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BAEBEREBEC IS EHXREL2HAT 2N OBH

HEAS IT%K oy Gl (Tsukasa Nakayama)

1,308

MiNeEHETOKE. ¥ 2 RBEROBER., IR I > TR W25 5 HE
HAOKGED ., HRERAKZ Y, IZ205Fes v THBiTodset 238
HEE2EHT5RNOBEIZ V., CNs0RFEBWTITELRIARELINS
VEEI, CHXAOCENCEACFATAHRE. HBRREL Y., BHHEEO
BREBIBEOTHABABBL, ULdd ., HEHELF v v » LR 2RE
T5¢,. xEABRI s Y5 2B RN ey, BAREXHE (boundary element
method) 2 VW TH DI VWEELBAI TR LBTE B,

BREFEL, BoXRIERCHA2MP T EX 2B FERCERL, ¢
N2 EREXENFECIIVRB/LL OB KERETCHY, V¥ — L EER
BzOEBLB-TWVWE, 2LT, BB FTBERIBERLTORGEL
PEIRVABEETH B,

F@RXTE, UM E2Ac L Y B HR2ecBT 2B EEHREBHEOER
EXRBHco>vTHRRB,

2. A bR E A E R

§2.1 §EORE
Bl1ueRd - RcAKERTOULEOREE LGB CEITAHEMY 1 2L —v
s v BB, KEERCIBREBL LT P UyBRIONATVE, BER
Ro—xyBABCEEIIW-BLEBRL T3, HKEGHEKE, EEH. K&
NoBIFEEHRKRhe THAE, XEFBERI=_KT 75 258K
¢ 82 ¢
9x? + dy?
TEALLNhB, cclkk, VAN OB 2EXEDbL., sk oExEE U 2H
WTRDI S SCEBINEBEEELT v » AL ThH B,

= 0 i VA (1)

= grad ¢ (2)
BREZFHFRIXROL>FEINE,
56 1. 34, 04 - ,
(DI PE S (3)
8¢ _ a2 sk (4)

On ng_é—t.
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L Xp(t)

o
~
®
o
il

; h
. S3 ]

%72

k-Xo w
B1 Z—RuGEHEKE

0¢ _ _ dX, |
30 1t HE P o (5)
LA S Sok (6)
dn

czic, SiIEHERBA, S W2 HER., S;IKBERCEHERL2E T,

tERHE., »( L, IFLEKBIHIA - EHXAERBEZTH» S, n IER L
TN mEEREZRL, ny=cos(n,y) 3 nDyBic T3 TRAAE2ET,
Fh, BEX ()i ex b OBEMBEBTH B,

UEwedh, KEHEIS 9 2BRN (D)2 EBRERHFB)-(6) e B Y2 OH%&
Bod Tl ., FREDHERFEBECRE I L, 22T, zOoMED
EREHELHDVWTERLTIBELV, COHFBRBEIEHRALCOEREH
KRR T2 0THh, 2HEH»S, —DWUERZA (3 EITIhEIEE
FIH {((06/0x )2+ (09 /8y )2} WIXIBFHBEETHD, 85— BEREXHY
(3)e(4)eMl I RsEHRABERAONE RN THA it 2#ERE
Th B,

§2.2 RABABITEX~DEH
ROZRTGT Y — v ORARNEBEZL LS,

JJ'V(V2u—V2v)dx'dy = J'S(u—g—:—;— — v%%)ds (7)

TR, S5=5:+52+5:ThbH, sBEASKB - TRKHFIDI LT bLHEY
BETHB, T,
02 82 a a 0

<, S . 8
ax? T 8y? an  *Bx | "3y (8)

v? =
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=il
Sl
<
1K
N
b3

77 7 P(§,5) 7 ///

B2 #BALFO2HKPEQ

ThHd, VI, FABEVFSHALERD2HEP(§,¢), Qx,y)22 b, 2R3H
DEBE2r =V (x-£)2+(y-8)2 93, 22T, Bfu(x,y) 2 LTHE XS
Vel BB LELTZREI FTI2TERXNOEH In(l/r)

Brhid, r=00BE2BVT V2u=Viv=0 BROHT2. LEB->T.
CDr=00BA0BBREFL2FLETOHELZIT> L. R(DIIRDIS> X
BRXBEELNB D,

apdp + £¢§;(ln—r1'—)ds — ﬂ—g—i—ln—:— ds = 0 (9)
22, ¢, PUBYBSIDHEEL2EDT, a3, H2RRT IS5 CPRZBY
PBEBAOHAR2EZEDL, PUBLTEARABELPTHIBALC T ar,=7TdH 5%,
Fh, PUEEBEVHAKL B L& ar,=27Ths, BAXBRHALECUIHE
B0 —v-—DEMERLBL2BKRTE, ROOCEBREH(W)-(6)2RAT
L. BRDEISB LI BEIIELSIENSELNS,

3 1 dn 1
— — - —_— — d
apdp + §S é an“" r )ds £1ny 5t In - s
+ § dXe nlas =0 (10)
S dt T

2,

R, FREBAFHOC) ML TR, ITeh2RO—HOBEIHERXNCE
E|AB,

oD _ 8¢, 1 08, 09
D=290 . (11b)

CZWHAXNLEDIIEEMIE (error correcting term) & ¥, S EMx
DEBRBCLI->-THEBPREHN T202A0HITs29RE8H 52, 0D/0t2 HRBES
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8D _ D(to*At) — Dt

at At (12)

THELL., KU1 DOFRHER2EZRBL TD (te+rAt)=0 BT,

8D _ _ Dlte) (13)
ot At
28%, RN 2RALERN(Ma)o{AlE BB w(s)2EL, BRS,h

STHEATHIT, ROBEAR[FSHREFTREIABHAI»NS,

D (to)
Ato ] ds

3¢ 1 07 ¢ -
L,W[Et—-]l_ e {ny"’(,-é—i-:-)z-i-('é—;)z} + g7 + =0 (14)

DUETXBAERNR(LERZHEBR)-(6)I, s 12 RABLT2HKEER
FHER(0) e (IY)EHRI N, X(10), (IHIBEBRLOBESOATHERE

IhTB), RABIBRLeL»EELZVWZLREBI AL,

§2.3 EooEX OB
H3UARTIO>OCBERS2ZIBOEHRERCSH 75, Re, ZHAMIcE
BB (collocation method) & x,yO —ROEBREB2HAVCIERERK 264
UTHEBAL 2T, BESHCEIES B2 v CHBLL2T. ¢5LTE5
NAEREECRBIERX IS (incremental method)iz X Y EBIAL I N B,
TRbOLbE, At B B & n D2 do,n0& THIT, ﬁ%}to"At B
2Z2N5DMb,n13 teltorAt OHOEABAS, A 2HWVT.,

¢ = dpotAd, p = notAp (15)

DISCRTILENTES, A, A DZRULOHIMWBPELRERLZL THEE
TH DT, SE0HFBEERRIERNIAs L Ay B I HBEFTER
CREBI NS, COBRBITEXN 2., B2 At FoEDBIBL, BDBEL B
cEizdh, BHEEROBMY T 2L —VvarvRiT3CLBTEBIO,

B3 BJERrOZH
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§2.,4 HEH
¥z trrE
Xp(t) = X, tanh [w (t—tg)] ; 0StsT ~ (186)

- TG se, ATKEL2REITHILEBTES, Xl ¥z 0¥
TR2FbL, TIC2 v 2828 5RATH»B, 0StsT WHITEOHR
EBBLXNIEL ., t>T QMTROEEBBEHIET S, 0, tc T2 P00
HEoBRAL2BE ST 2532 —2Thbs, A t=0BLTHRBIFILEL
TV33DLLT,. RODISCHHMERHELZBET %,

¢ =p=D=0, %%:=3%= 0 i t=01BT (17)

M4, ATROEEDLLEE.,. REOCBEROHEEBRL2RLIEIDOTH B,
BMcIBLKERhcERTALUEEx/h 22 ), BMCIBEHRTOERK
TLENM72/h%2s >ThHb, BONBIZRATCOYX v REBOMNE C—
HI¥Thsd, HPFDAFHI, t =072 v HETHOMNE2RLTWVWS,
M4 (@R AP BB T2 >NTHATEBERINTHOLBEFE2RLTS
b, BZt/g/h=12.00 t BV THRTHEBEA/L=0.360 OMUITHEMBTE TV
5o LORRTYA v 3EIESYR, Ma(b)X, BELURLAUITESKEAR %
BEEL. KBEROEHE2D» T LEBE2BFR2R LRI NOTHS, BEACE
LB, 208, R4 (c)eRmT L5 xcoEBReEdY, FFRA~NBUE
BLTWL,

M5, MantV/g/h=12.00 BT 3L E ORI %2, BoussinesqDHEBE
ReE®LEEDOTH B, _

R, MUYBROEEZE~OHPT ELBIVOBRABSIR2KEBACHL TS
L EbDTHE, EBHOBHERLO0BTARL., ¢ %Chan and Street® @
ERRCIBHEME(CH)EB L ttCanfield and Street*’ O EEHE( - A1) &
LTW5d, EHiEByatt-Snith BRO L EDNHERBERLEEDOTH 5,

0.8

Al/h = 0.360

0.6L O present method {(t/g/h=12.0) |
Boussinesq (1872)

0.4

nin

0.2

0.0 1 1 L ! 1 L n N

g5 Bl (& A/h=0,360)
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Y (°) T AO~~FHEIRHDY (9) FH% (v)
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o Z . 9 \ Oy
L
Fzo
00°LZ =u/BMY B
-%0
8l . Y . ? . Oy
FZ0
09°zZ=ubM T
~y0
L . 2] o 9 . Oy
z0
00°ZZ=u/BM
70
sl

AEA-ATIABBOBBORTE VR
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ursx

uyrsx
8 . U - 9 . Oy 8t . (A , 9 ; Oy
LZ0 rzo
r 00°Zt =u/B Y I
Fro "vo
I : 1) 9 0
Y 8 N A L Y L il 4
8E02=uBM) r i
g0 rzo
r 00°0t *u/B MY I
Lot -0
u _ Y . 9 A oy 8 _ z . 9 . oy
r ,
Fzo z0
0081 =u/Bbp) r 819 =ybpy
) 20
8 . (2] : 9 " Oy 8l N 4 . 9 . 9y
z0 z0
00°'Ly=ubMy 00's =u/Bpry
L4] 0
8 . A . 9 . Oy 8l . (A . 9 . Oy
z0 z0
00 7L =u/bpy v8'e =u/BM
0 70
. url yrl
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A

1.2

1.0

Rih

0.8

T

Numerical solution

O present method

O Chan and Street(1970)
0.4 Experiment

o Camfield and Street(1967)
Analytical solution
Byatt-Smith{1971)

0.6

0.2+

0.0 1 1 1 1 1 L It
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Alh

MIFEOLTLEBIDOBABER/h

3. EMBHREMEO BN

§3.1 HWEORT

COBMBI., —BKEOKEBLLBVWT, —EOERHEBECESTAHULED
ER2RKDB2EDTHE, 20T, UTHOERFZEE c AL EABCAUITHE L
HuBH I 2HGEER2AVCCERIERN2ER T, coBMBERIERAH
XEMBELEE, 22T, 78T, BERo—xy 2HEERL L, A
VEONBE2ZEBLCx200HB2BHOoOMRE 75, Ak THEREE - ¥
Ef,. MnoBIFEEL Thid, REOBBER N T 5 HYHE (u,v) 2 [
WTRDISICHBRF vV » L RNER2EET B LBTE S,

B 7

L o2 _ 03¢ e o028 _ _0¢
b 8y y 9x
y
undisturbed free surface A TI(X)
va S
= ! i
: -S4
h E§:>C S2 v #C
] 0 S3 |
7 Z

MWrig e BHEER

(18)
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B80T, ERS.,,S 285 v » L BeERLB L, iﬁﬁsusaliﬁﬁ
B —RT5D0RABRO T2, ’

¢ = Q ; S.k ‘ (19a)
$ =0 ; Sk (19b)
¢ =0 ; Ssk (19c)
¢ = ¢ 3 Sk (18d)

CZRQUEKEBRZ2ERDL,. Q=chTtBRA LN B, TN G.IMBETCOSDOMET
bB, 2T\ H70(x,y)¥HEOKIhOBVL2ESZRT(4,¢)FEE
DEERBZDCERLTERAZ L, ZRABREIROIS>CERA 6N 59,

8%y Ry .

A 8Y 2 (BY 2y -1 = s C 21
2 {(8¢)+(a¢)} + gy H, s Chk ; (21)
_g% - 0 ; Cp BXT Cok (22)

y =0 ; Csk (23)

CClC\ ﬁﬁcl;C27C3’C4 zi%ﬂ%ﬂg'z@%ﬂsi,Sz,sa,S‘ lCY‘J‘Eﬁb‘CL‘Zwo
Hold .
Ho = = + gh (24)
THEALNBEHTHE, hIBKOBEX2EDT,
UEXHYAXBEBERI, (¢,¢) FRHLOFEHED B TH(20)-(23) TR b I 1
APHBERAEAE LB, By 2RETsHECABINL, 2O &,
CEoyBUTKROEREZEXAZCLEEI>EITE LV,

¥y
Ci
Q .
C: D Cs
o) Cs P ®

B8 (é,¢)F%HE
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§3.2 EoHTEX~~DEH

TEHFER (0B 7o xBATCHhs e 2H0T, X(20)-(23)iexfL T
1 —voRARN%2BHAT L. ROX>58y Ldy/onk2RABRL TE2HBEES
TEABEI»NSG,

3 1 dy 1
capyp + § Y%“;(ln?)ds— £-§J1n? ds
C1+C2+Cy !
_ ﬁ; 8y .14 = o (25)
dn r
Cs
ez, dy/agakN(21) & h
d¢ 2(Ho—gy) 09

TEDLINBZHEBREEHTH 5,

§3.3 BoxEXoBRt

BERC2ZHOERERLAIL., FEFRARACBWV Ty, dy/on O —FE
LRETS, BAFTEBR(2) 2 BEAECI-THBL DL L., EXobmRAR
control point2 ¥ 5%, 7 8bLbE, TZOHRXBWITIR(B)OEENZT LB L
PERT B, FEBEY/OI O AT N s BHEKOy/Hs W, BATLIEE
tZOWHBYDBERCBI By 0E2HVTERAL T %,

oI L THASENRN(25) 28ty s e, BAC,,C.,C,EDy 2C3E
Ddy/one RABL I3 HBEEBEIRBETEAVEI»NSE, TN % Newton-
RaphsonjRic I W REHBEL TR, UTEoBR BT BITBulEL &
59, B, AIFEOEROEZTHLIICE Boussinesq EHHER

= 2( X _?’__A_ (27)
y——h+Asech(h 4h)

2HWVB,

§3.4 BFHER

K(25) 2B epicd, RCHI IV DYPBISCATHROEERE c B52
ERNTVRINETZLELV, ZLCABHTR, cofi2RELT. z2hiey
LT 2BRELEBACHR2HETZ L VWS HHER2 L 5,

HIRenI5C L THBEEIALEBLEREREOKER L, HHEBOERF
— A LHBLTTry P L DTH B, FEHE L Daily and Stephan”’ DEE
BHLoEHEN-—-BIBRTFTHS,



154

‘1.30f /

1.25¢ /o/ o
1.20} /’

ClYgh
\\

O  present method

experiment ( Daily and Stephan, 1952 )
Boussinesq (1872) , Rayleigh (1876)
1.05F e e McCowan ( 1891)

{ e——-e Laitone (1960)

1000567 62 03 04 05 08 07 08 09

Alh

B9 UMUrRORELEBEREOBRK

R0k, KGEC I ->THEMI W xEBIR 2 Daily and StephanD EE T H R
ENREBRLOEBRR2IT- DO Ths, M BLKE B -LEHE
HERBE# 7 (=y-h) %2, BHMCIEEx 22N ZNnBKOBES hTcERTIL
RE2E-THB, BBEHBIWC I BoussinesqDEHHBFERE R L Th b, HEx
NEERBCOBBERLIBZFEZSTVEEN DL B,

A/h=0.593

present method

n/h

wee Boussinesq (1872)

] experiment
(Daily and Stephan,1952)

K10 057



A/h=0.493
present method
nlh e Boussinesq (1872)
406 o  experiment

(Daily and Stephan,1§52)

A/h=0.350
present method
71”‘ wnne Boussinesq (1872)
0.6 o experiment

(Daily and Stephan,1952)

x/h

(c)
K10 i (Ks)

§3.5 MIBFOBRAKEE
M COHEERL2ANT., TEPHEHBN LY > 2B AEE2HEL T
A XS5, BernoullioE N T ERXN28HEXELECREAT S L

q?
: '2— + gy = H, ; S,k (28)

BB, TCLT, RKREIFLREL o Holiiﬁ(24)’f‘i§ém6ﬁ§ﬁ'5?b6°

k= 3 A
g2 = u? + v? (29)

ThoHo D&, R(B)OELAE—H 2 HE K (velocity head) &2 V1, £
ﬂ%:ﬁ&ﬁg*ﬁ(elevation head) & w5, 3T, X(28)x, TEHEZEL
TRHREKELEEKEONI—-ETHH., ZOHIHEL W] BRI 5
ZeEe¢NTEEZHE, PUITFEBOWTRHEOTE A (vave crest) iz B THEB /KE
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—0— present method

0.4 Y —-— Boussinesq(1872) , Rayleigh(1876)

03|

Velocity head at wave crest
o
~N
T

; o1} \

0.0 ' : 1 1 1 s 3 RN
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Alh (ATh)max

M1l AT BRORKEEOHE

VEINX Wz L3, COBREZBTAERBKEBSECRL? L sPBUMLEK
PBRFATHH ., 20DL EOHEBBRABE (A/h)nax 2525, XN(28)% %R
L, 2h 2 WU ROER (y=A+h)ic @B+ 5 & ’

q
— 30
5 = gA (30)

HDHEVWVI, HEIMEE g tFAKOES h THERTILL T

_1.. q — _1.. ¢ 2 ___ A 31

2(@)2 2(@) - (31)
218%5, 2cC, MOOHEKRE %1 WTROBARE L
PAVTRBD» bHBEXN B & BRAGIERE O

BEAKE2, B LT Ty b
THeHIIBELNE, SHHEMER
q?/2=0 XL TcHAET B &, (present estimation) 0.855 1.308
(A/h)pax=10.858 BB LENB, C
DEEChan BEFETHEL I
e —HT 2, Laitone® &

Investigator (A/B) nax (c/vgh)

max

McCowan (1894) 0.78 1.249

Yamada (1957) 0.8284 1.287

Q%?*»rﬁ 8/11(:———0 727); Laitone (]950) 8/1] 1.284
- T (50.727)
hRRPKRKEWVW(RIBHE), 21z,
Lenau (1966) 0.827 1.286
(A/M)pax W IET 2R KEEERE it (1970) - o
- Byatt-Smit . .
(c/VEh)max &, 1.308 23 H 2 verem
: Strelkoff (1970) 0.85 1.304

nil,

Chan (1974) 0.855 1.307
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4. Bbhi

MENZeBsHBREEHRABECN TS, BREREL2HVEHL L
BERBRECHODVTIRN, ZOFHER2EHX T30 >»OHEME2HMEL 1,
BRI EEHECRN T aMER cTcHEL ALK OBE O,
BEBEZIABBORKE', 2vv vy ¥ (sloshing) b BiETh 3, BEARD
BAERGRF' ' oA, EY2BDTWVE, k., CC
THRELVLLBEREL., XETEABRETCH-TE . BREEVHEBRETH
ZhouBEvEEzBRECEL T A CTH B,

B E
1. Washizu, K., Variational Methods in Elasticity and
Plasticity, 3rd edition, Pergamon Press Ltd., Oxford
(1982).
2. Hirt, C. W. and F¥. H. Harlow, "A General Corrective

Procedure for the Numerical Solution of Initial-Value
Problems", Journal of Computational Physics, Vol.2 (1967),
pp.114-119.

3. Chan, R. K.-C. and R. L. Street, "A Computer Study of
Finite-Amplitude Water Waves", Journal of Computational
Physics, Vol.6 (1970), pp.68-94.

4, Camfield, F. E. and R. L. Street, "An Investigation of
the Deformation and Breaking of Solitary Waves'", Depart-
ment of Civil Engineering Technical Report, No.81,
Stanford University (1967).

5. Byatt-Smith, J. G. B., "An Integral Equation for Unsteady
Surface Waves and a Comment on the Boussinesq Equation",
Journal of Fluid Mechanics, Vol.49, Part 4 (1971), pp.625-
633. 633.

6. Chan, R. K.-C., "A Discretized Solution for the Solitary
Wave'", Journal of Computational Physics, Vol.16 (1974),



1

10.

11.

12.

3

pp.32-48.

Daily, J. W. and S. C. Stephan, Jr., "The Solitary Wave",
Proceedings of the 3rd Conference on Coastal Engineering,

Cambridge, Massachusetts, October 1952, pp.13-30.

Laitone, E. V., "The Second Approximation to Cnoidal and
Solitary Waves'", Journal of Fluid Mechanics, Vol.9 (1960),
pp.430-444,

Ml F, ‘HHEIECBY s REBAHRENEONEBN CET 5
FR” , WM, HEARTEH, 1980,

Nakayama, T., "Boundary Element Analysis of Nonlinear
Water Wave Problems", International Journal for Numerical
Methods in Engineering, Vol.19 (1983), pp.953-970.

Nakayama, T. and K. Washizu, '"The Boundary Element Method

Applied +to the Analysis of Two-Dimensional Nonlinear

" Sloshing Problems'", International Journal for Numerical

Methods in Engineering, Vol.17 (1981), pp.1631-1646.

Nakayama, T. and K. Washizu, "Boundary Element Analysis

of Non-Linear Sloshing Problems", in Developments in

Boundary Element Methods-3 (edited by P. K. Banerjee
et al.), Elsevier Applied Science Publishers Ltd., 1984,
pp.191~211.




