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STUDIES IN TIDAL PHENOMENA
Zidan, Abdel Rez1ik h Y

ABSTRACT

Ap a result of complexity of the tidel current and
weter level prediction problem; bofore the computer time,
reliance has meinly been placed on fisld measurements snd
tidsl model etudies to obtein & relisble picture of water
levels and tidal currente in inlets, bays, and estusries.
The expense connectsd with either of these two methods has
greetly restricted to emount of tidal current end tidel
range informatione,

At the present, due to the increasing capacity of high
epsed digitsl computer end the different numsrical techni~
quee for solving the governing equatione of motion, ths use
of mathematicel models for tidal flow computation is quite
well setsblieshed. The main objective of this present study
is to investigste the influence of boundary reeistance on
tidel wave propsgating elong an estuary or inlet end slso
on the tidel currente. An increaae of boundery resistsnce
will decresse the tidel renge snd the correeponding tidel
current. Reesonance could occur et low value of boundsry
resistence, which will influence both the charecteristica
of tidel weve end tidasl current. The influence of freash
weter diecherge in conjunction with boundary reeietance on
the tidel phenomens ie aleoc inveetigated.

INTRODUCTION

The aim of etudies of tidee could be claeeified into
three main purpoasee: (1) scienfific intereet; (i1) neviga-
tion to predict water level end/or current for s given
place: (ii1} hydreulic enginesring to predict tha effect
of chenging the conditione by hydraulic structures or by
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netural ceuees as an example im a prediction of tidel curr-
ent in planned canal connscting two different tidal regimes
such ae Suez Cangl and Panama Canal. The main objectiva of
thies work 1e to inveatigste the influence of boundary resiae-
tanca snd/or river flow on the tidal wevae end tidel current.
Anslytical studies were used, before the computar time under
simplified sesumptions Ref.(4).

Ths msthematicel model has been used since comprehan-
aive field messuremsnts are expensive and time consuming,and
the phyeicsl modele suffer serious scale effacts.

Tidel Constituente;

Orbite of earth eround the sun and of moon arcund esrth
sre not circles but ellipees, that is distance sun-eerth
and sarth-moon vary periodically ac the gravitstional force
of attraction exhibite s meximum and & minimum velue during
sach orbit. The orbitel plane of revolution of earth round
the sun is inclined to en angle to the eun axis, The axis
cf the moon 18 also inclined to the plane of ite orbit round
the sarth conseguantly the gravitational tids producing force
et 8 givan point on the marth veries in a complex, but a
pradictable manner. The lsrgest component of this forcs ie
due to the moon for its proximity from the esrth and hae
o period of about 12 h 25 wmin,

The lunar tidel forca reaches ite maximum valus once
in 28 deys when the soon i8 nesrest to the ssrth, when the
moon ie furthest, the lunar tidel force ie sbout 2/3 ite
meximum value, The totsl force dus to combined action of
sun snd moon is graateet whan they ect together that is
when the sun end moon ere se neerly in line with the earth
as poesible, This happens twice s month, when the moon on
the side of serth as ths sun, i.e, during s full moon and
a new moon. When this happsna spring tidss oeccur, having
arange of movement bigger than tha everage. When sun and
moon in quadraturc with tha serth their effect gives riss
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to smallar renge than the aversge when thie happene neap
tide occure which is aleo twice a month.

A list of componente can be made from the harmonic
enalysie of the tide generating force Ref.{10). Bogren
{1883) gave & list of 29 partial tidee. A liet in the

Admiralty Mannuel of Tide by Herria Conteins 23, The
British Admiralty Manual of tide gave 20.Some of these
partial tides half a period, up to half year, Sea
ent due to the declination of eun with the equator, The

compon-

hydraulic engineer ie not concernsd directly with tide
genaerating forece, but with thair effects on ries and

fell of water level, He 1s not ueually interested with
partial tide having long periods, ae he wante to be in-
formed about a very high or very low,high water level and
low water level, or the maximum velocity of the current
at 8 place where he 1s going to workFor that reaeon it ie
not neceesary to coneider all the partial tides in tha
hydraulic enginsering,the following table givee the prin-
cipal hsrmonic components which sccount for 83% of the
total tide generating force Ref.(B),

Tabla (1) Principsl Hermonic Component

Name of Component Symbol Bz;;ioﬁoure Amgitiﬁda
Principal lunar My 12,42 100

Principal solar 52 12.00 46,6 ASE
Larger lunar elliptic N, 12.66 19,2 T Odl
Luni-solar semidiurnal Ko 11,97 12,7
Luni-aclar diurnal Ky 9X.93 58.4

Principal lunar diurnal 01 25.82 41.5 diurnal

Principal solar diurnasl P1 24,07 19.4




Manscura Bulletin Vol. 8, No. 1, June 1983, C.35

It is seen thst the larger part of the tidal varistion
is due to moon end the principel effects are due to variat-
ion of phese of moon, distance end declination, The diur-
nal tide could be found on the Coast of Chine, Alaske, and
the gulf of Mexico. The aemi diurnsl tide on the shore of
Atlantic ocesn end the mixed tide on the pacific Coast of
the North Americs,

NUMERICAL MODEL
Mathematical models of tidel flow computstions are
besed on the esquations of moticn, tha continuity and dyne-
mic aquatione;
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= water dischargs;

« instantaneous surface braadth;
= water velocity;

T c o0

= watar aurfece slavation;
S = bed elopas; end
S

=]

£ friction elopa.

The numericel techniquea for the solution of theese
two governing equetiona of motion are based on thrae main
approechee; (1) method of cheracteristice; {ii)} finite
difference method; {1i11) finite element method. The char-
scterietic method hes the advantegee of tranaformation of
tidel wave ae it proceed amlong the estuary, Convergancs
of forward characteristice indicates the steepaning of the
wave. Their intersection indicatee the formetion of e
bore Fig.(2). Figure (3) demonetratee the steepening of
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Fig(2) Convergence of the forward characteristics indicates the
steepening of the wave form

Fig13) Steepening of the Wave Form
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flood tide when the wave propagates in the upstream direc-
tion, The characteristic method hee been found more accu-
rate among the cther numericsl techniquee and it haa proved
a faeter convergence between the computad and actual water
levels sven for errcre in ecetimating the initiel conditions,
More detaeils of the cherscterietic methed are given in Ref.

(1).

Section propartiee, schematization, of & natural sstu-
ary, such ae meen depth depth, wetted perimeter and crose
sectional srea have been incorporated in the mathematical
mocel,

Equationa (1) and (2) yield the two following cheracte-
ristic aquetions Fig.(l);

forward charocteristics
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The backwerd characteristic equetion:
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The two equstions confirme the effact of estuary shape
on wave epeed and water current., This ie smell if

u.C m ie lese than -s-u—h"l-..
&L c2.d

Some egtuaries hesve apprecieble value of bed elcpe
with respect to section elops such as tha Thames of England
and the Houginly of India other esturies have very flat bed
slope ( fi = D) such s8 the Deleware estuary of the United
State, where the friction term ie three tc four times the
elops term, 7Thie flat bed elope could help in the anely-

tical eolution beead on the incident and refleactad wave,

It ecoms desireble to develop charactarietic models
which have the ability to chooee the moet efficient and
stable computation for e given set of conditione of time
increment, apace increment, water velocity and calerity of
the vave at e particular time and plece Ref.{4).

Boundary Reelstance

Friction perametere for use in & numericel model cen
be obteinad in ssveral wayes. The finel choice may be modi-
fied during the preoceee of celibration and will depend on
tha faature of the channel ; they are ueed me s compsnae-
ting factors for the lack of interpolation technique and
repreeention of the cross sectional properties along the
eatuary in the mathemstical model. The roughnese coeffi-

AR2/3 I‘_‘§.

cients computad by Manning‘'e equation n = B
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are not real roughness, but numericel coefficient, which

or Chezy copefficient C =

. Or any similer equation

relate to ths eection propertiee euch ee hydraulic rediuse,
and croses eectionel aree, to the diecherge and ensrgy slope.
In lined priematic channele, these roughneas valuee can be
coneidered to repreeent phyeical roughnese, In e compoeite
netural eection contains zonee of different bed roughnass
and/or over bank flow areas, these coefficiente are numeri-
cal valuee, any procedura which ettempt to uae these valuea
es a true roughneee 1e abeolutely wrong Ref.(3).

The numericel Manning'a coefficients 0.01, 0,022, and
0.05 have been ussd in ths model.

Boundary Conditions

Eetuariee are controlled by the tidal action at aee aend
and by the river flow. They are two main independsnt varie-
blese. Some eetuariee have negligible freeh water flow, and
othere have lost ell contact with river that formed them, all
estuariee wore formed by the combined action of tide and
river flow.

All numerical models require boundary conditions et the
landwerd end the seaward snd. At the landward end, from
river flow. When tide propegatee along sn eetuary of finite
length and nagligibls rivser flow, aeauming e complete refle-
ction at ths eetuery head, the flow ie zero and this could
be applied in the case of & gulf,

Two values of river flow heve bean incorported into
the mathematical modsl for hypothaticel estueries under
investigation, normel river flow (50 mJ/Sec) and flood water
flow (l00C m /Sec.)., At tha eeeward end tidsl geuge reco-
rde heve bsen used,
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ANALYTICAL STUDY
The governing equetionc of motion, (1) and {2), reduce

to the claseical wave squetion, for estusries of conetant

depth and crose sactional shape, end negligible friction

sffect.
32 u 2 }2 u
?;:ix - C ?;;!f & i crereile))
ﬁ_.ZDZQ amppn 8
i & (6)
in which:

u = tidal current;

¢ = wava celerity;

Q = water surface slovation elativa ta the
mean depth.

The two foregoing equatione could be satigfied by a
single harmenic function

é = gax Coe {ft - kx} eeasa(7)
u -—-ﬂ’-:—c— Coa (ft - kx) wreresiei(BI)

in whichz

» tidel wave fregquency = 277/T;
= wave number = 2 77 /i_;

wave length;

- P K .
[ 1

= wave period;
é s maximum amplitude;

o3
n

mean weter depth.

In short frictionless eetuary the tidel wavae will be
reflected et the head of the eatuary, For e complete,
reflection the reflected weve ia given by
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ﬁ 3 é;x Cos (ft + kx) 0saes(9)

and the corresponding current is given by

u .1.‘1‘35._': Cos {ft + kx) essea{10)

superposition of the incident and reflected wave givee

- 2 Z;ax Cos (ft). Cos (kx) eesea(1l)

The corresponding current ie

2
u = -—%“E"—E Sin (ft) Sin (kx) e (1Y

which representa e case of etanding oscillation maximum
velocitiee occur et timwe of mean weter level that is at
half tide.

The tidal elevation and tidal currents in real syetems
can be considered to be a combination of lerge number of
incident and reflected tidal constituents, eech heve ite
own amplitude, wave length and frequency.

The reflection occure at the head of the astuarg is not
a complete reflection, mainly due to the preeence of freeh
water diechergeand boundary resistance. The incident wave
nill suffer frictional disseipetion end convergence of the
estuary croas eection, while the reflected wave surffers
divergence of the channel croess section and fricticnal
disalpation of energy ae well. For these reeeonse the
value of maximum tidal current may not occur exectly at
half tides Fig.(1l3), and the ebb period will be larger
than the correeponding flood period.
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RESULTS AND ANALYSES
The total energy, which consiete of kinetic energy
and porentiel energy, of a wave could be given by, Ref.(6)
§ = sk @ R e (T}
8
in which; E ie the totel energy, H = waeve height, end
i ie tha weve length.

Wave not only poeeeesas energy but aleo tranemit thie
energy in the direction of motion, Thie is given by ths
equation:

dE 1 2
e Sy LR p—— T
= = ] c (14}

in which; ¢ is the weve celerity.

When the wsve propeagetas in the upstream direction of
an estuery or e gulf, refraction could occur, end the wave
height will incresea becsuse of e fixed amount of energy
per unit length ie being confined within an increaseing
nerrow pasesge,.On the other hand, am the wave travels in
the upetream direction frictional dieeipetion of energy
will occur and thie could decrease the tidal range.
Another complicated problem will exist for an eetuary of
finite length, reflection st the head of the estuary
which could incresese the wave amplitude in the upriver.

For reaseone menticned before, it esems difficult to
predict whet will happen to a tidel weve whan propagating
in the upetream direction., Fig.(4) gives the longitudipal
hourly intervele for apring tida, normal diecharge end
normal friction coefficient, The figure demonatratee the
decreese of tidsel range when going in the upstreawm direc-
tion, eteepening ie noticed in the flood tide. As the
river flow increases, damping of the wave increases, reeu-
lting in emaller amplitude of wave Fig.{(5). More dietortion
1e elec noticed eapecially in the upriver,
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When the friction coefficient increases the tidal
renge decreaees, Fig.{6), due to more diesipstion of the
wave energy. In the condition of flood diecherge more
demping of tidal wave will occur resulting in e more dec-
rogse of the tidal smplitude which reaches a negligible
velue in the upriver.

Amflification of wave amplitude could occur in the
up river for lower value of friction coefficient, Fig.
{8). This amplification bacomes infinite if the tedsl
pariod of eny tidal component approaches the value 4L/1f53.
in which; { is the estuary length. The phencmenon ie
called resonance. As the river flow water incressese
daepping will occur which prevent such resocnance. Fig.
{9).The decrease of boundary reeistance will haeve an eff-~
ect of ehape of tide, Fig.(l0) show the size of tidal
hump ie bigger. for n = 0.0l than the correeponding size
for n = 0,01 eepecially at the upstream ststions. Low
boundary resistence will chenge the amplitude, phase,
and frequency of thes ridal consitudents resulting in
the ehape of wave given in figure.

Comperison between Fig.(ll) and Fig.(1l2) showe the
resonance is mors effesctive at upetream station, as the
raflected wave at the head of the setuary, will euffer
frictional dispipation of energy and a channel divergence
which decraass ite emplitude in going downetream.

The resonance fraquency is equidistent i,e. the dif-
ference between edjscent freguenciee is constant and is
about 2 houre Fig.(l2)}., In the ebacence of damping factor,
which is difficult to obtein, it may be ssid thet the
semi diurnal tide is responsible for thia phenomensi.

The resonance frequency of tidal current, Fig.(l2), ie
then came ae for the tids wave which could mesn the corr-
asponding current for that partial tide is reeponeible
for the irregulaeritiee of the tidel current.
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Due to coonplexity of tidal current, no theory of tidal
current has been advanced which has found genersl scceptanca
by the hydraulic engineers. Stevanson (1872} statad ths
tidal weve end tidal current ere two separate phenomena,
he conesidered thet the tidal current is entirely dus to the
slope of water surface. Weat (1973) introduced an spproxi-
mate linear relationship between tidsl current end tidal
range in the Tay eatuary of Scotlsand Ref.{2). Considering
the strength of the ebb end flood currents, the ebb flow
will drain off fleta tende to concetrate in the main channel
a8 8 consequence generally to be fester ss in ths Tey satu-
ary Ref.(7)}. Thie method could be reveresd in some estusries
i.a, the etrength of flood will be atronger then the correa-
ponding ebb current, due to ths topogrephic feature of the
estuary as in the river Houghly of Indie Ref.(B),

Deapening of an eetuary could incresss the floed dure-
tion and decreaes the ebb period. In the Lune estuary of
England, deepening the main chsnnel by about 1.0 m over
a length 7Km, The duretion of flood tide increased from
3h 20 min to 3h 45 min, The ebb tide wee ahortened by a
curresponding emount, Extensive despending can heve e
measurable effect on tidal propagetion, reduces the maximum
flood tide velocitias and increasee the ebb tide velocities
Ref.{(8).

The bydraulic inveetigetion of the river Forth of
Scotland has revesled that at the mouth of the estusry
strength of tidal current is proportional to ths tidsl
range and when the wave travels in the upatraam dirsction,
the current 1e a function of the croae eectionel aree, frictio-
nel dieeipation of ensrgy, reflection of the tidal wave and
type of tide Ref.(ll).

The tidel wave has a sinueoidel ehape in the desep wetsr,
for L/d & 2. Whan the wave propegate in a ehollow water
dietortion for both tidel wave and tidal current will occur,
Fig.{13) givea the ehespe of both tide wave and tidal current
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for epring end neap tidee, the profiles of both tide wave
and tide current ere more or less einusoidal but as the
wave propagets in the upstream direction dietortion will
occur for both tidal weve end tidal current Fig.(1l4).

CONCLUSION

Tidal motion in any estuary is e turbulsnt unsteady
non uniform flow which i1s meinly govarned by the boundary
reeietancea, river flow and downetream tide wave, Difficu~
ltiee 1lie in pradicting the wetar surface elevation or
tidal current in eny anaeslyticel way. The eccuracy of
mathematical tidel flow modsl is me good, if not better
than the trsdiditionsl phyeical model, provided care ie
teken to minimise numericel schematizetion error and the
friction perametere ars detarmined from field reasulte.

Bed alops, friction effect end change in channel
geometry have a direct effect on both tha tidel current
end tidel wavs. A configuration betwean setuery mean
depth, boundery resietance end eatuary length mey leed
to the phenomsncn of reeonence, Thie will effect both
the tidael current and tidel wave. An increeee of freeh
water discharge end/or boundefy resiatance will dampen
the tidal emplitude and pravant the phenomenon to occur.
The tidel current hee been found more ssneitive to this
reeonancs then ths tidal weve.

Dredging of an estuary or any tidel water wey will
decresee the boundary reeslestance according to the formula
ulul g ulul

or c3

c2 R cd
the tidel range, increasee thes flood durstion, decreases

the ebb period,and the tidol wave will be less dietorted.
Further and extsneiva deepening could lead to a resonance,

for wide channel. Thie increasee

g

The incresse of boundary reeletence and/or river flow
will dietort tha ehape of tidal weve, further incresse of
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ons of these two paremeters could reeult in changing the
character of the wave from being oscilletory to e progrese-
ive type,

Propagetion of the tide wave slong the river could
result in steepening of the flood tide. Once e steep frented
weve is formed vertical ecceleretione become large snd mey
lead to the formation of highly turbulent trevelling eurge or
a bore. The dynamic equetion eatisfiee quite well the con-
ditione upetresm end downstreaa the bore, but it ie not
spplicable in the bore iteelf. The squstion hae to be
modified to cope with such situetion.
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APFENDIX (II1) NOTATION

- 2 e e o e i e

The following eymbole are used in thie paper

o o~ mom D3 -~ x> X eamMmaan o p
-
]

=z
-

[0
L

water areea;
instentaneous top width;
Chszy coafficient;

wave celerity;

mean water depth;

wava enargy;

27

T r
acceleration due to gravity;

wave frequency =

wave smplitude;

water surfece elevation;
wave number;

wave length;

estuery length;
Manning'e coefflciant,
hydraulic radiue;

bed elope;

friction slope:

wave period;

weter velocity;

water leval;

space increment;

=time incrsment;

2 = water eurface alevation relative to mean depth, and

Caen.

maximum amplitude of wave,



