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Fig. 1. aHOU, HOU and MCC models: (a) The variation of the linear speed cj,/(gh) with kh; (b) the variation of kh with amp-

litude.
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Fig. 2. Schematic diagram of experimental arrangement.
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Fig. 3. Comparison of theoretical and experimental waveforms for KdV, eKdV, MCC and aHOU models: (a) a/h =—0.2028; (b) a/h =

~0.1362; (c) a/h = ~0.0584.
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Table 1. Waveform fitness of three theoretical models.

lal/h A aH0U Aekav Axav
0.010 0.0702 0.0273 0.0459
0.015 0.0748 0.0402 0.0681
0.020 0.0780 0.0549 0.0931
0.025 0.0809 0.0650 0.1121
0.030 0.0828 0.0743 0.1314
0.035 0.0836 0.0852 0.1483
0.040 0.0868 0.0981 0.17197
0.045 0.0883 0.1074 0.1908
0.050 0.0879 0.1135 0.2029
0.070 0.0912 0.1494 0.2775
0.080 0.0914 0.1597 0.3037
0.090 0.0791 0.1709 0.3308
0.100 0.0878 0.1803 0.3607
0.110 0.0895 0.1888 0.3908
0.120 0.0866 0.1941 0.4143
0.130 0.0840 0.2006 0.4464
0.140 0.0842 0.2009 0.4727
0.150 0.0818 0.1972 0.4921
0.200 0.0708 0.0950 0.6075
0.250 0.0876 — —

0.260 0.0604 — —

0.270 0.0588 — —

0.280 0.0567 — —

0.290 0.0525 — —
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Fig. 4. Variation characteristics for KdV, eKdV, aHOU and MCC models: (a) The effective wavelength A/h with amplitude |a|/h ;

(b) the wave speed c¢/cowith amplitude |a|/h .
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Fig. 5. Comparison of steady-state internal solitary waveform of KdV, eKdV, aHOU and MCC models: (a) |a|/h = 0.010; (b) |a|/h

= 0.015; (¢) |a|/h = 0.020; (d) |a|/h = 0.100.
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Abstract

Internal solitary waves exist widely in the oceans, and their generations, propagation evolutions, and
dissipations have profound effects on the ocean environment, topography, and marine structures. Typically, two
basic theoretical models are now being developed to govern the evolutions of internal solitary waves at the
interface of two immiscible inviscid fluids. One is a unidirectional wave propagation model described by the
KdV (Korteweg-de Vries) equation, and the other is a bidirectional wave propagation model depicted by the
Miyata-Choi-Camassa (MCC) equation. Neither of them, however, can effectively characterize the course of the
evolution of large-amplitude internal solitary wave. In this paper, a modified unidirectional internal solitary
wave model is established by adjusting the coefficients of the original unidirectional model. The adjusted
coefficients are determined through asymptotic analysis by matching with the MCC model. The efficacy of the
modified coefficients is investigated by comparing the modified model with the original model. The experiments
on the generation of internal solitary waves with varying amplitudes are carried out by comparing the internal
solitary wave solution of the modified equation. It is shown that the modified model is suitable for describing
the waveform of internal solitary waves with small, medium, and large amplitudes within the limiting amplitude
of the MCC model. By quantitatively analyzing the agreement of the effective wavelength, wave speed, and
waveform of steady-state internal solitary waves between the unidirectional model and the MCC model, the
applicability of the modified model in characterization of the properties of steady-state internal solitary waves is
further investigated. In addition, the stability of unidirectional theoretical model is analyzed for simulating the
propagation of large-amplitude internal solitary wave under flat bottom condition. It is found that the
unidirectional model is suitable for initiating its own internal solitary solution provided that the numerical
scheme is stable. It is shown that the modified unidirectional model can be used to characterize large-amplitude

internal solitary waves, and is also expected to be applied to the study of marine structure hydrodynamics.
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