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Of oceanWaVe5，and non－1inearinteraction of random waves，SuCh basic problems  

have been vigorouslystudiedinmanycountriesassociated withthe studyof waves  

Of synthetic aspect such as wave forecasting．  

However，aS far as we know，there are fewquantitative data about the decay  

ofwindwaves，e立ceptforseveraltheoretlCaltreamentsofthisproblem［Sverdrup  

＆Munk（1947），Barber＆Urseu（1948），Grone＆Dorestein（1950）］．Thisproblem  
・is．not，Onlyinterestlng from the theoi・eticalstandpoint but also veryimportantfor  

the explanation of the generation of swell．  

This paperis mainly concerned with the decay 9f wind waves which are  

．gen与ratedin the wave tank bywi11d bIower and propagateinto the calm area・  

rn such alaboratorystudywe■Can treatthe prbblemipmuchsimplifiedconditions・  

In the ocean，unSteadinessof generatedwaves，arlgularspreading and discrimi，  

nation ofwind wavesin decay area，Viscosity of water（moletular and turbu，  

1ence），air resistance，OCean Current．localwindin decay area，interaction of the  

SWellwith thelocally generated wind waves anq geographic conditionof the  

Observation station，SuCh great many factorswillaffect the decay ofwind waves・  

Thel．efore，it demands very carefully planned observation of tremendouslarge  

SCaleto obtain the reliable data，anditwi］lbe di伍cult to analyze the data and  

to evaluate the effect ofindividualfactor．  

rn thelaboratorywe can study systematically whatis happeningin the decay   

area of．wind wave．This has been theintention of the commencement of this  

Study．However，SeVeralproblemswi11arisein thelaboratory study too．Due to  

the shortlimited fetch of the wave tank，the bandwidth of wave speCtrum  

is not so wide al－dlimited to fairlyJhighfrequency range．Therefore，theimpor－  

tance of the diKerent terms in the dissipation mechanism of wave energy is 

slightly diKerent from that in actual ocean waves which contain the as much 

amount of enel－gyinlower frequency as compared to the waves generatedin the  

tよnk．Theexistenceofsidewallofthewavetankwillalsoaffecttheproperties  

Ofwind waves because the propagating direction of willd wavesis muchlimited  

・by the side wall．We must be carefuL of such points whenwe discuss the actual  

OCean WaVeS by conlparingwith the present experilTlentalresuJts．  

The discussions willbe mainly devoted to the statisticalproperties ofwind  

WaVeSindecayareasuchasGaussian property，and tothe decayof wave spectrurn   

§2・ExperimentalArrangementandTechniques   

2－1・Wind且Ⅶme amd experimentalprocedures  

The experiments were conducted in the large scale wind flume which was 

COnStruCted recentlyin the hydrauliclaboratory of Port and Harbour Technical  

－ 3 －   
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theinlet，airflow was convertedtothe outside ofthe負umebyinserting asloped  

plate．Therefore，the area between theinlet and this pointin theflume cor－  

responds to the generating area，and the area betlveen this point and the end of  

the負ume where thewave absorberisinscrtedcorresponds to the decay area．As  

Shownin Figurel，the rear part of the且ume was widened 士roml．5m to5．Om．  

Thewaveenergywasspread and負nallyabsorbedeffectively bythewave absorber．  

Therefore，reflected waves were negligible．  

Waves were measured by using parallel wire resistance elements at the 

SeVeralpointson thecenterlineof the伽me・Me＊uredpositionsof thewaves  

Were Shown schematicallyin Figure2，Actually，however，Simultaneous measure－  

ments were confined only to two points alwaysincluding No．1poillt．Waves  

〟ロ．4  〟α∂ 価3′ 〟戊2 仰．2′    〟β．／  

肌〃d 舘抑erプ吻肋プe  

Fig・－2・Measuring Position and Wind Converting Plate（unit：m）  

were recorded on a chart recorder and one of these waves was recorded sim－  

ultaneously on magnetic tape．Due to the restriction of the tape tracks，Sim－  

ultaneousrecordingofwavesonthetape，Whichisideal，WaSilTlpOSSible．Therefore，  

much attetion was paid to maintaining the same experimentalconditionsineach  

case when the measurement ofthe same series，but of different measurlng pOints，  

was conducted．Thatis，rOtation of theWind blower was adjusted carefu11y to  

produce the same wind velocities e亭Ch time；the measurements were begunin  

each case ＝10minutes after thewind blower was started（a sufficient time to  

－ 5・－   
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TABLE l．  

Data Recorder（Low SpeedTえpeRecorder）  

P．W．M（Calier；200C／S）  

47．6mm／sec  

±0．5％  

±0．5％  

0～20C／S（under±1db）  

3％  
40db．  

Withinl％  
30C／S Low Pass Filter  

Modullation  

Tape Speed  

Deviation of Speed  

Wow and Flutter   

Frequency Response  

Linearity  

S／N Ratjo  

Drift  

Input Filter  

2－3．Wave spectr11m analyzer   

The wave spectrumanalyzeris ananalog type analyzer whichis similar  
tothatofChan，s（1954）oneexcePtforslightdifferencesinthedetムiledstructure  
and characteristics．Thatis，the analyzerwascOmPOSedof threeparts；ahigh  

（＋TWO SETS）  

Fig．－4，Wave Spectrum Analyzer  
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TABLE 3．  

Chart Recorder of Spectrum Analyzer  

Chart Width  

Gain（D．C．amp．）  

Linearity（includingpen）  

Frequency Response  

Noise（at maximum gain）  

Drift  

60 mm  

50db．（max．）  

2％  

0～10C／S（Within±5％）  

Less than O．3mm  

Less than O．6mm／hour  

TABLE 4．  

Fourier Analyzer（Heterodyne Type）  

Frequency Rangeii  

Frequency Response  

Sweep Oscillator  

Sweep Velocity  

Frequency Marker  

10～800C／S  

（0．5－20C／S；COrreSpOndinginput frequency  

lO～800C／S Within O．2db．  

10000～9200C／S（accuracylOL4）  

1／2C／S／sec orl／3C／S／sec  

（accuracy±0．5％）  

25C／Sinterval（0～200C／S）  

50C／Sinterval（200ん800C／S）  

accuracy±1C／S  

No，1Center FrequencylO KC（2×10J5）  

Band Width  ±1C／S  

40db．down at±12C／S  

No．2Center FrequencylO KC（2×10－5）  

Band Width  ±2C／S  

40db．downat±18C／S  

Effective Band Width4．95C／S（used）  

Band Pass Filteri！ミ｝  

（Crystal）  

う㌢It must be⊂are that frequencies dealtin this table wereincreased40times greater   

lhan the frequency in the actual phenomena due to the increased reproducing tape 
SPeed40times greater than the recording tape speed．  
拐㌢Band Pass Filter No．2was usedin the present studY．   

Calibration curves．（ii）to eliminate the zig zag formin・reCOrded spectrum due  

to the variation of theinstantaneousintensityof wave spectrurn averaglng Circuit  

Which has a time constant of about3seconds wasinserted between theanalyzer  

andchartrecorder．ThisTime constant was comparable toaperiodofrotation of  

the tapeloopand was most adequate．  

2－4 Calibration of wave stalr and spectrum analy2：er  

Before and after the measurement of waves was condrLCted wave staff was  

Calibrated byinserting the staffby thedefinite amountand recording the output  

On t：he chart recorder．  

－ 9 －   
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StaLion No．1  

Station No．3  

Station No．4   

Fig，5－a．Wind Wavein Decay Area（【．p．m300）  

Meshlineis50mminterval．Direction of wave propagation   

is from righ toleft．  
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Stand what washappenjngin the decaying are？Visualobservation of the waves   

Werefirst conducted，and the waves were then photographcdthroughthesidewall   

Oftheflumewhich was made from glass scaledwith meshline of50mminterval．   

Figure 5 shows photographs of the typicalwind waves．Essentialproperties of   

wind waves such obtainedin various staticns are the followlng：  

A．R，P．M．300（t；＝8．12m／SeC）   

Station No．1（at the end of generating area）  

Wind waves were almost Eaturated ccnditions，i．e．，the breaking of waves   

Were OCCurlng frequent】y，and dcminantwaveswerecoveredwiththeshortripples．   

Due to the effect of surface tensicn t：etWeen the glass walland water capillary  

WaVeSOVCrlappingthedcmipantwavesal－enCtSPClearlnthephotograph（Figure・   

5）．However，ripplesⅥ；h三ch covered the domjnant wave were clearly observed   

from theupperwindow ofthe凱1me．Moreover，dominant waves clearly showed   

the shol・tCreStneSS，i．e／くhexagcnalfol・m”，andtheircrestlengthswere30－40cm．，  

1／5－1／40f the兄ume width．  

Area between Station No．1and Station No．2  

In the range oflm from the Station No．1，WaVeS Changed greatly，i．e．，the   

crest of waves broke in many times when they passfd under the wind converting 

plateandwere propagatedinto the calm area．Breaking ofsmallscale were still   

COntinued to the position 3m downwal・d from the Station No．1，and gradual1y   

WaVeS became smooth，As willbe discussedin thelater section these breaking   

Of waves greatly changed the structure of wave spectrum，and showed the very  

interesting properties concernlng the energy transferin the spectrum．  

Station No，2  

Waves were very smooth and had nearly symmetricalform agalnSt the still   

Waterlevel．However，Steep WaVeS Oflarge amplitude showed clearly nonlinear   

properties，i．e．，Steep CreSt and 8at trough．In some case wavcs broke near the   

CreSt，Thecarefulobsel－vatlOn from the upperwindow of the8ume showed that   

dominantWaVeSWere Stilloverlappedwith shortrippleofvery smal1amplitude．  

Stati（）n No．3and Station No．4  

In these stations waves became gradually smooth and neverbrokeasshownin   

Figure5．However，Shcrt ripples of very smallamplitude were stillobserved at   

the frcnt part of the dominant wav由．  

B．R．P．M，400（ロ＝10．EOm／sec）   

Station No．1   

Almost allthe waveswerecontinuallybreaking and dominant waveswerecovered  

－13一   
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Such changesofwave properties were also reflected clearlyinthechangeof  

wave spectrum as shownin thelater chapter．   

（ii）Even after the waves become very smooth as the propagationin the  

decay area carefulobservation showed the overlapplng Of shortripplesnearthe  

front part of the dominant wave crest．As such a short ripple should damp out  

quickly due to the viscosity some speCialmechanism must exist to maintainit．  

This seems to be the same phenomenon as that observed by C．S．Coxin his  

rneasuremement of wave slope．Thatis，in his study short ripples overlapped  

On the dominant waves were measured even when the uniform waves were  

generatedby oscillating paddlewithout wind．  

Recently，LonguettHiggins（1963）discussedthisproblemtheoretically．Accord－  

1ngtO his theory，Capillary wavesmay be generatedby atleast two mechanisms：   

（1）instabilityin theshearing air－Stream aS described by Miles（1962），and   

（2）by the action of sur士ace tension near the crests of gravity waves・  

Capillarywaves generated bythe second mechanism tendto occur on thefor’Ward  

Slopes of gravity waves，from which they may extractappreciable energy．That  

lS，muCh amount of energyis transfelTed from dominant wave to short rlpples  

OVerlappedonit due・tO nOnlineareffect（radiationstress）and the energyisdis－  

Slpatedin the shortrlpples due to the viscosity．Some ofthe energydissipation  

nearthedominantpeakof wavespectrumshould be attributed tothis mechanisum．  

3－2 Gaussian Pl・Opel・ty of Wind Wave  

Many of the wind wave theories have been based onthe assumptionthatthe  

Surface displacement，77（t）Of thewindwavecan be considered as the realization  

OfGaussianl‘？ndomprocess・Andthishasbeenprovedasafairly good assump－  

tioninafirstapprox 

However，We Willbe able to expect some deviationsofactualwave properties  

from the Gaussianproperties when we remember the unsymmetricalwave form  

Of steep wavedue to nonlinearity．   

Blair Kinsman（1960）made a detailed study ofthisproblemandobtainedthere－  

Sultsthatactualfrequency distributionsdidnot correspond particular7y wellto  

the Gaussian even when the data were seemlngly Gaussian．   

Recently LonguetLHiggins（1963）discussed thisproblem theoretically and derived  

thestatisticaldensity function of GramTCharlier typein the caseof＝weaklynon－  

1inear＝・Healsoobtainedthe Gaussiandistributionasthefirstapproximation・   

Toprovidefurther・information aboutthisproblem each wave recordonour  

Chartpaperobtained simultaneouslywith therecordingonmagnetictapeWaSanaL  

lyzed・Sampled valuesof surfaceelevation．77（t）Were SOrtedoutin theinterval  
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一丁2 －8 －4  0 4 8 12 J6  一丁首 －J2 －8 一月  0 4 8 I2 旧  

Fig7－a．Histogram of Surface Elevation  
（r．p．m400）  

Fig7qb．tIistogram of Surface Elevation  

（r．p．mく00）  

Table5．Moments，Skewness，Kurtosis and Chi・Square  

Our eXperimentalcases．However，Our data show that as the propagation o董 the  

wind wavesin the calm area the deviation decreases gradual1y，i．e．，the fre・  

quency distribution approaches approximately to the Gaussian，though the coin－  

Cidenceis stillnot so good．This may actually correspond the decrease of nonT  

linearityin wave form as can be seenin Figure5and describedin section3－1．  

In view of these resultsitcan be said thatin the wind wave oflarge wave  
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TABLE Ea 

Wave Characteristicsin Decay Area  

（ー．p．m．300）  

Statjon   No．1  No．2   No．3  1 No．4   

Tsec  

JrSeC   

入「r  

JT■  

‾フ好′sec  

J了い11   

けJJe111   

」Vお   

tTJJ  

、∴、ご・●l  

才cm   

ノ才cm  

可三  

0．403  

0．090  

298   

±0．010  

2．05  

0．75  

303   

±0．11  

0．64  
±0．05  

0．80  

0．081   

0．438   0．465  

0．089  0．079   

274 258  

±0，011  ±0．010  

1．41  1．28  

0．78      0．66  

283  274  

±0．09  ±0．07  

0．41 1  0．28  
±0．03  ±0．02  

0．64  0．53  

0．047■     0．038  

0．471  

0．090  

254   

±0．011   

1．12  

0．61  

324   

±0．07  

0．23  

±0．02  

0．48  

■0．025  

∴  

TABLE 6b 

Wave Characteristics jn Decay Area  

（r．p・m．．400）  
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Moreover，it willbeshownin thelatter that such properties of wavesin  

decaylngarea haveclose relation totheir spectrum structures．  

Table7shows theinterrelations among the statistically defined mean wave  

TABLE7  

Interrelation Among the Characteristic Mean  
Wave Height   

龍Theoreticalmaximum wave height was calcu）ated as themost probable maximum  

height jn200waves．   

heights，i．e．，mean WaVe height of totalwaves H，mean WaVe height of  

highestone－thirdwaves耳1／。，meanWaVeheightof highestlO％waves昂′1。and  

the highest wave玖、aXin each record．This table alsoincludes thecorresponding  

theoreticalvalues derived by Longuet－Higgins．（1952）underthe assumptionsof the  

narrow band spectrum and Gaussian process of the wind wave．  

According to the present data on Table 7 the interrelations among these 

characteristic wave heights are not so well fit to the theoretical values in the 

generating area，but they approach gradually to the theoreticalvalues as the  

propagtion of wavesin decaylng area．As showninlater paragraph the change  

Of the band width of wave spectrurn wasnot so conspicuous eveninthedecaylng  

area of the f】ume．Therefore，the discrepncy between the theory and experi－  

nlentalresults shouldbe mainly due to the difference of actualwave property  

from the Gaussian model．  

However，eVenin the generating area，discrepancies between the theoretical  

Valuesandobservedvalues are not solarge．We will，therefore，be able touSe  

the theoreticalresults for the practicalpurpose．  

Wealsotried to conlpare the results with the theory of statisticalprol光r－  

ties of wave derived by Cartwright（1956）in which thereis no restriction of  

narrow band spectrum．But we didn’t proceedit due tosorne di伍culties．In his  

－21－   
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Fig－9a・Spectrum」：c＞f WindlWave（r・p・m300）  
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（4）  

Obtained results are summarizedin Table8 with the other characteristic  

Table8  Wave Period，Wave Energy aEld Spectrum Width  

No．1   N（】．2  

0．495   

1．05   

0．457   

0．970  

0．224  

1．009   

0．35  

0．408   

1．01   

0．392   

0．973  

0．643  

0．995   

0．46  

0．476   0，483  

1．09   

0．436   

0．995  

0．500  

0．803   

0．43  

1，04   

0．418   

0．899  

0．316  

0．874   

0．35  

0．465   

1．05   

0．499   

1．13  

1．038  

1．06   

0．52  

0．540   

1．03   

0．496   

0．946  

1．228  

1．10   

0．46  

0．555   

0．99   

0．522   

0．933  

1．000  

0．96   

0．53  

0．588   

1．05   

0．538   

0．965  

0．678   

1．25   

0．44  

quantitiesofwavespectrumsuchas・tOtalTeenergyJ：¢（1）4fthierratioto  

the mean square elevation of water surface772，and spectrumwidte8 defined by  

Cartwright（1956）．  

竺塑二禦22  
占2＝  

77ヱ○〝乙i  

′〝，～＝工00¢（′）′竹  

（5）  

where  （6）   

According to the results shownin Table8，Characteristic wave periods ob－  

tained by the different methods agree quite wellin each other as predicted byJ．  

W．Pierson（1954）．Moreover，eVeryWaVeperiodobtainedbydifferentwayshow  

theincreaseasthe propagationof thewavesin decay area．  

－25－   
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these effects are extremely di伍cult，We Willnot discuss this problematthistime  

in detail，and only show thecomparisonoftheexperimentalresultswiththeresults  

Obtained by only considering the viscous energy dissiptionsin the boundarylayer  

near the side wallandin the surface shear zone．Moreover，it wi11be checked  

how this treatment can explain the actualphenomena or how theactualsituations  
are different from what was predicted by this treatment．  

By only considering the energy dissipationduetolllOleculerviscositythedecay  

Of wave energy can begiven（c．f．appendix）  

2567r5〃  
ハ貰ノ材3′2）ェ   （7）  E（′，ヒ）＝Eo（′）▲exp－   

gさ  

Where E（1．公）＝tOtalenergy of waves as the function of frequency and position E，  

y＝kineticviscosity（0．016）  

g＝aCCeleration of gravity（980dyn）  

b＝Widthof the wave tank（150cm）   

If we neglect thellOn－1inearinteraction amongthecompollent WaVeS thedecay  

Ofenergyofwavespectrumduetomolecularviscositycan be obtained byreplaclng  

E（1，i，With the spectrumO土wave4）（1．公）  

256花γエ  
′5＋箸ノ訝′2）  （8）  ¢（′．。，＝¢。（′，eXp－（  

Calculated spectrum4）（1，。）Were COmpared with themeasuredspectrumand shown  

inFigurelOa～FigurelOdin thelogarithmicscale．  

According to those results fairly good agreementfoundonlyathighfrequency  

range，and many discrepancieshappened near the 士requenc at the peak of the  

energydensity．Thesediscrepynciesmaybeduetotheothermechanismsneglected  

inthe equation of decay of energyspectrum．  

Tosee this peculiar property morein detailes，Weintroduce the rate of the  
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FiglO－a．Spectrum of Wind Wave  

（r・p・m300，Station2～3）  
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FiglO－b Spectrum of Wind Wave  
（r・pJn300，Station3～4）  
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and energy dissipation are shownin Fig．11and Fig．12．  
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Fig－11b．Energy Transfer Rate  

（r．p．m400）  

Figll－a Energy Transfer Rate  
（r．p．m300）  
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Fig12－a Transfer Function  
（r．p．m300）  

Fig12－b Transfer Function  

（r．p．m400）  

As was expected from Fig．10，Fig．11shows clearly the energy accumulation  

in somelow士requency range and energylossin some high frequency range．If  

thisisduetotheenergytr左nsferbynon－1inearinteractionofwavesandthereisno  

anycther energy dissipaticn except fcr wllatWaS CCnSideredin Eq．9and Eq．10，  

thenintegration ofT－1With respect to f，from zero toin丘nity，muSt bezero．But  

iiIn those computations con丘dence bands were not considered．Therefore，those absolute   

valuesinclude the uncertaintiesin the statisticalsense．However，itwas foundthatsuch   

a energy transfer could’nt be neglected even whヒn the conlidence bond was considered．  
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in the spectrum has an excess energy as compared to the equilibrium form・0土  

SpeCtrum．   

4－3 Similarity of the spectrum Ofwind wave  

Great many studies have been done on the form of spectrum of wind waves．  

Some of them are based on貢eld observation and usedforthepracticalforecasting  

of waves and some o土them are based on theoreticalconsiderations and discussed  

to clarify the physicalmechanism of the motion ofwind waves．   

Withreference tothehighfrequency part，Phillips（1958），from a considera－  

tion oflimiting con丘guration of surface wave，Showed that an equilibrium range  

may exist，and by dimensionalargumenthe deriveda＝－5powerlaw”forit．   

Pierson（1959）discussed the frequency range where the equilibrium range  

COuld be expected and showed．based on the nonlinear theory developed by Tick  

（1959），that the equilibrium rallgeShouldexistinsome 士requency range greater  

than twice of the frequency of maJOr pOWer peakin the spectrum．Kinsman  

（1961）also discussedthisproblem by usinghisresultsofobservation，   

Recently，Kitaigorodski（1962）extensively appliedthesimilarity theorytothe  

descriptionofwavespectra．By the closeanalogy with the spectrum of turbu－  

1ence，he dividedthewavespectrumtovarious frequency ranges which respec－  

tivelyhave different main controllingfactors as schematically showninFig．14．  

ん4X 才β f．ぉ おた ′5  

Fig．14・Schematic Representation of the Narrow  
Spectrum of Wind Wave   

He coniectured that the wave spectrum near the frequency of maximum energy  

density could be expressed as  

¢（d）＝g瑚（等質）  
where   

o ＝angularfrequency  

u÷，＝friction velocity o士thewind  

X ＝ fetch  

－31－  
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and the spectrum approached very close to the universalform．And after that  

the highfrequency part of the spectrum decayed gradually due to the molecular  

Viscosity as discussedin the previous section．  

Tn the case of r．p．m．300wave spectrum seemed not to attain the saturated  

COndition，because the energy density at the highfrequency range were slightly  

lower than the universalform．  

As the maximum frequency of our measuredspectrum，Which had detectable  

energy density was approximate］y5c／s，the efEect ofthe surface tension would  

be not soimportantin all土requency range of our meas11red spectrum．   

The excessenergy nearthe frequency ofthe maximumenergydensity，domi－  

nant peak o土the spectrum，WaS Very peCuliar phenomenon．  

The similar trend ofexcess energy concentration near the dominant peakin  

the spectrumcouldbeseeninthe slope spectrum measured by Cox（1958）inhis  

WaVe tank o土smallscale．On theother hand，in Burling，s（1959）spectrum，Orin  

the SWOP data quoted by PhilJips（1961），thatwere obtainedin thefield，SuCha  

trend couldn，t be seen．  

Therefore，eXCeSS energy COnCentrationin our measured spectrum might be  

attributed totheshort fetchorspecialconditionsin thewind 且ume，i．e．1imited  

Width of tank，Wind velocity distribution，preSSure distribution，Or regularity o土  

wind direction and steadiness of wind speed．etc．Some explanation willbeglVen  

by the short fetch ofwind flume．Due to the＿Short fetch wind wave of strongly  

non－1inearhasnosu伍cient timetoexchangeenergyamongthefrequenciesthrough  

non－1inearinteraction and become weakly non－1inear．In this respect，this energy  

COnentration means the strong nonlinearity ofthe waves generatedin the wind  

負ume．Ttis veryintersesting，at this time，tO remember that we obscrved the  

energy trans土erfrom thisrange tolower frequency range and also the energy  

dissipations much greater than whatweexpectedbasedon the efEect of molecular  

Viscosity．  

As suggested by Kitaigorodski（1962），the spectrumin－the 土requency range  

lower than the dominant peak of the spectrum could wellbe distinguished by  

lo宮¢誓チ5＝A＋β蛍  
g  

（17）  

althoughour dimensionless coe伍cients A and B were slightly difEerent from  

Kitaigorodski，s vム1ues．Co伍cientsA andB were determined by using the data  

in Fig15a and Fig15b and then those coe伍cients were converted to a and bin  

Kitaigorodski，sexbressionEq．（16）．Theconstantaandb such determined are  

listedin Table9．Apart from the slight difference o土the valuesbetweenr．p．m．  

300andr．p．m．400，the obtainedvalueso土a andb are smallerthancorresponding  
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APP】壬NDIX  

（A－1）  

’  
Decay of WaYe】壬mergyim WaYe T乱mk  

The energy budget of waveinthe tank can b与glVen：  

＝R一（GE）  
∂f  

Where  E＝WaVe energy perunit area  

R＝rate Of energy transfer to and from  

the mode of wave motion  

（な＝grOup Velocity ofwave・  

Inthe steady condition  

・ 
＝，0■  

（A－2）  

Inthecase・OfdeepwaterwaveCk＝c・（c：Phasevelocity）andcisindependent  

ofこご  

（G昂…E＋÷－÷  
∂  

（A－3）  

R shouldincludeニ  

（1）Viscousenergy disslpationin the boundarylayer near side walls and  

bottom（（月〝）虚，（R〝）み），  

（2）Viscous energy dissipationin the surface shear zone（（Rp）su），  

（3）Energydissipationdueto；adiationstressbyripplewhichisgenerated by  

sur士ace tension and overlapps on the dominant wave（Rr），  

（4）Transfer of energy from gravity wave mode toturbulentvortex modes  

（Rt）．Thiswi11be due to non－1inearinteractionwith the other modes of  

motion or due to breaking．  

（5）Energytransfertoor from the air（Ra）．  

（RFL）bisneglisibleinourpr9SentCaSedue torelativelyshort waveIength  

and（RFL）siperunitwidthandlengthcanbe given（Keulegan1950）  

（月〝）虚＝⊥÷？漣α2c2ゑノ字  

where b三Width of wave tank   （150cm）  

pw＝density o土＿＿Water  （1．00）  

． a＝amPlitude of wave  （＝H／2）  

k＝WaVe number  （＝27r／L）  

y＝kinetic viscosity of water（0．0106）  

（Rp）su perunitsurfacecanbegiven（Lamb1932）  

（月匹）Jα＝一2J）叩〃α2c2が  

－35－  

（A－4）  

（A－5）   



‾9g‾  

■叩a叫ユad】くa 叩aSaユd ユnO tl！叩Ⅵlu叫l  

ユa瓜OtllつntⅡ S！式つuanbaユJa人甘瓜 atn pt柑Sll甘〟L岩P！S Ou aユ甘aユ叫l∂Sn甘つa琶 ●s110！l甘叫ISa  

叩aSaJdJnO tⅡ0月∵四乱相好叩ノー叩方！lS aq tt！瓜uO！l甘nl！S aⅥl‘u甘aつO t甘叫〇甘JO ∂S甘〇 at目 口I  

●a如甘JA〇uanbaJJS川Iu‡ua人a auOZJ甘aⅥS a〇甘JJnSlI‡叩qlu叫1ユa8J甘Tll〇nⅦ【墾Tl甘瓜∂p！S  
叫Il甘SSOtノ【8Jaua叩q‘auozJ甘aⅥS a〇甘JJnSlI！l叫Iu叫1J∂8J甘IS！aつu甘1墾閑JJ叩 Olanp  
SSOt」（8J∂uaaⅥ1∫／プ9●l＝′u叫1J∂瓜Ol∂加甘エバ〇uanbaJJaⅥl叫●∂8u甘ユょつu∂nb∂JJq8！q叫1里  
笹柑1ユ0山里 S‡純OZJ甘∂ⅥS a〇甘‡ユnS叫l叩uO‡叩dISS！p」柑Jaua aⅥlpt柑‘a加甘JA〇uanbaJ‡瓜Ot  
叫Iu！叩甘口！uOp S‡St【甘瓜ap持訓牛IrビtO‡l甘dlSS押A方ユ∂u∂∂Ⅵ11叫1∂叩〇！plI！SlIO！l甘I∂J∂SO甘エ  

■ウ0●0；〉q Ol叩∂ⅦnSS甘S甘瓜叩a！〇り∂0〇飢Ⅰ！Ja膵〉qS t10！叩t∂ユ pt10〇∂SJOlIO！1甘tn〇t甘〇 叫1tlI  

甘ガ∠g▲ウ＝那（佃）げ宵  

石／上〟s・9g＝乃∫（け首）／75・（佃）  

（9一Ⅴ）pt柑（S－Ⅴ）－（サーⅤ）Ⅶ0ユJl∂方Uで〇a瓜auOZユ甘叫S∂〇でJJnS  

∂Ⅵ1tl！SSOt」柑J∂U∂ ∂qlOla人！叩t∂ユ SSOl」柑J∂ua Ⅵ〇甘∂JO∂pnl叩8セu∂Ⅵ1ユ∂P！SpO〇岩肌l‡Ⅰ京  

ごi壷（；十孟卜dx30g＝茸  

S！uO耶nb3S！甲‡O uO！1ntOS3qエ  

（9－Ⅴ）  

†茎†÷十御中一＝  
J、、 ∴  

ge 二〉  
（∠－Ⅴ）  

i・量†■÷十呵（ぎ石プ石州与）一＝  

岬〟叫z－＝ど＝  
量′ぎ石プ石州子一  

Ze z 
、 

2re 二〉  

lⅡJO‡3昭叫u∂叩ユ瓜3q ut≡〇  

（t－Ⅴ）●∂才‘（トⅤ）01（⊆一Ⅴ）put≡（クーⅤ）‘（E－Ⅴ）‘（乙－Ⅴ）3叩叩1SqnS‘u∂qエ 甘 u！  

palap‡St10〇3q tt！瓜3uO2；1t2atIS3〇t2‡1nSatIlu！ptlt2ttt2瓜ap‡Sa甲1t2aulaAt21Ll叩unOq  

atIlu‡SuO！叩d‡SS！PJ（Blat13atIIAlt10’瓜Ou p3SSnつS！p SuO！1tml！S aⅦ01anp‘J（ttt2tl！且  

●uO印puO〇tt≡叩3ur！J∂dx∂JnO  

u！∂At≡瓜 pu！凡才O SSOt A方J∂u∂∂qlu‡i｝lでつ！叩〇OS∂q Ol叩u SlⅡ∂∂S ∂つut≡1S‡S∂J  

J！で∂qlJO1〇叩∂∂ql（！り puで‘J閤l〇 叩uS！凱巧uで∂Ⅲtでつ！SAqd鞘puで‘叩墾〇  

－喋PO〇凱Ⅰ‡J卯l3qSJO∂nlでA∂ql叩Oqで叫JnつSqOtI〇nW叩∂S∂Jd叩呵Ⅹ∂∂J∂ql（り  

！uost：∂J凱I一肌OllOJ  

∂qlWO月二 uO耶In〇lで〇 叩調∂Jd ∂qlu‡p∂J∂p！SuOつ 叫10ull！瓜ⅢJ∂1S！Ⅶ‘J3Aa瓜OH  

■（ZtOO■0）ユ！でJO」叫Su∂p＝吋   

叩∂！つU∂0〇凱ItJ叫l∂qS＝∫  

曲解軸ー＝Ⅳど  
t  

∂J∂q瓜  

（9－Ⅴ）  

（L⊆61：】lunm put2dnlpla＾S）pa叩tH  

－！Ⅹ01ddt2aqJ（t2tH（SS叫S叩urlOu）a〇ut21S！S〇11！t201anp SSOIJWlauaatIlput2‘uo！1  

一叩uO〇l甘叩∂叩ユ∂dx∂JnO uリ∂叩瓜01ユ！でuOユJSユ∂‡Sut乙q A鼠拍u∂Ou∂ユ甘∂ユ乱Ⅰエ  

■SuO耶tnつl甘⊃］叩柑S∂Jd∫nO u！p3Pnlつu‡∂q叩ull‡瓜SWユ∂1∂SOtIl∂加1S  

叩∂S∂Jd叩叩1〇U叩山∂A∂J甘プど（ウ）pひ2J冴（E）‡OSuO耶叩1S∂∂A耶叩u甘nb叫1SV   



where  Eois the wave energy  

at二こ＝O  

Sinc畠  

C＝g／2汀′  

and  

鳥＝（2汀）2′2／g  

Eq．A－8canbe writeninthe form  

（A－9）  

（A－10）  

256汀5〝 一． 2  
且＝Eoexp－  

ga  ノ ■ゐY g2  

256花5J／．，．8汀  
ノ・・∴－、∴リソ  （A－11）  Eoexp－  

g3 ノ ■ゐg  
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