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1. Introduction

Wave reflection and transmission has been a hydrodynamic problem that is im

design of the dam. wave barrier, offshore structure, and wave energy extra
structures are used for wave barriers. The vertical surface barrier is a sim
structure for applications. Ursell and Wiegel” suggest different ways to pre
reflection and transmission of the vertical barrier, & has performed expe
prediction give qualitative trends, but still remains discrepancy quantitat
experiments. '
Double barrier problem has more difficulties compared to the single barrier
approximate solution is required in preliminary design, the fast and efficient
provided yet. In this paper an explicit method is suggested that shows the
system variable.

2. Reflection and Transmission through a Single Barrier

The reflection and transmission waves for an undercut vertical barrier with zero thickness
are calculated by the related theories[1]. A derivation for the refraction is described based on
the wave maker theory.

For coordinates (x, z) is assigned to describe two dimensional water waves. The incoming

wave potential with height H; is given as
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_Hi g _coshk(z+h) _. _
D= 5 % coshfn_ Sin (ot—kx) (1)

where h is the depth of the water, k the wave number, g gravity acceleration, and ¢ the

circular frequency. The wave on the surface is then

_lio e Hi i
%= T ot z2=0 2 sin(ot— kx) = 2 Re ie (2)

The incident wave propagates along the x-direction and meets the water barrier. Let the
reflection potential in general form be

@,= A,coshk(z+ k) sin (ot+ kx) + (Ax+ B) + Ce ~hEos k(z+ hXéoslot (3)

where k and k, are the solutions of the equation o= gktanhkk and o° =— gk tank)

respectively, that result from the kinematic free surface condition. When there is no uniform
flow, A is zero and B is set to be zero without loss of generality. The wave maker potential
for the flunger or flap type is written as with the kinematic boundary condition

u(0,z,HD=— -S%(O, z,0)=— A, kcoshk(z+ h)cos ot + sZ1 C.kcos ky(h+ zJ4os ot

where u is the horizontal velocity. The velocity condition to the reflection wave potential is

given by the zero sum of the incident and reflection wave horizontal velocities as

_ _coshk(z+h) Hi
u(0,2,8) =— ﬁf cosilo/;hzkz h 5 cos ot5)

on the interval — d;{2<0. From Egs. (4) and (5), the equality

k hi(z+ k) H; S
_ —f coscoshzkh 5 Udz+d) == A, kcoshk(z+ h) + SZ=}1 Ckscos k hé6)z)

holds on —#z<0, where Uf{z+d) is a unit step function. The set of functions
{{coshk(z+ 1), cosk(z+h),s=1,2,.. ow} the interval — #{2<0 comprises a complete

harmonic series of orthogonality functions and thus any continuous function can be expanded
in terms of them. The orthogonality expansion gives

0
kg 2
: o, f_ / cosh “k(z+ h)dz

A,= coshZh 2
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or

4 — & Hi_ (coshkdsinhkd, + kd))
?"" ¢ 2 coshkh(cosh khsinhkh+ kh

The reflection wave potential is then

o _ g H;  (coshkd,sinhkd, + kd))
" o6 2 coshkh(cosh khsinh kh+ kh)

neglecting the fast decaying terms. The reflected wave coefficient is then

P o= H, _ coshk(2h— d) sinh kd+ kd (10)
v H, cosh khsinh kh+ kh

The transmission coefficient is obtained by the relation
H
xz# =V1-R} (11)
1
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==V (2sinh khcosh kh— sinh &(h— d) coshk(h— d) + kh+ gg)
vV (sinh#(h— d) coshk(h— d) + kh— kd) | ( sinh khcosh kh+

Here the phase difference is zero. These coefficients are used in prediction of the waves
around the double barrier. These coefficients can be determined other ways and used.

3. Waves Prior to, In Between, and Aft the Double Barrier

When there exists the double barrier, rigorous analysis requires complex model
dynamics. In this paper an approximation method is presented to avoid the

modeling and analysis. Assumptions are that the barriers are separated e
transient transmission and reflection through one barrier not to be affected from
each wave profile transmits and is reflected independently. Then the result

merely the linear sum of each transmitted and reflected wave.

The incoming gravity wave with height Hi approaches from the left side to the

as shown in Fig. 1. A part of the incoming wave Hi: is reflected in the region I

part Hpz transmits through the first barrier into the region II. This tran
propagates further and hits the second barrier. Here a part of the wave Ha is
the region Il and the remainders Hsi propagates further away in the region III.
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Fig. 1 Barrier profile and definitions

i(ot— kx)

Since the transmission and reflection coefficient to the incident wave Re ia;e is x; and

vi— x%, respectively, the first wave that transmitted is written as

7o =x; Re tae ™™ (13)

in the region II and the reflected wave

2m=Re V(1= 23) ia;e™™ ™ (14

in the region I. This transmitted wave propagates along the positive x-direction and reflected
by the another barrier of depth d;. The reflected wave going to negative x-direction is
obtained in the same manner as the reflection by the first barrier. The wave can be rewritten
as

no1 = 1, Re ige @ " B=#8 (15
the transmitted of the wave at the second barrier will be
7= Re xox ia; e " H* B #16)

and reflected wave ~152—



1m = Re m xy da; e (TR BN -ig )

or

nm=Re\ (1—x2) x ia; e "t ~%8 (19)

where y, is the transmission coefficient of the second barrier. The reflected wave from the
second barrier comes back to the first barrier. The wave again are reflected and transmits.
The transmitted wave through the first barrier propagating along the negative x-direction
superposes to the reflection wave in the region I, and the reflection wave again propagating
along the positive x-direction superposes to the transmitted wave in the region II as

Tia=Re V(1=2) £} ia; e**~2% (30

and

1m=Re \ (1=x3) V(1= 1}) z ia; e P21

This wave again reaches the second barrier and transmits and reflects as
nm=ReV (1—2) xN (1=23) z ia; e @ 2B (22)

np=ReV (1=2) V (1=8) V (U~2) 2 ia; e+ D734 23

This reflected wave again reaches the first barrier and transmits and reflects as
ms=ReV (1—2)V1U=2)VA—-2) £ ia; e P48 (99
ns=ReV(1—2)VU-2)VA-2N (1— ) 3 da; e @R —4#8 (o5

The incident harmonic wave supply the energy continuously. The wave profiles are the sum

of the all the waves as
2= Iz=:177izj=Re {1+\/(1—x§) \/(l_xf)e—ZikB_{_ o6
\/(l_xg) \/(l_xg) \/(l_x%)\/ (]_—x%)e—‘“w.{_.” }xl ia; ez’(at—bc)

or

1
1-VA-2)VA-2)e
The reflection wave in the region II is obtained in the similar way as

7,0= ]Z:lvrz,:Re OV a-2) VA-28)e 2+ (28)
VA-2) VA=) VA=W A=2De ™+ ) 0 VA—5) ia; e W28

or

2L (l_xg) e—ZikB ; (ot + kx)
1V (1—2) VA= )e 2B wa; e }(29)

The transmission wave in the region IIl is then

7772=Re{

— . Hot—kr) __ X1 X2 - H{ ot — kx)
7n=Reia;z e = Re { —a5 ;e §30)
’ ’ 1-V (1-2) V(U-%)e %

And the reflection wave at the region I is then

i(at+lex)=Re{ Xilz vV (1"‘%%) e_ZikB : i ei(a't+kx) }+
1-VA-2)VA-2)e 28 ™

Re {V (1— 22 )ia; e " H¥g~2%By  (31)
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The common factor that appears in the refractions has the properties

1
- 32
IVa-2) Ve = &

approaches 0 when x—0, and approaches 1 when x—1
The reflection in the region I and the transmission in the region IIl has to sat
relation lel’=l|as®+]al? The result Eqs. (30) and (31), however, do not

relationship. A correction factor is introduced as

.

so that the corrected coefficients are obtained multiplying it to each results, Eq

2
a3

a;

a

2, —1
+ } (32)
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4. Numerical Results and Comparison
4.1 Single Barrier

Numerical result of the reflection and transmission through the single barrier
Weigel’s prediction and the #FZF’'s experimental one. The transmission coeffic
water depth and barrier depth are shown in Fig. 2. The present computation
similar trends to is Weigel’s and experimental ones, but higher than them. H
in transmission implies that the computed reflection is lower than these other o
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Fig. 2 Wave transmission of the

single barrier

4.2 Double Barrier

Wave reflection and transmission through the double barrier is computed and
the result of the eigenfunction expansion method and experiment available. Th
is obtained for the double barrier depth 0.2m both separated 0.57m submerged
in water depth 0.8m. The present computation is performed in the same con
result are shown in Fig. 3. While the eigenfunction expansion converges to 1

approaches zero, the present result converges to 0.7, which is close to the expe



frequency increases the result shows slow decreasing trend. And the result
shows sharp peak at the resonance frequency of the fluid between the barrier.
The experimental one does not show that kind of peaks. The calculation shows
further sharp peaks which is not apparent in the experiment.
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Fig. 3 Wave transmission of the

double barrier

5. Conclusion

Two main results are presented in this paper. Wave reflection and transmi
single and doble barrier are suggested in explicit form. The computed transmis
of the single barrier shows the similar trends but higher than the experiment
depth variation.

The computation result of the transmission and reflection of the double barrier

asymptotic behavior as the frequency approaches zero closes to the experim
decreases as the frequency increases in the middle range, and gives sharp

hydrodynamic resonance frequency between the barrier. This computation is
explicit formula, which can be easily used in preliminary design.
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