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TOKUICHIHAMADA  
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ResearchInstitute  

Yokost血a，JAPAN   

Abstracts：Using the firstperturbed vorticityequation，itisshownthattheinfinitesimal  

vorticiesinwater are rapidly amplified when the surface progressive wave has the  

densitydistributionofhequencyspectr止血0董sur董aceprolileintheformofE（f）～rl  

（n＞5）．This amplificationof vorticesdoesnot existif n＜5．Atn＝5，thelogarithmic  

in董inity appears and may be physical1y considered as the equilibrium condition．This  

result may beinterpreted that，if n＞5，SOme Of the wave energyin the concerned  

part of the spectrumistransfered totheinduced voIteX mOtion．  

An experiment was added to clarify this property of．progressive random waves．  

Wind waves are generatedin a uni－directionalair－Watertunnel，and the windis excl－  

uded from the watersurfacein a midway．After some passagein a calm condition，  

the ef董ect of breaking disappears and the capillary waves become weak．At this  

COndition of stationary state，the decay o董wavesis examined．The result．is agreeable  

with the above－mentioned analyticalconsideration．  

且．1ntrodmction  

An equilibrium condition   

E（f）＝Const．g2f．n（n二ご5）  （1）  

E（f）：董requencyspectrum Ofsur董ace profile  

g：aCCeleration o董gravity  

f：董requency  

was pointed outby O．M．Phillips（1958，1963）ior the high董requency part of董requ－  

ency spectrum Of wind－generated waves．Itis understood physically as the condition  

thatthe energygiven by wind to wavesis balancedby the dissipation caused by the  

Sur董aceinstabilitiesofwavesandgソ■5is dimensional1y correct，In fieldobservations，  

R．W．Burling（1959）and B．Kinsman（1961）showed that high frequency parts of  

actually observed spectrum are very near to this epuilibriumCOnditioll，and h theil・  

CaSeS nin（1）usuauy situates between4．5and5．5．  

The observationo董ocean waves by floating buoy published byM．S．Longuet－   

Higgins，D．E．Cartwright and N．D．Smith（1963）alsoshows that the relation（1）  
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and，at the prese雨PrOblem，the following relationis easilyintroduced．  

居（′）  ノLa  ′5    ′‾7  ′‾g  

¢（∬）  ∬l‾8  gl■4  1∬‾5  ∬卜6  

ノ死罰 Ig．巨1・5 1∬l‾已  l∬l‾2・5 1∬l‾8  

The velocity potentialp of this wave motio．nis given by  

（6）  

p＝ノ  
点1月2  

ご、二・・  亡ば・鞄汀－Sgn（∬・q新訂汁亡（幻〕βけ∩ヱ （7）  
¢（∬）∂∬   

sgn（∬．C）ノ「膏  

Accordingly，Particle velocity Uo（uo，Vo，W。）by this wave motionisgiven by  

鋸0＝一意＝JJノ  

、丁  た1eJ〝■鞄正一Sg口（∬・C）∨盲†音「什亡（の〕〆∬烏  

（8）  

ゐ已efg・■㌔托‾Sgn（∬・C）価「什‘（幻〕βJ∬」z  

（9）  

Sgn（方▼C）ノ「雇  

、こ、・・  〃0＝一＝ 
昔JJノ古画斎  Sgn（茸・C）ノf膏1  

j巴  富リ0＝－  

∂z   

こ二、  ∠ノ盲sgn（g・C）ノ」＃lβ払ズefトSgn（∬・C）、′盲丁面汁E（幻〕βl∬一之  

（10）  

¢（∬）∂g  

Then we considerthe vorticity equationin water，eXPreSSing the vorticity a・（E，ワ，こ）  

and velocity U．  

十び・F（ぴ）＝肌P（U）」一岬払  

F＝穏－＋・々意，F2＝＋＋  

－・ －   

Inserting w＝a＞0＋E叫，U＝UD十eUlinto（11），We Obtain the first order perturbed  

vorticity epuation  

・軋F（叫）＝叫・F（抗）十岬2叫  （12）  

F．Uo＝0， F．仙1＝O  

Here，aS theiniti且1condition，a・0（Eo，ワ0，Eo）＝Ois natural1y assumed．In（12）theleft  

▼handsideofequation means the changeofthe firstperturbed vrorticity aJlalong the  

Particle motion of wave，and the first term of tlle rightlland side means the genera－  

tion of vorticity and the secondterm showsthe dissipationof vorticity by molecular  

Viscosity・Attheinitialtime rwl［isconsideredtobe Yery Small・．By this way，tO  

examinethe development of’aJl，We muStinvestigate the behavior of aJl．V（U。）．  

Thatis▲：COnCerned to El  

－ 3 －   
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Now we usetherelation dK，＝dklldk2′＝d（kl－kl，）d（h2－k2，）＝d（Å－K，），and（21）is  

transformed to 

JJ凡（g′，g）J  
（忍－∬′）  

ノ言古（ゐ1－ゐ1′）2  ¢（g一足′）   

∂（g一足′）sgn（（g一足′）．C）ノ  打一打′  

．βfトsgn（（∬‾∬）・C）ノg」互」n什亡（且‾且′）〕βJ且‾互′Jzd（g一足′）  

ノ言古伐1一々1′）2  

＝凡（凡g）JJ  
¢（g一足′）  

∂（g一足′）sgn（（g一足′）．C）ノ  g一足′1  
（g一見つ→0  

．〆‾Sgn（（且‾互′）・qノglMl什亡（且‾∬′）〕βl且‾且′lzd（g一足′）  

＋JJ凡（g′，かJ  
（∬一且′）  

Other par［  

ノ言古抜1一々1′）2  ¢（g一足′）   

∂（g一足′）sgn（（g一足′）．C）ノ  g一足／  

Fig－1．Relation ofK，K，andK－K／  
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thiswaywecan findtf］at theFouriertransforms of（13）（14）and（15）become dive－  

rgent withthelimiting boundaryofthef．5representation of frequncy specctruTn Of  

wave profile，andthe order of divergenceincreases with theincrease ofnin the  

representationE（f）～r乙（乃≧5）．Onthecontrary，ifn＜5，thisdivergencedoes not  

OCCur．  

The existence of this divergence means physically that the first perturbed vorti－  

City o・l（El，71，∈1）grows upwith thewave motion when the no perturbed vorticity  

w。（∈。，7。，（。）is considered to be zero，and thewave motionisirrotationalorigina11y．  

Sti11more，aS the noperturbed vorticity（山ois assumed to be zero，the energy of this  

first perhlrbed vorticity，Whichincreaseswith time，Shouldbe supplied fromthewave  

motion．  

3．The experimen七alresⅦl七  

Ifthe complltationalresultin2．isright andtheeffectis notso small，the pro－  

gressivewaves，Which areoriginatedbywind and have thespectrum representation  

ofE（f）－fn（n＞5）in the highfrequencypart，wi11・Show the rapid decay of s＝eT  

ctrumintensity at theconcerned part ofspectrum．The results of our experiment  

clearlysupportthisexpectation．Totakeuponlythis effect，W占must exelude the  

Windinfluenceonwatersurfaceandtheeffectofbreakingasthesurface享nstabi】ity，  

When we can succeedto exclude the above two effectsfrom the wave，the effect of  

capi11ary wave also becomes small．Theinfluence ofviscosityis not eliminated from  

the experiment，andso this effectis estimatedby computation．  

The experiinentalwaterwayis the same asthe one mentionedin the rcfercnceof  

T．HamadEt（1963）．Thewidthis150cm，and depth of water to bottomin this case  

is taken’to15cm．Airflowtouches thewater surfaceattheairinletandblowsonwater  

for thelength ofl，360cm and generates water waves．Then the air flowisexcluded  

from the water surface strictly．Section C－2，Whichis used to the meEtSurement Of  

frequencyspectrumofwavesisdistant965cm fromthesectionoftheeFClusionofair  

flowinthedirectionofwaveprogress．SectionD，Whichisalsorsedto the 

rementis distant450．5cm from the Section C－2in the same direction．  

We measure the frequenc少SPeCtrumS Of wave profile at both Cr2andD at the  

stationary wave condition，and examinethe－variationofthespectrLmS．The distance  

965cmbetweenthesectionofexclusionofairflowandthe section Cp2is tal【e tO  

ex4ude the effect ofsurfacebreakingof waves．The numberofrevolutionofblower  

istalこen tOr．P皿300alldr．p．m．400．The wind velocitiesby these rotation numbers  

areshowninthereferenceofT．Hamada（1963）． 

from the water surface at the mid－Wayin the present case，and so the dynamical  

COnditionis somewhat different from the case of the reference，thewindve！ccitymay  
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Fig－4and Fig－5showthespectrumsobtainedin thisway，Abscissaistaken to  

thelogarithm o壬wave frequncyfc／s，and、Ordinateistaken to thelogarithm ofthe  

powerof frequency spectrumE（f）cm2qsec．．Fig－4correspondsto the云ase of r．p．m．  

3000fblower．Fromthis figure wecan easily recogni2，ethe decayofpower between  

C－2andD・Figr5correspondstothecaseoh・P・m・4000fbloYer・andthe value of  

powerisgreater than that ofFig－4．Bl］t thetendency ofdecaybetween C－2and D  

is same．In Fig－4a straight】ine drawnalongthe highfrequency part of spectrum  

indicatesE（f）一fr7・BD，andin Fig－5itmeansE（f）一f．8・94．Accordinglyeachspectums  

navesteepergradientthanE（f）一√5inthe high frequency part，andthe rapid■decay  

ofspectrumintensityis expectedinthe same part．   

Then weestimatethe effect ofviscosity on wave motion．The waveiscaused  

by theuni－directional，Steady continuouswind．Both sides of waterway are］imited  

to a constant width．So at the stationary conditiontheeffect of visous damping  
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Fig．－5 Spectrumintensity at C－2andD（r．p．m．4000f blower）  
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¢（′α）＝¢1（′）   lαl≦500  

＝O  iαl＞500  （33）  

（33）showsthat theintensity of¢（メα）is uniform forαinl可≦508，andintheoutsiく  

de ofIal＝500it becomeszero．Following tothis assumption and putting secα≒1＋  

α2／2，（31）and（32）are easilycomputed．   

Figr6andFigr7show〔logeE（f）〕D－〔logeE（f）〕c－2COmputedin this way and  

theactuallymeasured〔logeE（f）〕D－〔logeE（f）〕c－2．Fig－6correspondstor．p．m．300  

0f blower aI）d Figr7is for r．p．m．400 0f blower．In the computation viscosityLJis  

taken O．8104（which corresponds tothe molecularviscosity at the mean temperature  

of water throughexperiment）Elnd5×0．0104．The ratioof the numericalvalue of  

the first and the second termilL eXpOnent Of（31）hasthe following tendency．The  

ratiobecomes nearlytolatJ±2c／s，andincreasesaboJtlOatノ±1．5c／s，and fallsinto  

aboutl／18atf＝2．5c／s，When wetakethe value of LJaS O．0104・   

Manyexperiments which havebeen done upto the present day show that the  

b仇！om frictioTlis greater thanthe estimation given by the effect of molecular visco－  

sity，andso nearf＝1．5c／s，theviscousdampingshouldbe supposedto approach poト  

ntsⅡinFig－6andFig－7．But actualdecay ofE（f）inthe both fiqures indicates  

thatinthe high frequncy part，Where thebottom frictionis very smal1，the viscous  

damping due to molecular viscosity should be predominant．PointsⅡis far away  

fromthemeasuredvalues（pointsⅢ）．Onthe contrary，POints，Iare agreeable with  

theobserved datainthe part of4．0～4．5c／sof fin Fig－6．Ifthe effect of friction  

ofside wallsistakeninto the computation，the agreement may be more satisfactory．  

InFig－7，inthe part of3．4－3．6c／sof f，theinfluence ofthe nonlinear effect（L．J．  

Tick（1959））ofmeasuredspectrumsdisturbstheagrもement，butasthewholethesame  

tendency asthat of Fig－6maybe perceived．   

In the both figuresthe positions of peak ofspectrums andthe rangeoffrequency  

in whichE（f）一fL7・30（Fig－6）andE（f）〝fr8・94（FigL7）are marked．Inthemarked  

range values of pointsⅢ are far greaterthanthose of pointsI．The maximum of  

ofthe difference amountsto morethantentimes of the values of pointsI，andit  

meansthat the actualdecay ofE（f）isremarkably greaterthanthatgiven by（31）  

in the concerned part of frequency spectrum．The difference ofvalues of points Ⅲ  

andpointsIisshowninFigL8．Inthis figurethe difference decreaseswiththeincreL  

ase of frequency．This accords withthe experimentalfact thatnapproachesto5with  

theincreaseoffrequencyiTlthe expressionofE（f）一f－n．  

Bythiswaywe can findexperime71tallythat the energy of progressive wavesin  

thepartofspectrumexpressionE（f）－rn（n＞5）decreases copspicuously，andthis  

phenomenon supportsthe analysisin2．   

Inthecomputationin2．we used the relationin deep waterk＝47rソ2／g．The  
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Appendix  

Inthecasewhenthetvater depthtothebottomis finite，thc relation of wave  

nt二mber andits periodis generally expressed by  

（1）  ．打Itanll】．打lゐ  

Accordingly，in the case of veryshallow water，  

2x 2x ′ヾ、・∫こ   （2）  

Wetreat the probr嵐1in very shallow waterinthis appendix．Using（2），（2）in the  

textis modifiedtO  
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Accordinglytheexpression which correspondsto（6）inthetextis  
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