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LIST O下1SY－MBOLS蓑   

AD   ＝amplitude of orlglnalprogressive wave  

b  ＝half－Width of wave generating slot  

B  ＝Width of channel  

e  ＝amplitude of piston movement  

f（x，Z）＝function for velocity potential（see Eq．4）  

F（u，・2＝）＝Fourier transformation of f（x，E）（See Eq．7）  

F   ＝force required todrive the piston  

g  ＝aCCeleration of gravlty  

g（w）＝integralld function for G（E，Z）（see Eq．19）  

G（E，E）＝nOminalfunction for f（x，．2・）（See Eqs．17and18）  

h  ＝Water depth  

H  ＝generated wave height  

Hs  ＝Standing wavelleight  

Bも  ＝height oforlglnalprogressive wave  

ヱ   ＝imaginarynumber（＝Jニロ  

L   ＝WaVe number of27T／L（see Eq．24）  

ん   ＝imaginary wave number（see Eq．25）  

K，t  ＝reflection coe流cientin terms of wavelleight  

l   ＝distance between a verticalwalland the source of partialreflection  

L   ＝WaVelellgth  

フ之  ＝i11teger（＝1，2，3，・．．．）  

♪   ＝bottom pressure  

P   ＝tOtalpressure over the wave generatlng area  

R（α）＝reSidue of g（てU）at pole of w〒α  

∫  ＝time  

T   ＝WaVe period  

u   ＝integration variable for f（x，ヱ）  

U   ＝maXimum ve10City of vertically oscillatingflow  

W  ＝COmplex val．iable fol－theintegration o土g（w）  

W  ＝Weight of water mass movingln the same phase with the piston  

Ⅵ′  ＝aVerage rate Of work done by oscillatingflow  

E  ＝horizolltalcoord■inate measured from the center of wave generation  

Z   ＝Verticalcoordinate measured upward from the channelbottom   

＝Subscript refel’rlng tO theinside of wave generating area  

＝Subscript referI・1ng tO the outside of wave generating area  

｛＞Only the most commonly used notations are defined her？・Notations not generally   

used throughout the study are de丘ned onlyin their place of usage．  
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Ⅰ．INTRODtTCTION  

In the planning alld desigllOf harbol・StruCtureS alldcoast protection works．  

modelexperimelltS areilldispensable tooIs fol・engllleerS．The stability of a  

proposed breakwater against示aveactions，thecrowllheight of a sea wallto  

PreVent the overtopplllgOf waves，and the mostefEective arrangement of brealく－  

WaterS tO Shelter a harbor from waves，are a few exalTlples of the problems  

wilich can be solved successfullythroughsome scaletests．Thesemodeltestsalld  

Other fundamentalexperimentsal‘e Carried out in a test貝ume or tanlくWhichis  

PrOVidedwith some wave mal｛er．  

One of the problemsillherent to modeltestsis thesimulatiollOf the open sea  

Where alloutgolng WaVeS die awayinits vast area．The modeltest has to be  

Carried outilltheboullded area of a wave tank．Waves propagating towarda  

Verticalwallof the wave tank are renected at the walland tend to disturb the  

Orlglnalwave system，ullless some devices of wave ellergy dissipation are pro・  

Vided．For this purpoSe wave absol’bers areinstalled at the end of a wave tank  

and，in some cases，along the side walls too．Butin the caseOf the stability  

test of a vertical－Wallbreakwater，incident waves may be re8ected total1y by、  

the modeltreakwater．If the wave makeris made of a vel－ticalplatelTlOVlng  

t）aCk and forth，Or up alld dowll．the wavesl・e鎖ected by the modelbreakwater  

Willbe re負ected again by the wave makel‘and disturb theincident waves to the  

t）reakwater；hence the test can not be continued anyll10re．  

The current technlque tO aVOid this multi－re8ection of test wavesis eithel．  

to complete the test befol・ethe alTivalof re日ectedwaves or toinstallwave丘Iters  

illfront of the wave maker．Butlleither methodis satisfactory；the fromel‘for  

its short time available and thelatter士or stiu remaining re且ected waves．  

A promislng method to soIve this multi－re8ection problemisto generate the  

WaVeS With averticallyoscillatillg負owat thebottomof awavechanllel．Thiscan   

t）edonewithanullderwaterpistonwhichmovesup and downin averticalcylinder   

connected to the challnelbottom．Since this type of wave maker does not have   

a verticalplate which causesthe wave re負ectioll．itis considered that therewi11   

belittle re8ection from the wave maker．Actually a similar typeof wavemaker   

has been constructed atKyotoUniversitylll1960and has been used for thestudy   

of wave overtoppings for sea wa】1s（Iwagakiet．al．1962），Butit seems to the   

authors that tllere has beellnO allalysis of the wave genel・ation mechanism and  

littleinformationis available for the efBciency of wave generatiollalld the power   

required forit．  

－ 5 －   
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Since we are seeking thesolution for the velocitypotentialof oscillating for血  

in two dimensionaldomain，the velocity potentialcan be writtenin the following  

form：  

¢（ヱ，ヱ；f）＝一′（∬，ヱ）cosJf  

Then the function f（x，3Z）must satisfy the Laplace’s equation and the boundary  

conditions of  

for ■∬l≦∂  （富）ど＝。＝イ㌃  
可＞み  

′恒）＝0  
（雷）乙＝乃－÷  

Fonrier Transformatiom of f（∬，ヱ）  

The solution for f（x，ヱ）can be obtained by means of theFourier transforma－  

tion．Let F（u，ヱ）be the Fouriel．tranSform off（X，3Z）such that，  

勒ヱ）＝／00β－よ・こゾ（∫，ヱ沖  

′（ェ㌧Z）＝去／÷岬（“，ヱ）dz‘  
The Laplace’s equatiolland boundary conditions for f（x，ヱ）are then rewritten  

forダ（〟，ヱ）as  

一岬〟，g）＋＝0  

∂ダ  2こJsin〟ゐ  
∂z′‘；0  〃  

（富）－＝九＝手鞠九）  

Since the generalsolution of Eq．9is glVen by  

ダ（〟，g）＝Cl（〟）β】ほ＋G（2‘）g‾〟ど  

thesimultaneousequationsfor Cl（u）and Cら（u）are obtained fromEqs．10andll  

aS：  

廻  
cl（〟）一C2（〟）＝            こ  

JJ  

（〟一子）♂油Cl（〟）－（〟＋号）β一叫G恒）＝0  

By determining the parametric constalltS Cl（1L）and C盲（u）from Eqs．13and14，  

the function F（u，R；）is obtained as：  

Usill〟ゐ［（〟訂＋J2）β〟（‘‾ル）＋（昭一J2）β‾“（‘‾九）］  
ダ（〟，ヱ）＝   ‥ （15）   

u2（0－2coshuh－ugSinhuh）  
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Asit can be seen readily，the part of the complexintegrationalong the  

uTaXisfrom pA to Ais the samewiththeintegratiollinEq．17，prOVided the  

radius A being extended toin丘nity and thel‘adius r being reduced to zero．  

Therefore G（E，R：）canbe obtained from the following equation：   

A→∞  Gほ，g）＝悪（±2痩馳卜左9（ひ）dひ－／9（てU〉dひ                             むた  
一存（ひ）dひ一左伊（w）ゐ‡  

The terrnsin the righthand sideof theaboveequation are evaluated onebyone  

as shownin the followlng．   

First，the singularpoints of g（w）are obtained as the zeropolntS Of thedeno－  

minator，i．e．，  

ひ＝0  

J2＝9ひtanhひん  

Equation23has thesolution o土w＝rk and尾，andてU＝－ikn andikn such that  

J2＝9尾tanh長鳥  

㌔＝一夕見ねtaIlゑ％ゐ  

These equations determinethelocationsof the poles of g（叫）．The condition of  
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e封■れ〔cos鳥乃ヱ  
属（±f鳥兜）＝2   

足先（Sin2ゑ侃／と＋2点乃ん）   

Substitutingtheresultsofthecalculations，Eqs・26，29，and30，into Eq・21，  

we obtair）the士unction G（E，3＝）in the following form：  

β耳七兜∈cosんIZ  COShk£COSkE  

Cほ，g）＝如才iチ，邑   一4   
尾（Sinh2銑＋2紬）  尾m（Sin2ん訪＋2み誼）  

＋＋（エー 
ん）  

Asstated before，theuppel・SlgnS Of thedouble signsin therlght handsideof  

the aboveequation arefor E＞O and thelowersigns fol‾E≦0，   

Thefunctionf（X，ヱ）isnowcalculatedfrom Eq・1Bwith G（E，R＝）obtainedin  

Eq．31．Thecalculation must bedone separately for three rallgeS Of x：i・eリ  

エ＞あ，み＞エ＞－あ，and－あ＞エ．  

For thefirst rallge Of二ご＞b，  

e－L’，Lllsinl1knbcosknh  一  
仙ヱ）＝4坪票謡㌶こ；誌㌢意  

Forあ＞エ＞－∂，   

… （32）  
足先（Sin2んめ＋2尾，iん）  

胸ヱ）＝4叫亘e芸憲…£㌶謡ヱー4C豊1認諾㌍  

1 1  
＋（ヱ‾ん）‾十亮tふ云ii盲元r  

For一あ＞ち  

ふ・ヱ）＝－4Ui豊…浩子軍  
讐 el：71缶sinhknbcosk創文  ト・・ （34）  ＋∑  
左±1‰（Sin2ん諭＋2点，▲ん）   

1tis shown that the above solutions off（x，R：）satisfy theIノaplace’s equation and  

the boundary conditions of Eqs．5．and6．   

With the function f（x，R；）evaluatedin theabove，the velocity potentialis  

describedillEq．4．  

The S（〉lution of Generated Wave Profi1e  

Since the Laplace’s equation and the boundary collditions arelinear with  

respect to¢，Wemay Superimposea velocitypotentialof the followingform，4）s，  

inorder to obtaillthe velocity potentialfor progressive waves：  

小慮＝ム（ヱ，エ）sinJ∠  

where二  

sinkbcoskxcoshkヱ  
ム（ェ，ヱ）＝4Lr   

点（Sinh2抽＋2抽）  

ThelleW Velocitypotentialthus formedis written fol■therange oflェl＞b as：  

－11－   
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sinh尾ん  
Sinkbcos（klxl  で＝4g   

Sinh2紬十2紬   

Thewave generatinge伍ciency，Orthe ratioofthegenerated waveheight to the  

Stl．Oke of the unJdel●Water piston，is then obtained from Eq．31as：  

ガ  4sinh尾ゐ  
sin尾∂  

2β  Sinh2兢十2肋   

It willbe readily seenin Eq．40that this type of wave generatoris very e伍cient  

illthe shallow water butlosesits e伍cieny as the watel・becomes deep．This  

Characteristicis the opposite to the ordillary Vertical－piston－type Or flap・type  

generator which has a highe伍ciencyillthe deep water．Another characteristic  

isa peculiar nature tllat thewave height becomes nullwhenever theslot width2b  

L2  

t．1  

l．0   

」⊥0・9  

2e  
0．8  

0．7  

0．6  

0．5  

0．4  

0．3  

0．2  

0．1   

0  

0．O1  0．02  0．05  0．1  0．2  05  1  

名′L   

Fig．3．Variation of月ソ2e TerSllS町エf小一わ／鳥＝0ふ1，and2  
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F＝Pscosqt・（如誓w）sinqt   

where＝ W＝Weightofwatermassmovlnginthesamephasewithpiston・  
Someexamplesofnumericalcalculationsby Eq・47aregiveninTable2in the  
next chapter．   

Allother interesting problem is the average rate of work done by the 
oscillating丑owtothewaves．Theaveragerateofwork，町iscalculatedas：  

2む 面＝去C√♪ト貰］ヱ＝。ゐdf  
＝去蔦 

2 

＝与J： 
2 

SillCetheilltegrationsof coso－tand sin20－tOVer OneWaVe Period become zero，  
the aboveintegrationis rewritten as：  

面＝封ユ肋OS2♂fdf＝4Jぴ2β函諾告両＝‥ ・・・ （48）  

UsingtheresultofEq・39andtherelationof U＝eO－，theaverage rate of work  
Of the oscillating貝owisfurtherrewrittenas：  

βf才2エ  2烏ゐ  
Ⅳ＝2×p9   

T   

Thisisexactlytheaveragerateofwaveenergy propagationintotwodirections・  

ⅠⅠⅠ．SOME RESULTS AND DISCUSSIONS OF EXPERIMENTAL  

STUDY  

ExperimentalApparatus   

Inorder toinvestigatethe validity of the analysis developed，a Smallscale  

test has been carried out．Asmallwooden channel，3．50mlong and O．20m wide，  

was constructed with a slot of 20cm square atits center as shownin Fig．4．  

The slot was connected toa side tank of20cm square at a depth of36cm below  

thechannelbottom througha duct of5cm highand20cm wide．The side tank  

WaS prOvided with a piston of20cm sqlユare Whichwas forced to oscillate sinusoi－  

dallyin the verticaldircction with a crank wheeland connecting rod mechanism．  

The oscillation of the piston thus produced a sinusoidally pulsating丑ow at the  

channelbottom．At the ends of the channel，WaVe absorbers of crushed stones  

Withslopes oflto4were also provided．  

The pl．0fi1es of generated waves were recorded on an electro－magnetic oscillo，  
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罰′L  

Fig．5．Comparison of ExperilllelltalValues ofBT2e▼I▼itllT】1COrCticalOlleS  

agreement with the analytical 011e Of Eq．40 as showllin Fig，5，Whel－e the  

efBciellCy月ノ2eis plotted agai11St the relative depth h／L The wave generating  

e餓ciellCy，both experimentalalld analyticalones，increases as thel－elative depth  

increases up to h／L＝0．2，and then shows a decrease with theincrease of h／L（Or  

with theshortellingo士wave period）．Theexperimentalwavegelleratinge侃ciency  

is about80per celltOf the allalyticalonein theaverage．The smallness of the  

experimentale伍cieny may be explained as due to the ellergy dissipation caused  

by eddies around the edges of the slot alld cllallnelconlleCtion．The丑uctuation  

oftheexperimelltale8iciencyis considel・ed as the result of partialre丑ectit）nS  

from the wave absorbers which were not e伍ciellt enOughbecause of srnallspace  

available；iftheslopeofcrushed stonecouldhave beenlnade asgentle aslto  

lO，there would havel〕eenlittle伽ctuation of the experimentale侃ciency．  

Driving・Force for the Pistoll  

ThelneaSuremellt Of driving forces for thepistonwasmadefor theamplitude  

Of3cm for the pistonlnOVemellt at thewatel■depthof15clll，The measurement  

WaS also madeforthe caseofan emptytank．The drivingforce for tlle piston  
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design，thedynamic pressures of Pt and Ps may be neglected for the estimation  

ofmaxilnumdrivingforce，PrOVidedtheeffectiveweightofthewater massbein壷’  

estimated reasonably．  

TAB工．E2．ExperimentalarLd TheoreticalDriving Force for Piston．  

Note：♯凡is the driving forcein a tank with water  

紬j㌔is the driving forc巳in an empty tank  

Ref呈ection from Wave Generating Are  

Thelast of the tests was concernedwith the wave reflect：ion from the wave  

ge11eratlng area；unless alow re允ection had not been proved，the present wave  

generator couldnot besaid to be a practicalone．Since a direct measuremellt Of  

wave re且ection from the gellerating area was di餌cult，allindirect method  

utilizing the multi－reAectionsbetween thewave generating areaandaverticalwa11  

WaS employed to estimate the magnitude of the wave reflection．  

When a progressive waveisintroducedin a region which has the complete  

WaVe reaeCtion at one endand a partialwave re且ection at the other endina  

distance oflasshowninFig．7，the standingwave height at a verticalwall  

（x＝l），Hs，is exI）reSSed as（see the Appendix for detail）：  

Fig．7．Definition Sketch of加ulti・Partial－Renection System  
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97．4pel・Cent Of thewave energy traveled acrossit toward the other side of  

the challllel，although some wave energy might have been dissipated by the  

turbulence aroundit．The tranSmission coe伍cient of thewave generating areais  

estimated as 98．7per centif the amount of energy dissipationis assumed to be  

negligible．   

The highvalue of the tranSmission coe缶cient of the wave generating area  

WaS COll丘rmedin the observation of the wave profi1es at the other side of the  

Challllelwhich had the wave absorber．The wave heights at this pal－t Of the  

Channelbecamelessthano．5cmat thewaveperiodsof O．63，0．82，andl．34seconds．  

Thesedecreascs of the wave heights are considered as the result of the superposi  

tion of two waves with their phase angles being different by180degrees．The  

COnditio11for the opposite phase angles for the twowaves，One generated and the  

Othel‾ mOVlng backward after the re且ection at the verticalwall，is glVellby  

l＝（2n＋1）Lβin whichlis the distallCe Of the verticalwa11and thelocation of  

SuPerPOSition．Iflis taken as185cm，this condition glVeS the wave periods of  

l．300．79，and O，62 seconds forlZ＝1throughn＝3，Showing a fairly goodagree－  

ment with the observed periods．  
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APPENDIX  

Water Surface Pro丘1esin a鳳Iulti－Partial－Reflection Systcm  

Allallalysis of the water surface pronlesin alnulti－partial－re負ection system  

has been developed by the author（1962）and preselltedin the report byIppen，  

Raichlen，alld Su11ivall（］962）for the ptlrpOSe tO eStimate the transmission  

COe伍cient of EIWaVe Blterin a closed basin．The allalysIS Can eaSilybe modiBed  

to thesystelTIShownillFig．7so as to describethevariation of the waveheights  

in the system，aS Showllin the followlng．   

In tlle analysIS the fol10Wlng aSSumptiollS areimposed：   

i）Smallamplitude wave theory applies．  

ii）Waves are reflected completelyatユ、＝land re8ected partially at x＝O with  

the reflection coe伍ciellt Of Kll．  

iii）The n－thl－eflected wave callbe supel‘pOSed ollthe originalprogl■eSSivc  

WaVe．   

Tl－e Orlglnalprogressive waveilltrOducedillthe systemis expressed asニ  

り1＝Aocos（ケ才一点エ）  

This orlglnalprogressivewaveis reaected completely at the verticalwallof E＝l，  

followlllg the丘rst retrogressive wave：  

ど1＝Aocos（Jf＋点工一2以）  

Whellthis retrogressivewave retul▲nS tOthe origin，a partOf thewaveis re8ected  

and the followlng SeCOnd progressive waveis formed：  

で2＝‰Aocos（ケ才一尾エー2尾g）  

As before thisprogressive waveisl・eflected at x＝l．The resultant second retro－  

gressive waveis described by：  

ど2＝定点Aocos（Jf＋尾エー4烏g）  

Illa SilTlilar manller tWO families of progressive waves（77，L）and retrogl・CSSive  

WaVeS（E，＆）may bede丘ned，their amplitudes decreasing pl▲OgreSSivelywithincreas－  

1ng71due to the multi－partial－1‘e8ectiollS at the orlglll．  

Thewave system which ultimately exists between the source of partialre貝ec－  
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