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ABSTRACT

The seiche motion induced in a partially open harbour
is uniquely determined by the standing wave pattern formed
in the outside ocean. The variable location and size of the
coupling mekes the problem essentially three-dimensional.
Existing potential theory has been extended, for the case of
a simple rectangular port, to simulete ocean conditions by
approximating the open ocean by another rectangular basin of
large size, The theoretical problem then reduces to solving
the Neuman problem for the two-dimensional Helmholtz equa-
tion W*F + K®F = 0 for a polygonal contour. The finite dimen-
sional approximation of an infinite domain is, however, un-
satisfactory at least from the analytical point of view.
This difficulty has been removed, in this paper, by using
elliptic-cylindrical co-ordinates for the semi-infinite
domain in which the perturbation potential has been expanded
in terms periodic Mathieu functions. These theoretical deve-
lopments have been verified by a series of numerical calcu-
lations and experimental studies,

INIRODUCTICON

The phenomenon of long period standing wave is variously
termed as surge, seiche motion, or simply seiche. When
resonance occurs in the induced motion in the port, the
amplitude of motion is magnified, sometimes greatly, and
although the height of surge may be smaller than that of
storm waves, the horizontal water motion is usually large.
Since a ship is small compared to the wave length of a seiche
motion, it may be expected to move in space with water motion
unless rigidly restrained. Although this type of wave motion
and consequent damages to ship were first observed in the
Pacific coast of the U.S.A. (1), recent reports (2,3) indi-
cate that such motion exists in many coastal regions of the
world and has been a source of serious concern to harbour
authorities at these places.

Because of the extremely small steepness of the seiche
waves, a standing wave pattern exists offshore of any coast
line that receives such waves. If this coast line is now
broken to accomodate an entrance to a port, a part of the
incident wave is transmitted inside and suffers multiple
reflections at the harbour boundaries. Depending on the
boundery geometry, a forced oscillation results which, if
losses are neglected, is in phase with the outside motion.
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The free surface pattern is dominated by the nearest free
oscillation mode of the harbour assumed closed on all sides.
The two-dimensional picture of the open sea also undergoes

a local deformation around the harbour mouth which dies out
with lncreasing distance at a rate depending upon the ratio
of the entrance width to the wave length. The oscillations
inside and outside of the port should, therefore, be consi-
dered parts of the same motion. Mathematically, this means
that the potential of motion should be that of standing wave
both inside and outside of the port, the analytic continuilty
of the two functions being maintained through the harbour
mouth,

The theoretical treatment when the open sea is approxi-
mated by a finite basin 1s relatively simple and was Adeve-
loped by Apte'(4) and recently extended by Ippen and Railchlen(
In both cases an experimental model was selected to represent
ocean conditions near the harbour mouth as each investigator
thought appropriate. This model, which in the case of
Raichlen was more representative of the prototype situation,
was then analysed theoretically under certain restrictive
conditions.

On the other hand, until Miles and Munk(6) published
their work, there was no analytical solution available for
the open sea case, Their approach was, however, somewhat
different as they assumed the harbour to oscillate freely
and, due to the presence of the entrance opening, radlate
energy toward the open sea. This raiiated energy is radially
diffused in the open expanse and lost to the harbour itself
thus limiting the maximum amplification of the harbour
system at resonance. As a result, the potential of motion
inside the port was that of standing wave and that outside,
of a standing wave and progressive wave, However, in compu-
ting the resonant wave number, only the real part of the
open sea potential was considered.

The present studi es were undertaken when neither the
work of Raichlen nor that of Miles and Munk were published.
Even then, there are material differences in the work
described here and those referred above, Figures 1 and 2
show the relative position of the port, the outer sea and
a channel of variable length that connects the two. In fig.l,
the outer sea has been assumed finite while flg.2 shows this
basin to be infinite in extent. The arrangement shown in
these figures are more general than those considered pre-
viously because, in any physical situation, the harbour
does not begin immedlately shoreward of the sea. In fact,
ports with 'narrow' approach channels of finlte length are
not rape in nature,.
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In the present studies only waves with crests parallel
to the coast line have been considered., The outer boundary
of the finite open sea is constituted by a virtual wall at
an antinodal line that is sufficiently away from the harbour
mouth to be appreclably di storted by the presence of the
ooening. For the semi-infinite open sea, it is necessary to
consider, in addition to the two-dimensional standing wave
potential, a perturbation potential which possesses a finite
gradient at the harbour mouth, a zZero gradient at the rest
of the coast line and disappears at large distances from the
mouth. Such a solution is available if we use elliptic-
¢ylindrical co-ordinates and expand the perturbation poten-
tial of the open sea in terms of periodic¢ angular and radial
Mathieu functions, the angular functions forming an ortho-
gonal set. It may be remarked here that the Hankel function
expansion proposed by Miles is convenient only as long as
the harbour entrance is 'narrow'. Besides, the variatlonal
principle used in their analysis can not predict the complete
response curve and the form of the proposed entrance velocity
distribution function leads to an arbitrary entrance velocity
and consequently an arbitrasry amplitude of motion at resonance
although, the power amplification isg finite.

Perhaps, this brief review will be incomplete without
a reference to the valuable work done by Biesel and Le
Me'haute'(7,8) in this field.But, their approach, was,
essentially, two-dimensional, the harbour entrance being
treated as a localised obstruction in the passage of progre-
sglve waves. It is apparent that such an approach can take
care of the width of the opening but not its location in the
seward side of the port which, as will be shown later, plays
an important role in those oscillations of the harbour that
are primarily transversal, Unfortunately, transversal
oscillations have not received much attention so far although,
such motions are not at all unusual in harbours.

THEORETICAL STUDIES
THE MODEL

In the figures 1 and 2 the domains of the port, canal,
and the sea are denoted Dp, De and Dg respectively, the
domain Dg being placed symmetrically with respect to the
domain Dp. The basins are of constant depth h and the
boundary walls are assumed vertical. The axes of reference
are Oxyz, the Oxy plane coinciding with the mean water level
in the basins, and the axis 0z is directed vertically upwards
g0 that 2z = -h denotes the bottom of the basins. It may be
noted that the side GFKJ represents the totally reflecting
coast line which extends, in the case of semi-infinite outer
domain, to infinity in the positive & negative x - direction.
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The desired standing wave pattern in the closed domain
Dg 1is produced by a wave train incident at the other end of
the long, narrow wave canal shown at extreme right of figure 1
The analysis presented in the following pages can be utilised
to show that this arrangement producdes negligible disturbance.

BASIC THEORY

The flow is assumed irrotational. As the wave steepness
is very small, the exact linear surface wave theory can be
used to solve this three dimensional-problem.

The velocity potential satisfying the Laplace, free
surface and the bottom surface conditions can be written,
assuming simple harmonic oscillation, as ¢

g T 2wt Cosh K (z+h)

L N ———— F e o
Peot zw 008 <F - Tosh X b (x,y) (1)

Where T 1is the period of the generating wave, and F(x,y)
satisfies the differential equation :

V% 4+ K2F = 0O vees (2)

K 1is related to the period by the equation

2’ o
(=) = gK tanh Knh ceee  (3)
In addition to (2), F satisfies the condition
oF _
an - O e e o e 00 (4)

along the vertical walls of the port, where n 1is the
direction of the outward drawn normal to the boundary of
the basins. Along the two parts of the boundary occuplied by
the left and right end of the communicating canal we can
write

oF JF
[+
(1)—3—5"—---311 for y = 0
oF r
i.e. -E—;I:— = B; = V8 (x) for y=0 ... (5)
and dF OF
(11) S . - -2, for y=-L
on dn
dF, OF,
i.e, 3 = > = G® (x),for y= =L, ... (6)
y y
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where the subscripts of F are the domain subscripts, The two

auxiliary functions VS (x) and G® (x) are defined by the

following fourier series representation
0

o o ) 0 {x <
mr X-
v®(x) =) Um cos —-;:‘s £, Cos ——y— XX B (7)
m-c =0 o B<x<K3
oo I (x4c) L= mor( o) ESTS
c X-

G8(x) =2Vi Cos —ne =ng,cos; . ,“€x<ﬁ (e)

1=0 p h;o ]b /5<x<a+c

Again the equality of water level at the common
sections gives us;

F,=F, fory =0, ee. (9)

and F, = Fg for y = L, ...(10)

ANALYTICAL DEVELOPMENT

The Helmholtz equation, eqn {2), is solved forthe
various basins by expanding the F functions in terms of the
eigen functions of these separate basins assumed closed.
Only those frequenclies of excitation are considered here
which give®resonance”in the domains Dp and Ds individually.
This glves

2 2 2 2
m n i
K =qr2( -2+ ) =WE( 2 s —g—- ) ... {(11)
a b P q

where m,, N and i, jo represents the number of nodal
lines parallgl to tBe corresponding sides of the two basins.,
However, the general development is valid for other fre-
quencies as well,

We now write the F functions for the various domains
noting that these, when substituted in eqn.(1), give the
corresponding velocity potentials

(1) Domain Dp

m(ﬂk
g mmwx Cos §, (y-b)
Fp(x,y) = E Uy Cos ——. +

o0 ’
m_ T X N,y mwx  Cosh @ (y-b)
+Ryo Cos ———. Cos ——=> Uy Cos z ..(12)

a ' g 7
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(11) Domain Dg :

lz(-t#- KT (x-&)
(x,7) C”l{rcsﬂm
Fc X,y) = — 4 - x Cos y+ +
k
s ¢k Sin g, L

a2 kT (x-%)

Cog— it /
+ 8 Cos ¢kY} :)z—rm {-l Ty Cosh¢K ( y*L)-gk Cosh

Bie
i
g y} (13)
(111) Domain Dg :
., PK
19 1M (x+c) Cos Py (y+L+q)
Folx,y) = - Vi Cos : '
-~ p @y Sin #4q
110 (x+3) I 2o 17 (x+c)
Py, Cos > Cos ~2 +y ¥, Cos—— .
p ToiPkAe P
Cosh (y+1+q)
Soon By ebrad gy
Where
, wPw? b, 2q? 2}
B = (K - a2 Vi = a2 !
kK T 2 3 ’ k2“.2 3
¢ - ( 2- ) : = ( a K2 )
k 12 k 12
12we 3 2 q? 3
gm0 g g ()
i o P

These expressions satisfy the partial derivative
egquations (5) and (6) with the help of first definitions of
the auxiliary functions given in equations (7) and (8).
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It may be noted that the various Tourier coefficients
are yet unknown. The coefficlents fy and g, are determined

by applying the matching conditions prescribed in equations
(9) and (10).

Analytic continuity of the veloclty potential at the
left end of the coupling canal ( y = 0 § gives, then,

e KW{x-o) Kw(x -o)
kaK COS _TTT - E gk Bko COS _——
;:o 1 R=0 1
o / nwx m, T X
= E U, Ay Cos —5— + Rpyp Cos —— cous (15)
msao a

Nhere, the dashed summation sign indicates that the m. th
term has been omitted in the infinite series in m, and

Cot @yb a X
A =
m ¢ ’ In < 1"
m
* e o (16&)
~Coth @b a X
= , m
e w
Cot @yl Cosec @, L 1K
A‘=-————-———;B=---——--—-;k<——-
k 7 K W T
£ < oo (16D)
Coth @ L Cosech #,L 1X
= + v} ; = + ; k>—-—-——
Pk M T

Both, the series in ejuation (18) are uniformly and
absoE.lutely convergent In the interval « £ X £8. Hence, we
ca ulti ly both sides of the equation b

n | th-‘}’" q y

Cos [ 1 y r=20,1,2, ....,00and integrate, term by
term, within that interval to obtain;

e,
fr Np Ap - &, N By =ZUm Ap Ypp + Rpyo Mpor
=0

r=0,1,2, ....,00
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N = N, = 1
Where, Np = 1 and N, i for r ;> 1

(o mTX rW(x -of)
and Mmr = Cos a . Cos _-_1_—_ . dx
(4

Similarly, the analytlc continulty at the right endi of the
canal ( y = -L) gives,

°0 KT (x-oX ) eo T (x-eC)
EkakCos—-——'——- - E &x Ak C0S

(1g)

R=o 1 RuO 1
., 1w (x+c) 1, (x+c)
= g Vi Ay Cos ————— + Py, Cos ——— .... (19)
X} b D
Where,
Cot @b p K
Ay = - ——B—___ EANE
Coth @b p K
. — 1>
]
3y n

and the dashed summation sign indicates agaln, that the igth
term has been omitted in the infinite serles in 1.

Proceeding as before, we get :

o0
ZI
1=0

r=0,1,2,3, ......00 eee.  (20)

where N, = 1 and N, = 1/2 for r:> 1
Replacing Uy and Vi in terms of fy and gy, respectively

from equns (7) and (8), we can rewrite equations (17) and
(20) as below :

00 0o
/
!
£ Np Ap - gp Np By = ZfKZAm Mpk Myr + Rmo Mmor ..(21a)
R0 M=0
rek=0,1,2, .....,00

and ocd ]
1,
£oNBy - BpNAL = E ex ; Ay My Myp+Pio My or ... (21D)
R=o =0

r, k=0,1,2, ,,,..,%0
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"here, |, 1 s 1
Am = Y Am, for m = 0; Ai = _p'— Ai’ for 1 =20
2 2 .
=;-Amfor m>1;~=—pAi, forl}l
ﬁ mwx kW(x - )
and My, = J Cos . Cos ——m o, ax
o a 1
(S imw (x+c) KT (x «&X)
Mjk =} Cos ——=— ., Cog —————— ., dx
P 1

Similarly, Myr and Mir.
Writing ejuations (21) in matrix form

Pek] + [Ark] (ex) + Pio (Mior) = E\rl{] (£y)
Bok) - Pre]  (£) + Rmp (Mmer) = -[Ark] (k)
k, r=0,1,2, .......00

....(22)

Where, [/\rK] and D‘I‘k] are dlagonal matrices whose diagonal

elements are given by Ny A, ’\11 A%, .etc., and M 0 Y\Il Bj
.ete., tspectively. gurther, e elements of the

B

matrices rk] and [Drk] are given by
1% /,
Boo = — AO*E Ap Mo Mpo; k=1 =0

o0
!,
Bok’Bko'"z,:Am Mpxk Mpos * = 03 K>1
-3

(23)
=,
7
Bpk = Byr = 2 Ap Mpr My Ty K, > 1
m=i
and 12 oo/
Dyo = —— A0+_Si Ay Myp Myo; k=r=o0
P =1
Dyic = D § W My M1y T o= o, Ky 1 ... (24)

Dri = Dkr = § AiMik Mir’k’r> 1
i=]
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Denot.’gng,[DrKA +[/\rk] by [D;.k and Eirk] -[/\rkgl by [B;.k]
equations (25) is simplified to read :

[D;xl (ex) + Pig (Mg p =[7\rk] (£i)
[BII.K: (fk) + Rmo { MIHQI' )} = _[>\rk:l (gl;)..

r=0, 1, 2, ....00.
K:o’ 1’ 2’ 000.”.

. (25)

The matrix equation (28) can now be solved for either
(gy) or (f,) directly. But, we would like to solve for fk s

since the Csclllations Inside the port are of ilmmedlate
interest to us. Further, 1t may be noted that the general
solution should not involve inversion of the d1iagonal matrix

Ark] as its elements, for r = k>l_1§’ tend rapidly to
zero a8 L, the length of the Canal, increases. Eqn, (28) 1is
therefore, reduced as below,

[srx] (k) = Bpy  (Mpor) - iy (Bp ) ... (26)
rek=0,1,2, .....00
where [SrK] = [Grk] - [B;'k:ll
[or] = -[Arc][pfr ] [P

and (Ep) =|:7\rk_] E)f:r—l_-] (M1,r)
Solving the matrix eguation (29)

(fy) = Rmo1 l:skr-lj (Mpor) - Py, [Skr’l:] (E.) ... (27a)
(gg) = [Df:r]l?rk] (f) - Py [ Dﬁ:r] Mi,r ) ... (270}

These operatlons give fi s and gy s in terms of Rp,
and Pi,, the principal®resonant” amplitudes in the report
and sea respectively. e note at this stage that to simulate

the ocean condition at the domain Dg, we must take iy = o,
so that P1, 1s Pp ani Mj p 1is Mgy,

To solve Rpp explicitty In terms of P, one must now
apply the " resonant " condition (8 ) in the port, viz.

00
Z:fk Mpok = 0 ... (28)

=0
Using this value of Rpo in equ. (278) fys can be
obtained in terms of Py and the "resonant" motlon everywhere
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in the port becomes known interms of the undisturbed ampli-
tude (P,) of the incident clapotis at the sea outside.

We next investigate the case when the domain Dg becomes
semi-infinite (Fig.Z%. The previous developments for the

port and the canal remain unchanged. Cnly the potential ¢s,
for the outer domain, should be established anew and matched
at the right end (y = -L) of the communicating canal with the
local value of the velocity potential &,.

A solution for the perturbed potential function in the
open sea (domein Dg) can be simply obtained by an extension
of a method first outlined by Morse and Rubenstain (9) for
diffraction of electro-magnatic waves by ribbons and slits.
The method was later used by Carr and Stelzriede (10) in
solving the problem of diffraction of straight crested water
waves by a finite gap in a breakwater., Using this method
the function Fs(x,y§ is obtained partly in elliptic-cylindri-
cal co-ordinates (& ,#) and partly rectilinear co-ordinates
(x,y); the co-ordinate systems are shown in fig.3 which is an
enlarged view of the right end of the coupling canal.

The wvarious co-ordinates shown are related as below -

x' = .x, y'=-y+1L

x' = (d/2) cosh & cos ¢

y' = (d4/2) Sinh§ sin ¢ oo f(29)
z' = 2

For constant 2z, lines of constant § and @ become,
respectively, confocal ellipses and hyperbolag of focal
length, d, WYhen § = 0 and @ =W, the hyperbolas degenerate
into a straight_line with a gap of wldth 4, the gap itself
being given by g =0, 0P m, the degenerate ellipse.

We define the function Fg (x,y) in the following manner:
Fg (x,y) = Y(x,y) + P, Cos Ky oo (30)

In equation (33) the second term on the right satisfies
the field equation, eqn (2}, has a zero gradient at the
coast line including the gap, and gives when introduced in
eqn (1), the potential of principal oscillation mode, i.e.
of clapotis, at sea outside. It is, therefore, necessary to
find a ¥Y(x,y), Such that it satisfies equation (2), possess-
-es a zero gradlent at the two coastlines, disappear at
infinty and remain finite in the region of the gap. ™e call
this function the "perturbation" funetion and the correspon-
ding potential, the perturbation potential. It is for this
function that the elliptic - cylindrical co-ordinates are
useful.
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Introducing the co-ordinates of equation (29), the
complete spolution for the perturbation function Y lé, #) thet
is periodic in @, can be written interms of even and odd
angular and radial Mathieu functions (11)

) Vm
‘l’(%??’) = Re[ m—— Sem (S,¢) Jem (S,%)— i Ne’m(s,g )

=0Nm
, oo (31)
(-8 Vm
m:ONm

d

w 2
Where S:-(.T.) = |

The arbitrary coefficients (to be specialize later)
Vp, and Vm may be imaginary and Np and N are the norma-
lizing factors. This representation of the comnlex pertur-
bation function glves rise to a perturbation potential
individual terms of which represents outward travelling
waves that disappear at large distances from the opening.
Since only the even function solution satisfy the boundary
condition of zero gradient at solid boundaries, we have
finelly, for the standing waves perturbation function,

o0
Y(€.9 = Re [,..ZT Se,u(s,8) e nmls,€)-1 N, (5,8 )]

oo (32)

. )2

oo

where Re means the real padrt,

The coefficients V are determined by satisfying the
boundary condition of equation (6) and we get @

Ve = - c (33)
= (s o) ng mk

where i = ,I- 1 and

a (T kw(x-«
ka = -gj Cos -—-]--—-— . Se’m(s,¢).sin ¢.d ¢ cee e (34)
(]

Introducing equn (33) in (32) and putting the resulting
expression Pér Y(g,m in eqn (30), we get
Ne,m(s,§ )

Fglx,y)=Po Cos Ky -22&:}:2——- e,m(s,#). o . (35)

R=0 mom e m(s o
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Equation (39) replaces, then eqn (17) of the finite outer
domain case., The right hand side of eqn (22) is similarly
replaced by the new series.

oD °0 ka
FS(X’L) - P°+ ZngZ T. se,m (s, ¢) LS (36)
R=0 m=o N (g: m)

fe,m

Where fe m and ge,m are the jolning factors tabulated in
Tables relating to Mathieu Functions (11*); Further develop-
ments proceed in a manner similar to that used in the finite
domain case,

c0 O
The new R.H.S. of egn (24b) -;gKZBm Cmk Cmr + POJ.Sor
20 M=o
S s
=) g. DpptPol@or ... (37)
k=0 k Tk
K’ r 80’1’2 Ol“"w
where f
’ Bm - . eém
N €e,m

1
8or is a Kronecker delta = — Myp, and
1 cee. (38)

od
Dpic = 9 Bp Cpi Cur, k, T = 0,1,2, ...,00
mz=0

The matrix eguetion (22) 1s then unchanged except for
the fact that we must take i, = O and that the elements of
the matrix [ Dpx ] should be calculated from equation (38)
and not from equation (24). Further developments are identi-
cal with the steps leading to the equations (25) thru’ (28)
which gives the desired solution.

For narrow harbour mouths ( 1 K <1 ), the preceding
development for the open sea case reduces to that given by
Miles and Munk. For instances if we use the entrance veloclty
distrivbution function, #,;(x), proposed by Miles and Munk and
adopt thelr scheme of normalisation for this function then,
in the expression for D{(k), a term ¢

(1%/2) (sz/Nm) (1/ge ,m) exp (-1 yu) is obtained

instead of theterm [( -1/2)1 + (1/W)ln (8/y 1 K)] derived
by them.

106



EFFECT OF ENTRANCE ON SEICHE MOTION
IN OCEAN PORTS

In these expressions,

¥ = 1,78 ...y the Euler's constant,
Yp = - Cot (fg m),

ana Gy = f¢1<x> (s, 8). Stn . a
It can now be reaﬁily shown that as (1 K) tends to <221

(1“/2)22:(02/N €e,m! €xp (-1 ¥p) —>(1/7)1,(4.49/1 K)-(1/2)1
= (l/rr) 1,(8/¥1 K)-(1/2)1
indicating the identity of the two approaches for narrow
harbour mouths.
NUMERICAL EXAMPLE

The dimensions (Refer fig.1) used for the analysis,
that are invariant for the various cases studied,are

a =12, b

7, p =24, g = 24.18
and 1= B~

2

The wave period was selected to produce one of the
normal modes in each basin, assumed closed. For the port,
this was taken to be the case when my = n. = 1 and the
length of the outer basin was adjusted to make io = 0 and
Jo = 4, so that the following relationship results :

2
2 1 1 4

- ) = K2 = (0
ot 122 92 tod, 710 q? )

from which ¢

Knony = Kigd, = 0-5196
M= 12,09, and

q = 24.18

Surface profiles have not been calculated in detail; but
the values of the function F (x,y) have been computed at
the four corner pointsg viz.(g (a,0), (o,b) and (a,b)
of the port.

Two effects have been studied. In the first, the length
of the communicating canal (L) has been taken as zero, and
the entrance location varied as indicated in table I. The
same table also shows, for each entrance location, the
values of Ep(x,¥) for (a) a finite sized outér domain Dg
and (b) a semi-infinite outer domain,
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In the second study only one location of the coupling
canal, viz,&= 2, B= 4, has been used and the length of the
canal L varied tomake L = 0,%,1,2,2,1,4, and 12.09 =A.
Table II gives the results of these computations.The: -
results for L =A were obtained by suitably modifying eqn(16)
and prescribing an additional condition, that of ™"resonance",
inside the channel.

The coefficients Ap, Af and the integrals Mpyk, Myr and
Mik, My, have been computed with m = 0 - 48, 1 = 0 - 72
and r = k = 0 - 4, For the Open Sea case, the coefficients
By and the integrals Cmk> Cmr are computed with m = 0.6 and
r =k = 0 - 4, The convergence of some of the terms were
slow and although a formal proof of convergence could not
be given, these calculations amply demonstrated that the
various series proposed in the analysis do indeed converge
absolutely.

EXPER IMENTS

The results of the numerical example were verified
experimentally in a 7 ft. wide concrete chsnnel using the
arrangement shown in fig.l. The desired agitation in the
finite dimensional sea (GHIJ) was brought in by a narrow
communicating channel located at the center of the side IH,
Although, this experimental arrangement deviated somewhat
from the mathematical model used 1n the analysis, an invol-
ved mathematical formulation of the actual experimentel
gset up showed the Aifference to be exceedingly small as long
as { 1'K/1) K.

The water depth and wave length used throughout the
experiments were 9 in. and 36.27 in., respectively. The
geometrical dimensions of the model were, therefore, three-
times the values, in inches, used in the numerical example.
The wave was produced by a simple flap type wave generator
driven by a variable speed drive. The wave heights were
measured, initially, by means of parallel-wire resistance
gauges when the wave generator drive consisted of a variable
speed D.C. motor. Later, for better speed control, a cons-
tant speed A.C. motor with mechanical speed variation
arrangement was installed and it was found that ordinary
point gauges could be used with better accuracy. The results
of experimental verification, for one corner of the port,
aré presgsented in figures 4 and 5.

DISCUSSION OF RESULTS

It can be seen, from table 1, that the location of the
entrance has & marked effect on the agitation inside the
port. But, the difference in the results for the assumption
of (a) a finite outer domain, and {b) an open sea is
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negligible even though the finite outer domain is only of
moderate size. The quantitative agreement between the experi-
mental and theoretical data presented in fig.4 is rather poor.
This 1s, probably, due to the large hydraulic losses that
were assoclated with the highly adjusteble model used in the
experiments.

Table II shows that as the length of the coupling
canal 1s increased from zero, the agitation inside the port
increases repidly, attains a peak in the neighbnurhood of
L = 2, and decrecases as rapidly thereafter., "hen the length
of the canal is in the vicinity of the critical length,
very large changes in amplitude take place for only slight
changes in the canal length. This resulted in somewhat
unstable operation in this region. The experiments also
failed to realize (see fig.5) the large smplitude oscilla-
tions indicated by the analysls. Similar disagreement
between peaks theoretically nredicted and actuslly observed
in the laboratory has been reported by LeMehaute and Raichlen.
Although a large part of the observed discrepancy is due to
the neglect of dissipative forces in the analysis, breakdown
of the llnear wave theory at such large amplitudes of osci-
llation may be no less important a reason. In fact, for
approach channel lengths approachling the critical value, the
oscillation modes became remarkably deformed in the regions
of high amplitude.

The studies reported here are only exploratory in nature,
as complete response curves have not been determined., These
are in progress. It 1s possible, even then, to make certain
general observations in the light of existing knowledge. For
instance, the observed influence of entrance location is due
to the presence of a transversal mode of oscillation. Natura-
lly, this influence will be less pronounced for oscillations
that are primarily longitudinal. Again, a complete response
curve will probably show that the meximum agitation at
specified places occur at different frequencies, although
the ir magnitudes may only depend on the width of the harbour
mouth., It is, therefore meaningless to attempt to segregrate
areas in the harbour as 'quiet' or 'disturbed' zones or
specify entrance locations that are particularly desirable
unless, the power spectral density of the excitation exterior
to the harbour is peaked over only a narrow band width of
frequency. The exterior spectrum 1s, usually, a function
of the topographical features of the neighbouring coastline
and continental shelf and in some localities the spectrum
is indeed peaked at frequencles typical of harbour seiches.

The case with an approach channel interposed between
the harbour and the open sea has a special significance as,
in almost all harbours, the entrance itself has a dimension
of length. For a given wave number and harbour geometry, the
effect of varyineg the length of this approach channel is
merely to change the phase of the incident wave at the

110



EFFECT OF ENTRANCE ON SEICHE MOTION

IN OCEAN PORTS

Tasle - 1
(Effect of entrance location on harbour agitation)
Intrance{Outer
NolLocation| Sea |[Fp(0,0}| Fp(a,0) | Fp(0,Db) Fole,b)
o |B
Finite 1.05 "1.16 -1015 10’)6
11912 | open| 1,028 | -1.15 -1.14 1.n5
Finite| 1.09 -1.39 -1.38 1.12
2L 11 % | open | 1.06 | -1.39 -1.37 1.10
Finite| 1.12 -1.68 ~-1.64 1,17
3] g1 4
Open | 1.12 -1.687 -1.64 1.17
Finite| -.85 - .8% - .69 ~ .69
4 5 7
Open | -.98& - .98 - .80 - .80
Note : All magnitudes are in terms of P,.
Length of approach channel, L=0.
TABLE o IT
(Effect of channel length on harbour agitation)
Outer Sea| Aporoach
No. & Channel | Fp(0,0)| Fo(0,b}| Fpla,n)| Fpla,b)
Entrance| Length,L.
1 0 1.12 ~1.68 -1.64 -1.17
2 | Finite 3 1.37 | -1.96 -1.93 1.41
3 |Outer Sea 1 1.83 -2.62 -2,58 1.89
4 2 13,35 |-19.14 ~-18.84 13.80
S |Entrance
Loocation 2.1 40,95 [-58.47 -57,.80 42,26
6 | =2 4 -1.26 1.81 1.78 -1.3n
7 1B =4 12.09 1.18 |+ 1.67 |- 1.66 1.20

Note : All magnitudes are in terms of P,.
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harbour mouth. In fact, the 'spiked' response characteristio:
observed in some of the N.I.T. experiments clearly demonstraf
the need for considering the phase of the incident wave as
an additional independent variable in seiche studies. This
will be especially important for harbours that project out

of the general run of the coast line.

CONCLUSIONS

As the number of cases studied, numerically as well as

experimentally, is small only few definite conclusions can
be drawn. These are

(1) For the case studied, the proposed oren sea solutior
is 1in very good agreement with the solution obtalnec

by approximating the open sea by a finite sized.
rectangular basin,

(11) The agitation inside a rectangular port is greatly
dependent on the entrance location as long as the
mode of water motion has primarily transversal
oscillation component.

(111) For a given excitation and harbour geometry, there
exists a critical length of approach channel which
produces maximum agitation inside the harbour basin.
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