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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 aso 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 aso want to setup an
experimental frame to get experimental data in this work. After al, 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
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1. Formulation

First of al, the flow field will be divided into three regions shown in Figure 1.
permeable wall (P), incident region (1) 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 equationsin region P are

v(v,) =0 =12 (1)

) A.:_V(ﬁp)i+pig—%%\\i\l/d(\7p)i (i=12) )

where y, indicates the dynamic viscosity » n,is the porous ratio, k. represents the
specific permeability, d isthe thickness of thewall and A, is the wall’s submerged
area. And the velocity potential can be assumed as

() =-25%vle,) =12 ©

Taking Eq.(3) into Eq.(1) and Eq.(2), it yields
V(g,) =0(i=12) 4)

(pp)- w pikA, a(¢p)-

— L +z= = i=12 (5)
pig s 2 min,gd  at ho (=12

where h, indicates the undisturbed averaged depth of upper layer. Asfor the region

| and T, we aso assume fluid in these two regions is incompressible and inviscid.

The continuity equation and momentum equations are

V2(¢| )i sz( T)i =0 (i :]"2) (6)
(p| )i 16( I)i i
W_‘_Z:_ET_‘_I’H (|::L2) (7)
(pT)i __EM_,_ i =
W-ﬁ-z— . h (=12 (8)

2. Boundary Conditions
To simplify the problem, we assume boundaries at z=handz=-h, are rigid,

therefore
a(¢| )1 _ a(¢T )1 _ 8(¢P)1 _ _
= TR = 0 (z=h) 9
a(¢| )2 _ a(¢T )2 _ 8(¢P)2 _ _
= =0 (z=-h,) (10)

The kinematic and dynamic free surface boundary conditionsin region | are



=4 i=12
0z ot 0 l)
10(¢, ) :
) =1L g
Eq.(11) and EQ.(12) can be combined as
@) o@) _ P
ot =0 (=12
Similarly, in region T, the boundary conditions are
_1olg)
) == "t (1=12)

az(gtzT)i +ga(g;)i =0 (i le)

In the permeable wall, it yields
B PiK A, a(¢p) a(np)i

-= (i=12)

wn,d oz ot

(np)i :V_V(¢p)- +_pik—SANa(¢—p)i (i 2112)

g ' pined ot
Therefore

°6,) pk,A, A6,) ga(m)i

at? =0
wn,d ot 0z

At each interface of each two regionsit must satisfy the following conditions

kA, A4,) a6, (i=L2)( dj

pingd  ox o . _E
_Pi KsAy a(¢p)i - a(¢T )i (i =1.2>(X= gj
Hined  Ox OX

oK A, a(¢p)i _ 1 5(¢| )i P
(¢P)i + wn,d ot a ot (I _1'2{

mngd ot g ot

(¢p)i+pik_sAWM__1M (izlz{xz%J

The Sommerfeld radiation boundary condition also must be satisfied

(¢, ) (x > —0)=outgoing  (i=12)
(¢; ) (x> 0)=outgoing  (i=12)

3. Boundary Value Problem

X=——
2

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)
(24)

We assume the velocity potential is periodic, ¢ = exp(iwt), and define the porous

Reynold number as R=2%% Taking both the velocity potential and the Reynold

Hingd

number into the above equations, it yields
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4. Analysis
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Most of natural porous media should satisfy the following relation

n,R= pk;g“ ~(10® ~1) (43)
We assumeR << 1, therefore
(v ), ~0l )] (44)
v ), ~Ol(g )] (45)
(v, ) ~OlR(#, ) | (46)

Now (4, ), () and(,) can be expanded (Huang & Chwang, 1990)

(6,) = @) +(6,)® + R, ) + O(R?) (47)
( T )i = R(¢T )i(l) + O(Rz) (48)
(0,) =0, )" + Rlp, | +0[R?) (49)

where(g, ) indicates the incident condition. We take Eq.(47) to Eq.(49) into all

governing equations and assume the incident wave to be

n =a, exp{— iko| X+ %H expiiwt)  (z=0) (50)
Therefore

(¢, )2 =a® exp - |ko(x+%ﬂcosh (51)
(¢,) exp[ |ko(x+%ﬂcosh[k (z+h,) (52)
(¢, )\ =af° exp{ ko(x+%ﬂcosh (53)
(¢, )5 =af exp[.ko(ﬂ ﬂcosh z+h,) (54)

Taking Eq.(51) to Eq.(54) into Eq.(12), it yields
& = wcosII?(Ll_g kh) kcosliq?ivkohl) e )1+_rri conle) (55)
= chjj:(iohz) - kco;?\(/\liohz) ol )1+_rri o) (56)

From governing equations and boundary conditions, al velocity potentials are



’" 9 |eostlcfa-n] -
DY exp{k. (x— %ﬂ costlk, (z—,)
o2 = o )2 e i x5 ooz ) -
30 e 3 ot (2 ]
()=o) e ik x5 | coslc -] o
S exp[ kj(x_gﬂcosh[k (2=,
(0= (a ) ] ik x5 cosl 2+ o
S exp[_k (x_gﬂcosh[k (z-h)]

5. Resultsand Discussion
Inserting Eq.(57) and Eq.(59) into Eq.(3), we get the velocity inside the wall

%—)é: - 4r°C,, Rg - 1)“{1;[ 1) COShs[ih[() (X +]d ﬂ codle, ). (z—h)Jcoswt  (63)

(Vaz—?/%) - 47°C,, Rg (- 1)“‘1(1;[ 2) coshst]h[) ( +]d ﬂ cosi(a, ), (z+h, )|coswt

(64)

with
(65)

9 9
Cu=—3—+ Cu=—p
wl W2h1 2 W2h2

The pressure inside thewall is



(b, = i Bral-1” (HlJ énh[(an )I(H gﬂ cod(a, ),(z—h, )jcoswt  (66)

R - Sinh{(an)z X+ }
(pp)z 228723(—_1) (HZJ : ( J o (an)z(z—hl)]cosvvt (67)
The corresponding free surface profileis

e e 1 (T
0 M+k0[x_%ﬂcosh[ko(z_q)]

. i (68)
20 Sl D
.exp[kj(x—%ﬂcosh(kjhl)sinwt}
(77 )(1) =87 Rn CW2{W ’h inghgkn: gk h )Zl(];)[ J(I;IZJsmh ; d
co{wt R k }cosh[k (z+h,)
(69)

smh(k h,)

+JZ;' " weh, + gsinh?(k;h )nzw;(l;lzj(ln—ip}sinﬁ?a_jzd
exp{ (x - %H cosh(k; h, )sinwt}

When the porous Reynold number is small, the seapage phenomenon will occur at

the interface of region Pand I or T, i.e. n,-n, #0and n,-n, # 0. From Eq.(68)

and Eq.(69), there is a loca disturbance due to the singularity at the interface.
Because the porous Reynold number R isthe 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 manly affect the transmitted wave. The
transmitted wave will be small whilethevalueof R issmall aswell. But, however,
if the thickness of the porous wall is greater than the water depth, the wall can be
deemed impermeable. The permeable coefficient K, defined the ratio of amplitude of
transmitted wave to that of incident waveis as

w?h, + gsinh (kohz) 1\ o

Therelationsof K, versusR, C,, and- aredisplayedin Figure2 to Figure5.



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 goa we hopeto
achieve.
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