#OI6H M oa M
2004 £ 7 H

A% O R

ACTA MECHANICA SINICA

Vol. 36, No. 4
TJuly, 2004

R, ZAMTREBRLLKREBENHNESHIE

R

(g % ER RO BCFE RIS EL, R 200072)
(P EEE A IR R A P E O AR, bR 100080)

ME 9T FLEb RS R AR i) £ LA BT R,  IF ELSG I8 B iR AR [ R L e SRR i 20k TR
R, M Green SRS AREOT T ERAEART8L 2700 BUR IR LA B B SO0 R (RSN 2 LA B
WG e S L A AR, FOACT R R T R B s PR, 0T
LV 8 i Y, (ECIR AN T R R, A, LA R TR it e kiR
b 1 gk, bR RS R, K Green SRS EE N T R ASNRERE &
FR, BfEEE LML SR E st R, TR Rt HFaETR

et A VR I A

FE  EFLAEL ARPTEGREE, HANRE, Green STEWSA, §EMER T

3l B

T R B AR E A A iR AL AT
TRRJRE, AR B 0 e (R R A A R T R Y 5 R
MARFER 7. DUFESR H 92 Bl At R £S
A D~0] BB R E RO A e R, R
IR TR PR LA, AR EE
izah, EmEEREA . B2 THIPERE, £41
A1 BRI LA BR 07 AU Tl R R
i, B, IR A L B A
Bt f TR SRR AR B L T i
Sl AR S RTE, FAnd R - BE
SCE AR PR LW de g i, R, HRTSSE £ AL
A JET I B ) T A o MR T2 i ) B
HESRpy B0 (LR AW I R i S &
FLAT BRI RAREL AR 2L Sah, dhbhii g ip
55 R PE A B R R LR T S n. Oy T Ak B ]
TR, LR HY AR nT UL s i e 2R
A, Fkny U, sCERO A BEIG RN, i
JEEAR AR BRI B DL Rt B 3] T A
BEARPERN & LA BRFE, (BRI R T E
P O A WAEHITR, FiE B8 ELs
TR IR TR R 02 e i e 4,
T B A S T R A SR CRREA R R ), B
AR S T VP e 1 R ek, 9T S )

AA-10-21 P 8 1 FE, 20000016 i B SR

BT B 5 A A e 0 Y.

AR B 2 SRR, AT RLS AR IR R
AR SRR R AR PRI i, A El i S e
T — BRI Brags StRRUEIE M i
T e L TS A AL A R AL i
JF i 3 LR T B TR R R e R, R
R A3 — B T L Ar B, N F TREe
Fp i FRRRAR SRR . A T 5 oo M Ml 22 i i
TRAEIE R R B iR 2 Bl &, (RLACRhER 4,
AU LR ) MR IR TR A T, B r 2L
JRUBECRE, R T - B, 50 R R AR
B i H A TR

1 JEFER. SFrRERE

HLAE 5 18— PR AEAR T8 . EfLor TR
ek, o= (ry) #FRRTL4T, = FREHM
EAR. 2 =0 AXRshry A dEm, 2= -hiz)
Ak BEKEITHE, e KL fE LT RE
FEEE B sl 2 3005 - AR (nfE 1 BFaR)

h = halx) = h(x) (1)

WP = hga(®) + halx) — ha(x) (2)

HH hoy Fl hee {RERE SR, M F0 he fRRGRAE
arfit, CETTR AR R

1y sy M ES A (102T2072) | o B B e A SR 5T Bl bl % )t O0C oot T I AL i i i O S R RO R0



456 # e 3 " 2004 £ W 36 #
. ave az o
Lt e e Foft, VP = o g, TR (1) AR S
misron j%" T frte = = — oy SR O(33,0%) TR, w2
T t A ‘ AR 5 2 LA B2 LT L ) T 25 8 T L,
powlager AT, FIRHE A TR S0 A — A0 4. VRIS Ty p AT
. J,;-""' E-“}" /ff.-"/ a_';ﬁj-

///Ampﬂﬁ; )}e;:} -

B L e B R L S b
Fig.1 Definition of components for water depth and

porons layer

0(4) = D(m) = U(mm) “2er @

;i'-hﬂ| L‘-hﬂg A
O() = O(khy) )
0 ( I;' ) 0@ 3 (4)

0(%‘) ~0(1) |

O(+*) = O(khs) )

o2y =0 | ()

D(%) ~O(1) |

0(3) ~ 0(&) ~ 0¢) ®)
StV = () 4 408 o o BEf N
VRIS 4,0 F  B2ER 54 BT

B4 A= 2n/k hEmAE MR Hik, (1)
il (2) AT HE A

h = hﬂl {ﬁm) - Iﬁhl {ﬂ:} {?]

W = hea (Bx) + dhy () — + ha () (8)

2 R EMLN S

AT P LA BRZ EfddER, HATE
AR, TCWMTA ) JCREZ s B, TR T MR ¢
fr e 7 R 3 R 1

Vit =0 (—hg <2< 0) (9)
i +g-=0 (2=10) (10)
$o = —Vhor - Vi + 0V - (h V) — dh, Ve

(Vhoy — dVhy ) + w"

(z = —ho) (11)

Po=—plipy +g2) (—han <2< 0)  (12)

HH p A A S L.

{2 76 2 AL LR P i it as sl 4 TTRE Ry, W
A SIA B R o o B TR R
T

Vip+ = =0 (—hgy— he € 2< —hgy)  (13)

@ ==Vho1 - Vi +dV - (Vi) — V.-

(0Vhag =8 Vh) +u® (2= =hg) (14)

oo

He, w? Feom b, FIRAeiEm I 5 g d .
TR (14) F(15) B E L IUER B, FEGASRE
#ﬁﬁ[l?f = —-ﬁ-m it*u = —-ﬁ-m - ﬁc:z Mﬁﬁﬂ
O30, 0%, %) M. EL0ERES p»°, 7T #R
sty [15]

9= = =V{hor + he) - Vi + ¥V - (ha Vi)

(2= —hor = hoz)

= —p(:—,h@f +gz+ f%@) (—ha = hoz < 2 < hgy)

(16)
Hw, + 2R, [ 28R, » 21K
BE, w M.

TEACEI Ak, e 2Hr o i 0k T ST B0 201 e S Y

P =p° } -
z = —ha)

wh = wh

3 EELHEMEMNET

AR LA B AR R W E ¢ Fl e Pl
AN

gla, z,t) =[x, 2)o(, 1) + AR (18)

wlx, 2,t) = fPle, 2)f(x,t) + IR (19)



#®4am L R | S I T LR U 0 s Ry o 457
TEA T-H3IE (Bf Vhoy = Vhe = 0) B &1 {5 Smith F1 Sprinks" SRR A9 77, AT
T, AEFEE A Y, P AGAEXEMEEL O Grem HoESASRNET o fl o &S
1 [ fit, 0075
= %[msh khgz cosh E(he + 2)+ o o
avsinh khoz sinh k(hg + 2)] (20) f_ . JUaadz — f_ o @fidz=
fr= _:a coshk(hgy + hgz + 2) (21) [Fpe = 21 (24)
a g tanh Ehgy + o tanh By ~hon —hm o
= M o tanh Ty tanh ke 22) /_ﬁu, o Ptz - f o —fi Plexdz =
;H: EF P r—h
- i 25
.4.:{)33}1;.‘th@$}1£‘}10|- [f ¥ "p.f ] ot —hoe { )
1 + aetanh khe tanh k& %
(1 vt Kl ten o) o @3) SrIRTRL (24) 1 (25) o (0% SRS E BT,
T TEif R

0

B B ﬂ B -
=V SN @)z + Vhey - [FVO S e + [V - N(af))ds - frfidz =

=i —hin —hin

Bl Pl = U 1m0 = [ e - { = Vhon -V @)+ 8V o - V@) + I (V7

‘f‘f“ V6 (VR — T F ) G S ], + O,

=h

WV -

. / " NGz = Vhay - [PV ) cmn + Vo + b)) - [PVE )= —hon—hoet

=i =i

—Hhin

[ wrvemie - [ g = (e - Vi VG

=H =hog =i =i
8[Vhy - V(@G f7) + I (fPV2@ + 2V 7 - V)] - hy %ifv@ FOVhor — FVhy) +wP} -

z=—hg

P )=t + S IV Cron o+ hca) -V (B 7) = 7" 7V - (BN @)} = e e
"ﬁ'[fpff]:_ﬁm ~hgs T D{‘iﬁz: & 3, .5'72)

Hoop
VY= Sf{ﬂ Vhoy +S§ﬂ Vhe +d§.f. Vk, Vfr= d‘f Fri Vhon + .‘” Vhoz + ?ﬂi vk

TR (26) il (27) , 3EATTRE (17), Tfﬁﬁw“'*ﬂw”, Eﬂ:‘ﬁi
1- e -
7Lt [0 465" 12] = UPemna Ve [ V(@)

—hin

u -~
[f“']z—ﬁm?-/_& L FPN(RST )z + Vhoy - { U VG S ) = VIE )= —pon +

0 0

Pleia | [FF @ + [ [ [V7- V(3 f")}dz—

—h =k —hie

[i] ]
T ] — f_ ) FUfedz = Gy, f fPfP dzt

=l —hog

[F*)= o VBon + boz) - [FPVARS )] = ot + [ = hi = Vo - [V (@) = V(G f7)] -

(26)

(27)

Ofe+



458 i) 7

¥ #

004 £ H 36

arv
iz

afr
E8

GIT = (§Vhoy — 8V hy) - ( Ve -

v@) + 8[Vhy - (V") = V(E7)+

i (fUN26 4 2V V= I = 2V NN} = ()= A PV (o o+ o) V(2S7)—
PSPV + (h2 V@) + GFPFTY = gy - = OOF 85, B7°) (28)

TR (26) 5 (27), B (28), BRIl T it At
FREE L AR E AR sEnE s
P2, e ar CURS W 0 LT i L, TE A
AR i B SRR AE, BT E faE A
EAMEET PR REREEMRETR (BEFHE
Bk )

(1) BEAF B EF A MEBEMES, Bl he =
By =0, WA AR (26) fidL, 5 Dingemans'7
5 S P TR R A P A S L A 0 e T
Tk
ng -V [C'G.??:B] + (w? = -;"'ECC.-J]‘E"‘

&
2cosh” khoy
2V - (V) (w’hor — g)] = 0 (29)

[&dz{m‘-zhm By + heaVPhy )+

fob, C=2, 0, =2 Dingrmnans 778 (29) 1%
T W Kirby 778 Bl w pyxi, o] LUE{E RN S 1
AR WEMRH, AN Dingmans 7R
W R AT VO hy TR B, PRt
IHE T £ 1E.

(2) 0 R T TR T A I B M T
R, BE ha =0, W AR (28) 53 (R ESHa

0 () i)
o E@ﬂ”“'fﬂ%f “'f ] B

=0

- 0
[fp]:—ﬁm {?21'5] /._ﬁ {fw]zdz_

(£ ) (V72 (f7)dz—

—ho1—h
i

L1V i I— fUfde—

—Hhin

U [

=l —hog

e

[F PP f 2+ )] ™

A TR 5 I
SLFUFPLV - (V)
V- (V)] )y, =0 (30)

MIFRE (30) Wl EEMI IR L@ AR bl
F4 AT 4 B MR ie, Kb as
EH 1 Kirhy F7# Fl

j:-{&#sz@} — V- (V) — K et
9ot Fhoz (1 _ o) (V@) =0 @1)

sop, u= [ gepazas [ grras R
N _—ﬁ:|_|-| =hm =k

FRAERR G = oot FTHITE (1) A UK

BT,

FI T — AL IHSER: Brogs ¢ IR — SO
RABRUGR, PRI — 1 R R T A
BT TTAT VRS, LA TORAR KR
S 120, LRI 9B, T8 R IR
SRS, AL FRNLIREE B E0FR.
A TR (25) BT — OO
VIR, AL R 9 FC R

14 HR51e

AT AE R iR 2 AL o e R
[, F3 BT A R AR A B, A
FIARIE LA BRI A E, TRl ad A B A
TERAEHI R 5" #8000 A IR I e, =M
Green 35 "R E T EORERABEE 5T
P, WA BRAR R kAR - B A, I
BUEWVE L T L8384 a4 R R SR TR

IR PR Al T B AR R ) A B, AT AT
TR A Al AEAIFE 2 LT R B AE s M O
TRIE— AR . FRATIREAE e o R £ Al 4
SR AL Ak, i - WA AR R, R
FOFEHL, K el R R A &5 7 2 LA B vh B
imal I BT, LUMAD R 0 58 36 B R AR A F iR
3L T Y,

5 £ x W

1 Berkhoff JOW. Computation of combined  refraction-
diffraction. In: Proc 13rd Int Conf on Coastal Eng, Van-
couver. New York: ASCE, 1972, 4T1~4490



#o4 M

8RR AT Z LA BRI LA R S TR

459

2 Kirby JT. A general wave equation for waves over rippled
b, J Flidd Mechondcs, 19686, 162: 171 ~156

3 Chamberlain PG, Porter T The modified mild-slope equa-
tion. J Fled Mediamics, 1995, 291 308-~407

4 Madsen PA, Schaffer HA. Higher order Boussinesog-typss

Advemiees i Comstal and Ooean Engineering, Singapores
Wibrld Scientific, 2001, T: 163202

Silva R, Salles P, Govaere G Extended solution for waves
traveling over a rapidly changing porous bottom.  Coastal
Engineering, 20003, 3= 437~452

equations for surface gravity  waves——Derivation aned 1

analysis. Phil Trong Roy Soc London, 19958, ASHG: 1~G0

MR, T, B, = NG LR RTH - 280 e oy

BB, 2001, 33010 11~18 (Huang Hu, Ding Pingx- 12

ing, Lil Xiuhong. The mild-slope equation for refraction-

diffraction of surface waves on three dimensional slowly

varying currents.  Acte Medhanies Sindee, 2001, 33(1):

11~18 (in Chinesa))

6 Mlase H, Takeba K, Oki 5-L Wawe equation over perme
able rippled bed and analysis of Bragg seattering of surface
gravity waves. J Hydraulic Hesearch, 1995, 33(6): Ta0~-512

T Rojanakamthorn 5, Isobe M, Watanabe A. A mathematical
model of wave transformation over a submerged breakwa-
ter. Chastal Engimeering m Jopan, 1980, 32(2): 200~2:3

& Chwang AT, Chan AT, Interaction between porous media

Cruz EC, Tsobe M, Watanabe A. Boussinesq equations for

wave transformation on porous beds. Coastal Ergineering,

1907, 30: 125156

Hsiao 5-C, Liu PL-F, Chen Y . Nonlinear water waves projp-

agating over a permeable bed. Prc B See Lond A, 2002,

458 12 ~1322

13 Fhang LB, Edge BL. A uniform mild-slope model for waves
over varying bottom. In: Proc 25th Int Conf on Coastal
Enginesring, Mew York: ASCE, 1996, 941 ~0%1

14 Mei OO, Lin PL-F. Swrface waves and coastal dynamics.
Amm Hew Fhed Mechandes, 1903, 25: 215240

15 Sollit CK, Cross KH. Wave transmission through pserme-

able break-waters. In: Proc 13rd Int Conf on Coastal En-

gineering, New York: ASCE, 19720 1823 1546

i

and wave motion. Annu Fey Flad Mechanics, 199, 30: 16 Smith R, Sprinks T. Scattering of surface waves by a coni-
Heaid cal igland. J Flad Mechanics, 1975, T2: 3T3~354
9 Losada LI, Recent advances in the modeling of wave IT Dingemans MW. Water Wave Propagation Over Tneven

and permeable structure interaction.  In: Lin FI-F, ed. Bottoms. Singapore: World Scientific, 1997, 263~265

COMPOSITE EQUATIONS OF WATER WAVES OVER UNEVEN
AND POROUS SEABED "

Huang Hu
[ Sherighai Institite of Applied Mathematics and Mechandcs, Shanghai Undversity, Shanglod 200072, Chin)
[LNM, Institute of Mechanics, Chinese Academy of Scienoes, Beifing 100080, Chine)

Abstract The compesite equations for water waves propagating over a porous uneven bottoms are derive
from Green’s second identity, which incorporates the effects of porous medium in the nearshore region and
considers the advances in models of water waves propagation over rigid bottoms. Assuming that both water
depth and thickness of the porous laver consist of two kind of components: The slowly varying component
whose horizontal length scale is longer than the surface wave length, and the fast varying component with the
harizontal length seale as the surface wasve length. The amplitude of the fast varving component is, however,
smaller than the surface wave length. In addition, the fast varying component of the lower boundary surface
of the porons layer is one order of magnitude smaller than that of the water depth. By Green’s second identity
and satisfying the continuous conditions at the interface for the pressure and the vertical discharge velocity
the composite equations are given for both water layer and porous layer, which can fully consider the general

continuity of the variation of wave number and include some well-lmown extended mild-slope equations.
Key words  porous medium, uneven bottoms, composite equations, Green’s second identity, esxctended mild-

slope equations
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