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of direction of wavyboundary．Slightdifference of the direction of propagation bf  

COmpOnentWaVeissufficienttomakeshortcrestsurfacephenom9na，andthey cover  

thewatersurfaceirregularly，althougheachcomponentwavecanbetreatedasalong  

crestwave．Sothethree－dimensionaltreatment of airflow maybe desirable．  

WehavetheseunsoIvedproblemsanddecisiveconclusionsarenotexpectable．  

But，generallyspeaking，theprogressof theor王es concerned to this problemis con－  

Spicuoussince1957．In this experiment，Which hasits commencementin Aprilof  

1962，We may general1y proceedalong the phys王calinterpretation of the problem  

givenbyrecenttheories，andonlyincaseswhen thismethodisinsufficient，Our neW  

suggestionswi11bereferred．Asthe problemis very difficult，this moderatism of  

analysisis appropriate．  

Fortheexamination of the properties of wind waves，We uSed the frequency  

spectrum ofmeasuredwavyprofileofwatersuriace．Similarspectrumsarealready  

expressed by someauthors．They areS．W．0．P．group（1957）andJゝDairbyshire  

（1959）for theobservation of actualocean，and R．W．Burling（1959）and B．Kinsman  

（1961）for the measurementofpondof smallfetches．Themethod of directionalspect－  

rum publishedbyS．W．0．P．can notbeusedin the experimentof our narrowair－  

water tunnel，andthe directmethodof frequentyspectrumisadopted．The method  

of spectrum analysisis of electricanaloguetypewhichis firstly presented by W．］．  

Pierson，Jr（1954）andS，S．Chang（1955）．Our experiment belongstoacaseinwhich  

thefetchis smallandthewindvelocityislarge，and we have not yet found any  

paper concerned to simi】ar cases．Therefore we are obliged to compare our experi－  

mentalresultswiththefielddata of R．W．Burling（1959）andB二Kinsman（1961），and  

we hope that some other experimental data areinformed to us．L．J．Tick（1959）  

computed twoTdlmemsionally the s∝Ond order nonlinear component of frequency  

占pectrumofsurfacewaves，andthenW．）．Pierson．Jr（1958）gavesomeinterpretation  

of this nonlineareffect．Althoughthe computationof LJ．Tickis concemedtothe  

cahn 

WaVeS．   

2．E五郎riment  

2－1G¢mer81description   

Thewaterwayusedin this experimentiscoveredbyawindtunnelandthewind  

wavecan begeneratedonwatersurface by the uni－directional air flow artificially  

Suppliedintothetunnel．Atthewindward endof thewaterwaya mechanicalwave  

generatorisequiped togenerateregularwavesofrelativelylong period，and water  

in thewaterwaycan becirculated toinvestigatethewind waveontheflowingwater．  

Thereforew占maystudy．theproblemofwindwavedevelopmentinrelatively comp一  

一 3 －   
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according to the distance from the air■inlet section．Heretheairinlet section means  

the section where air flowinitially contactswith the water surface．Thesections for  

the measurement ofwind velocity are AaSection（65cm distant from the airinlet），  

Ba Section（965cm 〝），CaSection（1865cm 〝）andDaSection（2765cm 〝）．  

The sections for the measurement of wave profiles are AwSection（75cm distant  

from the airin1et），凰。Section（975cm 〝），CL，Section（1875cm 〝），D．。Sec－  

tion（2775cm 〝），and auxilliary Cw－1Section（1eewardside of CwSection，232cm  

distantfrom cwSection，C．。一2Section（〝，452cm 〝）and C．．－3Section 〝，  

668．5cm 〝）．  

We used pi10ttubesofPrandtle type and amanometreof G6ttingen type．The  

measurementofwind velocity at theheightvery near to the developed wavy surface  

was difficult，andin such cases the measurementwaslimited tothelayerwhere the  

ve70City fluctuationis fairly small．Wavy profile of water surface was measured by  

makinguseof thewaveheight metreof elぱtric registance type，and．when direct  

profileswere necessary，theywererecorded byinkwriting oscillogTaph．During the  

experiment water waskept asclearaspossible，andits temperature wasin arange  

Of170～260C・InthiswaY？heightmetre・thedistanceoftwoconductivebarsimmer－  

sed to waterislO．5mm－16．2mm，and so themetreis not proper to measure the  

highfrequencycapillary waves．   

Theelectricspectrumanaly2；erforsurface profileswas u占ed to obtainthe spect－  

rumformOfdata．This apparatusisconsisted of three parts．They are parts of  

（i）modulation and taperecording．（ii）mechanicalspeed－uP and regeneration and  

（iii）analysisand recording．Tape－reCOrderis of pulsewidth1mOdulation type，in  

whichnumberof pulsesis150per second．Desirable frequencies ofinput poweris  

l／4～20e／B，andpowersof higher frequenciesarecuttedoff bylow－PaSSfilter．Tape  

speedislinch／sec”InthepartofmechanicalSPeed－uPandregeneration・′taPe  

speed becomesforty times（75inch／sec．），andso the range of wave number becomes  

tolO～800c／sec‖ The part of dnalysisis of heterodyne detection method．In brief，  

alocaloscillatoris activewith thevariation ofits frequencylinear to time and the  

currentfrom this oscillatoriscoupledwith theinputcurrentoflO～800c／sec．．Then  

thecompo11nd currentis orderly fi］tered by a crystalfilter which has a centralfre・  

quencyoflOK．C．／sec．，andthebandwidthofthefilterisonly±1q／sec．and±2c／sec．．  

Afterthelineardetectioneachfrequencycomponentofinputpowerisrecordedbyan  

ink－Writingossillograph．Thelinear detectionis adopted becauseitis more reliable  

thanthesquaredetection．Obtainedrecords arecorrected by the factor oflinearity  

andthensquaredtothepower．Fig－2isa appearanceof thisanaly2＝er，Themagne・  

tictaperecorder，ana】y2＝er and the part of mechanicalspeed－uPand regeneration are  

situatedin turn fromleft to right．  
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Fig－3 Distribu【idn of Wind Velocity at A4Section，飽Ch   

CurVe hdicates the・Velocity profile at a fixed height．  

h：theheightabove the mean waterlevel（cm）   

T：temperatureof air（OC）   

M：relativehumidity（％）  
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InDa CrossSection，Vertical velocity distributions along planes，Which arein  

order35cm，75cm andl15cm apart from thelefthand side（facingtoleeward）  

glass wa】1，are Shownin Fig－7－1，Fig－7－2，Fig－7－3．Fig－7－1is for400r．p．m．of blo・  

wer，Fig－7－2for300r．p．m．，andFigL7－3for400r．p．m．Velocity distribution畠area  

900  1000  

V Ⅲシもモ‘  

Fig－7－2 VerticalDistributions of Velocity，   

D4Section，ー．p．m．Of Blower300．  
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confine socalled zero up－CrOSS．Fig－8－1，2，3；Fig－9－1，2，3；and Fig－10－1，2，3are  

thusobtained．Figr8－1，2，3are read from thewave profiJemeasured atthe middle  

surface ofcwCrossSection at200r．p．m．of blower．FigT9andFigrlO are due tD  

the wave records of the same point at300and400r．p．m．of blower respective】y．  

According to thesefiguresthe distributions of ヮmax．are fairly different from those  

ofヮmin・，andthedistributionofヮmin・isnotagreeabl占with the theory of gaussian  

assumption．Aswesha11statelater，thisinconsistencyis remarkablein the case of  

400r・P・m・Ofblower（inthecaseofhighwindvelocity），Whenthenonlinearcompo・  

nent of power spectrum Of surface profileisconspicuous．  

10，○   ほ0   16・0    け8   之00  

マ＿．．－…  
Fig－8rl DistributiorlOfクmax，qβSection，【．p・m・Of BJower200．  

、、、、  

ツ＿．＿、－・  

Fig－8－2 Distributionofゥmin．C．。S占ctionrr．p．m．of Blower200．  
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FigTlO－1Distribution ofヮmix．G■Section，r・p・m・OfBlower400．  

Fig－10，2 Distribution ofヮmiJl，CbSection，r．p．m．OfBlower400；  
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Fig－12 Distribution of Wave Period，ChSection，r．p．m．Of BIower300．  
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Fig－13 Distribution ofWavePeriod．C，。Sectionir．p．m．OfBlower40仇  
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F王g－15 SpectrumSat C．。Section，r．p．m，OfBlower300．  

peakvalue ofintensityof apoint50cm aside the centreis high．The difference  

exceedsthe90％confidentiallimit each other．Theintensityof dle SPeCtrum Of the  

centrepointsituatesin themiddle of theabove two spectrum．Hombgeneity seems  

飽）血in山一  
再：  

to be alittle broken down by the finitewidthof the waterway．   

侃teS O．985cm3（centre），0．870cm℡（25cm aside）．1．062cm2（50cm aside）．月1／3by．M．  

S．・Longuet－11iggins（1952），aSSumingE（thebandwidthparametreofspectrum）十0，  

is3．97cm（centre），3．73cm（25cm aside）and4．12cm（50cm asid6）．   

3－3 PIly8ic81prop≧rti¢80f wimd profile   

In thetheoreticaltreatmentof development ofsurface waves，Weneedtwotypes  

ofstress．TheyarehorizontalstressCr－directionfromwindwardtoleeward）andverti・  

calstress（ツーdirectionupwardspositive）．Inthepresenceofwavysurface，thesestres去es  

may betranSformedtothestresstangentialtosurface，andthestress normaltosur・  

face．In acase oflineari乙edsurfacecondition，thesteadypartofthistangentialstress  

isconsideredto act onthe driftcurrent，andis generallyneglectedinthe mechanism  

ofwavedevelopment（］．W．Miles（1962））．Inthepresenceofmasstransportof waves．a  

roughestimationis givenbyR．W．Stewart（1961），butthisbyno meansindicatesthat  

thesteadytangentialstressis effective firstly to the development of’wind waves．  
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velocityUlin the meanirLg OfJ．W．Miles（1957），wind velocity UlOcm，仇ocm，andshear  

velocityU＊areadjustedinBaandC4CrossSectionaftertheaveragevalueof measureL  

ment of three p］acestn DaCrossSection．Thisis not strict，butthe adjusted values  

approach to the mean valueof each cross section．In Table－1arLd”－2，Zo／Hl／3is  

alsorecorded．HJ／ユis pursuedby energy spectrum of surface profile bytheassump－  

Table－2  Characteristics of Air Flow  

tiorL Of narrow bandwidth（E→0）．2。／HL／3may havetwo physicalmeanings．Firstly  

z。Pl／。hasthe meaning comparable to Ec（＝kyc）（，．W．Miles（1957，1960））atthe  

initialstage of wave development andis related closely to non－negative damping  

factor of wave developmentin thecomputation ofJ．W．Miles．Another meaningis  

thatwhen waveheightistreated asfinite one，this quantity may be related to the  

gradeofseparationof airflowfromwaveprofile，eSPeCiallyin ourcases when c／Ul  

isextremelysmall．Aswi11bestatedlater，2。／Hl／3isefficientlyrelated to non－nega・  

tive damplng factorin our experiment．   

Table－3showsT2whichis determined by the relation To＝PaT2ぴ（Uis taken to  

UlO．T．arLd U40cm）in Table－1and 〝－2．The value of T2is systematically changed  

in accordancewith the magnitudeof wind velocity at Da Cross Section where the  

turbulent boundarylayer alongthewater surfaceissufficiently developed．Thisis  

sameto the tendenciesin many otherwind－Water tunnelexperiments．The onecau－  

SeOf thischange may be given by thechange of waveheight incontrast with the  

limitedcondition of height of air flow．Inourexperiment，in which c／Ulisextreme－  

1ysmallandwater surfaceis covered by very steep waves，the change of wave  

heightmay beeffectiveinsomedegreein the similarinfluence to the change of  

roughness heightin turbulent pipe flow．On theother hand，if T已】Dm at瓜Cross  

Sectioniscomparedwith thevalueof fieldobservation shown byFigq30fE．L．Deacon  

（1962），the absolute valueisrather alittle greaterinour case，but the tendency of  
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changeof r210m against UlOmisconsistent．In Fig－16r210mfromour experiment and  

E．L．Deacon’s paper are shown，anditsuggests that theincrease of r210mSubsequent  

to wind velocity UlOmmay be a result of properties of turbulent boundarylayer of  

air flow on water surfacein the range of wind velocity considered．The physical  

meaningof T。wi11be reexaminedin3－8in relation to the energy spectrum of  

wavy surface．  

Fig－17is the relation of zo to u＊2 as the air f］owis assumed to be a fully  

developed roughflow．Althoughit contains some problems remained，the general  

relationiszo～2×10－5u＊2．AccordingtoJ．W．Miles（1960）．ninthis caseis about  

3×10－9，and zois relatively smallwhenitis compared with some observed result  

in actualocean（T．H．Ellison（1956））．  

／  

． q 
． 

メノ  

／′  

ヱ。－2XIJ5雇  

n∵一三＝×lJ3  

／′  

′ l．／   
l  

r．p．m．Ol  
0  B    D   

ロ 

． 

〆  
／b  

0  5X－0ラ  ー0■ 房。免ト5X・04  2X■04  

Fig－17 Zo related to U㌔   

3－4 Windv8Ve Speetrum Ot血ined   

Fig－18indicatestheenergyspectrum of waveprofileatthe centreof＆，CL，and  

DwCross Sectionin the condition of200r．p．m．of blower（average wind velocity  

through the cross section at Aa Cross Sectionis5．60m／sec．）． Fig－19 and 〝－20  

COrreSpOnd to300r．p．m．of blowerand400r．p．m．of blowerrespectively．hthese  

SPeCtrum rePreSentations，nOnlinear components（L．J．Tick（1959））are perceived  

COnSPicuouslyin their highfrequency range．Thisis strengthenedin a case of 400  

r．p．m．of blower asis statedin2－3．  
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fウ勺  

Fig－20 SpeCtrumSOf WaveProfile，r．P．m．OfBlower400．   

Butintheanalysisofthisexperimentweusethelineartheory except for ca戸eS  

when nor11inearity plays predominant roles，and stillmore，followingtO LJ．Tick  

（1959），gauSSian assumptionis used．   

According to D．E．Cartwright and M．S，Longuet－Higgins（1956）W，J．Pierson，  

Jr．（1954）andS．0．Rice（1944，1945），72ef。。Pmss，T，fMax．andf（atp。ak。f，PeCtrum）  
ar？CO事nputed and shoⅥlinTable－4・Concernedtowaveirequencies，therelation  

of f（atpeak。fsped，um）＜7zer。。P－。r。，S ＜fL4axis consistent in every case，and   

Table－4  Characteristics of Wind Waves  
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bymakinguseof fzer。。p＿Cr。S9andj・（by㌍ak6fspecE，。m）aS the・repreSentativeWaVe  

irequencies．Itseems aSimple experimentalsupportfor the apprdximateuse of  

linearizedirrotationaltheory・in the problem of development ofwindwaves．   

3－5 Some ch8r8亡由一isticβOf wave8peet川m8   

・Wehave not yetfoundthe published paperwhich de＄Cribedthe developing surr  

facewavespectrumin theexperimentalair－Water血nnel，and・the published databy  

R．W．Burling（1959）and B．Kinsman（196】）are related to・．the field observation▲in  

the pondof shortfetch．Wind・Velocitiesintheir ob＄9rVations．are・relatively・Smal1  

（1ess than10m／sec．at the height oflOm above water surface）andtheir fetches are  

from severalhundred metres to about3kilometres．   

Herewecompare our experimentalspectrumSin Fig－18，〝 

SPeCtrumSOfRW．Burlingand B．Kinsman，ThefLら1aw（0．M．Phillips（1958））as  

thehighfrequency equilibriumisrelatively agreeable withthe dataof RW．Burling  

andB・Kinsman・Butinourdataatthezoneofhighfrequency・Whichisinclusiveof  

nonlinear effecttheintensity of spectrumis alike to・thelawin・aVerage，and from  

thiszone to the peak of spectrum the shape of spectrumis steeper thanthe f－51aw  

in everycase，Straightlinesindicativeof slopesof fr5and f．8in each figures of  

Fig－18，〝－19and〝一20andaline offr▲・5inFig－19，Whic王1is rewritten from Fig－5  

0f B．Kinsman（1961）．al1suggestclearly thisdifferentcharacterof our data，   

Someinterpretationsoftheequilibriumconditiong2f－5wasgivenbyW．J．Pierson，  

Jr．（1959）．Inourcase，WeSuggeStthatthls equilibriumconditionisthe conditionof  

very．weak（almostlinear）equilibrium，because the spectrumintensityis given by  

E（f）一gツ」らandthisexpressionmeanSthattheintensityisindependentlydetermined  

bylocalfrequency・InFig－19，hthe zone of highfrequ？nCy thereis a domain  

whichisplainlyinfluencedby nonlineareffectand，althoughitisPinanarrow region，  

E（f）－P（n≧0）isexposed．In this regionof strong nonlinear effect，the spectrum  

intensityisinfltleIIced by the■intensityofiegions■near spectrum peak・throughnon－  

1inearinteraction（L．J．Tick（1959）），andisnotthorough1y determined by＝．thelocal  

frequency．Thelaw・g2fらpmaybeinconsistentinthisregic・n・   

■The existence of steeperslopethanf－5inthe area from the spectrum peak to  

theabove－m6ntionelregionisdue tothe fact that theequilibrium conditionis not  

establishedhere・ItmeanSthat，ifァefixoureyesulX）neaCh frequency compnent・  

thewaveenergylost by the breakingand other dissipative mechanismis greater  
thantheenergygivenbyai；flowtowave．If thisispermissible，Our eXperimentof  

extremelySmallc／Ulwi11showthedifferenthighfreqサenCy SpeCtrumfromthosFOf  

BurhngandKinsman．Ofcourse■thetruthmaynotbeso simple and‘thebreAking  

may cause astronginterfere ofwaveenergy of different frequencies，and，aSO．M：  

Phillips（1960）presented，intムーactidninasenseoffiniteJamplitudewaveexists．  
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inthese figuresindudethe measurements of Cw－1，Cw－2 and cLr3 Cross Sectionin  

additionto those of Bw，C．uandD．u CrossSection．Inthese two figures，if we take  

仇血aSぴ・旦and  of ours situatelower than the S－M－B curves（C．L．  

Bretsclmeider（1958）），and，if u40cmis taken as U，Our reSults are relatively near  

toS－M－Bcurves．Accordingly，the determinationofheightat whichthe windvelo－  

cityis measuredis stilla problem，and at the same timeit mu5t be notedin this  

experimentz。against to U＊is fairly sma11in comparisonwiththoseinthe actual  

OCean．  

InFig－22thedistributionofourexperimentalvalueindicatesthat音asa  
lateralabscissais not a sufficient parametre to controllthe deve】opment of wind  

waves．Actually，referingtothecompJicated properticsofnon－negativedampingfac－  

torof waves，thissimple expressionisnot satisfactory．  

ーーーーーーー C．L．Bre†虹旭i鹿「（柑58）  

－・－・－・・ C．L8re†scheider（1952）  

○■Ol  l  

b  
r▲  

｝○（朽  

）伽  ヽ ′′ ＿一■              ∵∴・  十ニ∴ヂ ／        っダ〆   戒 十′J  

○・00l  

0・t  O・○  卜0  2  ■  lO   
富拓I  

Fig－22－1紫relatedtol㌻   

Uis taken at the height of40cm above mean waterleYel．  
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Fig－22－2黎relatedto％   

Uis taken at the height oflOOOcm by thelogarithmic profile．  
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Equation of continuityis   

＋＝ O  

Here we put  

“＝一一・  

（3）  

〃＝一＋   

and＝－ gy  
and50   

∇1℡㌍0・溜－＝相¢  

Surface conditions and  

、・ユ   

r普一九＝一軒2〃＝βgl一烙＋2〃  

（4－1，2，3）  

（5－1，2）  

（6－1）  

（6－2）  

（丁灯）血＝〃（  ・…・  （6－3）  

（6－1，2，3）are receivableinthe case of smallamplitude wave．Bottom conditions  

aTe  

（7）  ？，¢一事O  atJJ＝－∞  

Weput  

p＝J：め e佃りd∈1（た・搾・プ）  

¢＝J：∞e伸一〉d∈2（た，搾，プ）  
り＝J：めe伸りd∈8（々，乃）   

（T灯）庄＝J：めe糎叫†凡路（烏，め＋d山鳥，乃））  

♪α＝J：00e榊↓）（仏路（鳥・か路（々，乃））  

and，by making use of（5－1，2），（6－1，2，3），d！n  

（8－1）  

（8－2）  

（8－3）  

（8－4）  

（8－5）   

（n＝1，2，・・・，5）are eliminated．  

Inthiscase dE▲．df5haveno physicalmeaning，and canbeneglected．1q and Ml  

are complex．andsothey consistof boththe quantitiesin phase of wave profileand  

in phaseofwave slope．Bymaking use of some conditions appropriate to the pro－  

Perties of the present waveproblem，and after some abbreviations of higher order  

terms．the following algebraic equation may be obtained to the、progressive wave  

仇eTeタZ＝古刀1）   

か4脇12＋（（g抽押）＋号（元一チ））刀1＋2ん烏2号（豊）与＝0（9）  
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In（15）m′12（a，）＋n′】1（a，）is the nonrnegative dampingfactorinthis computation，  

and may be compared to the parametreβinJ．W，Miles’computatioIl（1957，1960）．  

InJ．W．Miles’computationβis determined by hisinstabiIity mechanism．In this  

experiment m′12（a，）＋nIll（al）is computed by（15）from the frequency spectrum of  

Sur壬ace waves，and soitmayinclude both non－negative and negative componentsof  

dampingfactor．By making use9f（15），We may COmpute（m112（w）＋n111（a，）‡at  

arbitrary fetchlengthandalsoatarbitrary frequency number．   

Fig－24－1，〝－2，〝－3，〝r4and 〝r5showthe obtined（ん′12（a，）＋n′11（a＞））by  

making use ofthe spectrum representationsinFigr18，19and20∴Inthe neighbou－  

ring points ofthe peak ofthe spectrum，（m′】2＋n′11）is not deri）ed．When wind  

waves progressinthe fetch，E（aJ）atthe neighbouring points of the．peak onceincre－  

asesandthen decreases，and clearly（m′12＋n′11）at thesame pointsofthe spectrum  

CannOtbe considered tohave values not so variablethroughthegivenlength of the  

fetch．  

Generaltendencies of the obtained values of（m′12＋n′11）are as follows；（i）  

（m′】2＋n，11）is positiveinthe measured rangefromlow frequency tothe frequency  

ofthe peak ofthe speCtrum，but the va】ue decreases with theincrease of frequency．  

（ii）The maximum valueinthelow frequency rangeis always greater than the  

computed valueofβofJ．W．Miles（1960）．（iii）Intherangeof higher frequencies  

than that of the peak of spectrum，（m112＋n′11）isalmostalwaysnegative．butits  

absolute valueis smal1and approaches to2；erO Withtheincrease of frequency．（iv）  

（m′12＋n′．1）in thelowfrequencysideisgreaterinthe fetchbetwe占ncw－Dwcross  

sections thaninthe fetch betweenBw－Cw cross sections．  

tm完・叫七  

Fig－24－1Valueso＝匝′l免十形′l11   

Fetchbetween Bwand G〝SeCtions．r．p，m．Of Blower300．  

－33一   
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Fig－24・4 Valu飴Df t桝／1皇十乃／111   

Fetch between C．。and D．u sectiDnS，r．p：m，Of Blower300．  

・、  

Fig－24－5 ValuesofI桝′1已十乃′111  

Fetch between C．。and D．。SeCtion，r．p．m．Of Blower400．  

Thereasonof the above mentioned property（ii）may be（ii－i）the difference  

Of computation，（iiニii）theinfluenceof Nll，（ii－iii）theincrease of nonLnegative  

dampingfactor by anyotherhydrodymamicalcausesthan givenby’J．W．Miles．（ii－  

iii）may be explained asfollowsinthisexperiment，y。，Which satisfiesU≒c，Situates  

very near the water surface，and the viscous effectis very strong toincrease the  

non－negative dampingfactor，andits effect may become comparab】e with the usual  

－35－   
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weakenedandβbecomes small．   

3－8 Someproblems relatedto non－negative dampingfactor   

Componentsof Tothatisdeducedfromlogarithmicassumptionof velocityprofile  

andisshowninTable－1，20f3－3may be dividedinto（i）surface sheargiven by  

molecularviscosity of airflow，（ii）phase shift effect of wallfrictionlayer upon  

normalstress due to molecular viscosity，（iii）hydrodynamicaleffectof critical point  

（y。）shownbyJ．W．Miles（1957）andinterpretedphysically byM・J・Lighthill（1962），  

（iv）phase shift effectthatis appearedwhenthe streamline of air flow on water  

surface does not followthe wavy surface strictly．  

を点（♪α（豊）＊），and  The effects of（ii），（iii）and（iv）areincluded to To aS   

so normalpressureinphase withthe surface slope of wavy surfaceis effective．ln  

this tieatment，the phenomenon，that the streamlineof airdoesnot followthe wavy  

surface strictly，has twophysicalmeanings．Atfirst，inthe treatmentofJ．W．Miles  

（1957）perturbedflow9）may decrease bythis separation，and・βmay decrease．Secon－  

dlythisphenomenon may cause thephase shiftof air flow from the wavy surface，  

andin short some part ofαinJ．W．Miles（1957）may be transferred tothe part of  

β．Thismay generallyillCreaSeβ．（Thephase of perturbedflow9）may besomewhat  

shifted fromthe computation ofJ．W．Miles．）  

According】y，both dle CaSe When non－negative damping factor decreases and the  

CaSeWhen thatincreasesmay beallowable．Forexample，aSC／Ulisvery smallin  

our experiment，nOn－negative damping factor for short smallwaves among thelong  

greムtwavesmチyLdecreasebecausetheperturbedflow¢againstthem may decrease・  

Forlong great waves，the nonrnegative damping factor mayincrease or decreasein  

accordance withthe degree of wave height，the magnitude of c／UletC．．  

As theair flowinthis experimentis very near to the fully developed rough  

flow，theeffectof surface sheargiven by molecular viscosity of air flow upon T。  

SeemSSmall．1fweneglectthis effectandintroduce the parametreβ′，Whichisthe  

COefficientof fluctuation ofnormalpressurein phase with the surfaceslopeof wavy  

Surfaceandisassumed to be constantin the considered domain of wave frequencies．  

a simple computation shows   

To＝凸 
抽ぼ）＊）＝J師12掌且（′）dチ   

（16）   

Inthe case when the nonlinear componentofE（f）is considered as the second  

PerturbedcomponentofL．J．Tick（1959），the simplest approximationis  

To＝J芸β佃1  
且∽折J芸β佃2遭欝以′）〝  （17）  

Here El（f）＋En（f）equals E（f），El（f）isthelinearpartof E（f）and品（f）is  

thenon］inearpartofE（f）．Whentherejsonespikespectrum，品（f）appearsatthe  

－ 37－   
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