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Abstract

The sloshing mode of liquid (natural frequency, mode shape and damping ratio) is the important
parameter for the design of liquid-storage structure and the vibration control. In this paper, the
artificial excitation is used to stimulate the first mode motion of the liquid free surface in contain-
er. The decaying free sloshing in the first mode will occur on the liquid free surface after removing
the excitation. The decay curves of free vibration of wave height on the several points of liquid
surface can be simultaneously measured by the several laser displacement sensors. Thus, the first
natural frequency, mode shape and damping ratio of liquid sloshing can be obtained. The experi-
mental frequencies and mode shapes agree well with theoretical results. The present experimen-
tal identification method is applicable to the arbitrary tanks.
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Figure 1. Schematic diagram and equipment for sloshing measurement: (a) Schematic dia-
gram for sloshing measurement; (b) Equipment for sloshing measurement
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Table 1. The positions of laser displacement sensors
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Figure 2. Elevation drawing of rectangular tank
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Figure 3. The oscillogram of the first sloshing mode
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Figure 4. Synchronous wave-height response curves of 4 measuring points
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Figure 5. Decay curve of free sloshing wave-height: (a) Time-response curve of wave height; (b) FFT transformation of
wave height response
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Table 2. The first natural frequencies of liquid sloshing in a rectangular container
= 2. B B[RRI —IN R BRINE
7KIE H (m) iR E (Hz) i Ansys 15 {# (Hz) R B B (Hz)
0.14 1.516 1.507 1.529
0.17 1.547 1.538 1.567
0.20 1.574 1.559 1.588

Table 3. The first damping ratios of liquid sloshing in a rectangular container
7= 3. ERE B[RRI —M RaE etk (%)

KR H (m) WHEBLL &y RHJEE &, MR & P Ll kB8 (i
0.14 0.192 0.00283 0.195 0.251
0.17 0.186 0.00223 0.188 0.240
0.20 0.184 0.00220 0.186 0.264
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Figure 6. The first sloshing mode of liquid (Ansys result)
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Figure 7. The first sloshing mode of liquid

7. itk —M REFRE
6. &t

ARSI AT B 2 AN OGRS A Tk s wT (R0 B 22 A s S sl AN TSR i 7 5, WA S
KRG SRS, Al AR RR B B th R ah iR . RS e bR K. RS 1) SE s
PR EX N PSS RAT 1, SR EEW AR S RiF, EHR S RO R E TN
Z, HEFA: ARG RRIL T E AR, Mskbra ZiRasr, HRXELLS B SR sk

[t A

Fidr, BEANAE R B I AR B B AR 7K s UL B E ISR IR o A SCHAAR SR B U0 77 12 R e

DOI: 10.12677/ijfd.2017.54014

131

ks 1%


https://doi.org/10.12677/ijfd.2017.54014

EMEH, Fiak

MFEETRAR B S

SEHk (References)

[1] Dodge, F.T. (2000) The New “Dynamic Behavior of Liquids in Moving Containers”. Southwest Research Institute,
San Antonio, TX.

[2] Ibrahim, R.A. (2005) Liquid Sloshing Dynamics: Theory and Applications. Cambridge University Press, Cambridge.
https://doi.org/10.1017/CB0O9780511536656

[3] Faltinsen, O.M. and Timokha, A.N. (2009) Sloshing. Cambridge: Cambridge University Press.

[4] Z98%F. Wk SEEhsh M. dbat: Blaz i, 2017.

[6] E ik MARINERO AR NSERBII]. B 127274k, 1991, 8(4): 27-35.

[6] T30, GIRK. Rhifik SRS A S BIN AU AHR ] JRsh TREAR, 1992, 5(3): 211-218.

[7]1 Li, Y.and Wang, Z. (2016) Unstable Characteristics of Two-Dimensional Parametric Sloshing in Various Shape Tanks:
Theoretical and Experimental Analyses. Journal of Vibration and Control, 22, 4025-4046.
https://doi.org/10.1177/1077546315570716

[8] ik, ZEEF, ki, 4R H AR SR R BRI IR AI[]. R3S e, 2016, 35(8): 173-176.

[91 Clough, R.W. and Penzien, J. (2003) Dynamics of Structures. 3rd Edition, Computers & Structures, Inc., Berkeley,
CA.

L%
Hans X
RIS B B P A 2K
1. FTFFEIM T http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD

TRIFIERMEESE: [ISSN], H AT ISSN: 2328-0557, RIW] A

2. FTFFENIE TR http://cnki.net/
e« BRSCEk A" BEN, I NSCEERRE, RIR A

AEE S http://www.hanspub.org/Submission.aspx
HATFIIEAE : ijfd@hanspub.org

DOI: 10.12677/ijfd.2017.54014 132 PRS-


https://doi.org/10.12677/ijfd.2017.54014
https://doi.org/10.1017/CBO9780511536656
https://doi.org/10.1177/1077546315570716
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:ijfd@hanspub.org

	Experimental Identification of the First Sloshing Mode of Liquid
	Abstract
	Keywords
	液体一阶晃动模态的试验识别
	摘  要
	关键词
	1. 引言
	2. 试验装置
	3. 自由液面波高、频率、振型与阻尼的测量
	4. 一阶自然频率、振型和阻尼比系数理论解
	5. 试验结果与理论值的比较
	6. 结论
	参考文献 (References)

