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SUMMARY

This paper presents the interaction between the internal waves and the permeable wall. The permeable structures
have been widely applied to coastal structures such as breakwaters. Not only the porous structure can reduce the
energy of the reflected waves, but also it can prolong the life itself. Therefore it is important for engineers to
evaluate the dynamic reaction of the permeable wall in order to design the best breakwater. In this study, we will
treat the two face-flow field with the irrotational, incompressible and inviscid fluid. The perturbation method is
applied to solve the problem with the small coefficient, the porous Reynolds number, which will be well defined in
the following article. The permeability and the width of the wall will both deeply influence the interaction of internal
waves and the wall.

Key words: permeable structures, coastal structures, breakwaters, two face-flow field, perturbation method.

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). A two-layer flow
exists in each region. Based on the theory derived by Biot
[1], 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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Âk

d̂ŵn
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where µi indicates the dynamic viscosity, n0 is the
porous ratio, ks 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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Fig. 1  Internal waves and a permeable wall

Taking Eq. (3) into Eq. (1) and Eq. (2), it yields:
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where h1 indicates the undisturbed average depth of
the upper layer. As for the regions I and T, we also
assume the fluid in these two regions to be
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
z=h1 and z=−h2 are rigid, therefore:
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The kinematic and dynamic free surface boundary
conditions in region I are:
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Equations (11) and (12) can be combined as:
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Similarly, in region T, the boundary conditions are:

( ) ( ) ( )2,1i
tg

1 iT
iT =

∂
∂

−=
φ

η (14)

( ) ( ) ( )2,1i0
z

g
t

iT
2

iT
2

==
∂

∂
+

∂

∂ φφ
(15)

In the permeable wall, it yields:
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Therefore:
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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
must also be satisfied:
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3. BOUNDARY VALUE PROBLEM

We assume the velocity potential to be periodic,

φ=exp(iwt), and define the porous Reynold number as
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ρ= . Taking both the velocity potential and the

Reynold number into the above equations, it yields:
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In region T
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In region P
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4. ANALYSIS

Most of natural porous media should satisfy the
following relation:
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We assume R<<1, therefore:
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Now (φI)i, (φT)i and (φp)i can be expanded [2]:
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where (φI)i(0) indicates the incident condition. We take
Eq. (47) to Eq. (49) into all governing equations and
assume the incident wave to be:
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Taking Eq. (51) to Eq. (54) into Eq. (12), it yields:
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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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with:
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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
regions P and I or T, i.e. ηP − ηI ≠ 0 and ηP − ηT ≠ 0.
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 between the
inertial force and the 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. However,
if the thickness of the porous wall is greater than the
water depth, the wall can be deemed impermeable. The
permeable coefficient KT defined as the ratio between
the amplitude of the transmitted wave and that of the
incident wave, is:
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The relations of KT versus R, 2wC and 
2h2

d are

displayed in Figures 2 to 5. Though some results are

obtained, this problem is still worthy of studying for

many purposes. The next goal we hope to achieve is

how to simulate the practice more precisely.

Fig. 2  The transmitted amplitude

Fig. 3  The relation between KT and R

Fig. 4  The relation between KT and CW

Fig. 5  The relation between KT and d/2h2
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TRANSFORMACIJA UNUTRA�NJIH VALOVA KOJI PRODIRU KROZ
VODOPROPUSNE GRAÐEVINE

SA�ETAK

U radu se prikazuje interakcija izmeðu unutra�njih valova i vodopropusnog zida. Propusne graðevine èesto se
koriste u obalnim predjelima za lukobrane. Ne samo �to porozna graðevina mo�e smanjiti energiju odbijenih valova
veæ mo�e produ�iti i sam vijek trajanja. Stoga je bitno da graðevinari procjene dinamièku reakciju propusnog zida
kako bi projektirali najbolji lukobran. U ovom radu bavimo se podruèjem toka s dvostrukim licem za nerotacijsku,
nesti�ljivu i neljepljivu tekuæinu. Metoda perturbacije primjenjuje se za rje�avanje problema s malim koeficijentom,
poroznim Reynold-ovim brojem, koji æe biti precizno definiran u sljedeæem radu. Propusnost i �irina zida u velikoj
æe mjeri utjecati na interakciju unutra�njih valova i zida.

Kljuène rijeèi: vodopropusna graðevina, obalne graðevine, lukobrani, polje toka s dvostrukim licem, metoda
perturbacije.
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