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風波 の卜5別に つ い て  

一実験に よ る 禰足－ 

浜  田  徳  一  

概  要  

風波のf－5別についてほさきに英文報告第6号によりその解析的考察を発表し，また無風  

状態の水城を通過する風波による実験結果を報告した。今回の補足ほ風の直接作用を受けて  ▲
■
■
一
■
1
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1
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いる状態の風波につき，その波形スぺクトルムの高周波成分がどの様な変イセを行うかを実験  

的に考察したものであり，その解析結果ほ英文報告第6号に示した見解を支持している。   
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The same phenomenon may occur in the case of wind wave which is 

developing under the direct action of air flow．In this case the surface of  

WaVeSis covered by the welldeveloped capillarywaves，andthe crests of waves  

are often breaking・These surface properties may be alsoinfluentialto the  

behaviorof the high frequency part of the frequency spectrum of wave profile．  

Our experimet showsthateveninthis case the unstable attenuationpointed out  

in Paper（Ⅰ）is clearly effectivein the high frequency part of the spectrum．  

§ 2．Experiments  

The waterway usedin this experimentis same as thatin Paper（Ⅰ）．In the  

present case the depth of water to bottomis taken 3cm and also15cm，and  

the shape of cross section of air flow on water surfaceis samein both cases．  

The width of waterwaylS150cm，and so the effect of side friction to waves  

is far smaller than the cffect of bottom friction．  

The characteristics of air flow are shown byTable－1（depthof water3cm）  

and by Table－2（depth of water15cm）．The air flow thus examined runs  

over the totallength of the waterway，andis not excludedin a midway．The  

shearing stress on the water surface recorded in these tables has been obtained 

by the assumption oflogarithmiclaw of wind profile．In the case of water  

depth15cm，the wave heightis relativelylarge，and the wind profile near the  

Water Surfacecannot be determined accurately．Stillmore thedirect app1ication  

Of thelogarithmiclaw to thelowestlayer of air flow may have some doubt，  

and so we used the wind profile at rather high stations．The shearing stress  

in this case may have possibility to be overestimatedin some degree．   

In Table，1and2stations Ba，Ca and Da situate965cm，1865cm and2765cm  

leeward in order from the section where air flow begins to contact the water 

Surfaceinitially，UlOOOcm（cln／sec）and T2100ロCr。are Obtained by the assumption  

Of thelogarithmiclaw for the heightoflOOOcm．U40cm（cm／sec）isthemeasured  

Valuein the middle hcight of air flow．U40cmin both tablesis nearly equalat  

T・P・m・4000f air blower・Thissuggests that U40cn．does not varyindifferent  

to the change of thedepth ofwater at the same r．p．m．of air blower．But TO  

（dyne／cm2）and U三旨（cm／sec）vary with the changeofthedepthofwater．The  

CaSe Of T・P・m・4000fair blowerin both tables shows a good example．   

Intheseexperiments water onthebottomplateisdriftedleeward by wind，  

andis compesnsated byits windward creep through thelayer under the bottom  

－ 2 －   
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Table－2 Characteristics of air flow at the depth oIlrWater15cm  

仇qcm  go／耳1／写  

×10－3  

i Station  r．p．m．   To dyne／d  〝♯ rc皿／S  gD Cln  〃180qCm Cm／S   Cm／S  γ㌔000Cm   mean  耳1／3 mean，Cm  エ C皿  ♪■   
×10－l  

400  10．87  96．0  0．22  2010  1195   2．28  35   1．180  

β．  4．32        400  11，76  100．2  0．24  2080  1199  2．31  0．0432   75  1．172  

400  8，82  87．0  0．10  2000   908  1．89  115   1．167   

l 

400  9．13  88．0  0．22  1853  1156  2．25  35  1．179  

。。  2．00  

1．82   115  1．184   

400  6．60  75．0  0．047  1870  1229  1．60   35  1．174  

仁か8  

0，0072  6．37       400  7．56  80．4  0，074  1907  1296  1．77    75  1．171  

400  5．13  66．3  0．017  1815  1238  1，33  115  1．169   

Plate．Therefore the relatively strong uniform water currentisind11Ced bythe  

increase of wind velocity especiallyin the case of the depthofwater3cm，The  

Order of the velocity of this current willbe estimatedlater．As the current  

isinduced，the change of waterlevelat the presence of windis small．andis  

practically neglected．Tableユ3声hows the change of waterlevel．－  

Table－3 The change of waterlevel  

r．p．m．  r．p，m．   r．p．m．  
Station  

200  300   400  

βⅣ   Tl・苧．？爪 
lr2・2   

■ －2．8   

CIr   －0・5l －0・8  －1．0   

βly   ・0・3 ∴・0・4  ＋0．6  
the depthofγat印tO botto叫3cm  

l  

The maincharacteristics of vhtesgenerhted by the air flow are recorded  
in Table－4and5．The stations Bw，Cw and Dw for the measurement of wave  

一丁二 4－－   



ー S ‾  

舟（′）g“′ご仁 一W  

り〟Ol〟  

乙乙弘一▼〟〆1〟  

∴㌫ ・・・、ノー  

（署）＝抑佃戸∠  
乙 t  

aユ∂H：  

06’0   I 9Z9.0O S9●t   9l◆z   ‡唱■t   Ae●9   ∠ウg’z   0017   〟（r   

Z6▲0   ウ917¶0   96◆t   Ol7■z   Zt●z   ∠ム■9   ウ60－z   00ウ   血〇   

06－0   lZ9－0   餅‘z   

●lⅡ●d●J  Ⅵ0‡1官1S   

l ′1  

ⅦつGt tⅢOl10q Oト甲由p叫l叩SuO！Su；IⅦ！p aA甘血 §－∂tq℃エ  

一打O 
r∠t9・0  

06■e   9g■9   00■ぢ  9ZO■t   9SgO■0   00ウ   

上中旬■0  0Zぢ－0  0サーc   0∠■ゥ  ZO－ゥ  9鍋●0   06I70’0   00e   〟〇  

サム8■0  96I7■0   09●e   Sム●ゥ  zt●予 

ZT8■0  llウ0●0   
00Z   

ムー9■o  TI79■0   017－ゥ   tl7■9   6e●g  89A■0   8gCO－0   0017  

9Z6■0  00ヤ■0   OZ■サ   ウ6一予   e9●ゥ  89⊥tO   89eO’0   00C   〟g  

£96■0  99Z■0   00■9   鋸‘g   6t－9  TZ9●0   l柁0●0   00Z   

岬／lノJつ∂す■  

′り瑚ソ  叫㌔「 
P⊃  

‾ －uI■d‘J  Ⅵ0‡IEIS  ∂  
S／っ  S／〇 ＝クノクー巾l＋lⅨ l一皿リ s／〇‾糾お     建  

l 
？・  

ⅦつEⅦOl10q Olql由p∂ql叩SuO甲U∂Ⅶ！p∂人甘血 中ー∂tq甘エ  

■t10！l⊃∂S aut2S atll‡O Sap！SlIlOq Sl！put2atpP叩atl11t：ATTtmba u；〉耳t：lS！pu甘  

‘uop㌫叫卜一び 叫 9E＝〟S叩q⊃甘∂q⊃！q瓜u！‘甘ユl〇∂ds t飢Ⅰ！8！ユ06JO∂月セユa人甘叫IS！  

J∂血d s！qlローp∂Sn tⅢn叩∂ds叩l（l）ユ∂dセdu！u瓜OtIS SV ●∂糊S Aユ飢IO耶IS叫l叩  

叩JOJ〔Ⅰ∂A甘瓜JOtHnJl⊃∂ds A⊃u3nb∂JJJO uO！叩叩∂S∂ユ由ユ叩IAq p∂u叩IqO11甘∂J甘S一  

‘予－∂t甲エu！SpJO⊃∂苫 ■AtaAIl⊃∂ds∂J甘q pU甘甘〇‘喝OlpJ甘瓜∂∂lul〇Ot∂叩nl‡S叩JOJd   



A noticeable pointisthatthe records of frequenciesinTable－4areprobably  

influenced by the water currentinduced by wimd．Then we make a table  

（Table－6）ofc（1”2）・C（2）／c・1｝anda⊥＝SeC－Latthecaseoft中edepthof  

Water3cln uSing a same method as Table－lof Paper（Ⅰ）．dlin Table－6is  

greater than the corresponding valuein Table－lof Paper（Ⅰ），anditincreases  

With theincrease of the velocity of wind，though the case of r．p．m．200 0f  

blowerin Tablev6indicatesthevaluevery meartothoseinPaper（Ⅰ）．Therefore  

We may thinl⊂that the appearedincrease of dlin Table－6is・CauSed by the  

influence ofthe drift current，Whichincreases the observed frequency ofthe  

WaVe Of the same wave number，and strengthens the appeared celerity of wave  

CreSt along the side wallof waterway，  

Table■6 Appeared celerities（depth of water3cm）  

C（l〉means phasc velocity of wave corresponding  

to ′ご亡，。〝♪イ．仙  

C（Z，means the average valuc of translation celerity  

Of appeared waYe CreSt along tlミe Side wall  

We virtuallyassume that theinduced water current  

distribution（Uu），and that the representative direction  

intersects theside wallof waterway with an angle d．  

Celerity of wave along the side wallof waterway）and  

Same WaVein stillwater）．  

hasanuniform velocity   

n of progress of waves 

Using c（2）（appeared  

Co（1）（realcelerity ofthe   

C（2）－U七  

Co【1）  

C。川＋U心cos（ゴ  2汀  ‾  
ゐ  

ー 6 －  
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1 haveガ1′3／L＝了左～了訂訂（wavesgeneratedbyr・p・m・3000fblower）and  

1  す画～了姦（wavesgeneratedbyr・p・m・4000fblower）atcalmcondition・  

and these waves did not break．  

We have shown the generalproperties of air flows and wind wavesin the  

PreSent eXPeriment．The moredetailedconsiderationinthecourseofdirectional  

SpeCtrumis not usedin this paper，andin the next paragraph we modify the  

measured frequency spectrum to the spectrumin stillwaler by making use of  

the same method．  

§ 3．PJ・OpertiesOf fr？qllenCy SpeCtra at the case of wateJ・depth3cm  

The measurement offrequencyspectrainthispaperdependsuponthemethod  

Of heterodyne detection of analogue type as shown by T．Hamada（1963）．  

1  2  4  6 810   20  

† 

Fig－1Spectrumintensity at B and C  

（r．p．m．2000fblower，water depth3cm）  
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Fig－3 Spectrumintensity at B and C  

（r．p．m．4000f b10Wer，Water depth3cm）  

frequency part，the acute attenuationis observed at the high frequency part．  

1n Fig－2n＝5～7．5at E（f）～f‾nis noticed・The tendency of attenuation at  

the high frequency part of the spectrumis same asin Fig－1，butitis not s  

StrOng．In Fig－3 nis 5～7 at E（f）～f‾n，and the attenuation at the high  

frequency partis alnlOSt disappeared．By this way the tendencyis shown that  

theintensity of the high frequency part of the wave profile spectrum Of wind  

waves reveals a peculiar behavior of attenuation in a certain relation with the 

value of n at the expression E（f）～fLlland thissuppoitsauthor′spointofview  

expressedin Paperロ）．  

In the case of the depth of water3cm，theinfluence of the drift current  

induced by wind upon the properties of the spectrum cannot be neglected．So  

the above－mentioned versionshouldbere－eXaminedusiTLgthefrequencyfoinstill  

Water．We simply use the relation（4），aSSuming Uu as3cm／sec，6cm／sec and  

16cm／SeCCOrreSpOndingtor・p・m・200，r・p・m．300，andr．p．m．4000fairblower  

－10－   
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§ 4，A property of tIle atte11uatioIleOefficientofIligIlfreqⅦenCy p乱rt Of  

tlle SpeCtrum  

1  2  4  6 8】0   20  

fc／左ノ  

Fig－5 Spectrumintensity at B，C and D  

（r．p．m．4000f blower，Water depth15cm）  

The frequency spectra ofwind waves under direct wind action areobtained  

in a case of depth of watcr15cm at r．p．m．4000f blower，and are shownin  

Fig－5．They are obtained at stations Bw，Cw and：Dw．The distancesbetween  

Bw and Cw and between Cw and：Dw are900cm equally．   

InFig－5nis7・7～10attheexpressionE（f）～fJnOfthehighfrequen？y  

part，よnd the same tendency of rapid attenuation as thdseinlFigqlis clear，  

Onthe other hand Fig－4and－50f Paper（I）indicate the tenencyof  
atten11ation of the high frequency partin the spectra of wind・generated waves  

which progressin a calm air conditionw 

water to bottomis also15cmin th云tlca畠e．  
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