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 （ 学位論文要旨 ） 
 Below the sea surface, generally, the water can be divided into three layers: (i) mixing layer, (ii) 
thermocline, and (iii) deep layer. Internal waves form at the bottom edge of a steep thermocline. 
These waves transport a considerable amount of energy and momentum horizontally and vertically. 
The study of internal waves in the density-stratified water is essential to the coastal environment 
because they cause the transport of planktonic larvae from the offshore to the coast and the mixing 
between subsurface water and bottom water. The shoaling and breaking of internal waves play 
important roles in the suspension, transport, and deposition of sediments in the ocean bottom. 
Knowing the water particle motion in an internal wave cycle is the key to solving the transport 
phenomenon. The subject may be of considerable importance for nearshore internal wave problems; 
however, the number of such investigations is still limited compared with those concerning 
nonlinear wave shapes. This is due to the inconvenience of describing the particle velocity and path 
experimentally under a wave motion in the Lagrangian system. Use of the recent imaging technique 
has made it possible to investigate the mechanism of internal waves in a wave tank. The latest 
developments in Particle Image Velocimetry (PIV) and Particle Tracking Velocimetry (PTV) have 
led to the visualization of velocity fields and particle paths. 

Although the essential problems arising from the motion of internal waves approaching coastal 
areas are changes in wave characteristics and wave induced flows, the peculiar features of the mass 
transport in a shallow water region are still not understood. The objective of this study is to measure 
the physical quantities of internal waves over a uniform slope during a runup event using a video 
recording system and a PIV system. Interfacial displacement, celerity, setup, and particle velocity 
were measured in the cases with and without diffusive interfacial layer and a two-dimensional 
non-hydrostatic numerical model was used to examine these values. 

This dissertation comprises seven chapters. 
Chapter 1 gives a brief introduction to physical aspects of nonlinear internal waves that propagate 

in the density-stratified fluid layers. It also includes the motivation and objective of this study. 



Chapter 2 reviews previous studies of the internal wave kinematics that include interfacial 
displacement, celerity, setup, water particle velocity and trajectory. The theoretical background on 
mass transport in the presence of internal waves is also presented for different stratifications. 

Chapter 3 investigates experimentally the behavior of internal waves propagating along a uniform 
slope. Experiments were carried out in a wave tank having an overall length of 6.0 m and a cross 
section 0.15 m wide by 0.35 m deep. A slide-type wavemaker with a D-shaped wave paddle was 
placed at one end, and a Plexiglas plate with a slope 3 in 50, was fabricated between 1.0 and 6.0 m 
from the tip of the paddle. A density-stratified fluid consisting of fresh water and salt water with a 
density of 1,028 mg/cm3 was prepared for a series of laboratory tests. The instantaneous water 
particle velocity in a wave motion was measured using a single-exposure PIV system that consists 
of a frequency-doubled Nd:YAG laser of 8-W energy at 532 nm, and two high-definition digital 
video cameras with a maximum resolution of 1920×1080 pixels. A cross-correlation method was 
performed to calculate the water particle displacement and local velocity in a Eulerian scheme by 
processing a pair of image frames. The PIV technique was applied to the computation of Lagrangian 
velocity and the prediction of Stokes drift. In addition to the PIV measurement, the spatial and 
temporal variations of the density interface, wave celerity, setup, and mass transport due to shoaling 
and breaking of internal waves were obtained using two imaging techniques. The first method used 
light-attenuation to mark the vertical motions of isopycnal layers and the second used dye-streak to 
visualize the water particle movement. Experiments were carried out in the fluid having different 
thickness ratios between two layers for some different wave periods using the first method, and in 
the fluid having a thin diffusive interfacial layer between two homogeneous layers. 

Chapter 4 concerns numerical approach that is applied for the experimental setup. The theoretical 
aspect of the problem was based on a two dimensional numerical model. In formulating the model, 
the Boussinesq approximation was applied to the continuity and momentum equations. To solve 
these governing equations, an explicit finite difference technique with the fractional-step method 
was employed on staggered grids. The advective and diffusive terms were discretized using the 
ULTIMATE-QUICKEST scheme and the central difference scheme, respectively, and the velocity, 
trajectory and interface were computed in the whole flume with spatial resolutions. After the 
accuracy of the numerical model was confirmed by verification studies using experimental data, it 
was applied to several test results for various hydraulic and geometric conditions.   

Chapter 5 investigates the effect of the thickness ratio on mass transport due to propagation of 
internal waves. Because boundary conditions are essential in the limited wave tank, first, the case of 
a horizontal bottom is considered to point out the various existing approximations given in the 
different models. For a uniform slope, the situation is more complicated and a two-dimensional 
non-hydrostatic numerical model was treated in a way that can be extended without much difficulty 
to the nonlinear problem. The mass transport velocity was estimated from the horizontal excursion 
of water particle. The water particle trajectory computed by the non-hydrostatic model was 
compared with PIV results from the wave tank. It was confirmed that the numerical model 
reasonably reproduces the measured mass transport velocity of the internal waves in various bottom 
conditions. A series of numerical experiments showed the dependency of mass transport on the layer 
thickness ratio and the internal wave height. The maximum mass transport velocity was the highest 
when the thickness ratio of upper and lower layers was unity and it became smaller when the lower 
layer thickness exceeded the upper layer thickness. For all thickness ratios, the mass transport 



velocity increased with an increase of the internal wave height. 
Chapter 6 is concerned with a few aspects of nonlinear internal waves in a fluid system of two 

homogeneous layers separated by a thin diffusive transition layer. First the transport of water 
particles inside the interfacial layer and adjacent regions was investigated using a numerical model 
having very high resolution in the case of a flat bottom and subsequently, the horizontal mass 
transport in the case of a uniform slope is discussed. 

Chapter 7 presents the conclusions and recommendations of this investigation. Conclusions are 
given to remark the fulfillment of the present work to the objective. Recommendations are made for 
further considerations on application of the proposed numerical method to predict velocity field, 
trajectory, and mass transport in homogeneous layers with a diffusive layer. 
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