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Abstract: The wave impact phenomenon widely exists in nature, ocean and aerospace engineering. When the
wave impacts on the large-scale structure, the violent free surface may break and the wave tip entraps the air.
As a consequence, wave impact with gas-entrapment may cause localized and large load, which may lead to
structural failure. During the slamming process, the influence of gas on the natural modes of the free surface

has not been systematically reported. A series of experiments were designed and conducted to study the influ-
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ences of 2 different ullage space pressures on the natural frequencies and damping ratios of gas-liquid coupled
systems. High-speed cameras were employed to record the free-surface vibration. Furthermore, the surface
wave height was extracted with a self-made image-processing software. The results show that, the sloshing en-
ergy mainly concentrates on the lowest natural frequency of the free surface under a low ullage space pressure;
while the sloshing energy mainly concentrates on the 2nd natural frequency of the free surface under a high ul-
lage space pressure. As the ullage space pressure of the sloshing tank increases, the dominant natural frequency
of the free surface will increase, while the corresponding damping ratio will decrease. Therefore, the gas com-

pressibility is an important factor for the sloshing issue in the tank.
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Table 1 Correlations, natural frequencies, damping ratios and FFT frequencies of IMF components

of each group of experiments in the left cabin

IMF 1 IMF 2 IMF 3 IMF 4 IMF 5

correlation p -0.108 8 0.038 8 0.992 5 0.159 5 0.124 6
Jo /Hz 0.636 7 1.678 1 0.638 9 0.267 8 0.125 5
Jfa/Hz 0.636 0 1.670 0 0.638 6 0.267 7 0.124 9
damping ratio & 0.046 4 0.098 1 0.029 3 0.032 5 0.094 6
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(a) The wave surface with a (b) The wave surface with a (c¢) The wave surface with a

lager amplitude large curvature slight breaking wave
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Fig. 4 Capture of free wave surface
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Fig. 5 The left figure: the original wave height curve, the right figure: the time-domain

frequency curve after FFT transform
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Fig. 6 Different IMF components and the original curve
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Fig. 7 The left figure: the original wave height curve, the right figure; the time-domain

frequency curve after FFT transform(test 1)
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Fig. 8 The left figure: the original wave height curve, the right figure; the time-domain

frequency curve after FFT transform( test 2)
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Fig. 9 The left figure: the original wave height curve, the right figure: the time-domain
frequency curve after FFT transform( test 3)
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Table 2 Correlations, natural frequencies, damping ratios and FFT frequencies of
IMF components of each group of experiments in the left cabin(test 1)
IMF 1 IMF 2 IMF 3 IMF 4 IMF 5
correlation p 0.822 3 0.537 7 0.067 3 0.069 5 0.096 76
fo /Hz 1.772 8 0.645 9 0.372 7 0.238 6 0.183 0
f4/Hz 1.772 7 0.645 1 0.3717 0.233 1 0.182 8
damping ratio & 0.013 0.049 3 0.074 6 0.213 4 0.055 6
R 3 MM AL LI AY IMF i B AR DG B A A5 B2 HL LA FFT 40 (test 2)
Table 3 Correlations, natural frequencies, damping ratios and FFT frequencies of
IMF components of each group of experiments in the left cabin( test 2)
IMF 1 IMF 2 IMF 3 IMF 4 IMF 5
correlation p 0.037 1 0.867 0 0.500 3 0.022 1 0.027 3
fo /Hz 0.248 4 1.753 7 0.646 9 0.163 8 0.147 6
Jfa/Hz 0.248 4 1.753 6 0.645 2 0.159 4 0.147 6
damping ratio ¢ 0.006 1 0.013 7 0.073 7 0.229 9 0.024 9
R4 FEMMESHIIRAY IMF 434 B ARG | AT 4503 B L L& FFT 3305 (test 3)
Table 4  Correlations, natural frequencies, damping ratios and FFT frequencies of
IMF components of each group of experiments in the left cabin(test 3)
IMF 1 IMF 2 IMF 3 IMF 4 IMF 5
correlation p 0.006 6 0.731 0 0.651 4 0.150 0 0.011 4
Jo /Hz 0.908 0 1.753 8 0.679 3 0.562 2 0.207 7
Ja/Hz 0.907 2 1.753 6 0.678 3 0.561 7 0.204 7
damping ratio ¢ 0.042 3 0.012 3 0.057 5 0.043 8 0.170 9
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