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Abstract

This note describes an application of Hamiton’s principle to nonlinear free-surface flow
problems. Two functionals are constructed based on classical Hamilton’s principle with a
modification due to the presence of a free surface. As an effort towards the development of an
efficient numerical scheme for our problem, we present the following three test results: i) The
bounding principles of the eigenvalues for the linear dispersion relation. ii) By assuming steady
solitary waves, an approximate relation between the amplitudes and the speeds of solitary waves
are derived from the two functionals constructed. Their numerical results are compared with
those of Longuet-Higgins & Fenton(1974). iii) The shapes and charicteristics of solitary waves
are computed from two sets of functionals by varying the number of total finite elements in
the fluid domain.

weo] g2 A7k Az g, obAE oA

1. M fal ofe-2 EAAE Wge] At EAlol A E A
Ao} o] FolAA gz ke ARt HAF A
Hzo 94 W Ad AguAde] A& FAAY A BAs FAL A4 AL FARAEEAASA

b ¥ :1080d % etz Ad s FAlda®E (8911, 11.)
At 19899 129 29, AASFLA 19909 59 159

* 459, Aedda 2439

oagad, Aedda 2439



@A dASAE, A9 F Azt F
st wA A o] wAA A=A A A '/i:j(]ﬂc}'
Arz7] ¢ /’dg’ A= ‘?i]“&ﬁdﬂ]/"]ﬂ BAREA, T
Fgel A FARLLS] A= F& 5 7 Y £ =
TolAE FReP e o &8 ”]‘.‘l:‘%’} Afrx =gt
Aol Ay Aol W 2Ho dFer F4 A
FAAL L B, FARAY
Zgste] s S Al TA @ sy st |
& Ftas FAHY =
T A rmolrh,

E =fdAE 44 2 2 5% wAH4A, H3AY
o2 7A3%. o] AF FAFEFY AL =
AAel 3}“4594 A8l o8 s1ed = A= (Serrin,

Y,
e ale

oo A

1959). ©] WEQH] Az z2A] A FEL
F7tstd 1’+°*‘ ol WAy AFE FAE A3

¢ 4 9w
2. 2H2 Z4g
2 EEdAE

Fig. 15 %& #5A% 4§t =

FHFES Zo|, A, A Ao AN Lol vilg
2 27 ‘?‘5‘}94 ek, A L p,gis A SA A,
A "WE 9 FHAFeI A4 1 :ILP'*]"*‘] al
A 4ke] 5311’ FHFAY A 5 dE d3
s e fEjol &3tw fAe FEgA (huler
equation)& FE7 2 fA49 FEFAIAA T, A
AV zeElz oz & 4 WE JogH= Lagranglan
L=T—V+W W
o A zke] Wg HEA <
4
F=["L a )

7} A §-A (stationary value)Z-

e Ash 2 BAGE. FA9 SEAT 6, A7
s}

Hel AN E e=L(x,y,0), Afude &= 9
z
,
g | y
¥
T T
d D

Fig. 1 Coordinate system

A4, w32
Hotd e p(z,y, 1) A3ty Lagrangian L&
- 1 B
aav-L[ vas-[ ptas @

o714 Sp= wyRulel
it thest el fA9Y D3 oole AAR

1% (kinematic constraints)$ %+

Zdf of 3t v,
Fei=0 in D, (4
=V, on 2D (5)
A (e kS fAY dsupAg Aol 4 ()l A
Vel AARG AL HASY $54 ). 58 AfF

on Sr (567
=(nsy ny, )= AFELE E
‘#?l‘ v?ﬂ 7371]“34]/‘14 upg kg A E o]
Lagrange multipliere] &} 23}l (Goldstein, 1980),
2x£z7 (4),(5)E Lagrange multiplier & %241 ke
Aze HAEg F*e A gend A4 5 ek A
22 WgSs Fre e o] ALd.
Fr=["1* at, 6

L*:LJr-fpgw-ﬁ dV—faD¢(ﬂ-ii~Vn)dS

=L~ a7y av+ [ g ds

+fap/5 ¢V dS @

1 ¢ Afigd oA
95(36 ¥, )= ¢(x,y, - ®
9} o] ALk, A (6)o] FoIA Froll HHd W&

'r1 °H5’—[a
afg F3d dS:fSF (G, (5% +¢:80) + oL} dS

= [, (LoF—gal+(gor)ds, (9.2)
o[ a-(rs—La)av
:f a{u’-(m‘%u)}dv
+ f (po—La)sc as
= [, (rg—i)-du~p-iop)av+ [ i-isg aS
+ [, #(ro—Fu)oc as (9.b)

9 E&ﬁlél%i e

@l
it

d—F )i+ -GdptdV

(«
~g,—-(rg— La)—C-plJoc as

+f

Journal of SNAK, Vol. 27, No. 3, September 1990



A G Esh TA A }UE

— [, @i Vaop as|+[ [ st dS]:

(9.¢)
¢ dozzm F*e ARAE T $AE FE2A
(4), (5) ¢ &

#=r¢ in D, (10

bi+i-(Pp—u/2)+L=—p. on Sp an
9 zAAER AAHAG. A0 QD A3k

b1+ LT 7g+T=—p, on S )

410 5 wh AL HE 27

% 9AE
g AR fA99 qelAe 4

s AA1)

b=y Th T+ (12)
% ASla 59 ak Bulerd A2 2 AgERlA
i

%-4 %_-’4"11*1 —r%—?i}*—] THEZAEE WHEFHAR
=41 % Lagrange multiplier ¢2}= A2e #¥4E5 =
§3te] Pt ok Fot St o FeivtA Hidh
2y =24 a7k v AAg & e wEe e
A54AA L v gEshe Afel de sdeg 4
e st 2o v 23 Juo HEgeER %
e

2.1 w3 AA ¢ ve HEHHE 4

©] A% iE £xAg(velocity potential) ¢

#=F¢ (14)

g 7ol ALY = ek o F ()l AP

J=[ Bt as—1 [ re-rg av (15)

f ds— f pcas+ |,

folA] 98 Az$ Lagrangian Jo €3
#¥A % Luked] ¥ 42) (Luke, 1967)%
sl ek (Miles, 1977).
A% e wFE A4
FES A5

i

7 F¢V,¢ a8
SRS
EEES

S

n11_.r_8.5\’n[o.&_.

BN

kil
é

r_R.

73*‘(4)%: &3 E 2i}°
A FHde o2 TdHA
=(py o) (16)
2 ?S]«lfr%l‘ﬁ ol % (D] Aty = iy A=z ¥
e] o] Lagrangian

k= 3@ +p0ds+ 1 [ roreav

&7

KERSEIE 278 § 3% 19905 9A

A9 A AR a3

2

vas— [ _pras an

& dAAE. 74
¢z, ) =p(2,8, 1) s

2 Aodr.
3. HX HEZ|(Complementary
Variational Principles)
EEAFTF ¢ R FFEF pF oS3 B A
48 (15),0N< 3] AEA E(p=0) &
Aggol mg= F¢(8=0) 74

J=[, Vip as—L [ po-rg av, (19)
K:lf PorodV (20)

e, dude AS wdsy Jo K fA49
?:%‘ A7 Ak AEF JY AFAE 2 4=
J9 Hd 4 (maximum) & & EA s v F49
AAHAA poll ®& Dirichlet type] ZHAzAe] F
JAE A4 K9 AFAE 2= 4% K9 F&F
(minimum)-& #F= 247 A}k, 2 Y] e Dirichlet
principle @ Kelvin principlez. @¢#A4 gler o F
98 & 2z 29+ (Complementary var1at10na1 prin-
ciple, Dual extremum principle)e]al=z &} (Bai,
1977). Bai(1977)% ¢ 9% o &34 Ad" F2
oAl o & Fgde AFFY A 2 AL Fa9
B2 A 4o 43 (upper bound) st 3+ A (lower
bound) & F3t4 c}.

At el v AY Afxde F49 A A494
AA 7t el dRolEz o L pazHEdeE S
d38ly] g, 22 g9 a7 2 fASES] =2
b $E¢] 2L AP 2HHEA S ;g-r “'}%-‘4‘
ZL nzdidHE 98 ¢ U F L gto
A g0 D Lo A7) 7t FAds s s J‘;’-l K9 o
Egug sk

J= f ($(2,0,08 dS—% f P87gdV
1
—7fSFC2dS, @D

NN

K= [ gtteuz,0,00d5+ % [ prore dV

l vas (22)

£ 4. °517V1 Do 23HA gL fFAI9L =
Ageh, A @DAA Lo A Moz NE
§=—¢:«(x,0,8) (23)



22

T gz A (22)0AE ol A HEonyE

L=px(x,0,1) 20
o #AAE dEt A" BAAE 298 g0 B
(5 -3 A7) tol o8] =7 sb9*(wave number)
k-ﬂ- DA F(circular frequency) % 2+ A Hsty
Hel 2 7} 3tof

$(x, 2, 1) = (2)e! *xmo0),

oz, 2, 8) =¢(z)e! b=on,

Gz, £) ={ef tbx—ut) (25.a,b,¢)
2 Eod 4 (23), (2= 2B
E=iwd(0), §:~%¢(0) (23, 24"

2 & 7 A 949 #AAAEE (2D, (22)d I}
o ¢t 9 zo HEe § F7 @ HFez AEs A
T4 334 &3} 3L averaged Lagrangian

Los@r=L 7 ag+m18nds @20

Dy

K=——2’§§f1¢<o>12+%f”_1<1¢,12+k21¢12>dz
@n

L AAREG. FA T ko] R YAFS 0T F
e A€ (26), 2N AFA S FIE EA S 2A
Ha ole _:_vz]-‘_r:ﬂ] ol A & kA whel 3ol b
#} & Rayleigh quotient
Q - -~
(g2 k2 | P dz
i ~1
Rig1= HOJE )

o Haxg Tote EA2 AAdc J FF 9 &
237 o9 e 72 Ko AS B/oe] g #Ad
o}, atets, £E33ge] A Hgr JE o] EF =
AA Al A 9AEFF o/l ARG & & 4
A=z FaEgae o Ko A%E ddded ¥
e gAAS 99 d4E FH A gl A el
}3Fe] A e d Aok, AAR FHLI
TAAA 2 A A st AF FH

T d9drg e g FA 5 ==(Bai et al,
1989) Wit K& o] 843 w9 ZAMgko] g i
dE 2Ae E 5 A dekh 2t B FHGEY
o} Zatel A4 W Kol 2@ wzhd Jol 9%
Fecok g4 2 g ged. AFEddEAE 27
AFAR F= 4%, 2 wA0Y] = A 2%
F Omare T 277} FHEFE ARAEA FAHY
o4 A (numerical stability)ell #-2l3F ¥ld 39
A % (accuracy)ell = & Jlorst glerz, no #F
OmaxB e FE FHFETl AT Al SRS
S ol 4% FA TR FAGH G A AT 2

10
4
o
b
>
g 59
a
&
z
w
% T 10
Wave number (k)
(a) Velocity-potential approximation
T /
] f”" o
y/{f
E EXACT**,* 4
S
o~ | 3
*
1S _y"f i
g s & . 2
a Cd
> e
o 3
= qgﬁiﬁﬁ
»’ i T TE TS
= Nz =1
o-wi‘—-?m—*-«_a P ey e e
0 5 10
Wave number (k)
(b) Stream-function approximation
Fig. 2 Linear dispersion relation of F.E.M.
N: : No. of mesh in z-direction
#}g Fof.
Wik (26), (2N & faagen TAAA T
48 E4aAE dYd o=k tanh o} v 23} Fig.
1 A3 d74e & Aoz §34 74 2

Zo} A A3 4 < (linear interpolation function)&
Argtg o, 2457 el Wt ZAbE s fef

Journal of SNAK, Vol. 27, No. 8, September 1990



AgEast gAelAs B E Qe ALl AT 22

A AR A-a@ BAE weld Qs FueE
Ae ¥4 ad

4. 2xt2 FAEH 2 M

o AdAE FRFAAAY drudel de BY
AE 45 T, K% o33k daach. 4384
#4 J, K A4 (15), ADAA A% £

FA 2 Dol el 4
G5 HE 249 o

-{N g 1o afu N
¥ oL
)
) "‘J
=
Bl
it
L
I

~N,
o
:q:‘,
Hdo,

Wi
2
i
24
=
£

2

oo -r o 2 Fo
M

J:faDV,,gs dv—é—fpm-m av

—+ [ (c—Hydz, (29)

K:% f PoeTe dV—%— f (C—H)dz (30)
A7A pr G999 A=A Dirichlet types]
FEzAS5e ool gt SR QR o] FiHE &

4 g (solitary wave)?] A5 TF HT
H=Q%/2 31
2 ARt zd3g9 AP4L o435k Folokd
FA9d D ¢, 09 AAZAL Fig 3(), (b)) 2ol
=g,
4.1. D@nte I
¢ L po] 3 U3 i
el 2y e —u-Qﬂ-éﬁr A9 AL AH 4
2 & gtk A9A FEFFS 40 HAE
Ly ¢ ¢(z, ) =fol2) +i{2) (1+2), (32)

¢n:0

(a) Velocity-potential fermulatiorn

Q(z*l)t I

(b) Stream-function formulation

Fig. 3 Boundary conditions for solitary-wave
solutions

FoE BB GLE BT 3B 19909 97

Emplitude

Velocity

Fig. 4 Amplitude of solitary waves for a given
velocity
L,(or Ly) : velocity-potential approximation
by linear(or quadratic) interpolation in
z-direction, GN : stream-function approxi-
maton by linear interpolation in z~direction,

which is equivalent to Green-Naghdi
equation
Lyt ¢z, 2) =folx) +f2(2) (1+2)° (33)

o gz 7145k Appendixe] FoiA FEHFA L %

& bl Ak BAAL QA
LA 1A e ar
L: 1A + G- A=, (34)
. AQ? 1+4A o a2
L2.1+A+ : AT Gro A=) (35)
SEFE p9 BALE THEZA
=0, z=-1 (36)
=0, z=9¢ 3D
& wZe s AR ged
- Q o
plz,2)= BE=ON (1+=) 3%

7 7} st Appendixel A x.2l 2158 Green-Naghdi
ubA A 7h e ZsE A s o] TAhAl A

Q’=1+A (39)
J itk Fig. 4elA & |58 3tE3 Longuet
Higgins & Fenton(1974)9] s A= el A5 ») w23}
w2 3telth. Appendixel A 2ol AAY A (34) 9 (39)

L A a e 0A)7A 2HEAT A (35)E 0(AD)A
A Qe =z AFsE A=0.5 FEAAE @40
A9 axdE AL ¥ 5 Aok A4 (34), (35)4] 9

o]
& 97



Ae S5 35l B 2AAL 2 Ak @4 @
T 2oy, fEded g Za4 B9% FAE 2

& 7FA . ¢l Appendixel 4] 2ol A} gro] £
Ao o wirduE T4y AAzAL F4
Foz whEste stx Azt 5% QY28 WA Rae
W fEgterel o wEdes £33y zAde
THYeR 9Esle FHSE 24 FPe v
(weak sense)i ulZ3}l7] ) o]},

4.2. REtAYO o8t +=X{H A

2o qgestA 4AEQ sz, #¥, £FdY
A Fol A s ART AAE °é 71 8= 4
(29), 30)1 Foidl W J, K& AT # d5 &

A4 F5FRAA A" mA{S(trial function)
Abg3te] FAtdlE TRtk B =Edxe dEddd
AR AR FRasE o E3d FAALE
Tt 53, ¢ A AFF AAde] 24
H ASolut F98 5 e 4-3 de9 AH S8
< A oJEAom F9YE T Alld, FAALE F

3 °]-‘4 FAE FAE B £
FrtoafdAdes B4 $24¢F ¢ 2L FFEF
3
¢(x7 z):¢iNl'(x72;C)y (40)
o(z, ) =p:Ni(x, 230) (4D
=2 %A]-i]-%]?‘lﬁ}-' 0:]7]/q {Ni(fC,ZiC), izlv ":Nz}'E'

NAY $3as 2AFSS N f8ase 24
(nodal point) A4eleh. ol ZARTEE 4499
o ool @et Watmz sy (o) folth Niol 2

AAEL 2 goanl SHoAE AYsld AFuw
Sre] Niol k& SpielA Aos e @
M (2)=Nilz,z:) s, k=1,---,Np (42)

2 2A9 . €714 Nee AF3d9 AASold 4,

 Afzdded st A9 AA k] dLHE f4

Aol Ao A solc}. o] WAL
Lx)=5:M ()

2 ZA4A91 A (20, B0 H s

L gz ZAEE g, &

(43)
A

J’:inﬁbi‘%¢iKij¢j_%CkPMCb 449

S (45)
o2 ZAHH o714

K= [ pNoFN, dV, (46.1)

Pu=| M M, dz, (46.2)

Error*100

Journal of SNAK, Vol. 97, No. 3,

Aol A FE3)

Error*100
o

A4, W22

0
- f " Nilsen, ds, (46.3)
L=C—H (47)
0% ze AAAen YA e A oksht 44

& gz dA e,

2

VELOCITY POTENTIAY

STREAM FUNCTION

.2 . - - —

1 3 $ 7

fv-3

Number of Mesh

(a) Errors in amplitude A

STREAM FUNCTION

VELOCITY POTENTIAL

1 3 5 7 9
Number of Mesh
(b) Eerors in kinetic energy T
Fig. 5 Relative errors of numerical solutions for

Q=1.2 (uniform-spacing discretization)

September 1990



AfEds FAAA0) GUE A9 Hgol HH A3

VELOGITY POTENTIAL

STREAM FUNCTION

Error*100
o

1 3 5 7 9
Number of Mesh

(a) Errors in amplitude A

STREAM FUNCTION

= 2]

-21 /////

Error*100

1 3 5 7 9
Number of Mesh

{(h) Ercors in kinetic energy T
Fig. 6 Relative errors of numerical solutions for
Q=1.2 (quadratic-spacing discretization)

J 9 K} ARAE AR 248 A%

o _ aJ _
TR ol (48)
0K _ 3K _

o =58, =0 (49)

ol Hr}, o] F HAHEL ¢ oi Goll A v 4E o

Y deEgAgAe g AAg 394 (iteration) o &

KEEEEE H27TR H 35k 19909 9K

25
14
faw]
2 e ~ VELOCI(Y FOTENTIAL
* 0 = = = = 2}
L
j=] -9
2 /a—-"’-—’_—‘
-
w /?ﬁzm FUNCTION
=
a4 ////
1 3 5 7 a
Number of Mesh
(a) Errors in amplitude A
3
2 A\
1 \.\
o STREAM FUNCTION
- 8
o I —..|
= /e—/”‘:
FAES //VELOCITY POTENTIAL
e
b
(eW)

4

7

T 3 ) 5 T g
Number of Mesh

(b) Errors in kinetic energy T

Fig. 7 Relative errors of numerical solutions for
Q=1.25 (quadratic-spacing discretization)

TR E I opgeh. £ =EoAE Ay B4
o el de] AEE i Newtonwhy & ol 33 glt.
Wi A 2rgeny A FArE 48] (Green-
Naghdi -8 Boussinesque) & ©] $-3}7] 1} of o] 4 5o
A gL FRAS T SRAN T} FAHE



26
.85
GeES=2 Velocity potential N\}
\ &= Stream function
751 $&3% Analytic /4/

Amp1itude

o
an

.55
.45 e e T
1.20 1.22 1.24 1.26 1.28 1.30
Velocity
(a) Amplitude A
.48
2 .40 4
-~
Q
S -4
- #°
m gl
z £
a7
2 49
[}
e ,324 gﬁ
A,
ra
f
i
&
&'
&
.24 - - : -
1.20 1.22 1.24 1.26 1.28
Velocity

(¢) Potential encrgy V

.60 i
A/’
.55 S
e
£
- i
> &
on pe
g s
S .45, s’ﬁ
2 &”
-
2 &
< i
&
.35 o8
%‘:{é/é
&
o&
.25 . . . . - |
1.20 1.22 1.24 1.26 1.28 1.30
Velocity
{b) Kinetic energy *
2.1 - e -
2.07
(%]
g 1.97
=
1.8
1.7

1.24 1.26 1.28

Velocity

1.20

{d) Mass M

Fig. 8 Amplitude, kinetic energy, potential energy and mass of solitary waves for N.=5

Jggleh FAA LY Fyel Y WA
shel 44 zke] 107518 & 2A¢ AERAT

o

T Al e Adddd FALER Ao] o 500

o2 Aorw e 1,000 9 F2H{10012A) o2

x.:—soo{

1000*

}, i=1,-+,1001

(50)

8} 7re] A5 7bA (quadratic spacing) e & -33t5l e},

FAAAL WA A3 FAE dolrr] 3o
Q=1.2, 1.25¢] H3te] 2038 9249 FTUYE
%23l A4e Fdedet. FAAAR AAF
a2z A, £FUA T, AAAIA V, 339 4 F
2 22 M(mass)< Longuet-Higgins & Fenton(1974)

Journal of SNAK, Vol. 27, No. 8, September 1990



AfERE FA A9 )

o Ao e AFen Ao g wlaLdt
9 ok

Q=1.29 AfE 4R 24F9] %—7&.743:1
e o4F7 2,3,-,9¢ 87hA Y A S5 A o
A9 938 Fig. 5 =A3A. 2AAE 2w
9 zs] Ae -i]imz} ro] o FAMES A@A

FFg el A TGS FRAE wd Er)
o FAFEe T.V,ME& 2% = il AgEe
Aeh. 2AAALE EFAMA Thg 2ol F Vb M
o %= 4A4% T At

Rk

r_E,_B,

5

p_
}Eﬁ

Fig. 6ellAl = 94 Q=1.29 7 $ol 23 L& &
L2 N 43
2= —( ’;1 Y, =1, Net (51
oz ALALEHS ANY A%E 22t B E
A%Esl A-% WA AL FAAYL AL 2o
G s we sue ndEd. 59 29ss Sy
sEgasd dg 249 A5 A9 Al Fx
G e deA LAT Fe FUT ARE uol
29

Fig. 7ol A& Q=1.259 A%l rﬂoﬂ o A
2833 AAAFE =AY o AFdAE Q=

L2d e e F-3gx FAE £ 5 g+t
Fig. 8ol A& 2 go 2 z%%zﬂs}oq, N.=5¢
-?—01] qd Qzre WEAAsE Add 7 FeFE
& AR AL vty QR tE 71 A4
75_4° *%E g9 AdAdstE ,+ 1o p-shi A
%ﬂ& < ¥ 5 g she] 2 Ad A FEAF
4%& AgAHsE dAdS A9 dAsE AL
F o, §A99 Al A A £3
T, V,M& $3@<e 9 Ade]l o F& A48
°1r+ 4, nyste £ Qb 1.28~1.299] F
= A AS FoA Fxel w3 FA8 §
%kg Bz glovt B FAALAAE b4 o]%
gelatA Bty olE, B FAAdAAE FolA
~A A AL
q_

|4
PAN

b

@

e
N

=]

or2 me 4y o o o e

G

Hﬂ]

IN

h

£ Qo W@ 4 s gd e AL
S W goletz AAsE o Fpe xek o AAR A
e AL A dHen se ALy Fds
1ol W ashehn 4 e,

Fig. 9olA &= Q=1.2] &l =33 LA
gate], N.=1,2,4,82 A" 3§ 24945 &
=3 5ol & TAGME 8257t Fo4Eel et
S$ne woixlz AAL Fsbets AFE % F Ak

FFFa AT AL olsh wAe FFE %

KERERESIE 278 $ 38 19904 94

_1}: r-im

£ 49 ALl AF 23

Wave elevatica

Wave elevation

5 -4 -3 -2 -1 0

{b) Velocity-potential formulation

Fig. 9 Wave profiles of solitary waves for Q=1.2.
Uniform-spacing discretization with N;=1,
2,4,8

% 9\vh. Fig. 100 A& Fig. 99 2L 9ol # oo
e AERA e L8 A4T AHRE BRAFE
th, o] A% FEAFS] AT A $3A4Y A

of wal o wE UL mech 53, g e
Sae Not 2 o4d ASods A dA4¢ ddg

. olEl % AL Fig. 649 AFdds

‘H‘X] 3]‘:’— M

A A gt



28

wy

Wave elevation

-5 -4 -3 2 4 0
X

(a) Stream-function formulatio:

1.5
1.4
o
2
= 137 Nz =1
1)
o 2
2
2 1.2] 4.8 3
1.17
1.0 S ——
-5 -4 -3 -2 -1 0

X
(b) Velocity-potential formulatio=
Fig. 10 Wave profiles of solitary waves for Q=1.2.

Quadratic-spacing discretization with N.=1,
2,4,8

Journal of SNAK, Vol. &7, No.

o
ol
5@4
Z,
oL
PN

5. 4 =

o Aoz HIF "‘rﬂi‘*’a a]zs}
7184

%ﬂ%A.L
o st E deld AT o8 R FAHNA
A smA stgeh. 1A A9HE mldAe
T m“oﬂxH PARA A g A, 24 23
WE gtel st @ Fxe JAAE FAA 7
'{'] F ol gste] ARAAE Q3 1% A5
Arsge. wAGoR fFasdE $
Vg raka FAA A A Y friha e
TR R

ru

3] fra

Bog o
M rﬂ

SRR EL
el u) A Yst Ao A 7]] Aboll  glolA], o] &
Azt 2
]"i"ti“’r A A
FAAL 208 XA

Aaelop grekm A7

A A FEUSE v ok
. Yo
ol @A o9 el HE

A ol AEge el

Hr
# 10 g #
(1] Bai, K.J., “The added-mass of two-dimensional

cylinders heaving in water of finite depth”, J.
of Fluid Mech., Vol. 81, pp.856-105, 1977.

2] Bai, K.J.,
canal using dual-extremum principles”, J. of
Ship Research, Vol.23, pp.193-199, 1977.

(3) Bai, K.J., Kim, J.W. & Kim, Y.H.,
computations for a nonlinear free-surface flow

problem”, Proc. 5th Int. Conf. on Num. Ship
Hydro., Hiroshima, Japan, pp.403-419, 1989.

[4) Fenton, J.D.,
solitary wave”,
257-271, 1982.

(51 Goldstein, H., Classical Mechanics, Addison~
Wisley Pub., 1980.

(6] Longuet-Higgins,

“Sway added-mass of cylinders in a

“Numercal

“A ninth-order solution for the
J. of Fluid Mech., Vol.53, pp.

M.S. & Fenton, J.D., “On

the mass, momentum, energy and circulation
of a solitary wave. 11", Proc R. Soc. London
A340, pp.471-493, 1974.

(7] Luke, J.C.,

with a free surface”,

27, pp.395-397, 1967.

“A variational principle for a fluid
J. of Fluid Mech., Vol.

S, September 1590



Afrxel st FA el

(8) Miles, J.W.,
free-surface waves”,
83, pp.153-158.

(9] Naghdi, P.M.,
solution obtained for two-dimensional flows
confined to the z-—z plane”, ME290B-Nonlinear
continum mechanics lecture notes, Dept. of
Mech. Eng., Univ. Calif., Berkeley, 1981.

[10] Serrin, J. Mathematical principles of classical

“On the Hamilton’s principle for
J. of Fluid Mech., Vol.

“Comments on cnoidal wave

fluid mechanics, Encyclopedia of phisics VIII/1
Fluid Dynamics I, 1959.

Appendix DEIO}e] Linr A4

() S=3 #5028t 24
54§45 ¢2) I E

¢(z, 2)=folz) +falx)(1+2)" (A.D
em A4
$x=fn(l+2)" (A.2)
pe=nfa(l+2)""" (A.3)
oA o wAAEL 28 A O At
zbgre] A s Fsu
J:fL, dz
2 2hn‘l , ; h’Znﬁl 1
Ly=— L {3t 2t
- P B (A1)
2 Rt 74
h(z)=1+8(2), H=1+0Q%2 (A.5)

o5 z=—coclAe AT AEL Adel W} ¥

A wtgeh A (ALl A9 Lagrangian L fooll
HE R
,@LL = . }L’”l r .
oy T M S (A.6)

o A% nzAe Qich EmF sk bl g T

— L (ke + AR (b )
—0 (A.7)

& dudh 4 (ADS AFTANA T4 23
o) Heh fool A% MEAN Lagrangian Lol A%
Hamiltonian

Hy=t/o k1, g1, (A.8)

o] mEg 2 o 45t

KEEMB L 2T H 3 5R 19904F 94

FER NI EIERR L P

29
ra . 2" , , thll 12
hf73+ fof o T
nZthl 2 Py 2.4
- PR P H =00V (AL9)

2 4% $% % (lincar momentum)®] 3 &4 & A&t

[

A (A.9Y WL o=—cool e AAIZA

h:L fOZQ’ fn:f,n:() (A.IO)
oz ¥ adelgrk. 4 (A.67,DANA [ ffad &
bk

2 2 *ﬁAh

Q +—2—¢1 Gi(h, f) f2

R(h— I _,Q: -
h(h—H) h(Q2 y ) 0 (A.1D)

o BAAL dxe o4

Gulh, f) = (2CH~B) ~ =3 2— 2 (A12)
2 Agd, dAd r=0A%E fu=0, A=1+Ac] =
2 ol E (A.12)o A3t
AQ? 1+A 2=
1+A+27H1G —A (A.13)
— - Q 2 1,2
G=G,(1+4,0) NrA -+ (Q*—24)
(A.14)
& Qe
2 (A 149)9] Ag wke] 27 Avh g Al
el EAEA “J.
2. A? 3
SLEA— B 0 (A.15)
o] A G olirv). a=29 A9 9 A
A2
Q*=1+A— 20 (A.15)
7b el sAdle] A APl ApatA dAAH
(Fenton, 197")
(2) fagtsol 2|8 2AM.
S o AW 2 Fuled Ay FA A
99(1,*1)A0, W(I,C)—Q (AIG)
G upEd ol dhoh ol & WEIHE b e g
2] ol
o(x, 2)= h( 5 -(1+42) (A.17)
o BERo 4 (30)e] Wit el ] AR e 4
Ekciaal
K—‘—fLK d:l:,
Qrr . QP 1y
Ly=—%*—- o T oh 2*(/1 H) (A.18)
9 olA xlch, Lagrangian Lx®] Hamiltonian H9] %,

g Ag ol ol



30

RO AN VN WO T Q!
Ty =L )
9 AYEFSF 2EYAL A2 o2y

h,:t@Q—},( ,1}:392 ) (A.20)

S d=v. 4 (A 2002 Green-Naghdi WA A #A
o} 7o} (Naghdi, Lecture Note), 3= z=00] A

AAZ, A3E
9 23
B=0, h=1+A4 (A.2D)
& 21 (A.20)o oelstd
Q*=1+A (A.22)

9 g Qe

Journal of SNAK, Vol. 27, No. 3, September 1990



