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Abstract

In this paper, the long waves around the estuary are discussed
for the RST wave in Section 3, the RD wave in Section 4, the secondary
reflection in Section 5, the effect of the canal in Section 6, the effect of
the corner of the estuary upon the diffracted wave from the other
corner in Section 7, and the emitting point of the RD wave in Section 9.
And further the secondary reflection of the diffracted wave around
the single right-angled corner at the leeward coast is examined in
Section 8.

The conspicuous -features exposed are as follows.

(i) The lateral mode in the canal of the estuary is the greatest
in intensity for kd== (k: the wave number of the incident wave,
d: the half width of the canal), the value of which amounts to about
0.5 (the amplitude of the incident wave is assumed as 1.0).

(ii) When kd is small, the secondary reflection of the diffracted
waves around the estuary are compesed of two kinds of waves. One
is the secondary reflection along the coast near the mouth of the
estuary, directing to the open sea, and the other that along the bank
of the canal near the mouth which is directed toward the inside of
the canal.

(iii) Among the secondarily reflected waves of the diffracted
waves around the estuary, the secondary reflection from the bank of
the canal directly behind the coast, in which the invading wave is
diffracted toward the inside of the canal, is in intensity about four
or five times the other secondary reflections.

1. Introduction

The present work is a continuation of the previous works (Momot,
1965a, 1965b, 1966, 1968a and 1968b) concerning the long wave around
the estuary. ‘

2. The Model Used and the Theory

The model used in the present work is completely the same as that
in the previous works (Momoi, 1965a-1968b). For the model, the reader
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2 of the last paper (Momot, 1968D).

2d — 3. RST Wave
/) Amplitude and Phase of the RST Wawve.
Fig. 1. Geometry of the The further calculation of the RST
model used. (resultant) wave is made up to kd=4.0

from 3.05 (k: the wave number of the
incident wave, d: the half width of the canal), the results of which are
shown in Figs. 2a(p) to 9a(p). Figs. 2a to 9a showing the amplitude
variation reveals that the lateral oscillation inside the canal is the most
dominant for kd=38.15 (==}, the value of which amount to about 1.5 in
wave height. On inspection of the figures concerning the phase variation
(Figs. 2p to 9p), the following are found. The crest line of phase zero
at the mouth of the canal runs diverting to the side of the open sea
near the corner of the estuary, while that in the case of the double
breakwater wings is found to run rigidly along the breakwater gap
from equation (33) of the first paper concerning the long wave around
the breakwater (Momor, 1967a) (see Fig. 10). The above diversion
(retardation) in the case of the estuary is caused by two kinds of the
waves. The first of the waves is the reflection of the diffracted wave
around the corner toward the open sea from the bank of the canal and
the second is the secondary reflection of the diffracted wave, from the
other corner, at the corner of the estuary to the open sea (see Fig. 11).
For the first of the above-mentioned waves, the reader should refer to
Section 8 (Reflection of the Diffracted Wave around the Right-angled
Corner).

In Fig. 12, the convergence check is made through the calculations
of the amplitude of the RST wave under the fifteenth and seventeenth
approximations. The above figure denotes that the agreement of two
approximations is good enough to discuss the behavior of the wave
around the estuary.

Agreement with the Solution of Mirror Image.

The approximated theory by the method of mirror image has been
developed in Section 7 of the fifth paper (Momoi, 1968b). The agreement
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Variations of the amplitude of RST wave for kd=38.056~3.2.*
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The above

figures are based on the theory of the 15th appreximation.

N *

I.W. and S.A. in the figures stand for “Incident Wave” and “Symmetrical Axis”.

This convention is followed in the subsequent figures.
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Fig. 6a is

based on the theory of the 15th approximation and Figs. 7a-9a are that of the 17th

approximation.

* See the footnote of Figs. 2a-ba.
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Figs. 2p-5p. Variations of the phase of RST wave for kd=3.056~3.2.* The figures
are based on the theory of the 15th approximation.

* See the footnote of Figs. 2a-5a.
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Fig. 6p is based

on the theory of the 15th approximation and Figs. Tp-9p are that of the 17th approxi-

mation.

* See the footnote of Figs. 2a-5a.
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l ve wave (\/Drffracted wave
Crest line Crest line of
o of phase zero phase zero W w
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Estuary Breakwater
First cause Second cause
Fig. 10. Difference of the crest lines Fig. 11. Mechanism of the retardation
of phase zero around the estuary and of the phase near the corner of the estuary.
breakwater.
of the above theory and the
o Qs _ rigorous theory developed up to
> . :
B g the present (based on the method
05

0 of the buffer domain) is examined
_"/':’—M—C for kd=0.5 to 4.0, the results of
10 which are shown in Figs. 13a to
10 19a for the amplitude and Figs.
| 13p to 19p for the phase. Some
“ of them have already been given
in Section 7 of the fifth report
(Momot, 1968b).
Passing through Figs. 13a(p)

I
: Fig.12-kd=36 to 19a(p), it is found that the
(convergence check) . L. . .
’ variations of two theories in the
0

open. sea are in comparatively

! ——15th appr. good agreement for kd=4.0 as

ﬁz (—Q ----- i7th appr. compared with the figures for the
_ other kd. As kd decreases from

Fig. 12. Con'verg.ence check of the 4.0 (Figs. 19(p)) down to 3.15
employed approximation. .

(Figs. 16a(p)), the departure of
two theories in the open sea continues growing to take the greatest
deviation for kd=x. With further decrease of kd, the above departure
becomes, once again, rather smaller—the state of comparatively better
agreement—, the figures of which are given by Figs. 14a(p) and 15a(p).
When kd arrived at the value 0.5 (Fig. 13a(p)), the variation based on
the method of mirror image deviates again from that of the rigorous
theory. The first departure (for the ease of kd==) is interpreted to be
due to the resonance of the first mode of the wave in the canal which
influences the variation in the open sea as the reflected wave, while
the second departure (for the case of small kd, say kd=0.5) is the
result of the coupling effect of two corners of the estuary. The
feature is illustrated in Fig. 20.
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Figs. 18a-19a. Comparison of the amplitude variation based on the method of the
buffer domain (rigorous method) with that by the method of mirror image for kd=

0.5~4.0. The broken line stands for the former and the solid line the latter.

This

convention is followed in the subsequent figures concerning the phase variation.
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Figs. 13p-16p. Comparison of the phase variation based on the method of the buffer

domain with that by the method of mirror image for kd=0.5~8.15.
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Figs. 17p-19p. Comparison of the phase variation based on the method of the buffer
domain with that by the method of mirror image for kd=3.2~4.0.

Couplmg ef] ect Resonunce
For kd<0.5 For kd#T

Fig. 20. Difference of the waves reflected to the open sea for kd<0.5 and kd=x.

4., RD Wave

The further calculation of the RD (reflected and diffracted) wave is
made for kd in the range of 8.05 to 4.0, following the procedure men-
tioned in Section 5 of the fourth paper (Momoi, 1968a). The computed
results are given in Figs. 21a to 28a for the amplitude and Figs. 21p
to 28p for the phase. In Figs. 21a to 28a, the shaded part denotes the
region in which the amplitude is below 0.2 (the amplitude of the incident
wave is assumed as 1.0). Passing through Figs. 21a to 28a, the above
shaded region runs, in general, along the axis of the canal, particularly in
the narrowest band for kd=3.15=x (the case of Fig. 23a), which refers
to the resonance mode (lateral mode) of the canal. The amplitude in
the canal then amounts to the value about 0.5 (a maximum value).
The shaded region extends to the open sea from the canal to denote
that the standing wave has not a little influence upon the open sea near
the estuary. As far as the variation of the phase is concerned, it is
found that the rotating wave in the canal, which has been already
detected for kd>2.2 in the fifth work (Momot, 1968b), is in a disappearing
tendency with the increase of kd after taking the most conspicuous
feature of the rotation for the value of kd==z (Fig. 23p). From the
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figures are based on the theory of the 15th approximation.
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Variations of the amplitude of RD wave kd=38.05~3.2.%

0.5 /0.4 0.4

1y

Fig.22a-kd=3.1

Fig.24a-kd=3.2

0.4

The above




A Long Wave in the Vicinity of an Estuary [VI] 497

/95 04
o 03 %5 B
0.8 = * 7 =
1.0 a2
s 0.9
Ll
Lt
\ 0.2
Q
b § iy
1.0 '
0.9
. 0.3 ,
Fig.25a-kd=3.4 Fig.26a-kd=3.6
037 E
) ;
NN
0.
5 _ 0.3 05
7 : -
b 0.9 =
o Ll b
11
LI
LY
0.9
0.9

7

0.25
0.27

Fig.27a-kd=3.8 Fig.28a-kd=4.0

Figs. 25a~-28a. Variations of the amplitude of RD wave for kd=8.4~4.0.% Fig. 25a
is based on the theory of the 15th approximation, Figs. 26a-28a being that of the 17th
approximation.

* See the footnote of Figs. 2a-ba.
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based on the theory of the 15th approximation, Figs. 26p-28p being that of the 17th
approximation.

* See the footnote of Figs. 2a-b5a.
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Fig. 29b. Kinking
crest line of RD wave
near the corner of the
estuary. The figure is
depicted for kd=0.5.

above fact, the rotating
wave is considered to be
produced by the resonating
wave in the canal. Compar-
ing these figures with the
figures of the phase of RD
wave in the previous works
(Figs.2b-18b and 17b-24b of
the fourth and fifth papers
(Momot, 1968a and 1968b)),
the diffracted wave toward
the mouth of the estuary

is definitely separated, for kd over about 3.0, from the reflected wave
from the coast to the outer sea with clear geometric shadow (see Fig.
29a).

In the fourth paper (Momoi, 1968a), we have discussed an appearance
of the kinking crest line in the nearby waters of the corner of the
estuary for the RD wave of comparatively long wave-length. We have
then used the approximated power series for the Bessel function J,(2) in
the calculation of the integrals

kd mn

J2.(2) COS i zdz

I(J:,, m)zj

0

and

]<M, m) =(2n+1)j“ Tiiale) o5 M7 zdz,

r 0 z kd

which are described in (5) of the fourth paper (Momo, 1968a). In order
to avoid the misunderstanding that the above-mentioned kinking crest
line might be the result of the use of the approximated power series
of the Bessel function, the existence of the kink is ascertained through
the direct integration of the above integrals with the use of the rigorous
Bessel function. The method of the integration is Filon’s method
described in Section 2 of the fifth work (Momoi, 1968b). The ealculated
phase variation is that for kd=0.5, which is shown in Fig. 29b. According
to the figure, the kinking crest line is definitely found in the waters
near the corner of the estuary.

5. Secondary Reflection (SR Wave)

SR wave is an abbreviation of the secondarily reflected wave
except the primary reflection from RST wave, which is estimated by
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the following procedure. In the fifth work
(Momot, 1968b), we have developed the ap-
proximated theory by the method of mirror
image (refer to Section 7 of the above work).
Only the primary reflection is then allowed
for. The subtraction of the above approxi-
mated solution (based on the method of mirror
image) from the rigorous solution (based on
the method of the buffer domain) developed so
far makes possible the estimation of the
secondary reflection around the estuary. Let
¢,:, and C,;, be, respectively, the wave heights
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Rigorous solution

Trig k l
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| (Subtraction)

Mirror image solution
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Secondary reflection

given by (13) to (15) of the fifth paper (Momot, %\\ // W
1968b) and (22) of the same paper. The

secondary reflection {, of the wave is then Fig. 30.
expressed, approximately, by

Schema of
equation (1).

Csr_'_‘—.—ériy_Cmir ( 1 )

(Z.:, is the conjugate value of {,;,, which refers to the conversion of the
incident wave from exp (—iwt —iky) to exp (+iwt +iky)), which is
illustrated in Fig. 30. The results of the calculation are given in Figs.
3la to 42a for the amplitude and Figs. 31p to 42p for the phase. The
numerals stated in the figures are respectively |{,.| and arg(,. for the
amplitude and phase.

In the figures of the amplitude for kd=0.5 to 1.4 (Figs. 31a to 36a),
the region of high amplitude is found along the coast facing the open
sea. According to Figs. 31p to 36p, the above high amplitude area is
characterized by the emitting behavior of the reflected wave (refer to
Fig. 43) which is the secondary reflection of the diffracted wave from
the other coast of the estuary instead of the reflection of the directly
diverted and reflected wave shown in Fig. 20 of the third work (Momoz,
1966).

In the previous paper (Momoi, 1966), we have discussed an appearance
of the crest line in triangular form for the wave of large wave-length
near the estuary. As exposed in the above, the secondary reflected wave
is produced along the coast facing the open sea. The above secondary
wave is considered one of the causes for the generation of the triangular
crest line. For the form of the crest line, the reader should refer to
Fig. 9 of the previous paper (Momoi, 1966).

Through the figures relevant to the amplitude, the area over 0.1
(the amplitude of the incident wave is assumed as 1.0) is shadowed.




Fig.3la-kd=05

Variation of the amplitude
of SR wave for kd=0.5* (based on the
theory of the 9th approximation).
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Fig,32a-kd=0,7

Variation of the amplitude
of SR wave for kd=0.7* (based on the
theory of the 11th approximation).

Fig.33a-kd=0.8

Variation of the amplitude
of SR wave for kd=0.8* (based on the
theory of the 11th approximation).

See the footnote of Figs. 2a-5a.

o

Fig.34a-kd=09

Variation of the amplitude
of SR wave for kd=0.9* (based on the
theory of the 11th approximation).
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Fig.350d-kd=1.0 Fig.36a-kd=1.4
Fig. 35a. Variation of the amplitude Fig. 36a. Variation of the amplitude
of SR wave for kd=1.0* (based on the of SR wave for kd=1.4* (based on the
theory of the 11th approximation). theory of the 13th approximation).
ol
> 0.025
o.ooas
0.014
Fig.37a-kd=2.0 Fig.38a-kd=2.4
0.04 0.04
0.03
Tig. 87a. Variation of the amplitude Fig. 38a. Variation of the amplitude

of SR wave for kd=2.0* (based on the of SR wave for kd=2.4* (based on the
theory of the 15th approximation). theory of the 15th approximation).

* See the footnote of Figs. 2a-ba.
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Fig. 39a. Variation of the amplitude
of SR wave for kd=3.0* (based on the
theory of the 17th approximation).
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Fig. 41a. Variation of the amplitude
of SR wave for kd=4.0* (based on the
theory of the 19th approximation).

* See the footnote of Figs. 2a-5a.

Fig. 40a. Variation of the amplitude
of SR wave for kd=3.15% (based on the
theory of the 17th approximation).
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Fig. 42a. Variation of the amplitude
of SR wave for kd=5.0%+ (based on the
theory of the 21st approximation).
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EP. Fig.3lp-kd=0.5 ) Fig.32p-kd=0.7
Fig. 81p. Variation of the phase of Fig. 32p. Variation of the phase of
SR wave for kd=0.5%* (based on the theory SR wave for kd=0.7** (based on the theory
of the 9th approximation). of the 11th approximation).
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Ze.p.
30
Fig,33p-kd=08 Fig.34p-kd=0.9
Fig. 33p. Variation of the phase of Fig. 34p. Variation of the phase of
SR wave for kd=0.8** (based on the theory SR wave for kd=0.9** (based on the theory
of the 11th approximation). of the 11th approximation).

** For LLW. and S.A. stated in the figures, the reader should refer to the footnote of
Figs. 2a-ba. E.P. in the figures denotes “Emitting Point” of the wave.




506

T. Momor

2 m -
- . Fig.36p-kd=1.4
26 < Fig.35p-kd=1.0 n

B

Fig. 85p. Variation of the phase of

SR wave for kd=1.0%* (based on the theory
of the 11th approximation).

Fig. 36p. Variation of the phase of

SR wave for kd=1.4** (based on the theory
of the 13th approximation).
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Fig. 37p. Variation of the phase of
SR wave for kd=2.0* (based on the theor
of the 16th approximation).

*

Fig. 38p. Variation of the phase of

SR wave for kd=2.4* (based on the theory

of the 15th approximation).
See the footnote of Figs. 2a-5a.

**  See the footnote of Figs. 31p-34p.
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Fig.39p-kd=3.0

Fig. 89p. Variation of the phase of Fig. 40p. Variation of the phase of
SR wave for kd=3.0* (based on the theory SR wave for kd=38.15* (based on the theory
of the 17th approximation). of the 17th approximation).
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Fig.41p-kd=4.0 Fig.42p-kd=5,0
Fig. 41p. Variation of the phase of Fig. 42p. Variation of the phase of
SR wave for kd=4.0* (based on the theory SR wave for kd=5.0* (based on the theory
of the 19th approximation). of the 21st approximation).

*  See the footnote of Figs. 2a-5a.
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Fig. 43. Secondary reflection at the Fig. 44. Emitting mechanism of the
coast facing the open sea. secondary wave.

According to these figures, the secondary reflections (including at present
the higher order reflections) are comparatively greater for small kd
({Figs. 81a and 32a) than for large kd except the values near kd=38.15=x
(Fig. 40a, i.e., the case of the resonance of the first mode in the canal).
At the value kd=xr, the two regions of high amplitude extend along the
symmetrical axis and the bank of the canal with node (low amplitude)
between them to suggest the exciting of the lateral resonance (refer to
Fig. 40a). The excitation amounts to about 0.5 in amplitude.

In Figs. 31p to 42p (the figures of the phase variation), the most
conspicuous feature is an emission of the wave from the bank of the
canal near the corner of the estuary. The mechanism is such that,
referring to Fig. 44, the diffracted wave from the left corner of the
estuary arrives at the right corner to produce the emission of the
secondary wave along the right-hand bank of the canal. For small kd
(say Figs. 31p to 84p), the point of the above emission is located at a
point slightly away from the corner of the estuary in the tendency that
the point approaches the corner with the increase of kd from 0.5 (Fig.
3lp) to 1.0 (Fig. 35p). The cause might be attributed to the stronger
diffraction of the diffracted wave toward the inside of the canal for
small kd.

6. Effect of the Banks of the Canal

In order to examine, in particular, the effect of the banks for small
kd, the following procedure is considered. Let &,,. and &, be, respectively,
the wave heights of the estuary (the rigorous solution) given by (13)
to (15) of the fifth work (Momoi, 1968b) and by (21) to (23) of the paper
concerning the long wave around the breakwater gap (Momoi, 1967h).
The effect of the banks {, is examined by

Ceb:zest_zbw ’ ( 2 )

where the quantities with the bar are the conjugate values of the
relevant quantities showing the conversion of the incident wave from
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Fig. 46. Composition of the wave de-

)C‘—" scribed in equation (2).

bw l
)

/|

i exp (—iwt—1iky) to exp (+iwt+1ky). Equation

beb (2) is explained figuratively in Fig. 45. The
| 7%\/\ >% difference between equations (1) and (2) is as
N / follows. In the case of this section {equation
(2)), the secondary reflection is composed of
_ Fig. 45. Scema of equ-  two components, that is to say (i) the reflec-
ation (2). tion of the wave at the bank which is dif-
fracted from the coast facing the open sea to the bank directly behind
and (ii) that which is produced by the arrival of the wave diffracted
from the other coast (see Fig. 46), while, in the case of the fore-
going section (equation (1)), the secondary reflection refers to only the
component (ii) deseribed above.

Using equation (2), the caleulation of (,, is carried out, the results
of which are shown in Figs. 47a to 57a for the amplitude and Figs.
47p to 57p for the phase. The values stated in the figures are [{.] -
for the amplitude and arg (., for the phase.

In Figs. 47a to 5T7a, the region over the value 0.4 is shadowed.
Comparing the above figures with those of the amplitude variation of
the secondary reflection (Section 5) with the same range of kd, ie.,
Figs. 3la to 37a, it is found that the secondary reflected wave of the
type (i) described above weighs down that of the type (ii) in such a way
that the intensity of the former is about four or five times that of the
latter.

In the figures of the phase variation (Figs. 47p to 57p), the emitting
point of the wave is the very point of the corner of the estuary other
than that of SR wave in the previous section. As will be shown in
Section 8 (Reflection of the Diffracted Wave around the Right-angled
Corner), the secondary wave reflected from the leeward coast of the
right-angled corner leaves from the very point of the corner. Accordingly,
the above behavior of the emitting point in the estuary is interpreted
to come from the overwhelming of the secondary wave of the type (i).

Comparing Figs. 47p to 52p with Figs. 31p to 35p, the obliquely
emitted wave along the coast such as exposed in the figures of the
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Fig.49a-kd=0,7

= [ Q43 — | —
= > = . =
0.115 0085
al o7
Fig.52a-kd:1.0 Fig.53a-kd=1.2

Fig.55a-kd=1.6

Figs. 4Ta-b7a.

Fig.56a-kd=1.B

the canal of the estuary for kd=0.5 to 2.0.*

* See the footnote of Figs. 2a-5a.

Variations of the intensity |les| denoting the effect of the

Fig,50a-kd=0.8

M

Q.13

Fig.54 a-kd=1.4

Fig.57a-kd=20

banks of
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=

Fig.47p-kd=0.5 Fig.48p-kd=0,6 Fig.49p-kd=0.7

Fig.5ip-kd=09 Fig.52p-kd*1.0 Fig.53p-kd=1.2

Fig.55p-kd=1.6

Figs. 47p-57p. Variations of the phase arg (e denoting the effect of the the
of canal of the estuary for kd=0.5 to 2.0.**

**  GSee the footnote of Figs. 81p to 34p.

Fig.50p-kd=0.8

511

Fig.54p-kd=1.4

banks
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latter is not found in the former, but the wave advances along the
coast. This fact denotes that the obliquely emitted wave along the
coast found in Section 5 is definitely based on the secondary reflection of
the diffracted wave from the other coast (refer to Fig. 43).

7. Effect of the Corner upon the Diffracted Wave
from the Other Corner

In this section, the effect of the corner of the estuary upon the
wave which is diffracted from the other corner is examined. The method
of the examination is as follows. Let (.. and ., be, respectively, the
wave height given by (13) to (15) of the fifth work concerning the
estuary (Momot, 1968b) and the wave height around the right-angled
corner given by (17) of the above paper. The geometry of the model
of the right-angled corner is then the same as that of the right-hand
corner of the estuary with the transfer of the origin of the coordinate
of the former to the midpoint of the mouth of the estwary. The
estimation of the effect of the right-hand corner {,, of the estuary upon
the diffracted wave from the left-hand corner is made by the subtraction

¢, from C,,, (the conjugate value of (,,, which refers to the conversion
of the incident wave from exp (—iwt—1iky) to exp (+iky+iky)), i.e.,

‘:ec.:-zest—Cm . (3)

Test
The above equation is illustrated in Fig. 58.

7 %)l// Though the origin of the coordinate of the
model of the right-angled corner is transferred

to the origin of the estuary (the midpoint of
tre l) the mouth of the estuary), the solution around
the single right-angled corner is still described.

/ W by (17) of the fifth paper (Momoi, 1968b) owing
to the normal incidence of the invading wave.
e Using (3), the calulation of ¢, is carried
e U out, the results of which are shown in Figs.
77 4%7% 59a to 69a for the amplitude and Figs. 59p
% to 68p for the phase. The values stated in

Fig. 53. Schema of the figures denote |{..| for the amplitude and
equation (3). arg {,, for the phase. The waves expressed
by equation (3) are not simply the waves arriving at the right corner
from the left one, but include the multiply reflected waves between two
corners (or banks of the canal). The former, however, might be
interpreted to be, as the first approximation, overweighing upon the
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Fig.59a-kd=0.5

Variation of the intensity

Fig. 59a.
|Zecl denoting the effect of the right corner
upon the wave diffracted from the left
corner for kd=0.5.%

of

Fig. 60a. Variation of the intensity
|Zec| denoting the effect of the right corner
upon the wave diffracted from the left
corner for kd=0.6.%

0.26 Fig.6la-kd=0.7

0.27

Fig. 6la. Variation of the intensity
|Zee| denoting the effect of the right corner
upon the wave diffracted from the left
corner for kd=0.7.%

P55 043 Jo33
018 i
—

Fig. 63a. Variation of the intensity
|Zec| denoting the effect of the right corner
upon the wave diffracted from the left
corner for kd=0.9.*

0.2;

2
Fig.630-kd=09

*  See the footnote of Figs. 2a-5a.

Variation of the intensity

Fig. 62a.
|Zec| denoting the effect of the right corner
upon the wave diffracted from the left
corner for kd=0.8.%

Fig.64a-kd=1.0

0

Fig. 64a. Variation of the intensity
[Ce| denoting the effect of the right corner
upon . the wave diffracted from the left
corner for kd=1.0.%
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Fig. 65a. Variation of the intensity
[Cec| denoting the effect of the right corner
upon the wave diffracted from the left
corner for kd=1.2.%

0,185

Fig.670-kd=1.6

Fig. 67a. Variation of the intensity
1¢ec| denoting the effect of the right corner
upon the wave diffracted from the left
corner for kd=1.6.*

Fig.69a-kd=2.4

Fig. 69a. Variation of the intensity
1¢ec] denoting the effect of the right corner
upon the wave diffracted from the left
corner for kd=2.4.%

* See the footnote of Figs. 2a-5a.
**  See the footnote of Figs. 31p-34p.

Fig. 66a. Variation of the intensity
{Cec) denoting the effect of the right corner
upon the wave diffracted from the left
corner for kd=1.4.%

0.143
Fig.680-kd=2.0

Fig. 68a. Variation of the intensity
[Cec] denoting the effect of the right corner
upon the wave diffracted from the left
corner for kd=2.0.*

Fig.59p-kd=05

Fig. 59p. Variation of the phase arg
Cec denoting the effect of the right corner
upon the wave diffracted from the left
corner for kd=0.5.%*
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Fig.60p-kd=0.6

Fig. 60p. Variation of the phase arg
Lec denoting the effect of the right corner
upon the wave diffracted from the left
corner for kd=0.6.**

Fig.62p-kd=0.8

i

Fig. 62p. Variation of the phase arg
Zee denoting the effect of the right corner
upon the wave diffracted from the left
corner for kd=0.8.**

Fig.64p-kd=1.0

Fig. 64p. Variation of the phase arg
Lee denoting the effect of the right corner
upon the wave diffracted from the left
corner for kd=1.0.**

** See the footnote of Figs. 31p-34p.

Fig.6lp-kd=0.7

Fig. 61p. Variation of the phase arg
Lefdenoting the effect of the right corner
upon the wave diffracted from the left
corner for kd=0.7.%*

Fig.63p-kd=0.9

Fig. 63p. Variation of the phase arg
Zee denoting the effect of the right corner
upon the wave diffracted from the left
corner for kd=0.9.%*

Fig.65p-kd=1.2

Fig. 65p. Variation of the phase arg
Zee denoting the effect of the right corner
upon the wave diffracted from the left
corner for kd=1.2.%*
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Fig.66p-kd=1.4

Fig.67p-kd=1.6

Fig. 66p. Variation of the phase arg
Cec denoting the effect of the right corner
upon the wave diffracted from the left
corner for kd=1.4.%*

Fig.68p-kd=2.0

Fig. 68p. Variation of the phase arg
Cec denoting the effect of the right corner
upon the wave diffratced from the left
corner for kd=2.0,%*

Fig. 67p. Variation of the phase arg
Lec denoting the effect of the right corner
upon the wave diffracted from the left
corner for kd=1.6.**
latter.

In Figs. 59a to 69a (the ampli-
tude variation), the wave of high
intensity appears inside the canal
along the right-hand bank, which
is characterized by the shadow.
Inspection of the above shadowed
region through Figs. 59a to 69a
shows that the high intensity along
the right-hand bank amounts to
about 0.3 of the amplitude of the
incident wave (=1.0) for kd=0.5
(Fig. 59a) to decrease gradually
down to about 0.2 for kd=1.0

and further about 0.1 for kd=2.0. The shaded region of the high
intensity arrives at the left bank extending from the right one for
small kd (say Figs. 59a to 62a), while the above region continues diminish-
ing with the increase of kd (Figs. 63a to 67a) until the high intensity
is limited to the nearby waters of the right-hand corner of the estuary
(Figs. 68a and 69a).

As for the phase variation (Figs. 59p to 68p), the diffracted waves
from the left corner start at the point along the coast slightly away
from the very point of the corner to be propagated toward the right
corner, in which some of them advance along the coast in the open sea
and the others collide with the right bank of the canal to cause the
high wave there.

**  See the footnote of Figs. 31p-34p.
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The direction of the diffracted
wave at the midpoint of the mouth ‘7% B

2N

Y

Jo)
of the estuary is shown in Fig. %
69p for the change of kd. The ‘ o .
ﬁgure denotes that the advancing Fig. 69p. Direction of the propagation

of the diffracted wave, from the left corner,
component of the wave toward the at the midpoint of the mouth of the estu-

inside of the canal is more con- ary. The arrows denote the direction of
spicuous for smaller kd than for the wave with the numerals showing the

larger kd, suggesting the strong  values of kd.
inflow of the wave to the canal for small kd. This feature is consistent
with the behavior of the emitting point of the secondary wave reflected
along the bank of the canal, that is to say, the larger departure of
the emitting point from the corner of the estuary toward the inside of
the canal for smaller kd (refer to Section 5).

>

14
0.3

o

8. Reflection of the Diffracted Wave around the Right-angled Corner

When the incident wave invades the right-angled corner (refer to
Fig. 70), the wave is diffracted around the corner toward the leeward
waters. The diffracted wave arrives at the leeward boundary to cause
a secondary reflection. In order to examine the above-mentioned second-
ary reflection, the following procedure is devised. Let .. and (. be
the wave heights around the right-angled corner and the single break-
water wing for the invasion of a train of the

y 4
periodic waves exp (+iwt+iky) (@, k, t and y: :lexp“w“ikv)
the angular number, wave number, time variable i
and the y-component of the cartesian coordinate). / / 7,/ oniain
The secondary reflected wave around the right- 4 j /
angled corner ({,s;) is well expressible by the 5 /
subtraction of {;, from ¢, i.e., biffracted

Car=Cre—Cotw (4)

Fig. 70. Geometry
. . of the right-angled
where ¢, and {,;, are given by equation (17) of corner.

the last paper concerning the wave around the estuary (Momoi, 1968b)
and equation (1) of the paper relevant to the long wave around the
breakwater (Momoi, 1969). Equation (4) is illustrated in Fig. 71.
Using equation (4), the calculation is carried out for the secondary
wave in the range kd=0 to 15.0, the results of which are presented in
Figs. 72a to 74a for the amplitude and Figs. 72p. to 74p for the phase.
In Figs. 72a to 74a, the region of the amplitude over 20 per cent of
that of the incident wave is expressed by the shaded part. For the
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reflection 5:/ /

Fig. 71. Schema of
equation (4).
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comparatively long wave, the shaded part
extends to the wider area of the leeward
waters (see Fig. 72a). As the wave-length
of the incident wave decreases, the above shaded
area continues diminishing to the narrower band
along the leeward coast (see Figs. 73a and 74a).
According to the figures of the phase (Figs.
72p to T74p), the reflected wave from the
leeward coast is clearly found, which is directed
primarily to the leeward waters. Some of the
above reflected wave advances toward the
windward waters to cause the phase retard-
ation of the RST wave near the corner of the
estuary (see Section 3 discussing the RST wave
around the estuary). The above phenomenon
is illustrated in Fig. 75.

Fig.72p-kr=0-0.,5

Fig. 72a. Variation of the amplitude Fig. 72p. Variation of the phase of

of Lrar for kr=0~0.5.%

Fig. 73a. Variation of
of Lrar for kr=0.5~2.5%

Cras for kr=0~0.5.*

Fig.73p-kr=0,5-2.5

the amplitude Fig. 78p. Variation of the phase of

Cras for kr=0.5~2.5.%
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kr
25 50 75 100 125 150

25 50 75 100 125 150
25

Fig.74a-kr=2.5~15.0 50 Fig.74p-kr=2,5-150
7.5

100

2.5

Fig. 74a. Variation of the amplitude Fig. T4p. Variation of the phase of
of Cras for kr=2.5~15.0.% Lras for kr=2.5~15.0.%

Reflected wave ’
causing phase retardation
(\7 of RST wave
around estuary

Incident
wave

Emitting
point of
RD wave

Secondar{

reflection of
diffracted wav

7

Fig. 75. Secondary Fig. 76. Location of
reflection of the diffracted the emitting point of RD
wave around the right- wave.

angled corner.

0. Note on the Emitting Point of RD Wave

In Section 5 of the fourth paper (Momot, 1968a), we have discussed
that the emitting point of the RD wave (reflected and diffracted wave)
around the estuary is located at a point slightly apart from the very
point of the corner along the coast facing the open sea (see Fig. 76).
The possible causes of the above departure are (i) the diversion of the
invading wave to the coast near the mouth of the estuary, (ii) the
secondary reflection along the coast of the diffracted wave from the other
corner and (iii) the influence of the secondary reflection of the diffracted
wave from the canal. The above three possible causes are illustrated
in Fig. 77. If the above first two reasons, i.e., (i) and (ii) should be
accepted as the primary causes, the same feature—the departure of
the emittng point of the RD wave—would have to appear for the model

* See the footnote of Figs. 2a-5a.
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Couse (i) of the double breakwater wings (the case of

v ding{j’ ) U%vmion the normal incidence of the incident wave).
/W/;e // of wave As already mentioned in the fifth work con-
%2 cerning the estuary (Momoi, 1968b), we have

found that, after the numerical experiment,

Dmmc&seui%mndmy the emitting point of the RD wave for the
W°§<7"i'sgi°“ breakwater is the very point of the terminus
of the breakwater wing (see Fig. 25 of the

% above paper) instead of the point slightly

Couse (i) distant. In the computation of the RD wave
Difiracted “FnScry around the single right-angled corner in the
w"»v%%%ﬁvﬁ;‘;md above work (see Section 6 of the paper (Momoi,
’/% [/7 1968b)), it is found that the RD wave starts
at the point slightly distant from the corner

Fig. 77.  Possible  (See Fig. 40b) even for the single right-angled
causes of the departure of model. These facts might eliminate the possi-
the emitting point of RD bility of (i) or (ii) as the primary cause. And
wave. further, according to Section 6 (Effect of the
Banks of the Canal), the reflected wave from the canal arrives again at
the coast exposed to the incident wave in not negligible order.

We have now arrived at the conclusion that the influential cause
of the departure of the emitting point of the RD wave from the corner
point is (iii) illustrated in Fig. 77, though the other factors might
contribute to it to a somewhat lesser degree.
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