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ABSTRACT

The paper presents a linear transient solution for the solitary wave
generated by a piston-type paddle in a finite flume based on the boundary
condition derived by Dean and Dalrymple (1991). The wavemaker
problem is simplified by decomposing the wave potential into two parts.
One is the evanescent wave and the other is progressive wave. The
possible solution for the evanescent wave is expressed in form of the
Fourier series. The governing equations for velocity potential can be
written as two nonhomogeneous ordinary differential equations. The
corresponding analytic solution for this problem subjects to initial rest
condition. The validity of the proposed solution for step-movement of the
paddle is first examined well through the convergence of the series and
by a comparison with the previous solution foran infinite flume.

The solitary wave can be generated considering Goring and
Raichlen’s movement of a paddle. The proposed original linear solution
for the solitary wave generation is_expressed in the hypergeometric
function. Two disadvantages of the original solution with large trailing
wave and skewed wave profile are found by comparing with the theory of
solitary wave derived from Boussinesq’s equation. The difference
between the original linear solution and the solitary wave theory results
from the nonlinearity and dispersion of generated waves in the flume. A
modification on linear wave speed for weakly dispersive wave is
considered following Hedges’ (1976) expression. The other dispersive
waves are assumed to move with a constant speed as a linear shallow
wave. The modified solution keeps the basic conservation of mass and
has good agreement with experimental results. Trailing wave increases
with the large movement of a paddle, but the wave comparatively crest
decay due to nonlinearity.
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B FRrsEaTaELEpE s d (2-30) ;4¢ (2-31b) ;47

222 4E1
EC AL

{% AZJ - sh (2-33)

(2:28) 2 (2:30) %9 2 %97 5 mlicfe» ka2 81
FAL N BEETEIF ARSI APREL S PRAET
oot @iLiBAeY g Tk LB A gL TR o
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0.000 - T
-0.005 . ' L l L ] !
0 40 80 120
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RS
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0.02
water elevation at x=5m
- — — Moraes et al. (1972)
Present method
0.01 |~
£ 0.00
=
-0.01 -
-0.02 1 ] 1 ] 1 | ] ] ]
0 5 10 15 20 25
t (sec)
0.02
water elevation at x=29m
R — — Moraes et al. (1972)
Present method
0.01 |~
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=
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0 5 10 15 20 25
t (sec)

B 2-6 Moraesetal. (1972 m &) g2 A~ 25 2% (F M) a0t i
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$z% me kBl

mi%é—ﬁﬁﬁﬁ%§¢£ﬁ’ﬂ%ﬁé?*E—A%’ﬁ%
- 1345 Boussinesq * #2;% 0 &

&
, ,‘l?_—:[,r, f-F—m]""F*—L‘ y _‘1 ]E}'EIJJJ»‘\: ;’imggpm
P

n(xt)= HSechz[ %(x—ct)) (3-1)
FPCcEM AR HIHE L c=Jg(h+H) (3 %% Hughes
1993) - Goring £ Raichlen (1980) 1245 kg 323 T 4 @k £

A \

@iﬁxiﬂfﬁ’z%m:ﬂﬁi}ii’m:ﬁ-tﬁi ZoRAFRERPEGEE T

BRE  NBER I ERATZRE S LT RAEARITN0 matd
1@m$ig SRS AR E e S Sk S SN sl R O
BYE LT KETHEREUINE S VHEEANE T 5

dX, (t)
dt

=0(X,,t) (3-2)

AR AZ R R HE A kBT 2 % R
ke ks FkETEERT L S

U(Xo,t):% (3-3)

#(3-1) 558 (33) v r (32) N T EPR A E2
[hady s Bl -2

X, (t)= %Tanh(x(ct X)) (3-4)
;¢ k=,/3H/4h% o

R RBAF FRAFEORE S
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Koltn) == 550 (3-5)
BpFEPE ST (35) A RE

16Hh

S:XO(+oo)—XO(—oo): 3

d 3z Al L &2 E > RFPERHBAFF I 7 a8
+ » # Goring 7 Raichlen (1980) k3 A PFR 5 -

_——(Ianh‘1(0.999)+—J -—(3.80+—J (3-7)
KC || KC ||

R @A F e 28 (84) 82 - 228z ol Az
¥ FEE o st E @ TéLi\'TF:T\ :

X,(t)= %Tanh(xct) (3-8)

A R AR R

Ult)= dxd_t(t) - M e uct) (3-9)

TR e & o @R R ﬁi\*lﬁy—ﬂi‘ﬁ& =

u(t)= 210 :%Sechz(m(t —%D (3-10)

dt

FohefE i (3-10) NEEC AT > T R W RIREAL R o
e B L p 2 sech B d > #2355 (hyperbolic equation) » 5 FB~
B anFEL - ¥30t<o iR o B (3-10) sV ivox (2-22) 500 F

U

ghaln(Cosh(t3 - 5r)) (3-11)

A (t)=ayt +b, + YE

;tﬂ a Ig;{ 7,/,,\94“3;%\,
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p=cx (3-12)

n=0, t=0 (3-13)

®=0, t=0 (3-14)
217

- Shanh(z) .15

by = - ghaLn(Icggsh(ﬂy)) (3-15)

# (3-15) st (8-11) it @ge @

A(t) = ghaln(Cosh(A(t=r)))= |,3( osh(Sy)) +tATanh(By) (3-16)

#(3-10) 0w (2:23) N HEBEY Y AT G o LR
hypergeometric & % < acs#c# 7+ 2 > ,F hypergeometric o #cez_
%% Grsy "ﬁﬁa’v)i

00

rs) 3-17
p a; ( )

n=|

£ ¢ (p), ~ (@, ~ (), 3 Pochammer symbol » # % % 3
(p), = p(p+1(p+2)---(p+n-1) °

A )2 BT AT S

A (t)=a,cosm,t+b,sinw,t+

1 [(— HG, + HG,)-

nzfw, \ 2ig ozSech(kn h)‘ranh(kn h)j (3-18)
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;7 2 HG, ~ HG, * % ,F, hypergeometric 3#c > 4 %] 5 :

_ _ia)n q_ ia)n -_a26(t-r) -

HG, =,F, (1, 25 1 25 j (3-19a)
— ia)n . ia)n - n2B(t-7) -

HG, = ,F [1: 253 ,1+—2ﬂ ,—€ j (3-19Db)

A fEinlidca, ~ b T I B M A iR 2 (3-13) & (3-14)

R

a =~ (2igaSech(k h)Tanh(k, hYHG, - HG,)) (3-20a)
nzpw,

b - 1 (2gaSech(k,h)ranh(k,h)- (3-20b)
nzfo, | (-1+ HG, + HG, —Tanh(5y))

;47 2L HG, ~ HG, & & X 4

_ o, o, op .
HG, = ,F, (1, 4 1 =k j (3-21a)
3 lo, , 1o, vl )
HG, = ,F, (1’_2ﬂ ,1+—2ﬂ —€ j (3-21b)

Bk S w (3-18) e it T A

2gasech(k, h)Tanh(k,h)-
A (t)=—2 | (—iHG, +ie"HG, +iHG, - (3-22)
nzpw, , :
pito HG4 + Sm(a)nt)(l—i-Tanh(ﬂ]/))

Il t<r @R R s R iRT 9 (3-18) ;g (3-22) N
> (2-20) NjzE 0 pd kG St T 4 (2-26) 3 g o

t>rPF A FER2FL > UM)=0 HLAF7 23 (2-29) ;¢
$1(2:30) N tt=r LB S freip s v ] (2-29) 7 2 (2-30)
;\: # E‘j”f’/éfﬁ{Al ’ A2 ’ C1n'/lg;“iCZn ;"‘:" :

_ ghaln(Cosh(By))- Ln(Cosh(z — »))+ zTanh(B(z - y)) (3-23a)
|3°

A1:
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_ gha(Tanh(By)+Tanh(5(z - 7)) (3-23b)

A, 5

e " gaSech(k,h)JTanh(k,h)-
C, = ; ~1+2HG,| 26" (~1+ HG, + HG, —Tanh(sy))+ || (3-23c)
nNzpow, B :
Tanh(B(zr — y))+e?™ (—1+ 2HG,| _ +Tanh(B(r - 7/)))

ie "™ gaSech(k,hJTanh(k,h)-
C == ; 1-2HG,|  +26™(HG, — HG,)-Tanh(B(r - )+ )|  (3-23d)
TP
"€ (-1+2HG,|_ +Tanh(8(z - 7))

Bt o N (2-29) e (2-30) 5 TE EFE t>1 PFg(X,2,1)
B p(x, 1) 8 s fR 47 %
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TEREATHT R g 2 R B AR5 T L A A

#&T\m @R R A SBORIE R S 36mo ckig s 0.3ms 4 B
5 0.03m 2zl 2 BREEE o 1995 (3-8) 47 (39) & A
HEZRECERFEH 2 ERFFT 2B RRBAR 41 2§ 4-2
=

o

=y

Bl 43 2B 47 242 pER
Bl d gt - 5 IRF P R g s

(B 4-3) Bhtpi=fEs 4’%5(:%‘_%?“ (%%@4-1 ~Fl4-2) 3 F
A-4 P> F g EE R B LM A 0 kw2 B F RS > PR )
Y REAE Y B SRR REET BB 2B 45 d A
FREBPHRERT 00 Rudp2 A F TR 5 Bl 4-6 Gt=rFid
ko g d e KR @R (AeRl 4-7) F BlP AF FIR 0 d
SR R s T S SUINEE <2p SR R DT ER el Ly SR £ gl
FoeIR G0 AR G RAL I G o P Bd L EARY )R
FERAGAES YRR AR s o H R S BRI R R -

w ’ﬂ
*ﬁ"x‘
ke
7
=
F-
\J
I
=
S
~zy
™
(\x
=

-

|~

Boussinesq > Az ;¢ Hiut # 2. KdV = 24p 4 f & % RIF R
KE R FuRER M s ptEhe ST S 2 15%%{‘%_'3' (¥ %% Svendsen °
2006 ) > m 1245 Boussinesq ~* #%;% ek A K

S

9P S=H/hEZApEA B > u=h/L 5 AP RIF - & i‘iﬂ?ﬂ‘ 5 1
AT LI PR E S I R SN IS VIV AN £ C i s B A SR U A
S8 P Jp 2R f BT o ¥ od 3 Boussinesq AR 5 - 1S E u s Mk
FHEFR 2> 25N 0 58 4355 ) & > Boussinesq = AZ3% 2.
ﬁ;,{ gﬁm?#‘/%w oM A LT BT - Bk A }?*’
£ F MR T o AT AL G Fd At 2RAM T Sl A%
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Tt & M i ¥ 2 BB R RAR I B ¥ i i

AR 2 S IR R X A Y g 2RAUE I 0 O F] S MR ORH,
kw v Fourier B dcE B 2 e B A2 HEF ARG

Kk =n|—7[:>/1 =— (4-2)

g (42) ¢ Parkipk k£ d 21 3 &) vE 0 bk B

ML Ao oA R o d %o FIGsn EEAY T D2 A HTh %
-\ -
P

w,” = gk, Tanh(k,h) (4-3)

Foard v R R R 2 G @ A a2 A pTa o
v AT B B A F A PR R R E R R B A RS o

ﬁf”L /ﬁ»lw \!H'U/ﬁ\\ ER

' =1 :-ELTanh(knh) (4-4)

hE AP kh>0 e=4/gh - a2 @bt ik o= Jgh+H)
P2 T o W drd AL g 2RI ko AUMLE -6 A )
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plate displacement (m)

plate velocity (m/s)
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Bl 4-1:3 44 A d
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0.20

0.16 |-

0.12 |-

0.08 -

0.04 -

0.00 1 | 1 ] 1
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B 4-2 2@y s (FEkR 4-1)
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n (m)
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0.00
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0.03
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n (m)

0.01

0.00

-0.01

Bl 4-4 -5 %

water elevation at t=0.251
Present method
— — - Theory (Eq. 3-1)

X (m)
B 4-3°2- 5 25 pramopof ALl g

(1=36m » H=0.03m >-h=0.3m » t=0.257 )

10

water elevation at t=0.51
Present method
— — - Theory (Eq. 3-1)

0 8

X (m)
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0.04

L water elevation at t=0.751
Present method

0.03 — — - Theory (Eq. 3-1)
- 0.02
g
=

0.01

0.00

-0.01 1 | 1 | L | 1 | 1

0 2 4 6 8 10
X (m)

B 45 EH 2% mEB A gulik (FEF B 4-3°t=0.75¢)

0.04
L water elevation at t=1
Present method
0.03 i~ ~ — — - Theory (Eq. 3-1)
_ 002
g
=
0.01
0.00
-0.01 1 ] 1 ] 1 | 1 ] 1
0 2 4 6 8 10

X (m)

B 46 R SHRaRHR TR (FEREB 430 t=1)
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0.04

water elevation at t=21
B Present method
0.03 - — — - Theory (Eq. 3-1)
/ \
002
g N
=
0.01
0.00
-0.01 1 ] 1 ] 1 ] 1 | 1 ] 1
0 3 6 9 12 15 18

X (m)
Bl 4738 @ % mmmt Ve g (1512 B 430 t=27)

4-2 M-I i
d 2 TG A e SRR R A5 B A AT

1. R i RS R -

v a2

2. @ MU GBS  FRAVALIERF R B B
N R E L B B AR aR AR iE 1R o

&5

PO RREERE R B 50 KRB EAENfE T o0 F & RGE
FEenfidr > fed R 2 FRE2Z R AP aailsi? 73
hypergeometrlc o fic o g FEH 2 (perturbation method ) 975 5% 3
B3 B R IER g 2R AR AR
Zhang #2 Schaffer (2004) a2 H B gy ? » g g o
Ak R CHE S NP B atﬁ;;i TR 0 M & PR * 2. Boussinesq
BB 2 RFEI e 50 B AR fRT RS IR G2 R s fTiE K
wehA B o A< 43 Zhang 22 Schéffer (2004) =1 2 » B f347 /%
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w4
P
I
RS

{(a)m ), =(y), for  kh<z/10 (4-5)

(0,), =ck, for  k,h>z/10

F P (), B a2 TR o b BB AR ER KR
iF e ik ¢ R e i o A ERFKh=2/10 T 5 - B
oo okg R BokiEzZ AR (V%4 385 2001) M;};ﬁﬁ?khgn/mf%
FALG KT B3 e ATth £ kh> /10 P L FAR G 2R

EX- DA TOE LB B 1 3

(w

=" 2 (4-6)

d (4-6) 7 MFRP TR ARIELZFEF) 5 Adn k&R |
BoRE he ok & R 1=36moo K h=0:3m pF > 7 & % RiEE 24
Ben=12> AR L EINN=12 2 kR, o

R >0 i SR TR 3G A M e AR Bl 3 AL 1Y 2. Boussinesq
AN 2 2R R F S D RS H AR RIR(H/N) R A (S S 2
M4 (%4 Swendsen»2006); i * LA 0 (4-5) 34 ¢ 2 (o),

£

Y < a7 285 8% 50 )\ ¥ 2 SRS sy 2 ) 2
T o X ZERMATR TR 2 AT T BT a3t o

4-3 ﬁkﬁ]ﬂ»}gﬁ &gféz‘

A e {rﬁg Rk EREens kP LA FoRIEY A
SR RS E SRR FHE (el ik &0 Y Nl 3 R
AL H AT RIS 2 ﬁﬁﬁ%%§ﬁﬁ%ﬁ€%ﬁﬁﬁaﬁwa%p
TAEA NS R R EET LG F TR ORAR (75

Hedges - 1987 ) -

= PEen Stokes A 4 BE 45N 5

— gk(L+ £2D)Tanh(kh) (4-7a)
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¢ =KkH (4-7b)

_ Cosh(4kh)+8—2Tanh?(kh)
- 8Sinh*(kh)

(4-7c)

d 3 (4-7) % B ag * 30 % -RiFa = > Hedges (1976) %ggi i3
TS AR A 0 3B AR NN k2 ZLAE S ST g o N

o’ = gkTanh(kh + &) (4-8)

(4-8) \BEAR AR -RIELT 3 FAE B enpma > tH RN
R kERIR S RIERY §F P EOFELFE L (4F Kirby &
Dalrymple » 1986 ) - % 7 s fR-Ki#E 4] > Kirby £ Dalrymple (1986 )

L i g - Ff Stokes & FchE (5387 Hedges (1976) ek -k & 4B

BN B - B ANER R kA M AN
= gk(L+ f,khg?Dranh(kh + f,khe) (4-9a)
A

_ Cosh(4kh)+8— 2Tanh?(kh)

8sinh* (kh) (4-9b)

f, = Tanh®(kh) (4-9c)
kh '

f = (Sinh(kh)] (4-9d)

Hedges (1987) :x 2 (4-9) ;* & kh %/ EpFE % ¢ 72 Bl
A F N RTenE & 4 FThE TS

_gkfi+ )Tanh(k“”j (4-10)

1+ &2

Kirby £2 Dalrymple (1987) e 4% ) 7 37e085 & & gk G50 ¢
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- gklL+ T, gZD)I'anh[ kn+ e ] (4-11)

1+¢&° fD

Li2 Tao (2004) 3 & %0 A 4% 12 B & 4R A58 > b d
= P& Stokes A H7h 3N A BFORIRPE R EE L

= gk(1+ P&?JTanh(kh + Qz) (4-122)
P
P =Tanh(kh) (4-12b)
koY
Q= (Sinh(kh)) (4-120)

Bl 4-8 5 itk 2Eafr oAl ThB s Aol T R R R S
36m > -kiFE 0.3m gk B 5 0.03m pF o - gk Bion=1~100 2.
Bk ik et b abz 2R A ETR R gt i A R e T N

2L 5 o3
P
C,=—" (4-13)

A B 49 B s EEIEE (n=l~12) premt fi - B 4-8 7 U

4-1 &7 J/ IR EE > o AR AFOTRE N R A A B 2 AR

BB IS oD d B 4-9 F PR "f 7 Kirby £ Dalrymple

(1986) 2. &% ¢t 22t o 3eM BN AL A iEE T e L8 97

Vi ; 138 3 g > EP Hedges (1976) 2 ¥ /R 2Ea M & Sk (5
T MMILG P kg 0 wx (4-5) A7 B 5

{(a)m ), =+Jok, Tanh(k,(h+H)) for  kh<7/10 (4-14)

(0,), =c.k, for  k,h> /10
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wave velocity (n/s)

wave velocity (m/s)

1.8

1.6

14
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Theoretical solitary wave speed

X = O 0 ¢ +

Linear (Eq.
Hedges (Eq. 4-8)
Kirby and Dalrymple (Eq. 4-9)

Theoretical linear long wave speed

4-3)

Modified H. (Eq. 4-10)
= Modified K. and D. (Eq. 4-11)
Li and Tao (Eq. 4-12)
1 | 1 | 1 | 1 | 1
0 20 40 60 80 100
wave number
Bl 4-8 2baE A FThE Tt R
+ Linear (Eq. 4-3)
© Hedges (Eq. 4-8)
o Kirby and Dalrymple (Eq. 4-9)
. o Modified H. (Eq. 4-10)
a Modified K. and D. (Eq. 4-11)
X Li and Tao (Eq. 4-12)
Theoretical solitary wave speed
- B & m g
= & P ﬁ
2 a
oo
5 Theoretical linear long wave speed
E__Q_E_E___Q_D__D_EL_D__EI_
+ + + + i
— +
+ + 1
1 | 1 | 1
0 4 8 12

wave number

B 4-9 £k iF T 2 2R A ST Tt R
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44 5 %5234

4-4-1 B 1 MPFEFE B %

# (4-14) 2w R d gy F
B 4-10 2 B 4-14 5 gk ® (t<r) 2T 841
VREfEAS 0 d ARG H ST R B s 2R
#\@ﬁia‘wﬁﬁé%wﬁu wmILH }i,p‘.<+§7,)§n P S
3T e A BEiEAR Y o T3 A AR ARG xim“iééc’—,’&i&fw'lwé
TAP A L GRIERR R Y EEBH S > A BT E ,
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4-4-2 3 RMfEZ AT e B FE S
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Yo act Rl T 44 B4-150 d SR B R REs I3 T AR Gk
C,&C, 40P T2 10°, &6 110 ps & ] > 10% . %
*_El_‘f‘é»ﬁft'i’{ PF % oy 4o T et E eS8 B M t=3r > x=60h 5 PR
LAp AL ) Y 0.01% 0 KT WF & 63 7 Tay i Plzar

F.

R FE SRl kP 2R 5 - R SR 30
“—Mﬂ B EL AR A #
MU f%éw 71\%%*#93& TFETEE R NEE N LS

Xo(th = [/ (x,hix (4-15)
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e
\3
7“_
aﬂa
i
=h
IF
o~
=1
A-;—
L
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7“.
aﬂﬂ
i
=h

4-8-3 P F F RS Rk
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45h ~ 60h ~ 750 ~ 90N ) e = ik B R H' S % - B L LA B a2
FA I B A-18 05 A RS B PG R B E (iF
k) SRR HBEERA B HARRF > HYH  H 2 E R
B RS T 2 M 419

d B 4-17 22 4-18 P ¥ U F MM TR E LA F L E R E 2
PR g en kB 0 2 g% & Goring £ Raichlen
(1980) ~ Katell ¥z Eric (2002) % 4 z_§ 2 & % 4piT » & Goring £
Raichlen (1980) -~ Katell ¥# Eric (2002) 4 %% 3133 & kL 97 &% R
Flh kP B4 2 P Katell & Eric (2002) 2z #75 ¢ & 4] %
Keulegan - 5% (1948) dafed ZbiF 4 2 2. 85 R E > @ 258550
2 THERERTHREF SN G H TR B RERZ AT
Goring £ Raichlen (1980) 7= & & &k ¥ A PFFR (55 3-7 3% ) 3 4o
10% > ¥ 5 2 bk A4 0 JERF A0 Bl R A EART T oA R 20 &
BAE LR HoL 2 U8 i B 5 @Bahonifed v B v
R R R e AR R B Ry G &R g
B VU i o
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0.04

water elevation at t=0.751
Present method

36

0.03 — — - Theory (Eq. 3-1)
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0.04

water elevation at t=1.51
B Present method
0.03 — — - Theory (Eq. 3-1)
002
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X (m)
Bl 4-12 B3 (o3 5 5% BTl 25t )
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water elevation at t=21
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0.03 — — - Theory (Eq. 3-1)
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0.04

water elevation at t=31
B Present method
0.03 |- — — - Theory (Eq. 3-1)
002
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X (m)
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o Water vol. by plate displacement
- f Water vol. at free surface
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