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A NOTE ON TIIE∴D下VELOPMEⅣT OF WIND  
WAYES IN AN EXPERWIENT 

TokuichiHamada．L＊Akihiko Shibayama♯甥Iand Hajime Kato♯♯♯  

Abstract  

Thisis a note paper of experimentin an air－Water eXperimetalwaterway．  

Two cases of the uniform depth of water 50cm and of the uniforIn  

depth of water15cm are examined．The boundary corldition forair flowis not  

Changed．1tla COndition of almost tIle Same discharge of air flow on the  

Water Surface the development ofwind wavesisinvestigated．The propertiesof  

Wind waves are slightly differentin each case，but the analysis of physical  

mecIlanism of the development suggests that almost・the same mechanismis  

active throughout both cases．Stillmore the portion of tangentialstress，Which  

is apparently transfered to wave momentum，is numerically obtained，anditis  

not so differentin both ca亭eS Of depth of water，  

§1．Imtroductiom  

We havealready reported the experimentalresults of development of wind  

WaVeSin the case of deep water（T，Ⅱamada et al．（1963）），and the mechanismof  

WaVe development has been discussed using the similaranalysis withthe papers  

OfJ．W，Miles（1957，1960）．Beca11Setheact11aldistributionsof the appeared non－  

negative damping factorin this case has not beenso simple as predictedbythe  

linear theory，the accumulation of experimentaldatain various casesis  

desirable to obtain the reliable conclusions．This note，in which two different  

CaSeS Of depth of water are pursued，is concerned with the aboveィnentioned  

VerSlOn．   

1n the case of depth of water15cm，thelow frequency part of wiIld waves  

sho111d be treated as the case of finite depth of water．  

The case of depth of water50cm．of course can be treated asin deep water．  

Properties of waves are summarized using the same method of adj11Stment，and  

their common features are analysed．The results clarify the 王undamental  

Characteristics of wind wavesin the case when the velocity of windis far  

greater than the celerity of generated waves．   

＊ Cllief，Hydraulics Laboratory，Hydr2iulics Division．  

♯凍 Chief Researcher，HydraulicsI）ivision．  

♯♯♯Chief，Storm Surge aTld TsunamiLaboratory，Hydra111ics Division．  
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Table－1 Characteristics of wind  

depth of water50cm，r．P．m．Of blower400  

（β。＝0．00122～0．00123）  

Station  TodyTle／td U＊皿／SeC 2oCD］UlOOOCm／SeC U40Cnl／SeC 20／Hl／3 Hl／3  T21000  

2076  1168  0．0446 4．01 2．11×10・3  

2115   1284  0．0397 6．24 2．29×10・3  

2046  1250  1．91×10▲3  

2218  1367  0．0236 7．70 2，17×10－3  

β。  11．13  95．53  0．179  

C．  1乙66  101．3  0．248  

か．エ＝35  9．65  89．45  0，104  

75 12．84  103．35  0．18Z  

l15 12．07  100．18  0200  2162  1292  2．14×10・3  

Table－2 Characteristics of wind  

depth of water15cm，r．p．m．Of blower400  

（βα＝＝0．00117～0．00118）   

Station  Todyne／c□iU墟Cm／SeC 20C皿 UIOOOC皿／SeC【んocm／SeC 20／Hl／3 Hl／3  T21ODD  

β。エ＝ 35 10，87  96．0  0．22  2010  1195  

2080  1199   

2000  908   

1853  1156  

1860  1219  

1895  1215  

1870  1229   

1907  1296  

1815  1238  

2．28xlO－3   

0．0432 4．32 2，31×10－3  

1．89×10－3  

2．25×10－3   

0．0251 5．77 乙00×10－3  

1．82×10－3  

1．60×10－3   

0．0072 6．37 1，77×10－3  

1．33×10‾3  

11．76  100．Z O，24   

8．82  87．0  0．10   

9．13  88．0  0．22   

8．18  83，3  0．13   

7．76  81．0  0．087   

6．60  75．0  0．047   

7．56  80．4  0．074   

5．13  66．3  0．017  

75  

115   

C． エ＝ 35  

75  

11声   

β。 エ＝ 35  

75  

115  

Of water15cm）．The effect of weak drift current，Which appears at the case of  

Water depth15cm，1S neglected．  

The remarkable pointis thattheincrease rateofがOfbothcasesisdifferent  

and theincrease of7？2and of Hl／3along the fetch distanceis relativelysmallin  

tlleCaSeOf water depth15cm．プをerou？－CrOSSisalittlelargerin the caseof  

depth of watll15cm．As theinfluence of weak drift currentis not explicit，the  

meaning of thisincreaseis not conclusive．E，．Wllichis the．parameter for the  

band width of spectrum，is not so differentin both cases．  

－18－－   
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Table－4 Characteristics of waves  

depth of water15cm，r．P．m．Of blower400  

・ 
皿 十∴．∴ト∵．．・               ∫♪l亡Jr〟l，  

人血い′叫．′′…  仇′3／乙．川 力作z‘川，‡聖 居 Station 7Bcn号 Hl／3⊂  
′〃“＝吋－…”  げ）～′月   吋一亡′○∫∫  lJ♪－√rl〉∫∫  

1  1  

4．86  1．41   

1  1  

訂扇 5．80   

1  1  

7．04   298  

βⅣ 1．17 4．32 2．72 3．19 乙45 0．521 0．90  10．8  

C■ア  2．09 5．77 2．12 2．40 1．95 0．464  0．92  10．0  

β■P  2．55 6．37 1．84 2．16 1．65 0．525  0．90  7．7  

§3．Ama】ysis  

The analysIS Of experimentaldata accordswith following three aspects of  

physicalprocess．Theyare（i）the determination ofnon－negative damping factor  

numericallycomputed from wind and wave data，（ii）the determination of the  

portion of  
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Fig－2 Spectra of Wavc Profile  

depthof water15cm，r．P．m．Of blower400  
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Fig－3 Values of 〈m′12＋n′11）Fetch between BTY and CIr，  

r．p．m．of blower400，depth of water50cm  

development，butactuallytheexperimentaldatacontainmorecomplicated factors．  

Especially，in the high frequency part of the spectrum，the relation（1）is not  

pertinent to explain the change of the spectrumintensity．In this experimeht  

m′12（h）＋n′11（k）coih kh becomes negativein the above－mentioned region，and  

this means that the non－negative damping factor fromwindis replaced by the  

moreinfluentialattenuation factor，Which does not appearin thelinear relation  

（1）．Accordinglywe 

is a converted value from the actualmechanism of the attenuation．   

In the relatiollS（1）and（2）we should assume the directionalspreading of  

WaVeS．The used assumptionis thatin the case of depth of water 50cm the  

directionalspreading can be neglected，and thatin the case of depth of water  

15cm the directionalspectrum hasthesameintensityinlαl≦50O and otherwise  

ZerO．But a treatment of no directionalspreadingisalsousedforthecomparison  

in the case of depth of water15cm．  

Theresultsofnumericalcomputations are shownin Fig－3，－4（forthedepth of  
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noqbctlnq di貯GHon■l叩帽Qdl呵  

Fig－5 VallユeS Oflm’12＋n′11COth kh）  

Fetch between Bw and Clγ，  

r．p．m．of blower400，depth of water15cm  

transfered to wave momentum through theinteraction of water surface．丁。W  

may be computed by  

疋  

Tow＝paぴ …J；．i≡∽′12伽ぶ2α鳥25（鳥・α）ゐd鳥血  
‾宮  

7こ  

司乎d∬＝！言i‡5（烏・α）鳥d鳥血  
‾官  

（4）  

（5）   

Becausen’11（k）cothkhseemsfarsmaller thanm′12（k），WeuSem′12（k）十究′11（k）  

COthkhgivenby（1）form’12（h）in（4），Thereisstillafundamentalproblen that  

at the highfrequency parttheappearednon－negativedamplngfactorisnegative，  

and does notindicate the true meaning of physicalprocess．Accordingly the  
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（6）in concern with the frebuency fis also similarin both cases．Astheeffect  

Of angular spreading of wavesisnot solarge，this result can be reliablein  

COnneCtion with the travelling distence of wave energy．  

The result suggestsusto considerthatthisattenuationofthehighfrequency  

part of the spectrumis primarily correlatedwith the sIope of thespectrum at  

theconcernedpart．Theinstabilityofwavesurfaceandthegenerationofcapillary  

WaVeSarenOtthemaincontrollingfactorsonthispartofthespectrum．Stillmore  

thestronginfluence ofthe non．negativedamping factorseemsdoubtfulin this  

Part Ofthespectrum．thoughitisamaincontrollingfactoron thelow frequency  

Part．（Thetertiaryand higher orderinteractions for the energy transportin  

different two－dimensionalfrequency components of waves do not seem to  

have strict experimentalverificationin the present stage，and soit contains  

SOme unCertaintyinits amounts．）  

■Table－5  丁。－r／To   

depth of water situation  Todyne／ud  TDWdyne／cf丘   To－V／To T小Y／0．8To  

50 cm  B←－→C  ll．9  1．85  0．156  0．195  

50 c皿  C←→D  12．1  1．93  0，159  0．199  

15 c皿  B←一→C  9．42  1．31  0．139  0．174  

15 c皿  C←－→D  7．39  1．09  0．148  0．185  

§4．ConclⅥ月iot柑  

（Ⅰ）In this experiment the distribution of non－negative dampingfactorm′12  

（k）＋n′11（k）coih kh shows very similar tendencies and valuesin both cases of  

depth of water50cm and15cm，and atthelow freqqency partits valuesare  

COmParable to those obtained byJ．W．Miles一（1960）theoretical1y．This result  

means that almost the same mechanism of wave developmentis activein both  

CaSeS Of deep water and of relatively shallow water．But the distribution of  

m′12（k）＋n’11（k）coih khindicates thatinevery case the values are controlled  

by the form oトthe spectrum．Because thisis not explained by theinstability  

theory ofJ．W．Miles（1960），SOme COmPrehensive theory seems necessary to  

Clarify this phenomenon．   

（Ⅱ）The appeared non－negative damping factoris alwaysIlegativein the  

highflequency partof wave spectra，and the energy of this part of spectra  

atteIluateS・In this experiment nis aboutlOattheexpressionofspectrum E（f）  

～′‾TL，and the rapid attenuationis expective at this part of spectrum．At the  

Same time the actual（positive）non－negative damping factor given by wind  

－28－   
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