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Fig. 1 Experimental platform and tank
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Fig. 2 Tank size and layout of pressure sensors
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Tab.1 Frequency value in experiments
W =/ mm F/ fo 8 £/ 1o
0.50 0.60 0.65 0.70 0.73 0.76 0.79 0.80 0.82 0.84 0.8 0.8 0.90 0.92 0.94
9% 0.96 0.98 1.00 1.02 1.04 1.06 1.08 1.10 1.12 1.14 1.16 1.18 1.20 1.21 1.24
| 1.27 1.30 1.40 1.50 1.60 1.70 1.80 1.90 2.00 2.10 2.20 2.30 2.35 2.40 2.42
2.44 2.46 2.48 2.50 2.52 2.55 2.60
0.50 0.60 0.65 0.70 0.73 0.76 0.79 0.80 0.82 0.84 0.8 0.88 0.90 0.92 0.94
200 0.96 0.98 1.00 1.02 1.04 1.06 1.08 1.10 1.12 1.14 1.16 1.18 1.20 1.21 1.24
1.27 1.30 1.40 1.50 1.60 1.70 1.80 1.90 2.00
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Fig.3 The determination coefficient R* varying with the water depth,amplitude and frequency for

two group of pressure data under the same experimental condition
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Fig. 4 Breaking phenomena induced by sloshing wave impacting the tank walls (A=90 mm, A=7 mm, f=1.1f,)
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Fig.5 Breaking phenomena induced by sloshing wave impacting the tank walls (A=200 mm, A=7 mm, f=0.96f;)
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Fig. 6 The evolution of the free liquid surface (A=200 mm, A=7 mm, f=0.96f;)
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Fig. 7 The evolution of the free liquid surface (Ah=90 mm, A=7 mm. f=1.06f,)
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Fig.8 The maximum impact load distribution of
different pressure measuring points under

different frequencies and water depths

—— A=3 mm
= A=5 mm
—— A=T mm

[ p1 ,

p/kPa
O 000~
NONREROHOON R
—————

ey

) 025 050 0.75 1.00 1.25 150 1.75 2.00 2.25 250 2.75
WA
(a) h=90 mm

—— A=3 mm
= A=5mm
—— A=7T mm

p/kPa

\ P
\ / ™
2 [ ?\
3 - N

N Y

-0.2 ! ! ! ! . !
0.25 050 0.75 1.00 1.25 150 1.75 2.00
11fy
(b) h=200 mm
B9 xiExt R ED NP m

Fig. 9 Effect of amplitude on sloshing impact pressure
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Fig. 10 The frequency response curve of sloshing impact pressure under different amplitudes
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Fig. 11 Pressure-time history curve and its enlarged view
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Fig. 12 FFT spectrum of transient and steady state pressure-time history curves under different external excitation frequencies
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et al. Study on sloshing law in tank with shallow

Excitation parameters sensitivity study of liquid sloshing
based on shaking table experiment

XUE Mi'an""*, XING Jianjian'”*, CHEN Yichao'’., LUO Maojun'”’

( 1.Key Laboratory of Coastal Disaster and Defence, Ministry of Education, Hohai University, Nanjing 210098, China;
2. College of Harbour, Coastal and Offshore Engineering, Hohai University, Nanjing 210098, China )

Abstract: In order to evaluate the sensitivity of different parameters to the sloshing impact pressure,
the response law of the motion amplitude, the water depth and especially the external excitation
frequency to the sloshing impact pressure is studied based on the shaking table experiment. In the
experiment, the motion amplitude is in turn 3, 5, 7 mm, the water depth is 9 and 20 mm respectively,
and the external excitation frequency ranges from 0. 5f, to 2. 0f, ( f, is the natural frequency). The
effects of motion amplitude, water depth and external excitation frequency on the repeatability of
experimental data are discussed by calculating the determination coefficients of the two experimental
data under the same experimental conditions. Findings show that the response frequency of the
maximum pressure in shallow water sloshing is slightly larger than the theoretical natural frequency,
and the response frequency of the maximum pressure in finite water depth sloshing is slightly smaller
than the theoretical natural frequency. The motion amplitude is sensitive to sloshing impact pressure
only when the forcing is near the resonant frequency. The transient phase of the pressure-time history
curve is mainly modulated by the external excitation frequency and the natural frequency, and the
steady state phase is only affected by the external excitation frequency and its frequency

multiplication.

Key words: liquid sloshing; pressure distribution; shaking table experiment; parameters sensitivity

analysis



