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In his thesis Prof. John S. McNown has given sn account of experiments
on seiche in port models. Though the fundamental camses of seiche in harbours
and perts are more or less kmown, we have little knowledge of ths harbour
dimensions for which & particular seiche is likely te occur. A systematic
study was therefore initiated by Prof. McNewn and our werk demcribed in this
paper may be coneidered as its contimation.

We shall recall briefly the essentisal elemmnts of Prof. McNown's work.

He considered port models with & horizontal bottom and vertical walls ;
the ports had & narrom entrance through which waves coming from the sem
penstrated. The ports wers of geometrically idealized forms -~ square and
circle ~ and were placed inside a wave-basin, alse with a herizontal botteom
(fig. 1). Outside the port and in the vicinity of the entrance, fina gravel
was deposited forming an abserbing beach to avoid reXlections. The incoming
wave from the ses was normal to the paas,

In this model Prof. McNewn smought te describe both expe rimentally and
theoretically, the agitation inside the port as a function of the conditions
in the open mea ocutside, He considered a regular train of waves coming to-
wards the entrance of the port and he mmde the simplyfying hypothesis that
the wave-crest continues to be uniform at the section of entrance, Bat
becanse of the reflectien inside the port a clapotis is formed in the
immediate vicinity of the entrance.

Two types of motion were observed inside the port. In the first, called
the resonsnt metion, the peried of the generating wave coincides with a
characteristic pericd & the port regarded as & closed basin. In this case,

1 At present at Laboratoire de Mécanique des Fluides de 1'Institut Poly~
techniqme, Grencble, France.
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&6 might be expected, there were no spprecisble normal velocities at the
entrance section. In the seconi type of motion, the non-resonsnt, the
normal velocity at the entrance is not zero and forms an integral part

of the internal motion. McNown was able to realize expearimentally certain
characteristic resonant movements. On the basis of the hypothesis of
clapotis mentioned in the preceeding paragraph he postulated that in every
case when the period of the sea-wave is equal to & characteristic period
of ths port, rescnant mctiocn ensues.

THRECRY OF THE PHERCMENA

Profs. Kravichenko and McNown have given a theoretical account of
this phenomenon. With axes of reference Oxyz ~ axis 0Oz vertically upwards
and Oxy in the plane of mean water level inside the port - the velocity
potential of metion in the port can be written as :

$ (x.y,z,t)= A Sin_z.i_ﬂ. p chik(zeh)} ¥ (xy), (1)

chkh

where T im the period of the generating wave, h is the depth of water,
A a constant and F (z,y) satisfies the differential equation :

AT + *F = o (2)

k is related to the peried by the eguation :

(417 = gicth (h). o

In sdditien to (2), F satiafies the conditien :
df _ o
p | ()

along the vertical walls of the pert, where n is the direction of the normal
to the boandary of the port. Along the part of the boundary occupied by
the entrance we write, on the basis of the clepotis :

i’l: B )
an (5)
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B being a constant. Evidently we may generalize the problem by taking the
right~hand side of (5) to represent a variable function instead of &
constant. Such @ generalized problem presents almost insuparable difficult—
ies both far the theoretical solution amd its experimental realization.

The constant B in equation (5) is determined by the clapotis cutside
the port ; the equation (5) expresses the fact that at the entrance the
normal velocity depends only on the coordinmte z. A resonamt movement is
a consequence of zero normal velocity, i.e., B = 0. In the gerersl ease,
the value of B will have to be determined experimentally.

LIMITATION OF McNOWN'S EXPERTMENTS

The hypothesis of clapotis was found to be in good accord with the
experiments performed by McNown. However there are limitations to both the
theoretical and physical aspects of these experiments which were recogn—
ized by Prof. McNown himself,

Por the hypothesis of clapotis to be approximately correct, the width
of the entrance to the part should be small ; this will become evident if
one considers the profile of the water-surface at' the entrance, If the level
of the water-surface across the entrance is to follow that of a clapotis
outside the port, the water surface will be approximately a horizontal
straight line. Such would definitely not be the case if, for instance, a
nodal line of the resonsmt motion inside the port were to end on the
entrance. Nor must a nodal line terminate at a point near the section of
entrance. It is interesting to see that in the cases of resonant motion
exanined experimentally by McNown, the nodal lines were considerably away
from the entrance section.

There is yet another difficulty in the formmulation of the theory,
where the hypothesis of a clapotis, so attractively simple as it is, leads
to a contradiction. The potential function for the region occupied by the
port which is the potential of a resonant motion and the potential function
outside the port which represents a clapotis do mot represent the same
function, which they should, since the wave~basin and the port are parts of
a region described by the analytic contimuation of a harmonic function.

Profs. Kravtchenko and licNown have recognized this difficulty and
have rewarksd that the theory can be applied as a first approximation only
to ports having narrow entrances. Under such circumstances the deviation
of the free surface profile from a horizontal straight line can be
neglected in the section of entrance. We have already seen,however, that
this approximation even ceases to be valid when there is a nodal line
terminating on the entrance.
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Table I. Period in seconds.
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1.319 1.063 0.916 0.819 0.750 0.698
1.718 1.277 1.046 0.907 0.817 O0.747 0.695
1.451 1.176 1.0 1,882 0.799 0.738 0.689
1.460 1.382 1.220 1.063 0.940 0.848 0.778 0.723 0.679
1.163 1.131 1.053 0.92 0.839 0.810 0.752 0.705
0.994 0.977 0.934 0.879 0.823 0.T71 0.725
03883 0.874 0.848 0.812 0.773 0.734
0.805 0.799 0.783 0.758 0.730
0.747 0.734 Q.731 0.714
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Fig. 2. Port model at the hydraulics laboratory
Institut Polytechnique, ' Grenoble.



SEICHE. IN PORTS 89

It appeared to us that these were the reasons at the origin of certain
snomalies noted by Prof. MoNown. Considering the practical importance of
seiche in the theory of harbour design, it was thought desirable to extend
the reasults of Prof. McNown's work, eliminating at the same time the rather
restrictive hypotheses he made.

It is the object of this article to describe the experimsnts and the
theoretical analysis oarried out starting from McNewn's initial experiments.
Our researches are not yet coamplete, though, we believe thet the discrep~
ancies observed by Prof. MoNown have been explained ani in part remowed.

We have attempted to give here the present state of our investigation ; for
gimplicity the following exposition will be restricted exclusively teo
resonmnt moevemants in ports.

We may state the general conclusions of ocur experiments : As & firat
approximation the theory developed by McNown gives mx excellent interpre-—
tation of the phenomenon observed in the laboratory for a large bamd of
periods, with the reservation that the width of the entrance is small with
respeot to the dimensions of the port. The theory needs modification when
the latter reatriotion is no longer valid or when & nodal line of the
resonmt movement terminates on the entrance. In either oase the existence
of a resonant movement is not affected, only the hypothesis of the olapetis
is no longer spplicable.

DESCRIPTION OF THE MODEL : EXPERIMENTAL RESUITS

Wa used a rectsngular port of width 3.40 m, length 3 m ; the depth
could be varied from 30 cm to 40 cm. There was, however, cne importmt
difference in our model from the oms studied by Prof. McNown : whereas
his model was placed in a wave-basin, ours wes situmted at the end of a
wave-canal (fig.2). We chose rather artifidal conditions, since it was
our objeotive to have as pure an incident wave ss possible. The canal was
not symmetric with respsot to the port ; however this dees not caume
appreociable dissymmetry in the agitation observed insidie the port. At the
other end of the ceanal, st & distanocs of 15 m from the port, was plmced
the wave generator.

With this arrangement & wide range of frequencies was investigated
for resonant movements, For all characteristic periods & seiche was
observed in the port, excepting & very samall mumber of cases, the reasons
of which are still under study. In their article referred to below, Profs.
Kravtchenko and McNown have cbtained an analytical condition which allows
a solution more genersl than & simple rescnmnt movement, when the corres—
ponding period is & characteristic period of the resonmat movement. The
condition has not yet been verified experimentally.
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For resonaxt movements the free-surface inside the port is givan by the
expreasion 3

- mTx m1il
= A'cos—-—a cos—-—Hb , 6)

where & and b are used to denote the lengths of sides of the fectmgnlu'
port, ani m, n denote the mmber of nodal lines paralle)l to eachaide.

The charscteristic values of k in equation (2) are given by the
farmuls

k '=‘"(‘mz“+lz)‘/z~ (1)

az bz

The depth of water in our experiments was kept at 30 cm. The table at the
end gives thecharacteristic periods invest ; the period Twm,n was
calculated by means of equations (3) and (7) on aubatituting B = 0.3.

In the entrance of the port the amplitude of oscillation of the water
surface is known from (6) : .

T (0= B on 85 ®

¥

where x varies between X%, the abscissas of the extremities of the

entrance. Thms if m is emall and if a zero of cos mflx/a dess not fall
between X)X, we my .pproxincte the proﬁle by a straight line. This

presupposes naturslly that the width of the entrance is small as compared
to the length of the side of the port More .precisely, McNown's hypo—-
thesis is valid vhen the section of entrance contains a maximum (and a
minimm) value of the function (8).

When m is large,cos mﬂx./a in (8) has one or mare zeros between X, 1%,

denoting so many nodal lines terminating on the section eof entrance . Even
then we have observed, howdver, that the resonant phanomenon persiate 3

in fact the amplitude of oscillnt_ion inside the port being much greater
than that in the wave-canal, the movement in the latter is altered consider-
ably at least for some distance (4 m. approximately) frem the section of
entrance.

Tet uas cite, far illustration, a few resonsnt cases from the Table
of periods. For the movemert denoted by m = 5, n = o carresponiing to a
period 0.9I5 secend, there were five modal lines parallel to the section
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of entrance ; while at the secti>n we had & perfect clapotis. As ageinst
this we observed the movement m = 5, n = 1 (period = 0.907 &), which
differs from the previous in that it haes & noddl lime right on the entr—
ance section. Similar results were observed for the cases (4,1), (1,4)

and (1,5), the first of the two mmbers in the brackets denotes the mumber
of nodal lines parallel to the entrmce of the port and the second denotes
the mmber of nodal linss parallel to the length of the wave-caml.

We were able to observe most of the cames correaponding to the charac—
teristic periods listed. It must not, however, be assumed that the water—
level at the positions corresponding to nodel lines was absolutely
stationary. Evidently in some cases they had appreciable movemsnt, but
it was smell compared with the maximm smplitude.

The amplitudes of rescnant movement inside the part were very often
donble that of the incident clapotis, In smme cases the ratie of amplitudes
was as mach as three., This should give an idea of ths importance of seiche
provoked by & wave of smzll amplitude. The amplitudes of escillation
inside the port were sometimes as much as 10 cm, i.e. one~third of the
depth of water in the port.

THEORETICAL PRESENTATION

, We have formulated a theoretical snalysis of the phenomens to take
account of the complex agitation produced in the me-cml in the
vicinity of the port entrance.

The potential }52 describing the motion in the wave camal will be
taken as the snalytic contimation of the potential function jl of the

resonant motion jinside the port. We shall suppose as the boundary
condition that at a great distance in the canel from the port the
potentisl § reduces to the potential function of a clapotis in a

depth h 2
§ C sin 2'"‘(, cos h[k z+h) cos ky

cosh kh (9)

As in equation (1), the potentials fl and _ﬂ; define two functions
F, and F,, both satisfying the diffeyentisl equation (2). The function ’1‘

aatisﬁes the boundary condition (4) along the wertical walls ef the pert;
in place of (5) we have the new conditions 3

4&=g&_ for y=o, x3< x <2, (10)
dn dn
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along the entramce section. Equation (10) expresses the contimity of
the normel derivative, which, however, is small mnce we have in the port
principally & resonant movement. Again the equality of water levels at
the common section gives us :

T, =T for‘y:O Xy & x & X, (11)

since the water-levels are propoartional to F2 and rl in the wave-canal

and in the port respectively. The function F, 1s given by the sum of (6)

snd am expression corresponding to the perturbation in ths port :

x )
fr= L An s Bl s (kTR (yp)] (12)

The coefficients Ll correspond ing to values of m other tham that for the

resonmt movement are small. Fz can be similarly written as a Fourier
series 3

ieph/ , ,
F = 3: Ci ws.".b'"_ (oc~x4) cos {\v/k"-"—[g__ B*ti}
JETTER ()

Ci ws il (-
+L<Zpk/4r L cos L] (x-3)e

where for brevity we have written p = X the constats 01, E1 and 11

can be determined with a sufficient approximation by means of the condi-
tions (10) and (11). Obviously in the canal the principal term correspond-
ing to the generating clapotis is predominant. This term corresponds to

i = o in expression (1 3). The importance of other terms depends on the
perturbation introduced in the port as alsc from the modifications of the
clapotis in the canal.

Detgiled results of calculations for the resonsmt and non-resonant
cases will be published later along with a comparison of experimental data.

We may note that the form of the potential function Pz explains

theoretically the transvsrsal phenomena observed inthe canal in the
vicinity of the entrance. This phenomenon is provoked by the reaction of
" the movement inside the port and attermates as we go farther from the
section of entrance.
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CONCIUSION

We my nots the practical, theoretical snd experimental aspects of
the study. As regards the practical nature of the experiments, it ias
umnecessary te emphasize the importamnce of seiche in pert oonstruction.
The study is hoped te be of use in modsl technique and psrticularly fer
the effects of mcale-distertion.

To resume the theoretical and experimental aspscts : The theory of
Professers Kravtchenke and McNown is applicable when the profile of the
water sarface at the ekrance of the port cen be approximated by s
horizontal straight line. This condi tion, however, limits on the one
band the width e¢f the entrance section and on the other hand, it
excludes rescnant movements with nodil lines terminating on the entrance.

In gensral the law of resonance holds when the peried of the ses
wave coincides with a characteristic period of the port basin, We have
extended the ramge of frequencies so as to remove the restriction on
nodsl lines mentioned above. The theoretical problem reduces to sclving
the Neumam problem fa- the differential equation AF + k2F_— o,
for & polygonal contour.
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RESUME
OSCILLATIONS A PORTUAIRES

A. S. Apte et C. Marcou

Dans sa thdse, J. Mc Nown a étudié les oscillations de le surface li=
bre des eamx portuaires sous l'action de la houle venant du large. Neus
rappelens que 1'étude a été poursuivie sur un moddle réduit et idéalisé ;
1'ouvrage était & fond horizontal et 2 parois verticales percées d'uns
passe étroite A Werds verticaux. Le moddle était placé dans un canal &
houle beaucaup plus large, A fond horizontal. Des plages d'amordissement
étaient disposées & 1'amont du moddle. Rappelons les conclusions essemr
tielles du travail de iic Nown.

‘ On observe dans le port un mouvement résonnant chaque fois que la pé~
riode de la houle génératrice cofncide avec celle d'une seiche propre du
port, supposé fermé., Le mouvement des eaux A 1'intérieur du port peut tou=
Jours &tre déterminé A priori a&i l'on connatt le mouvement des esux & 1'ex—
térieur du port et dans le veisinage immédiat de la passe. Ce dernier mou-

vement se réduit & un clapotis placé dans le voisinage de l'entrée.

~ Une théorie, dfie & J. Kravtchenko et J. lc Nown permet, A partir de
ces lois, de calculer le phénomdne dame les cas particuliers oliile contoti
du port présente des formes simples (cercle, rectangle, etc...). Toutefois,
Mc Nown a signalé des régimes erratiques oi sa thise est en défemt. Nous
avens repris la question en epérant sur un moddle de port rectangulaire
excité par la houle qui se propage dans un canal débouchant directement
dans le port et de largeur égale 3 celle de lg passe. On s'écarte ainsi
des conditions naturelles ; mais le phénomdns devisnt plus purs.

Nos principales conclusions peuvent &tre, & titre provisoire, résumées
comme il suit. La loi de résonnance énoncée par Mc Nown, demeure exacte
dans tous les cas que nous avons observés. Mais la lei du @lapotis & 1'en~
trée ne s'est trouvée justifide pour les périodes résonnantes que si axcune
nodale de la geiche propre du port n'aboutit & la pasae. ,

La détermination de la surface libre des emix portuaires exige alors
le recours 3 d'autres r2gles plus compliquéess

Par contre, dans le oas non régsennants, l'hypothése du clapotis se
trouve 8tre bien vérifide en premidre approximetion. Les méthodes de cal-
cul de Kravtchenko et Mc Nown s'appliquent intégralement ; nous indiquons
quelques variantes simplificatrices de leur processus opseatoire et nous
comparons nos prévisions Lheqiiques avec les mesures faites en laboratoire.





