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It haslong beenknown thatthe directionof the mean(time-averagedsurfzondongshore
currentdepend®n theincomingangleof wave propagationThe moderntheoryof surfzone
longshorecurrentswas developedin the late 1960/ early 19705 after the conceptof the
Radiationstressbecameestablished As seenin the lastlecture,propagatingsurfacegravity
waveshave a meanmomentuntflux associateavith them. Whenwavespropagatebliquely
incident(i.e. notnormallyincident)to the beachthereis a meanshorevardflux of longshore
momentumgradientof which actasadriving forcefor themeanlongshorecurrent.Models
of longshorecurrentshave succeededt reproducingobsenationson planarbeacheshut not
onmorecomplicatedarredbeacheslt hasalsorecentlybeenfoundthatthelongshorecurrent
is oftenunstableandtherearelow frequeng vorticity waves(calledsheamwaves)associated
with anunstablecurrentin the surfzone.In the next threesectionsa modelof thelongshore
currentwill be developed,comparison®f modelto obsenationswill be presentedandthe
stability of thelongshorecurrentandsheamwaveswill bediscussedast.

1 DerivingtheLongshore Current Equation

1.1 TheEquationsof Motion

Somegeneralassumptiongboutthe flow in the surfzoneare: (i) the densityis constantand
the fluid is incompressible(ii) the meanpressurdas hydrostatic,(iii) rotationis neglected,
(iv) no interactionbetweenwaves and currents,(v) no depthvariationof the current. With
theseassumptionghe Navier-Stokesequationanbe depthintegratedandtime averagedo
arrive at the forcedand dissipatve shallov waterequations.The threegoverningequations
(continuity, x-momentumy-momentumre
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wheren andv arethe mean(depthandtime-averaged cross-shor@andlongshorevelocities
andr isthemean(time-areragedyeasurfaceelevation(setup).z is thecross-shoreoordinate
andy isthelongshorecoordinatgFigurel). i isthewaterdepth.ﬁ representghebodyforce
on the water column dueto the waves or the wind. 7 representshe bottom stressand R
representghe mixing of momentumpoth of which candependnz andw.

Figurel: Thecoordinatesystemused.Planarbeachbathymetry(h = (Gz) is shown.

The boundaryconditionsfor =, v, and7 dependon whatforms of the bottomstressand
mixing termsareused put oneobviousboundaryconditionis thatthereis nonetonshoremass
flux ((7 + h)u = 0) attheshoreling(z = 0).



1.2 Simplifying Things

Two moreassumptionarenecessaryo geta simpleequationfor 7. Thefirst is thatthe flow
is steadysothattime derivativescanbe neglected.Secondassumehatall variableshave no
longshorgy) dependencg.e. 9, = 0). Thismeanghatthebathymetryandforcing,aswell as
u, v, and7, areonly functionsof the cross-shoreoordinate;. Fromthe continuity equation
(1), becausé, ((77 + h)v) = 0, therefore(7j + h)u = constant.Theboundaryconditionof no
netmasdlux attheshorelineampliesthatuz = 0 everywherewhich meanghatthereis no net
cross-shordélow anywhere. Sincer, and R, dependon , they becomezeroalongwith the
left handsideof (2). Thecross-shorenomentunmequationsimplifiestremendouslyo
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which is the setupproblem,which wasaddressedthstlecture. With the assumptiorof long-
shorehomogeneityo, = 0), thelongshoremomentunmequatiorsimplifiesto,

Fy—1+R,=0 (5)

which is a one-dimensionabalancebetweenthe longshoreforce exertedby the wind and
waveson the watercolumn(F,), the bottomstres(r,, or dragor friction) felt by the water
column,andthe mixing of momentum(R,), which carriesmomentumdown gradients.The
functionalformsof thesethreetermsis specifiednext.

1.3 TheForcing

Theforcing is aresultof gradientsof the meanmomentunflux (radiationstressseelastlec-
ture)associateavith breakingwavespropagatingat anangletowardsthe shore.The gradient
in theradiationstressmpartsa meanbodyforceonthewatercolumn.Thelongshorecompo-
nentof thewind stresscouldalsobeincludedin this formulation,but for simplicity won't be.
Thewave forcingis written as,
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whereS,, andsS,, aretermsof theradiationstressensorandds,, /0y = 0 resultsfrom the
assumptiorthatd, = 0. To parameterizeéhe radiationstresseswe assumanonochromatic
waves(e.g. wavesof only onefrequeng) anduseresultsfrom lineartheory(e.g. Snell’s law
andthedispersiorrelation)to write the radiationstresses termsof wave heights.Needless
to say theseassumptionsnay not hold waterin therealworld. Thiswill be addresseda bit
morelater. For linearwavesapproachinghe beachatanangled, theoff-diagonalcomponent
of theradiationstresgensoris writtenas

Sgy = Ec—g sin  cos 6
c

wherec, & c arethegroupandphasevelocity of thewaves,and E is thewave enegy

E = pga®/2

wherea is the wave amplitude. Snell's Law (lecture2) governingthe linear wave refraction
(which is assumedo hold throughoutthe surfzone)is, & sin # = constant, which is written
afterdividing by w (alsoconseredfor linearwaves)

(sin®)/c = constant (7)

A resultfor shoaling(nonbreaking)inearwaveson slowly varyingbathymetryis thatthe
onshorecomponenbf wave enegy flux (Ec, cos 6) is alsoconsered. With Snell’s law (7)
this alsomeansthat S, is consered outsidethe surfzone(i.e. 0S;,/0z = 0). In shallov
water the groupvelocity becomesiondispersie (¢, = +/gh) with the assumptiorthat§ is
small(cos 8 ~ 1) andSnell'slaw the Radiationstresshecomes

ino,
Sy = Ev/gh o

Co

wheresin 0, /¢, arethe valuesfor the wave angleandphasespeedutsidethe surfzone.The
wave amplitudeinsidethesurfzongz < z;, wherez, is thebreakpointocation)is empirically
written as(seealsolastlecture)

a=yh/2 (8)
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Sincel970,morecomplicatedormulasfor thewave transformatioracrosghe surfzonehave
appearedhut like (8) they areall empiricallybased.

1.4 ThelLongshore Bottom Stress

Thelongshorebottomstressy, is typically written as
T, = pey < |i|v > (9)

wherec; is an empiricaldragcoeficientand < - > represents time averageover a wave
period. To obtainsolutionsfor the longshorecurrentthe bottom stressmustbe written asa
function of the meanlongshorecurrent. If thereis no meancross-shoreurrent(z = 0, the
simplifying assumptiorof 1.2),the cross-shoréow is sinusoidal

u = u, cos(wt) cos
andthelongshorelow is
v =T + u,cos(wt) sin
thenthe bottomstresds written
7, = pep < (u2cos?(wt) cos? 0 + T2 + 20u, sin 0 cos(wt) + u, sin? f cos?(wt))?
(T + u,sin B cos(wt)) > (10)
Assumingthat (i) the meanlongshorecurrentis weak relative to the wave orbital velocity

(v < u,) and(ii) thatthewave angleis small(sin § <« 1) sothat(u, sin # < 7), equation(10)
becomes

_ _1
T, & pcp < Upcos(wt)T >= pcru,v T /Tcos(wt)dt
2
™
wherethe integral is over a wave period7. This is the commonlinearizationof the bottom
stress.Variousotherparameterizationsf the bottomstressexist, basedon differentassump-
tions. Thereis no obsenrationalverificationthat (11) accuratelyrepresentshe true bottom
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stressandit turnsoutthatoften theweakcurrentandsmallangleassumptionsreviolatedin
thefield. However, (11)is usedoecausé providesasimpler, whichislinearin 7. Thecross-
shoreorbital wave velocity u,, canbe relatedto the wave amplitudeby shallov waterlinear
theory u; = —gn, giveswu, = gka — u, = a\/gTh by the the shallov waterdispersion
relationshipg = v/gh.

1.5 TheMixing

Several mechanism$ave beenproposedo mix momentuminside the surfzone. They are
mostly basedon the corventionalidea that turbulent eddiescarry meanmomentumdown
meanmomentungradients Dependingontheproposednechanismtheseeddieshave length
scalesfrom centimetergo the width of the surfzone(100’s of meters)andtime scalesboth
shorter(lessthan5 sec)andmuchlonger( 100’s of secondsr longer)thansurfacegravity
waves. However, therereally are no estimatef how muchmixing of momentumactually
goesor evenwhatthe dominantlengthandtime scalesof the mixing are. Someeven argue
thatmixing is negligible. Historically, the mixing of longshoremomentumhasbeenwritten
in aneddyviscosityformulation

0 0v

The mixing is written so thatthe eddyviscosityv hasthe samedimensionasthe kinematic
viscocity. ¥ cantake a numberof formsdependingpn assumptionaboutvelocity andlength
scalesof the turbulent eddies. If equation(12) is used,thentwo boundaryconditionsfor &
areneeded.Thesearetypically choserto bew = 0 attheshoreline(z = 0) andfar offshore
(r — o). Thesechoicesfor the boundaryconditionsare corvenientanalytically but often
have limited obsenationalmerit: 7 may be smallerseavard of the surfzonebut it is (almost)
never zero. Althoughthe wind forcing is wealer thanwave forcing in the surfzone the wind
usuallydrivessomelongshorecurrentoutsidethe surfzoneandacrosghe continentakhelf. v
is alsooftenvery strongright atthe shoreline gspeciallyat steepbeaches.



1.6 Puttingit all together

Substitutingsomeof the parameterizationf®r the forcing, mixing, andbottomstressanto (5)
resultsin asimpleequatiorfor predictingthelongshorecurrenton abeach,
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An equationsimilar to this oneis usedby the U.S. Navy andcoastalengineersaaroundthe

world. To solve for thelongshorecurrent,the offshorewave conditions(i.e. wave angle,am-
plitude, frequeng), the transformatiorof wave amplitudeacrosshe surfzone(e.g. equation
(8)), andthe valuesof c¢; andv mustbe known. In reality, ¢, andv arechosento bestfit
someobsenations,andmoredevelopedandcomplicatecparameterizationsf thethreeterms
(forcing, bottomstressandmixing) areoftenused.

1.7 Final Comments

It may strike the readerthatlongshorecurrentmodelsincorporateassumptioruponassump-
tion beforebecominguseful. Therearetwo distincttypesof assumptionghatgo into derving
(13), beyondthe assumptionsisedto derive the shallov waterequations.Thefirst is the as-
sumptionof longshorehomogeneity d, = 0) thatmakesthe longshoremomentumbalance
onedimensional5). Thesecondype of assumptionarein the parameterizationsf (5). The
consequencesf theseassumptionsiredifferent. If the first assumptiorholds(i.e. 9, = 0)
thentheappropriatdormsfor theforcing, bottomstressandmixing needto befoundto accu-
ratelysolve for v acrossawide rangeof conditions.However, if thefirstassumptior{d, # 0)
doesnt hold, no amountof manipulatiorof theforcing, bottomstressandmixing parameter
izationsin 1-D modelswill yield consistentlyaccuratgredictionsof 7. Doesd, = 0 holdin
thesurfzone?Theansweto this questiorprobablysiteandconditionspecific butis generally
unknavn atthistime.



2 Results
2.1 Longuett-Higgins 1970

Longuett-Higging1970)solvedequation(13) with theparameterizatioof theeddyviscosity
v < Pz+/gh onaplanarbeach.Eddyviscositiesaretypically parameterizedsproportional
to the productof thetypicaleddylengthscalemultiplied by atypicaleddyvelocity scale. The
Longuett-Higgingormfor » usesalengthscaleproportionato thedistancdrom shore(z) and
a velocity scaleproportionalto the phasespeedof gravity waves(y/gh). A nondimensional
family of theoreticakolutionsfor 7 for varyingstrengthsof mixing areshown in Figure2.

Figure2: Nondimensionatr solutionsfor a sequencef valuesof the mixing parameterP.
Thebreakpoinis atz = 1. (from Longuett-Higgins, [1970])

As the strenghtof the mixing (P) increasesthe flow getswealer, smoother and extends
further offshore. As mixing becomesegligible (P — 0), the the longshorecurrenttakes
a triangularform, with a discontinuityat the breakpoint. Longuett-Higginscomparedhis
modelto the availablelaboratoryobsenationsat the time (Figure 3) with drag coeficients
(cy) selectedo fit the data. Thetheoreticalcurvesfor 7 do fall closeto the obsenrationsfor
somevaluesof P.
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Figure3: Comparisorof 7 measurethy Galvin & Eagleson (1965)with thetheoreticaprofiles
of Longuett-Higgins.The plottednumbersrepresent datapoints. (from Longuett-Higgins,
[1970])

2.2 A discontinuity, Random Waves, and Thornton & Guza 1986

In the Longuett-Higginsmodel,the monochromatiavavesdriving the longshorecurrentall
breakatthesamecross-shorécation,whichis definedasthebreakpoin{x;). Thisintroduces
adiscontinuityin 05,,/0x atz,. Eddymixing is thusrequiredto keepthemodeledongshore
currentcontinousat the breakpointandsevereamountsof eddymixing arerequiredto fit the
obsenations.

Unlike monochromatidaboratorywaves, oceanwavesare randomratherthandetermin-
istic. In thelaboratory all waveshave the samewave heights,whereasn the oceanthe wave
heightis variablefrom wave to wave, andis appropriatelydefinedby a probability density
function. Sincethe wave heightsvary, not all wavesbreakat the samelocationsothereis no
discontinuityin 0S5,,/0z. Randomwave transformatiormodelsturn the breakingon grad-
ually (i.e. progressiely morewavesbreakaswatershoals).At arny onewaterdepthonly a
certainpercentagef waveshave broken. ThismakessS,, asmoothfunctionof thecross-shore



andremovesthediscontinuityin 0.5, /0, whichdecreasetheneedfor somucheddymixing
to smoothoutthelongshorecurrentprofile.

With arandomwave formulationfor S, andu, in (13) andno mixing, equation(13) was
usedby Thornton & Guza, [1986]to predictliongshorecurrentobsenedatabeacmearSanta
Barbara.Thecomparisorbetweerthemodelandobsenationsis shavnin Figure4 and5. The
modelappeargo reproducehe obserationson the planarbeach.Mixing wasalsoincluded
in somemodelruns,but doesnot significantlyalterthe distribution of 7, which indicatesthat
eddymixing in the surfzonemaybe negligible.

0.6
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Figure4: Analytic solutionfor planarbeachwith nomixing (solidline) andmeasurements)
of 7 (4 Feb1980,from Thornton & Guza (1986)).

2.3 Barred Beaches, A Problem

Thepredictionandunderstandingf longshorecurrentsvasaproblemthoughtsolvedin 1986.
However, whenthesemodelswere appliedto a barred(with one or more sandbar9 beach
(Duck N.C., seebeachprofile in Figure 6) they did not work very well. The comparison
betweermodelandobsenations(fromtheDELILAH field experimentjareshavnin Figure6.
Themodeledongshorecurrenthastwo maxima,oneoutsideof the barcrestandonenearthe
shoreline.Thisis contraryto whatis repeatedlyobsened, a singlebroadmaximuminside of
thebarcrest.In fact,thetwo maximaw thismodelpredictss neverobsered. Thisdiscrepang
betweemmodelsand obsenationshasleadto a resugencein longshorecurrentmodeling,a
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Figure5: Comparisorof modeledandobseredw for otherdaysin Feluary No mixing (solid)
& with mixing (dashed)Thelocationof thebrealerline is denotedasB.L.

carefulexaminationof themary assumptiontakenalongtheway, andevenmoreassumptions
andparameterizationdvlany reasonor mechanisnhave beenproposedor the discrepang
shawvn in Figure6, howeverthereis still nofirm explanation.

3 Shear Waves & Stability of v

During the SUPERDUCKTfield experimentat Duck, low frequeng alongshoreropagating
motionswere obsered by Oltman-Shay et al., [1989] that had similar frequencieg10~2 -
10~ Hz) to but much shorterwavelengthsO(100m) thanedgewaves. Thesewaveswere
relatedto the magnitudeanddirectionof the meanlongshorecurrent,and have beenrelated
to a sheainstability of thelongshorecurrent,andthusnamedsheamwaves. Thesewavesare
vorticity waves,andunlike incidentandedgewavesarenotirrotational.

3.1 Observationsof Shear Waves

A four hourtime seriesof 7 andv averagedvermary surfacegravity wave periodss shavnin
Figure7. Duringthisperiod,thewave heightincreasedrom 40cmto 210cm,whichincreased
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Figure6: Obsenationsof v (blackcircles)andmodelv (threelines)with differentparamter
izationsof the bottomstress.The barredbeachbathymetryis shavn below. (from Church &
Thornton, [1993])

themeanongshorecurrentfrom 10 cm/sto 160cm/s.Duringthefirsthour(¢ < 4000 s),when
v is weak, the velocity fluctuationsat shearwave frequenciesare minimal. As 7 increases
(t > 8000s), low frequeng oscillations(with a periodof several minutes)in 7 & u dueto
shearwaves becomeclearly visible. At ¢ = 12000s, v strongly pulsesand variesbetween
about50 cm/s- 250cm/s. Thelongshorepropagatingvave characteandthe relationshipto
themeanlongshorecurrentcanbe seenin frequeng - longshorewavenumer(f — k) spectra
of cross-shoreelocity. In Figure8, four panelsof f — k spectraareshownn, alongwith the
modezero, one, and two edgewave dispersioncurves. The dark shadingsindicatedhigh
levels of enepy in thatfrequenyg - wavenumberband. In all four casesa lot of enegy lies
symmetricallyon the edgewave dispersiorcurves.In panela., v flowsto thenorth,andthere
arenorthward propagatingapproximatelynondispersie (i.e. f/k is constantavesoutside
of the edgewave dispersioncurve, but no enegy at the samefrequeng and wavenumber
propagatingsouthagainstthe longshorecurrent. Unlike edgewaves,thatcanpropagatéoth
up anddown coast,sheamwavespropagatenly in thedirectionof z. In panelb. & d.,v flows
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Figure7: Time seriesof (top) v and(bottom)w at the onsetof a Northeaster(from Oltman-
Shay et al., [1989])

to thesouth,andthereis againa bandof nondispersie wavesprogatingin thedirectionof the
longshorecurrentwhich cannotbe edgewaves. Paneld. hasa very stronglongshorecurrent
(v = 165 cm/s)andalsohasthe mostsheawave enegy. In panelc.,7 = 0 andthereis no
significantenegy outsideof theedgewave dispersiorcurves. Theseobsenationsindicatethat
the sheawavesareapproximatelynondispersie, have shorterwavelengthghanedgewaves,
andarerelatedto thedirectionandintensityof thelongshorecurrent.

3.2 Linear Stability Analysis

Theseobsenationscanbe explainedby aninstability of the meanlongshorecurrent,andre-
vealhow fragilethesteadyassumptiori.e. 9; = 0) is. Linearstabilityanalysisshavsasteady
longshorecurrentwith cross-shorstructuresimilarto thosein Figure2 is unstablelnfintessi-
malwave disturbancearepreditedgrow, andpropagateén thedirectionof 7, with frequencies
andwavenumbersimilar to thoseobsened growv. The frequencieandwavenumberof the
fastesgrowing theoreticallisturbancesompareavell with the obsenedenegeticfrequencies
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Figure8: Frequeng-wavenumbespectraof cross-shoreelocity in the surfzoneon four dif-
ferentdays.Themode0,1,& 2 edgewave dispersiorcurvesaresuperimposedrlhedirection
of the longshorecurrentis alsoshavn. In (c), the longshorecurrentis approximatelyzero.
(from Oltman-Shay et al., [1989]
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andwavenumbers.To do the linear stability analysis,the shallov-water equationsare lin-
earizedaroundthe backgroundongshorecurrent,V (z), whosestability is investigated With
therigid lid approximationto filter out gravity waves (e.g. edgewaveswhich have similar
frequenciedo shearwaves),7 < h, andneglectingbottomfriction, thelinearizedequations
are,

J(hu) N 0(hv)

ox dy =0 (14)
ou ou  0On
a‘l‘va—y ——gax (15)
ov oV ov @

i v = (16)

ot ox 8_y N _gay
Takingthe curl of the perturbatiormomentumequationg 9, (16)- 9, (15)) leadsto anequa-
tion for the potentialvorticity is derived by

a-f'va—y-i-UW-F% 3_x+8_y

where¢ = d,v — d,u is thevorticity. Divide by thewaterdepth,h, andplug in the continuity
equation(14)to get

o a2V 4V <au 8”)20 an

—~tu—+V—=—=0 (18)

whereq is the perturbationpotentialvorticity, ¢ = ¢/h, and@ is the backgroundpotential
vorticity dueto themeanlongshorecurrent,

Definea perturbatiortransportstreamfunctiony sothatdy/0x = hv andoy/dy = —hu.
Theperturbatiorpotentialvorticity, written asa functionof ¢ andh,

q= 1 (V%p — 1%%)

is pluggedinto (18) andmultiplied by A2 to yield a linearizedperturbatiorpotentialvorticity
equation.
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0 1dho dQ o 0 1dho
a(vzw—ﬁ£%> —h%a—ZJrVa—y (V%—E%£> =0 (19)
For our friendsfamiliar with dynamicaloceanographyhis equations analogougo thelinear
rigid lid inviscid quasi-geostrophipotentialvorticity equationpothin derivationandform.
% (V) + ﬂ% =0 (20)

wherethe potentialvorticity is givenby V2 + f and 3 representshe meridionalgradient
of planetaryvorticity, which actsasa restoringforce for Rossbywaves. In the surfzone the
gradientof the backgroundpotentialvorticity actsasa restoringforce for shearwavesin a
similar manner If V' (z) weresetto zero,anddQ/dx replacedwith 9, (f/h), equation(19)
would describecontinentakhelfwaves.

To find solutionsof equation(19), alongshorgropagatingvave solutionfor the perturba-
tion transports pluggedin

¥ = ¢(x) explik(y — ct)] (21)
wheref is thelongshorewavenumbeyc the phasespeef@ivhich maybe comple) , and¢é(x)
representshe cross-shoretructureof the wave. The boundaryconditionson ) arey = 0

(and¢ = 0) atz = 0 & = = oo, which stateghatthereis no nettransporiacrosshe surfzone
introducedby theinstability. Theresultingequatiorfor ¢ is

¢ 1dhdg dQ
(V —¢) (E‘E%%‘k%) —h-6=0 (22)
This is aneigervalueproblem. For a eachvalueof k, the solutionof this equationis an
infinite setof pairedeigervalues,c, andeigenfunctionss(z). If the depthis constantthis
equatiorbecomesheRayleighequatiorfor thestability of channeflow. Theeigervaluesand
eigenfunctiongrein generacomple. If theimaginarypartof c is positve (¢; > 0), thenthat
unstablemodewill exponentiallygrow, andthe perturbatiorstreamfunctiormay bewritten,

Y~ @(x) exp(keit) explik(y — ¢ t)] + - - - (23)
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¢, istherealpartof thephasespeed.

Thelinear stability analysisonly appliesfor timesof theorderO(1/(kc¢;)) andcannotde-
scribethefinite amplitudebehaior of theinstability. In generaltherecanbe mary unstable
modesat a particularwavenumbeyrbut typically it is thefastesgrowing modethatis of con-
cernateachwavenumberThis problemis alsoanalogougo the sheaiinstability of awestern
boundarycurrent.

3.3 Theory - Observation Comparison

Thefrequeng andwavenumbef thefastesggrowing modeqfrom alinearstability analysis)
wascomparedo theobsened (f — k) spectraby Dodd et al., [1992] (Figure9). Thetheory
predictsanondispersiefrequeng andwavenumbebandof thefastesgrowing mode( largest
kc;) propagatingn thedirectionof thelongshorecurrent(right panels) which correspondso
the obsened f — £ distribution of significantshearwave enegy (left panels). The size of
the growth rate (on the right) also correspondso enegy density (on the left) of the shear
waves. Differencesan the peaklongshorecurrent(top panelwas 40 cm/s, 80 cm/sfor the
lower panel)explainthedifferencesn enepgy densityandgrowth ratebetweerthetwo panels.
Theagreemenbetweerthelocationof obsernedenegy densityconcentrationandmaximum
growth ratesof lineartheoryindicateshatthe sheamwavesarearesultof aninstability of the
longshorecurrent,andthatthesewavesare somehw relatedto the linearly unstablemodes
(the eigenfunctionsandeigervaluesof (22)). No examinationof the cross-shoretructureof
the nondispersie sheamwave enegy hasbeendonesono comparisorcanbe madewith ¢(z).

3.4 Shear Wave Mixing

Finally, sheaiwavesmaybe oneof the processewhich mix momentumacrosshe surfzone.
The mixing term (R,) in equation(5) is actuallythe cross-shorgradientof the offdiagonal
termin the depthintegratedReynoldsstresgensor which canbe approximatelywritten as

d— d (19900
Ry = —pgg (W) = oo (h@a:@y) (24)
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Figure9: Frequeng - Wavenumberspectraof cross-shoreelocity in the surfzoneat Duck
(left) andfrequeng & wavenumbeiof the fastesigrowing disturbanceright) alongwith the
modezeroedgewave dispersiorcurve. (from Dodd et al. [1992]). Thetop panelcorresponds
to a period of weaklongshorecurrentand currentshearrelative to the lower panel. (from
Dodd et al., [1992]).
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wheretheprimesdenotedeviationsfrom themeanflow, andy is againtheperturbatiorstream
function. Givenasinglesheamwave equilibratedo afinite amplitude(A) whosetransportcan
berepresentedsby (21),the mixing termcanbewrittenas

By =pit (147Ghor 52 - 2o0)) = ot (1P 0
If the amplitudeof the disturbancds known, thenso is the form of the mixing. This for-
mulationis actuallyquite similar to that of the radiationstressfor gravity waves. Shearand
gravity waveshave anmeanmomentuntlux, however, unlike gravity waves,the existenceof
sheamwavesdepend®nthepresencef ameanof thelongshorecurrent.In thetime-averaged
sensethe shearwaves canactto alter the meanlongshorecurrentprofile by redistrituting
momentumn the cross-shore.

Not muchelseis known aboutsheamwaves.2-D modelssuggesthatoncethesheamwaves
grow enoughthey may becomestronglynonlinearandform isolatededdiesand/orvortices
which can spin away from the surfzoneat high Reynolds numbers. Suchstrongnonlinear
behaior would resultin strongmixing.

dé
dz

4 Homework # 3

Assumethatmixing is negligible (v = 0) andthattheflow is stable.For waveswhichin deep
waterhave an angleof tendegrees(d = 10°) anda periodof ten secondsinsidea saturated
surfzonewhatis thelongshorecurrentin 1 m depthona 1/50slopeanda 1/100slopeplanar
beach?

Necessarynfo: v =0.5 & ¢y = 0.002
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