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NUMERICAL MODELLING OF SWASH ZONE HYDRODYNAMICS 
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1-iNTRODiJCTION' 
The swash zone h the area of the raarshorc that is 

intermittently coveted and uncovered by wave rip.up. 
Since swssli hydrodynamics gwntf»: the evnlutkm of'heaeh 
morphology, undcretattdinf Acs« nations is of paramowst 
mtporance. Typical studies of swash zone hydrodynamics 
«Evolve the deployment of sever»! irfi-fairfterit-* {curröit 
metes, «jg, .Puieo i'H a*., 2000 j. Doppler devkes, e.g_ Petti 
and Longa, 20ft I, among other methods)-to measure the 
swash »rse Fluid velocity. While ilie Dtipplet device» have 
the «hilily fn readily distinguish vprtiml fli>* structure. 
insfrumerri deployment is necessarily sparse due to cost «rail 
logistics. Recently a video-based remote sensing technique 
has stsrt been dcwlaped thai is eapahle nf Vpianiifying 
surface »wash vcluciticü ever a fairly large spatial d-mratn, 
but yields m Kifbnttftion regafdiftg subsa.face flows 
(Hrfl4rtdee.a/„2lWI]i. 

Another possibility for understanding swash 
hydrodynamics is through numerical simulations. A two 
dimaiM&BäJ (2Dj iiumcricttl" model. RBREAK {Wiarjanto 
and Kobayashi, IW1), aasedon the viscW npn-'inear desprh- 
mreraged shallow WOT« equations Böccirately models 
observation» (Raubenheimer at ai„ W5; van der Meer and 
Bretcter. 1990). But, the depth-averaged nature limits flic 
information -itso ipartttftcstton of shear stresses, vorticity 
etc.) gleaned from the «waul. Howsver. S'linn & at. i'2ö00), 
have utilised an. «xistfng 20 dejwh-depen&m model, 

■RIPPLE (Kothc et aL 1991.), fur sioui!aiiiig s**ih sane 
hvdiodynai lies. The. RIPPLE model will be investigated 
here, specifically in comparison to laboratory ohsm-ati-nris. 

1. RIPPLE MOPEL AND SIMULATIONS 
Tfe RIPPLE model is b**ed en the 20 Kavter-Stokes 

equations and is capable of sinsulrtmi ft«? EOB-Imear time 
dependent flow as the swish z®m. The HKXM -Jenwrin is 
•tecretked Into «dividual 'Control volumes, which may be 
empty, fidl or partially filled wish water This volume of 
fluid (VOFl approach enable» the capture of breaking waves 
and other swrtsh 'hydrodynamics by calculating the 
.appropriate fcrec balsr.ccs in each «jniral voturtw swd the 
flux of water «cms each of the control volume surfaces 
Presently, («odd doEr»a.iis are typically only a t«*w 'meters ir. 
the cfoss-^hore with very small contra! volumes (sub- 
mitlimctcr war the bed It? millim«»' n<Kr the surface) and 
.time, steps sf .generally .L'tOO ef a second mth that ihe 
detailed stnuttu« <>f ths bouadäcy layer, sheaf stresses and 
breaking processes can he calculated, 

Figures 1 and 2 stows 3 -snapshots of a low viscosity 
•model run on'a M degree slope. The model was forced in 
(he «eäwarf rental [roughly' ■■■■•!$■ 'Bj (I .cm} with . 
mmiochromaric waves imnvsg a period if 1. see«td;and a 
wave height of 2 cm. Tftc denatri consisted # 126 
<vcrik-«l) by 70G fhörixotttid) «tmird Vclitwtes. ■-Figure'I 
shows the Cuid portion of the domain and -Fassart 2'#öws 
the enrresporaatng velocity >«cto« C'for clarity, only everj 
Hti vtciat 1* shown), its ifa first s*l:of .panels at I - 1,7 s,. 
the haf-kwfish is mnving down slope arid a srftafl wave is 
curliog over und preparing IM brtpfe., Ttie corra!jp0'Efaig 
velocity vecturs (- 55 SIE'?) arc headed downsliipe in the 
vw>' fWn hacfewash wilh tipwrml ■jirtSnHng VBCtrtrs in the 
vteirrity of ftc wave ikee' and shoräwsü dkcörf vecl»rs 
(-■73 env's) at the lip of A« 'wave. By t~T.9 s. tfe *avc"tos 
brata on ft* beach fa» md the aprosh pax*t.« has hegafi. 
Hew vcluvity vectl»rs üiv häidsid «röhtm; äfi4 iowa'wiri. 
toward the 'bed. The uprush has extended fsnitor yfi.thfe'. 
beach by t~~2.2 s and has thinned. i&croMefäbly, Al .tlti» 
point, velocities have d^caased to about 25 cm Is. Tttt 
vector fieitl shows that in the io»-er ;s»ash the ;t1siw.:has; 
already bagun its seaward return white the flow tm tbs•upper 
tech is still in the Jandward directilTB, 

Its June 2001, laboratory jtudicn wot carried Wt in fee' 
Largfi-scalc Sediment Trarssfon Facility ILSTFJ- Et th* 
Cossal Hydraulics Leboratöry öf-ihe Annvj" Cerp rf 
Engineers la Vicksburg.-MS (Hstsiilw» and Eb«»le,:lCf01"j, 
The LSTF fs 311 m e«^-sh«t%'5C» m stag.*»« %• 14 
m deep with a naTniaal fcsach slope .ef 1:30. Beth 
monochromatic md rardom «nv« öf prototype, sea!« will 
be usai aa tile offshotö boitfldsry .eöftditiön. Swash 
veterties .and surface profiles wall be reöorilcsl tntfa 
numerous öcoustie Diapppler ijÄtriimaitSi \"ideo cameras, and 
wnvc gages The free surface pftyfi'le and vertical velocity 
Strectiur« in the svnish zime will be: casnpnr«! to dhe RIPPLE 
mod«; output tisirsg the -same- fecsanikiiy wrfrtio«?, 

3... SUMMARY 
Numerical simulations of swash fiydrödyBaraicK wtit 

parkmfitil for pmtcty^ laboraton- wsvss an' fcaetK to 
investigate tlie "validity of 1» fttfPUs inosel :attd :tfic 
detaiW streetii«1 ef the b«wr.riäry layef, Wear stresses'and ■ 
other tmpurlKttt «hsrswlcriaii» »f s^asb :llow», Tte (use ef 
these types of simiilations can tiweföomfe.itie diBwiafis. I'h>rfs 
previously used ninncrtqa!. irttslels :srid .» *& 
in^ramcntMtQQ. The- true ability of this type of «««lelin^ 
wot Manifest in ratore work %*.«« tfoe bydrodymraks .«re 



Cööpied wi'tfc.appropriate < sediment ttsuspött lorttitfaßdös. 'mm, Camal £»$*. ■«»' i-M^im!,. 
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Figure !;■ Tttte WstörvöfsÄsh' Vfrlocl l»fc. 
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