%038 % % 6 4 %

2006 & 11 H

Chinese Journal of Theoretical and Applied Mechanics

¥  #H Vol. 38, No. 6

Nov., 2006

B TR SKATR IR N B AT R

_II__j( *,T,%%,2)

HEA T EERE

F(REREMRER 12 BAERBH T 0, KE 116622)
TREH TR TRERESNHE, K% 116024)
H(REHTRP AR, KE 116024)

FE @S2 T SMEUA Boussinesq Ji e, IS R4 Z 3l 75 FR 6 B SLAS Sk B 2k A ) T IR 7 ) I IOt SRR A
BERY, RS AP AR 22 5 I D RS Ak AR R T B SE N A BEAT T AHSRBSE R, T ES RS LR S
RBEAT T RFEG. HES T MRS KR E LA Sk 2 (6] (6 Bt A S AAGZ Bl B B AR ABR, BEST T B PO A2 Bl i iR

A

X$i Boussinesq i, WIfk@Ezh7#, Moy, HLRAR, PR

mESES: TVI39.276  X@ERIREG: A

51

][

W0 RN IZE B 2 W OB R A R Ok 4
R R B AR R D Sk 4 R A AR e
MPE R . RERR LA SL AT RIAME, SO A
S TR R 5 W) Bt N IR A2 B i B R S R R
A DA HE A LR SR, SRR IR, Wi E R TA
g shA AR ey B AR PSR T YR
Yok O EEAD L R A NS B i) B B B, E OB ER
HCHE P U TRCER 0 0 A K T M BT 32 B TR T, ARG R
AT T A AE B TR RN AE F T R IR R SRR B0 0 e
Xt F AT — B, Femess B30 T 4B Boussinesq
TieE. A N-S J7 R & AR SR A B A 3k H
F T 52 AR St IR 7. EZ DT B 2 B BUE K
f# N-S T8, 5 HpH 2290 B0 R B O ¥R R R
Laplace 772 ~7 8 N-S J57#2 59 3+ 8 ¥ v 45 3k iy
M 2 AR SR B IR T —#E, ARERM S Bk
217 i) B e N O A7 00, ¥ A 43 A ) Rt AT A 52 3 1
ERIR.

A SCER ST — B 6 B LA Sk BT 4 A 0 T Ok
TR 7 B St SRR S AR R M) T ZE 5 N S ad R
iy XSRS, A= HI T B A Boussinesq 77 ;M
) T R 8 K J A % A ) T A 5 S A 3k 22 TR i K
oA N, HEHGTEANGIEH TR AR
2005-09-01 Wg B4 1 #, 2006-05-31 W& if.

NEHRS:

0459-1879(2006)06-0767-09

FUH SN R E RS R W R A E IS, BT T
FRBER SR, S0 25 R AN B v 5 45 R L& W
e EAWEOER, TEMTITETA.
5T A TS KRN LAY 3k 2 18] (7] BRI A2 Bl
M E WP, AT T BRI AR I 3 3L R B
S B 52 A e PR BTN 7 AR SR PR R AIE

1 BEREY

WME 1R, HBHERRLIRR o-vy B R RUBHE
oK LM ASHL R, o BKIET F 5 BIR £
Whm—8, yHWESMSEST MR B
WEERI A O F0 B, Hd 2 MR
2ol 5 3E B | W, BROM SN, TR
A Boussinesq J7 ;2o O M ]I U 55 ¥ S A
FITE A0S B2 S Z A R W, BRI, R
TR ARIRZS TR, eSS A A R araz
R RWE RSN E DM EEESRS. B1d, o
Ml oay RAZFME araz BN h BFEOKE;, 42
o 00 T K R BE ;0 o AN ) T U T 5 9 R (D B
Oy MR A M S H AL RIB;  po BRERE
ara; EHIETTs biby 2 M0 TR JES T 5 M8 22 IR AR
R R AN S B Sk 2 MR R pe 2
R biby EMIES; by FH by AT biby HA
Wi B R bib, SE LKA B

1) ERERBEES (59979002) | K IT 423 FI1H B AR REE S AIT 74 2E /T (2005058) % HIW H.

2) E-mail: dan_wangguo@163.com



768 ) £

2006 4 % 38 %

incident wave

right side of ship section

wave elevation

—_—
/\ left side of ship section

o \/ N 7 7'y

incident boundary b d
l—
sl

i

-~ &

é ! A 4

—
vertical quay wall
—

{2

Bl el rsl
Fig.1 The schematic diagram of the coupled model
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Table 1 Incident wave characteristics

Test case 1 Test case 2 Test case 3 Test case 4
incident wave cnoidal wave sine wave cnoidal wave sine wave
water height H /m 0.06 0.06 0.06 0.06
wave period T'/s 2 3 4 5
water depth h/m 0.3 0.3 0.3 0.3
ship draft d/m 0.24 0.24 0.24 0.24
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Fig.3 The cross section of wave flume
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Fig.4 The free motions of the fluid in the gap
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Fig.7 Time history of horizontal (left) and vertical (right) wave forces on ship against vertical quay (Case 1: T'=2s, H = 0.06 m)
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STUDY ON NONLINEAR WAVE MOTIONS AND WAVE FORCES ON SHIP
SECTIONS AGAINST VERTICAL QUAY IN A HARBOR"

Wang Daguo®**2)  Zou Zhilit Tang Chunan**

*(Research Center for Numerical Tests on Material Failure, Dalian University, Dalian 116622, China)
T(The State Key Laboratory of Coastal and Offshore Engineering, Department of Civil Engineering,
Dalian University of Technology, Dalian 116024, China)

**(School of Civil and Hydraulic Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract A two-dimensional time-domain coupled numerical model is developed to calculate the nonlinear
wave forces acting on a ship section against vertical quay in a harbor. The fluid domain is divided into an inner
domain and an outer domain. The outer domain is the area between the left side of the ship section and the
incident boundary, where the flow can be expressed by Boussinesq equations. The rest area is the inner domain,
which is the domain beneath the ship section plus the domain between the right side of the ship section and
the vertical quay wall. The flow in the inner domain can be expressed by Newton’s Second Law. Matching
conditions on the interface between the inner domain and the outer domain are the continuation of volume flux
and the equality of pressures. The numerical results of the coupled model agree well with the experimental
data for wave elevations and wave forces. The natural frequency of the fluid motions in the gap between a ship
section, seabed and vertical quay wall is derived. It is shown from the experimental data and numerical results
that the resonance waves in the gap are induced by the first or higher harmonics of incident waves, and the first
or higher order horizontal wave forces on the ship section against vertical quay wall increase greatly when the

frequency of the harmonics of incident waves is close to the natural frequency of fluid motions in the gap.

Key words Boussinesq equations, Newton’s Second Law, coupled model, resonance phenomenon, wave forces
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