0.0570
7 1.0 0.1 0.1497
8 1.0 0.25 0.1536
9 1.0 0.4 0.1351

* : Baffle install location= x5x10'[mm)],
** : Baffle width= x10?[mm],

*** . Standard deviation= J{i(xk —average)z}/n

k=]

Table 3. Analysis results by ANN for the sloshing of
storage tank

Patterns Actual Desired Percent
Output Output Error*

1 0.1824 0.1824 0.0%

2 0.1774 0.1773 0.1%

3 0.1561 0.1562 0.1%

4 0.0997 0.1015 1.8%

5 0.0833 0.0806 -3.4%

6 0.0570 0.0581 1.9%

7 0.1497 0.1534 2.4%

8 0.1536 0.1469 -4.6%

9 0.1351 0.1379 2.0%
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Fig. 8 Flow chart of sloshing reduction optimization
using ANN and GA
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Minimize f(x),

f(x) =Standard deviation of water height variation

Subject to
0.5<x(L,)=10

0.1<x,(L,)<0.4

A71A, f(x)E FHFFEM €228 244
v RAEYY ®mold EEIX x(,) %
x(L) & 77 2ANEEA WEEA g0 @
RELRE M2
42 st 2y R A3

A43 £4E A8 A8 KALRIFY A

g7y o o] delvjgls tay #oh HFE
#4 & wujg Sduio] #5L2 27 08 H 0.05
Z A 250 Az & 233

Selection method = Roulette wheel selection,
Crossover rate=0.8,
Mutation rate=0.05
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Table 4 Optimization results of the sloshing reduction

problem
Optimized baffle install height, 4
x(L,) 0.7143
Optimized baffle width, 04
x,(Ly) ’
Optim}l(rjlc)value, 0.033
Fig. 9 2 Z} 2§48 #7F EHTFE Ad

Fo uke} el Zolth HFH EATEE 9 20
A ol ¥ =HEFR o 1 gk 0.033 ot} Fig.

-414-



& 2 28NN AL BRFF) AFse
AMERE 2 Adisel we Ve Zeldh
20 AT ol Fo] MBHAAAE 07143, W Z )
e 0adl 535 Ae ¢ & A

[ATREAN 4

0.09-
(]
2 ooe-l"n - :
3 - —o— Best Object Function Value
g 007}
g ool
0.06 4
N
8 oo0s{
8
0.041 ’T L) om o @
R R NI 1 0
0.034
50 100 150 200 250

Generation number

Fig. 9 History of best object function value against GA

generation
0.8+
a7 r‘" | , bl
T T
§ 0.64
g
c 0.5
2 04l ¥
& T8 LR |
0.3 —o— Install height
—a— Baffle width
100 150 200 250

Generation number

Fig. 10 History of design variable values against GA
generation

[N

I

5.

2 d7elMe HANET A3 FHg sk
e A E AZRANF FAY e24S AR
717} 98 ZFE= “HEQ AR 1 EL7]
of 3t AHUAE QTAALY §HAL TS
g5t sYsiglod ‘ﬂr%«] 2ES 4otk

1) dFANATY sgdoly AAE 3 7 o

T-olA g ALE 24847 e 43439
o] HmoM BFAE Ze ZAoE Almddh

2) £24 ARATE ZE] A8 4 A

wsle) 3 TEHAE S L2 =938

= A HEZ ol

F3 AF4 A GG 4FTHORE FHHY

2 3 24 AF HHs

WE3719 ARYXe= A

40mm Y 35.7mm B AA)HJod ol FAE

gel EFHAE 0.033 ]t}

H FF AFINE woh e AN 3
§ 9 A5ILHALTAZE HEW ANSE
Fystaz ek

(1) Bauer, H. F. and Eidel, E., 1999, “Frictionless Liguid
Sloshing in Circular Cylindrical Container Configulations”,
Aero Science and Technology, No. 5 pp. 301 ~311.

2 23H F, 2002, “hEANF F HARS ] FE
2k ZVJE&.E«] %‘ﬁﬂl EJ%”, @i‘%ﬂ’&?é%’-ﬁ—}ﬁl =
3, Vol. 15, No. 1, pp.147~154.

3) 2R T, 2002, “vHL2 ¥ Iy dz5dY
a9 =24 E%H%Oﬂ #3 FFaasr, FIAAM
T3 3] =23, Vol. 15, No. 4, pp.619~628.

4 01‘5" %, 2003, “AXEFIAE ALY FAA
ga W7 24 54 947, 852535 TH3=
23, Vol. 13, No 8, pp. 591 ~597.

(5) o197 F, 2003, “¢7h¥ R ALY wjES o] &

FAAGHI WE 24 ZPJ a7, g7
33]:=83 A, Vol. 27, No. 12, pp.2039~2046.

O)FEd &, 199, “dANdag Fadte <4z
24 84 2 HF wZdAe 83 47, §5%F
8-38} 3] 2], Vol. 27, No. 5, pp. 60-70.

(7) AZ, 2000, AL R EY 1§87, THA}

(8) YA 5, 1995, “A 58 Genetic Algorithm o] 2]
g HAMA, AATETEHY =73, Vol 8, No. 2,
pp.123~132.

9 BES 5, HA-FH1A guF o F
Egfze] PRAAg, FFILTETEE, Vol. 2, No. 3,
pp.61~70

(10) Vanluchene, R. D., and Sun, R, 1990, *“Neural
Networks in Structural Engineering”, Microcomputers in Civil
Engineering, Vol. 5, pp. 207 ~215.

(11) D. E. Goldberg, 1989, “Genetic Algorithm in
Search, Optimization, and Machine Learning,” Addison-
Wesley.

-415-



