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摘    要
全非线性波浪的研究对于船舶与海洋工程有重要的意义,尤其对非线性浅水波浪的研究还需要更深入。本文通过对二维浅水GN理论的研究以及算例的验证，发现该理论能够很好的模拟全非线性浅水波，对于波浪的研究有一定的价值。
本文将Webster等人于2011年推导出的三维浅水GN理论控制方程退化为二维浅水GN理论最终控制方程。基于Webster等人1992年提出的Thomas算法，将以前的三点差分法进行改善，采用五点差分法对时间空间混合偏导数进行离散，提高了精度。提出在造波端加设消波函数消除海底斜坡产生的反射波，并采用二次多项式、余弦函数及指数函数这三种常用的消波函数进行长时间的模拟，无法得到理想结果。本文首次推导了新型的九次多项式消波函数，并通过算例验证了该消波函数可以有效的消除反射波的影响，并能够长时间稳定的模拟。同时应用Adams格式进行时间步进，较以前采用的二阶欧拉格式提高了精度。采用优于五点滤波公式的十三点滤波公式进行海底光滑。
结合具体算例，详细地对空间步长、时间步长以及GN级别进行分析，从而确定收敛性。参照经典实验，对浅水波及孤立波在变化海底上的传播问题进行数值模拟，并与实验值和其他理论的数值模拟结果进行了比较，得到满意的结果。在验证了该理论的正确性后，针对相同坡度、不同高度的斜坡对于波浪的影响这一未开展的实验也进行了一定的研究，对诸如“防波堤”这类海洋结构物的设计有一定借鉴意义。
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ABSTRACT

It is important for coastal engineering to study of fully nonlinear water waves, especially to nonlinear shallow water waves. The two-dimensional shallow wave GN theory is discussed and finds out it is better to simulate nonlinear shallow waves by using this theory, which has meaning to engineering.

The governing equations of two-dimensional shallow wave GN theory in general form is shown by reducing the three-dimensional shallow wave GN theory in general form deduced by Webster. Being different from the three-point Finite Difference Method used by Webster, the five-point Finite Difference Method to disperse equations is used in this paper in order to increase accuracy. At the same time, another new idea is setting up wave-eliminated function, which is necessary. Using some common functions can’t fit well. A new wave-eliminated function is deduced, by which it is perfect to eliminate influence of reflected waves and simulate in a stable way. Adams form is used to forecast time and thirteen-point smoothing formula is used in this paper.  

Convergence is judged by analyzing mesh size and the level of GN theory. The effect of an uneven bathymetry generates nonlinearities in wave’s responses and solitary wave’s propagations are modeled by GN theory. The results have been compared to others models and experimental results and show this new theory’s reliable. The influence of slope bases to waves’ propagation by changing the height of the base, which has meaning to engineering, is also discussed in this paper. 
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