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BRERECI2HHZRA2H T3 RNOBH

HEA%® IT%% == G (Tsukasa Nakayama)

1. 30»i

MiNeEHETOKE. ¥ 2 RBEROBER., iR L > TMEI NS HHE
HROKEED ., RRERREK R Y, I¥02BesnTBioxdRe 58
HEREB2E8T3RNOBEIZ L, chS5O0RREBVWITEEAEL NS
VEEI, EHXAOENCEACFATA»HRE. GRES Y., BHHEEO
BREBUIZEOTHEBADBB WV, Ldbd, EEHEEFT v » LENRZEKRE
T5¢, xEMABRI s 2 FEBR ek b, BRE#HE (boundary element
method) 2 VW TR D I VWBERLETI TR LBTE B,

BREFEL, BoXRIFEXNcHha2MOoHIBEX 2B BERCERL, ¢
NE2EBREXRENFECIVEHAL CHBLBERETHD, 7V — L EER
BzOEBLE-TWVE, 2LT, BB SFBERIEARLETCORTGEL
PEIRVEABEETE B,

F@XTW, UM E2HAc L Y RBEN BRI 3B EEHERAREOER
BEEBHIZoLTARRS,

2.#%%5&%@%%@%&

§2.1 BEORE , :
Hl1eRdt R GKERNTOULHEORKRE LGB CE I MY 2 21—
s v BB, KEERCIBREBLLTEX P UBRIOSGATVE, BE
Ro—xy T AKBCEEICAWBFILEERL I3, HEIHERE. FEEH. K
NoBUIFEERA L ITIAIT, XEFTERI =Xt 92 HEX

82¢ 82¢ —_ . v 1

9x? + dy?2 0 P VA (1)
TEZLHoNB, ccle, VAN OB 2EbL, s 3Kk x#HE U 28
WTRDISZCERBINIEEERF Vv » L TH B,

U = grad ¢ (2)
BRZFAIKRDODL > CEING,

8¢ 1,84, B, , .

3t + 7{('8‘;)24-(5;)2} + gy =0 ; Sk (3)

_a_?— = —a-—?- ’ Sl_t (4)
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L Xp ) -

Tx,t)
A d A /k T
E2g El— Sz v S5
. S3 l

1/1[ Z
Xo w

Bl —“XRuEEKkE

HIS]

0 __ dX, :
dn dt N (5)
2% _ ; Sok (6)
an

czic, Si;TEHXRHA., S B2 P v HER., S:IKBERCEMEL2ER T,

tWARE., »LORBFEKBI VA --EBXRAERBEETCH»S, n 3BR L
RITHRABEERZERL, ny=cos(n,y) A nDyBilc T 5MKREL2ET,
Fh, BEX()Iex v OEMNBEBTH B,

BEwwdbh, AEHEII Y5 20BR ()2 BARHFQ)-(6) 2 @Y MB&
Hodb ol ., ¥REDHMEERERECREI L, 22T, coBED
EREBHELSDVTBERLTBE LV, COHFREBHEIHBHRALCOBERERSE
ReEBRIT2b0ThH), 2HE»S, —2UHARA (3T h s HE
BIA {((09/0x )2+ (8¢ /8y )2} WIBFHBREETHY, $5—oRIEBREH
(3)e(4)2MlI NSEHHRABEROMNBEB RN THAC L I3H EBEE
ThHB,

$2.2 WABABITEX~DEHR
RDZRTT IV — v OARZ2ER LS,

’ J'J'V(Vzu—-vzv)dxdy = js(u%%:— — v%‘l—:)ds (7)

CCZiT, S5=5;+5:+53:THH., sUBWRSPR-TKBHHITDLIIZT LMK
BETHZ, ¥,

2 = + , —— = ny—— + ng— (8)
x y



N

=
@

Q
v
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AJCE IV

B2 #BALFrD2HPEQ

THd, VWE, HAEVFSAZERD2HEP(E,¢), Qx,y)2 2 b, 288
OEB2r =V (x-£)2+(y-8)2 95, 22T, B#u (x,y) L UTHERXF
vvendRlh EBEvix,)ELULTZRETES 92T BAXOEMR In(l/r)

PN, r=0DBER2BVT V2u=V2v=0 BRITo, LT,
IDr=00BA0BREF23LETOHEL2A5 . R(DIV KD IS X
BRABHE»NB Y,

apdp + £¢'§;(1"%)d8 - {S'%ﬁ—ln% ds = 0 (9)
T2, ¢p3PRBYBSDHEE2ERDLT, ap3,. J2RRT LIS ICPZBY
PERONAREDL, PUBVLVTERABELI»THEBA LT a,=7Th 5B,
I, PUEEBVHRHEZH R LS R a,=272ThH5%, BOREBRALECITHE
BOa—v—ODFFE2LBL2BRTSE, ROOCEBRFHEML)-(6)2RAT
L. RODESB L BEIsBESTENBELNS,

3 1 _ 8n 1
apdp + £ @ an(ln r)ds £‘ny8t In " ds
+ § 4Xe 1 las = o (10)
52 dt T

R, FBEERAZFHFEBReHLTI, FTehero—#HoBEaTHRERXCTE
*]25%,

oD _ 84 . 1 84, 0¢
3 = 50 T T GRIHGEIY +an (11a)
D=0 : (11b)

ZCZWHAXINIDITHEEMET (error correcting term) & HI¥h |, FEmmx
DEBRBRCI-TCHEEPRB T 202072088 H 52, 0D/dte BBES
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_a_D- — D(to*At) - D(to) | (12)
ot At »

TELL,. KUIb)OFRHE2EEBL TD (te+At)=0 2B,

aD _ _ Dlto) | (13)
ot At

285, RK(MN2RALER(Ila)oH AR EABEHRw(s)2EL, ERS, t¥h
STRSTHhE., ROEANSEREZTEAEI»NS,

D (to) ] ds

At =0 (14)

3¢ 1 a7 ¢
JVS,W[F;-F N {nyz('é-t‘)z-l-(’é-s“)z} + g7 +

DETXBABRX (DN EERFHGB)-(6)Z, ¢ 2XRPAELTHHFRER
ATEXAO)E (MYELKshi, X(10), (MIBALOBRBEFTOATHER

TNTEY), ROABIBRLcUDEELBVWZ 2ZFEBHB IR L,

§2.3 BoOEXOBEAL
M3ARTIO>OCBAS2ZHOERERCAH 75, Ric, ZE AWM
BERE (collocation method) & x,yO —ROERBEHL2AVIERERER2HH
UCBsIb 2Ty, BESM I ESE2 AL CBBILE2T>. ¢5LTES
NAFEREEIRBEGERX TIPS (incremental method)iZ X Y BEIL I N B,
TR2DLDE, RAtdlc BT B 4L nDERZ bo, 702 TN, KR torAt BT
BZNODME S, toltor At OFOHEAEEAS, A 2HVT,

= $otAd, 7 = no+An | (15)

DIS>RRTIENTES, A, ApD_RULOHIMNIELRZL TER
TR0 TIhE, SEO0HFBERBITERXRTIAs A T2 HBEITER
CHREBI NS, COBREBITERN 2., §E2At ¥FoEDEBL, BHBRL B
crickth, BHREROHMMBELY t 2L —Vv e v T2 BTERIO,

M3 BROSH
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§2.4 HEH
vz brre
Xp(t) = X, tanh [ (t—t¢)] s 0=t=T (16)

RE-TBHresL, UTKE2REIRBLLBTESE, Xl
TR2FXbL, TAIC2 2828 5KATCH»E, 0st=T QYULKOH
EBBCHIEL, t>T SATKEOEBEABCHIET S, 0, tc T ¥2 PO
BHExOoBRAL2BESTIBEAA3 24— 2 Ths, HAt=0BLTIHMBIFILEL
TV3ENDLULT,. ROIS>SCHHEHELRET 5,

¢ =np=D=0, %‘f—:%:o s t=0IEBNT (17)

Had, AlviEoREL»LERE.,. KHOBRBROHEERL2RL LI DT H 5,
HMcIBLKERhcERTALLEEx/he22h, MCIERRAOER
TLENM?2/ b2t >sTHs, BONBIZSRATCOY v HBEHEBOMNE IC—
B Thd, IH0AHI, t=0TO2 v HNEHOMBL2RLT WS,
K4 )B2rovBBH T2 O>NTIHMTEBERINTHWLABEFE2RLTS
b, B&tV/g/h=12.00 LBV THMRTHEBA/h =0.360 OUTEMBTETH
Bo LORRTY2 M  EELEIER, R4a(D)X, BELRAMTESKEA %
EBL. KEBEROEHE2» T LEBEBFR2RLRIDNOTHS, BEAKLCE
LRl ., z20®, 4 () e R T I35k moBReCREY .. FRA~BUE
BLTWVL, - '

M5, Maont/g/h=12.00kc 8 2 UM OEIR 2, BoussinesqDH B
ReEBLEEDOTH B, .

Ko, MABROBEEZE~ODPT ELBIVOBRAXBEIR2KEBAZYL TS
sPLEBDTHB, BT OHERZ2O0FBTARL, T %Chan and Street®’ o
ERARCEIFHEME(OH )L L t*Canfield and Street’ OEEE (- BI1) & L
LTWs, BRI Byatt-Smith’ VRO L ELHRBL2RLEIDOTH 3,

0.8

Al/h = 0.360

0.6 © present method (t/g/h=12.0) |
Boussinesq (1872)

N'in

0.2

0.0

B5 WK (KEA/h=0.360)
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c 1.0b
S~
® 0.8}
Numerical solution
0.6} O present method
O Chan and Street{1970)
0.4 Experiment
' e Camfield and Street(1967)
Analytical solution
0.2 Byatt-Smith(1971)
0.0 ' 1 Il 1 t t 1
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6 PUTHEO»ITEBIOBRAEEXR/N

3. EREmXAMEO®|HK

§3.1 BEOBRTE

CHORER, —BKEOKBLBLWT, —E0EBRECERTAUIHD
ER2RKD28DTHB, 22T, WIBEOEZEEE c LRALAEE TSI L
RueBHI2HEER LAV CERSER 2 EBRT A, cOoOBBIERES
REMEL LA, 22T, 7BV T, EERo —xy 2BHEER: L., I
VEOMBELEZBL T xZ 00HB2BIONRL T2, mETHEEE - F*
E#f,. Rn0BIFEEL Thd, REOHBER Y T 5 HNHE (u,v)2 [
VWTRDISCEERFT v » L HNBER2EE TR CLNTE 5,

0¢ 8¢ |
= = = = = — 18
u x ay » v ay ax ( )
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B7rie8 0T, ERS,,,S ., 285 ve»rBeERLB L, ﬁ%sn Wi
Be—H33bRAPBEI LD,

¢ = Q 3 Sq. kb : (19a)
$ =0 ; Sk (18b)
¢ = 0 ; Ssk (19¢)
$ = 6. 3 Sk (18d)

CZRQUIHKEBR2EDL, Q=chTEALNE, I L. IBBRETCDODSIDOMMT
55, 2T . H70(x,y) PFEHLOENDEV2H8IcRT(4,¢)FHLE
DEEHERBDELERLTCERAS L, ZBHTERKIKRDIS>SERA 6N 58,

8%y %y _ i

RPE-NAPSDE-D AP = ; C

2 {(8¢) +(8¢) b o+ gy Ho ; Cik 1 (21)
%ﬁ; = 0 . Ca BT Cok (22)

y =0 ; Cabk (23)

Z ClC\ iﬁﬁct,cz,ca»ct ti%ﬂ%ﬂg’z 0%ﬁ51»52»53;54 lCﬁEﬁb‘ClﬂBo
Hold
Hy = - + gh (24)
THEAOLNBEHRTHE, hIBKOBEX2EDT,
BEXYEABEI, (6,¢) FHLOFEHDcBLTR(20)-(23) &b T h
APHREEFAEHE2H S, E%ﬁy&&ﬁ?aﬁﬁmﬁﬁéhrolma%\
C, LDy BUMFEOBREERXABZZLEIE>ETTE 2,

y
C
Q .
C2 D Cs
§) Cs b, ®

K8 (¢,¢0)%mE
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§3.2 BOHTEX~~OEH

*EHFBER QOB 7Tz RBRATHB L 2H VLT, X(20)-(23)iexd L T
1 —volARN2BHATAL. ROX>8y Loy/on2RABLTHHFBEEHES
HTEAHEL»N S,

3 1 oy 1
Z (ln=)ds — ¢ —> In—4d
_apyp—i- {yan(lnr)ds §8¢ lnr s
C,+C2+Cq Cy
~ §-Enilnj¥ds = 0 (2
on r
Ca

cZT,oy/ag XN (21) X h

8¢ —\/;(Ho—gy) (atﬁ) 28

TEDLINBZHEBREHTH 5,

§3.3 BoEEXOBERL

BRC2ZHOERERCREL.,. BEFHRCBL Ty, 3y/0n ORI —FE
CIRET S, BASFTER(B)2BRECI-THBLEDLL, EXOHFRER
control point2 3%, ¥ 8bLbB, CORELBLVTR(B)OEBEBZT LR B L
PERT 5, FEBEY/O ORI AT NS BHEKOy/Os 3, BATLEER
tZz0MEYOEREBI By DAV TERSEL T B,

COIS53 L THEHASTERXN(28) 2 BHILT s L, BEBHRC,,C,Ce Dy &Cak
DBy/on2 RABL T 5HKREBEIRBITEIVE LN B, TN %Neuwton-
RaphsonElic S W REHE L THBU W, MTKEoERcE T s BB AkEL &
Y, B, MrBEOEBROBZTHLIICIT BoussinesqD EHER

- 2( X [3A 27
y h+Asech(h 4h) (27)

2HVS,

§3.4 BWHER

K(25) 2B epicd, R2YI IV DLBISCUTHROEEREE c 852
ENTVRIINANETB LRV, ZCCRABHTR, co2RELT., z2hieH
LT A2EBEELEBACHER2HETZ L WS HER2 2L 5,

HMIBcoI5C UL THEINLEBLEREREOERLZ., HEBCER 7
— R LERBRLTTey PLEBDTHB, 5+ MH & Daily and Stephan?’ D EER
HLOEEN-BIRFCTH S,
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1.35

‘1.30f /

1.25} /o/ g
1.20f / ‘

CI/Vgh

©  present method

experiment ( Daily and Stephan, 1952 )
Boussinesq (1872) , Rayleigh (1876)
1.05+ e eeeeee McCowan (1881)

——-—- Laitone (1960)

0.0 041 0.2 05 0.4 05 0.6 0.7 038 0.9
Alh

M9 UrRORBLEBEERE OBRK

R1oix, KFEC I - THEMIN-EIR £ Daily and StephanD BB T BI=
ENERRLOEBR2T- b 0Th5, B3 LAEL»H-HHBE
HERBE# » (=y-h) 2, BMCUEEx 22N ZnBKOoEX h cERTILL
B2 -5TH5, BBEWMIC T BoussinesqDEHBRE R L THH, 8
NEERPCOHBERLIBEFERZ-TVAEBDLL B,

A/h=0.593

present method

n/h

-~ Boussinesq (1872)

o experiment
(Daily and Stephan,1952)

B10 flsri



A/h=0.493
present method
7(/h e Boussinesq (1872)
J 0.6 o  experiment

(Daily and Stephan,1952)

A/h=0.350
—— present method
TI/h wusne Boussinesq (1872)
0.6 o  experiment

(Daily and Stephan,1952)

BI10 Bl (% &)

§3.5 MIBKOBRKIKE
AficHHELER2ACT, ALERVERNCLIIZRARBL2IELT
AL 5, Bernoullio ENHTEBXN2BHXRB LD TS L

q2
—2—‘ + gy = Hy ; Sq.k (28)

B, 22T, KERERFLRELLE, MR () TEBINBIEHTH B,

E Y
q? = u? 4+ v? (29)

Thdro, D&, R(2)DELE—H 2 HE K (velocity head) 2 VIV, E
LE_H 2 BEKE (elevation head) 2 W5, ¥ T, X(28), [AWMREL
THHEBEAKELEEKEONMI—ETTHY., ZOHEIHELWVW ] BRI 3
ZEHTEBD S, WIS BT B O S (vave crest)ic 84 T & EKH
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—o0— present method
0.4 9 —-— Boussinesq(1872) , Rayleigh(1876)
03k

Velocity head at wave crest

o1y S

0.0 1 1 3 1 ' 4 1 N
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Alh (A/h)max

M1l MIRORKEEOHTE

BEBIN2VLVZLEZRE, COTHACLBYAHRBEKEBFTCLRZ L EsBUTE
ODBATHY, 20 EOERBEVBRRKIEB (A/heax 2525, XN (28) 2 KR
L, 2h 28 TEOHEK (y=A+h)ic@EH T 3 ¢ ’

q

HHrVI, EIMEE g Lt BFKOBEL hTHERTAELT

_}_._q... — _1____0__ 2 ..A.‘_. 31

2 (JEF )2 > (@) . (31)
8%, 2z, HIODHERR £1 MWMIHEORKEE:
PHAVTRB» HEX W B & BAGRERE O
EAREE. BREHLTTwo b Investigator (A7) pax (¢/Va) pax

T5eHIIBELNE, FIHER
q2/2=0 L CcHET B L. (present estimation) 0.855 1.308
(A/h)nax=0.855 BFL5NB, C
DI Chan® PERETHEL 2
e —FHT 2, Laitone® &

McCowan (1894) 0.78 1.249

Yamada (1957) 0.8284 1.287

QE'CBR&’)T’ ‘[ﬁ 8/11(:; o 727) 1 Laitone (1960) 8/N 1.284
- e (50.727)
hH R REWVW(R1IBHE), 1z,
Lenau (1966) 0.827 1.286
(A/M)paxZ W T 2RAKEEEE
(c/\/Eﬁ) It 1.308 > ;"l'g ‘3 Byatt-Smith  (1970) 0.86 1.31
nax Ay . 5]
) Strelkoff (1970) 0.85 1.304

nilz,

Chan (1974) 0.855 1.307
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4. BbbhK

HENRZCBIA2HFBEEEHERAMBE N T3, BREFRE2HVAHFL L
BEBECD VTR, ZOFYPYEL2EXZ T30 >b0HEMZ2EBEL =,
METARNLHEEBRBECN T ABEICcTHELLATH OB E oM iz,
BEBEBRIZ2BEEORE'®, 2vy vy ¥ (sloshing) 2 BW¥hz, B82AD
BEEHRF' 'V roBFedBEHAEn, EHeBOT VS, T, ¢ C
THRELILBEREY., XBRTERABBETCH-TE ., BREFEVPEBRETH
AhouBirrsEBEIHECRH LT B CH 5,
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