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Abstract

The long wave around the breakwater for the case of lateral
incidence of the invading wave (along the breakwater) is discussed
through the numerical calculation. The calculated waves are the
RST (resultant) wave, the reflected wave from the leeward break-
water for the model of the double breakwater wings, and the RST
wave for the model of the single breakwater wing, the last of which
is based on Stoker’s theory (Stoker, 1965). The most conspicuous
feature is an appearance of the reflected (emitting) wave from the
nearby part of the terminus of the leeward breakwater for the
model of the twin breakwaters.

1. Introduction

Succeeding the previous works (Momoi, 1967a, 1967b, 1968a, 1968b
and 1968c) concerning the long wave around the breakwater gap, we
have discussed, in this report, the long wave around the breakwater
for the case of lateral incidence of a train of periodic waves (refer to
Fig. 1).

2. RST Wave

In this section, the further numerical calculations of the RST

(which is the abbreviation of result- (©-1/2)

ant) wave is made in the range kd= Y o

4.0 to 10.0 (k: the wave number of O |_ " Incident

the incident wave and d: the half l/’xoz v
width of the breakwater gap) follow- %Z—IIT)‘[/)T-{\\ g —d /;7’)(’(9’0)
ing the procedure mentioned in Section Bremkwater “~._ " Breakwater
2,7 of the fourth report (Momo1i, 1968D). 0s |

The calculated result are shown in (9:14;/2)

Figs. 2aw (pw, al, pl) to 8aw (pw, al, Fig. 1. Geometry of the model used.
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pl).* The stated values in the figures relevant to the amplitude and
phase denote, respectively, |¢/¢, and arg ¢ (¢: the wave height and
{o: that of the incident wave). The convergence check of the employed
approximation is made in Figs. 2cw (¢l) to 8cw (cl) through the calcu-
lation of the wave height in the directions of #=0+e¢, +7/2 and +zTFe
(e:  the positive infinitesimal and, for the definition of the coordinate
0, the reader should refer to Fig. 1). According to these figures, the
convergence of the approximation used is very good except the region
near r/d=1.0 (r: the azimuthal component of the polar coordinate
(refer to Fig. 1)). In drawing the figures concerning the overall varia-
tion, the above region is interpolated appropriately by hand.

Before discussing the overall variations of the amplitude and phase
around the breakwater gap, those around the terminus of a single
breakwater wing are calculated by use of Stoker’s solution (Stoker,
1957), 1.e.,

Latnate = eJolkr) + 2 Z et J, o(ker) cos —2 - cos nTa ’ (1)

* The approximations used in depicting these pictures are, respectively, the 27th
approximation for Fig. 2aw (pw, al, pl), the 29th approximation for Fig. 3aw (pw, al, pl),
the 31st approximation for Fig. daw (pw, al, pl), the 33rd approximation for Fig. 5aw (pw,
al, pl), the 85th approximation for Fig. 5aw (pw, al, pl), the 37th approximation for Fig.
Taw (pw, al, pl) and the 89th approximation for Fig. 8aw (pw, al, pl).
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where the definition and notation are given y texpliwt + ikrcos(©-a))
in Fig. 9, e=1 for a=<0 ¢=1/2 for a=0, and Incident wave

Ceingi. 18 the solution of the equation a=Inclination of -
~Tincident wave

travel to x-axis

|
T-———-=

0° 0° 2
(ot g )0 e
. . . Origin _ 9 |
(in the cartesian coordinate). Breakwater
Fig. 9. Nomenclature for
The computed results for a«=0 are presented the model of the single

. . . t ing.
in Figs. 10a(p) to 14a(p) in the range kr=0 breakwater wing

to 15.0, in which the stated values denote, respectively, |C,...| and arg
Ceingte for the amplitude and phase.

Now, let us proceed with the discussion of the variations of the
amplitude and phase around the gap of the double breakwater wings
comparing with the case of the single breakwater.

To begin with, the amplitude variation in the windward waters is
discussed (refer to Figs. 2aw to 8aw). Comparing Figs. 2aw to S8aw
with Figs. 10a to 14a, the differences of the variations of these two
cases are in that (i) the contours extending from the windward break-
water toward the leeward arrive at the leeward breakwater for the
case of the double breakwater, while those for the case of the single
breakwater run monotonically toward the leeward direction, and (ii) the
regions of high and low amplitude appear alternately in the case of
the former, while such a behavior is not found in the case of the latter
(refer to Fig. 15). The above two phenomena for the case of the double
breakwater are as the result of the reflection of the invading waves
form the leeward breakwater, which will be further ascertained in the
later paper.

Figs. 2pw to 8pw relevant to the phase variation in the windward
waters show that, as kd increases, the component advancing toward
the leeward waters through the breakwater gap becomes smaller and
smaller. ;

As far as the variations of the wave in the leeward waters are
concerned, the elongation of the contours of the amplitude along the
leeward breakwater wing begins to be remarkable with the increase
of kd (Figs. 2al to 8al). Comparing Figs. 2al to 8al with Figs. 10a
to 14a, it is found that the contours of the amplitude in the case of
the double breakwater have fluctating variation, while those in the
single breakwater extend to the leeward side with smooth variation
(refer to Fig. 16). The difference is considered to be produced by the
wave diffracted from the leeward breakwater. This point will be
examined in the later paper.

As for the phase variation in the leeward waters, the following
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Fig. 15. Difference of the variation of Fig. 16. Difference of the amplitude
the amplitude in two cases of the variation in the cases of the double
double and single breakwater wings. and single breakwater wings.

H and L are the abbreviations of high

and low amplitudes.
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—3—kd=3.0
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Fig. 17. Variation of the crest line in the leeward waters for change of kd.

facts are found. The contours of the phase in the range kd=1.0 to
10.0 are depicted in the same figure, i.e., Fig. 17, to help the inspec-
tion of the variation of the crest line for the change of the wave-length.
Fig. 17 shows that, when kd is small, the retardation of the wave
behind the windward breakwater is large. As kd increases, the retar-
dation begins to be small until the form of the crest line tends to a
certain one which is probably shaped by Stoker’s solution (Stoker, 1957)

Breakwater

= M ing with

j creg\s,;ngfwlld

Crest line

Fig. 18. Variation of the
shape of the crest line in
the leeward waters for the
change of kd. The arrows
stand for the moving sense
of the shape of the crest
line.

for the single breakwater with lateral incidence
of the invading wave (see Fig. 18).

In Figs. 19a(p) to 21a(p), our results of
the amplitude and phase variations (the case
of the double breakwater wings) are compared
with Stoker’s (the case of the single break-
water wing with lateral incidence) to examine
the validity of our theory and the extent of
the effect of the leeward breakwater upon
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Figs. 19a(p)-21a(p). Comparizon of the variations of the amplitude (phase) based on
Momoi’s and Stoker’s theories, the former of which is the theory for the model of
the double breakwater wings and the latter that for the single breakwater. The
suffixes @ and p denote the figures relevant to amplitude and phase. I. W. and B. W.
stated in the figures are the abbreviation of “incident wave” and “breakwater”.
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the invading waves.** TFigs. 19¢ and 19p (the figures for kd=1.0)
reveal that the deviation of two authors’ results is comparatively large
in the nearby waters of the terminus of the leeward breakwater to
suggest a large influence of the leeward breakwater upon the invading
wave with long wave-length. The above deviation continues diminishing
with the decrease of the wave-length (see Figs. 20a(p) and 2la(p) for
kd=5.0 and 10.0), showing the diminishing effect of the leeward break-
water. Figs. 20a(p) and 21a(p) suggest that our method (the method of
the buffer domain (Momot, 1968b)) is well appllcable to the present
problems.

3. Reflection from the Leeward Breakwater

In this section, the effect of the leeward breakwater upon the
invading wave is discussed. The discussing method is as follows.

Let Z,,.,. be the conjugate value of the wave height Cuuu cal-
culated by the procedure described in the fourth paper (Momoti, 1968b).
The conjugate value of ... denotes the wave height for the incident
wave exp (iwt+ikx) instead of exp(—iwt—1ikx). The subtraction of
Cringte (@=0) described in (1) from the above Ciun. denotes primarily
the reflection of the wave arrived at the leeward breakwater and the
secondary reflection of the reflected wave from the leeward breakwater
at the windward one. Let ., be a group of the reflected waves

mentioned above, %.e.,
Incident wqve
gdouble expliwt +ikx) J

Crefi.:doublz——Csiwgle(a:0) ’ ( 2 )
Orlgm

(refer to Fig. 22).
In using expression (1), the origin of the co-
ordinate is transferred to the point (—d, 0) in
Lsingle %I—z‘;—;e the cartesian coordinate of Fig. 9. Expression
Origin (1) is then reduced to:
dy

Breakwater

Breakwo!er

i (Subtraction)

Conla=0)= ¢4 Jkr)

4t (Nearly equal to)

. i nd,
e, Secondory + B g ) cos P}, (3)
. o reflection n=
Sref \//'27/1
T, where
Sreakwater r,=1v 1*—2rd cos0+d*
Fig. 22. Schema of »
equation (2). 0,=tan"'(y,/x,) ,

** Tpn using Stoker’s solution, the origin is transferred to the midpoint of the break-
water gap. The expression is given in (3) of the following section.
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Figs. 23a-32a. Variation of the amplitude of the wave reflected from the leeward break-
water. I.W. and B. W. denote respectively “incident wave” and “breakwater.
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Figs. 23p-32p. Variation of the phase of the wave reflected from the leeward break-
water. I.W. and B.W. denote respectively “incident wave” and “breakwater”.
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x,=rcosl—d ,
Y,=rsinf .

Using equation (2), the calculation of £,., is made in the windward
waters. The results are given in Figs. 23a(p) to 32a(p), in which the
stated values are |¢,.,] in Figs. 23¢ to 32a and arg .., in Figs. 23p to
32p.

In the figures concerning the variation of the amplitude (Figs. 23a
to 32a), the region beyond |¢,,,/=0.1 is shaded, in which the reflected
wave from the leeward breakwater is beyond 10 per cent of the incident
wave in amplitude. The shaded region extends to the frontal area of
the leeward breakwater for large wave-length, i.e., kd=0.02 to 0.2
(Figs. 23a to 26a) with a disappearing tendency for the augmentation
of kd (Figs. 27a to 32a). The above fact suggests a strong reflection
of the invading wave from the leeward breakwater for small kd. Another
high amplitude region appears in front of the windward breakwater,
suggesting the secondary reflection (at the windward breakwater) of the
wave reflected from the leeward breakwater (see Fig. 33).

As for the variation of the phase (Figs. incident
’ . . Reflected Wwave
23p to 32p), the most conspicuous feature is wave Secondary
e e reflection
the emitting wave from the leeward Dbreak- n\/%;’? ;
. . . High
water. which arrives at the windward break- Breakwarer omplitude

water to cause the kinking crest lines showing Fig. 33. Secondary reflec-

‘ i sl tion of the reflected wave
definitely the secondary effect of the wind ot the windward break.

ward breakwater upon the wave. water,
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