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Abstract
The method for solving analytic solution will make use of Boussinesq and

Korteweg de-Vries(KdV) equations to a forcing disturbance moving steadily in a
two-layer flow at different boundary conditions. Comparing the result and the
relation of the above two equations, we can expand the application to stratified flow.
For the purpose of increasing the applied ability of this study, the moving
disturbance modeled by different pressure distribution or section area as forcing
function under water also be discussed. There is influence of permeability on the
distribution of pore pressure in the problem of nonlinear waves in a channel. The
general solution is obtained from the application of the theory of Biot. A numerical
analysis is also attempted in simulating this flow problem by using numerical
analysis scheme. The computed results should be compared to the analytical solution
in order to increase the reliability of the result. We also want to setup an
experimental frame to get experimental data in this work. After all, it is expected
that the efforts of this project would be helpful in the designing of these engineering
problems.

Keywords: internal wave, permeability, trapezoidal porous wall

中文摘要

內重力波與具滲透性結構物或邊界的互制作用對海洋工程的發展有極大幫

助。藉由研究內重力波並正確估算海中固體邊界受波浪作用之動力變化情形，進

而瞭解海域生態、週遭設施的構建基礎之穩定性，再做最安全的設計考量。而其

解析模式可藉波動力學理論及固體與流體相互作用的二相理論配合數學解析模

式進行分析研究。本文假設流場為具兩種不同密度之雙層流體流場，透水層為具

梯形斷面之直立牆，由此針對雙層流中的內重力波求解，並推廣應用於較複雜的

情況及邊界條件。本文並應用Biot理論以簡化求解水波作用下多孔彈性底床之孔

隙水壓力及有效剪應力，建立一套分析此物理現象的基本機制。

關鍵詞：內重力波，滲透性、梯形斷面透水牆
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1. Formulation
First of all, the flow field will be divided into three regions shown in Figure 1:

permeable wall (P), incident region (I) and transmitted region (T). It exists two-layer
flow in each region. Based on the theory derived by Biot (1962), the frame of the
wall is assumed to be rigid and the fluid in the wall is incompressible. The
continuity equation and momentum equations in region P are
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where iindicates the dynamic viscosity， 0n is the porous ratio, sk represents the

specific permeability, d is the thickness of the wall and wÂ is the wall’s submerged 

area. And the velocity potential can be assumed as
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Taking Eq.(3) into Eq.(1) and Eq.(2), it yields

  )2,1(0  i
ip (4)

     
 2,11

0





 ih

tgdn
Ak

g
w

z
g

p
ip

i

wsi
ip

i

ip 







(5)

where 1h indicates the undisturbed averaged depth of upper layer. As for the region

I and T, we also assume fluid in these two regions is incompressible and inviscid.
The continuity equation and momentum equations are
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2. Boundary Conditions
To simplify the problem, we assume boundaries at 1hz  and 2hz  are rigid,

therefore
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The kinematic and dynamic free surface boundary conditions in region I are
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Eq.(11) and Eq.(12) can be combined as
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Similarly, in region T, the boundary conditions are
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In the permeable wall, it yields
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At each interface of each two regions it must satisfy the following conditions
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The Sommerfeld radiation boundary condition also must be satisfied
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3. Boundary Value Problem
We assume the velocity potential is periodic,  iwtexp , and define the porous

Reynold number as dn
Akk
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In region I
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4. Analysis
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Most of natural porous media should satisfy the following relation
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From governing equations and boundary conditions, all velocity potentials are
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5. Results and Discussion
Inserting Eq.(57) and Eq.(59) into Eq.(3), we get the velocity inside the wall
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The pressure inside the wall is
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The corresponding free surface profile is
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When the porous Reynold number is small, the seapage phenomenon will occur at

the interface of region P and I or T, i.e. 0 Ip  and 0 Tp  . From Eq.(68)

and Eq.(69), there is a local disturbance due to the singularity at the interface.
Because the porous Reynold number R is the ratio of inertial force to viscous force,
the inertial effect may be neglected while R is very small. Then the permeability
and the thickness of the wall will mainly affect the transmitted wave. The
transmitted wave will be small while the value of R is small as well. But, however,
if the thickness of the porous wall is greater than the water depth, the wall can be
deemed impermeable. The permeable coefficient TK defined the ratio of amplitude of

transmitted wave to that of incident wave is as
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The relations of TK versus R , 2wC and
22h

d are displayed in Figure 2 to Figure 5.
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Though some results are obtained, this problem is still worthy of studying in many
scopes. How to simulate the practical more exactly is the next goal we hope to
achieve.

Fig.1 Analytical domain

Fig.2 Amplitude of transmitted wave

Fig.3 The relation between TK and R
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Fig.4 The relation between TK and wC

Fig.5 The relation between TK and 22hd
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計畫成果自評：

綜合以上的結論可知，以理論分析方式求解層變流域內重力波通過透水邊界

問題，再應用於不同起始及邊界條件的問題上，需先確認問題的複雜性及解析

方法的可行性，尤其為簡化問題所給定的假設條件，務必符合真實的流場或海

況，希望對研究領域的提昇有所助益。至於往後的研究方向可以朝更高階、非

線性動力方面來深究，並佐以實驗和數值方法，使流場系統複雜且隨機的行為

可以被充分瞭解，而最終的目的還是在於確實且清楚的瞭解整體的物理現象及

複雜行為。

自評成果為：本計畫之研究成果高度符合計畫書中所規劃的研究內容。


