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Abstract: The Boussinesq model is a kind of wave model widely used in near-shore engineering, and its
computational accuracy mainly depends on the basic performance of the model, while the upper bound of
nonlinear application of the model has always been the focus of attention. In recent years, the two-layer
Boussinesq model has gained great progress regarding theoretical properties, numerical modeling and
applications. However, the value of its nonlinear upper bound has not been given in any literature. So in this
study, the stream-function of the two-layer Boussinesq model was solved using a combination of genetic
algorithm and Newton's method to determine the upper bound value of the model, considering the highest
spatial derivatives of order 3 and 5. In the same way, the stream-function solutions of the corresponding one-
layer Boussinesq model were derived. The numerical results show that the nonlinear upper bounds of the two-
layer Boussinesq model with the highest derivatives of order 3 and 5 are H/L = 0.137 and 0.138. Compared

with the one-layer Boussinesq model, the two-layer model has a greater water depth of applicability regarding
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strong nonlinear characteristics. The combination of genetic algorithm and Newton's method proposed in this
study can provide some references for solving the stream-function waves of the related Boussinesq models.
Key words: Boussinesq model; stream-function; nonlinear upper bound; genetic algorithm; Newton’s

method
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Fig.1 Diagram of water stratification
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Fig.2 Comparison of the stream-function solutions of Model 1 and the analytical solutions ( H/L=0.137)
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Fig.3 Comparison of the stream-function solutions of Model 2 and the analytical solutions ( H/L=0.138)
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Tab.2 Index of agreement of surface elevation between different models and the analytical solution
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Tab.3 Index of agreement of surface elevation between numerical (Model 1/3) and analytical solutions
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0.1310 1-6.99x107 1-6.28x1077 1-2.61x10° 1-2.09%10°° 1-2.09%10°°
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0.1350 1-1.09%107 1-9.81x10° 1-3.17x107° 1-1.37x107° 1-9.45x10°°
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0.1380 1-1.84x10™ 1-1.71x10™* — — 1-1.34x10™"
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Fig.7 Absolute errors between numerical (Model 1/2) and analytical solutions for the surface elevation
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Fig.8 Flow chart and pseudo-code of genetic Newtonian algorithm
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