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ABSTRACT:

To solve the problem of the severe resonances of the harbors on the eastern coast of Taiwan, which are
likely induced by edge waves, a numerical scheme involving the multizone boundary element method and a
sequential condensation process is developed, which can make the simulation of complex topographies|
much easier and allow the computations in a large domain even when the computer memory and hard disks
have only a limited capacity. This large domain is necessary when an infinitely long sloping beach for the
propagation of a stationary edge wave train is under consideration here. The resulting computer program
is applied to simulate the current topography as well as four revised ones of Hawlien Harbor, indicating that
the resonances of Hawlien Harbor cannot be reduced effectively by a slight change of its inside topography.
Therefore an alternative to build a pier to shelter the harbor from the edge waves has subsequently been
simulated and the results indicate that even when the length of the pier is less than one kilometer, this pier
can lead to a significant reduction in harbor resonance. Consequently, to make this plan practical, a simple
method has also been suggested to provide a field evidence that the resonances of Hawlien Harbor are
indeed induced mainly by edge waves. This evidence, even if it can be obtained, is still indirect and far]
from being rigorous, but since this pier can be built at a low cost and also for pleasure, it is worthwhile to
materialize this plan on this evidence and then observe its effects.

BENEFIT:

This study has developed a numerical scheme, which is applicable even when the domain is
necessarily large and the capacity of the computer memory and hard disks is limited. This scheme also has|
the advantage of requiring no structured grids. By using this scheme, an effective strategy to reduce the
resonances of Hawlien Harbor has been found, which can benefit the sea transport and the economy in the
eastern part of Taiwan. '

APPLICATION:

Following the conclusions and suggestions of this report, the Hawlien Harbor Bureau can financially
support the Institute of Transportation, the Cheng Kung University or the Taiwan Ocean University to
conduct the field measurements suggested above. If the results are as expected, an engineering consultants
company can subsequently be chosen to design the above-mentioned pier for reduction of harbor resonance
and for pleasure too.
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(e B O FAR Y, B BERy, BN B2 REME LR, BAD
e e ) ZUG BEEIE G, HEREARERERERNER, U-BEENAAT
ETEE REEREEER EEM5 I BHRERBEHRTENZENE (infragrav-
ity waves), AREHLS BEMEALRESMER. BEANE, HEEBETENE
BENFEREERER, HEREFREHANENERES,

AT EEEEEREE K ETEREATEENEEIE, HRSBHGEREE
e R A E N, BEEEETEE—BREERAENERR, BIE—L5h
¥, EHREEE (edge waves) ZHBEEIBIMRR, T trapped 4%, BRI ERR
(Tl Y SR, R EREAITENEET, R TEEFREEIA, HLE
FEETITEE I IR, HAER TIE BEE A, MICERTIRREE BARERE, PI6e
FEHNEKEFEEESHEE %,

ERGEEEESEEEENEEER, HREER-ARENESRETIRER, B
FifER RS BEARERSERER, XL IREEAFRENGENREER
%3 (Huntley, Guza & Thornton 1981). H—7H, HRE A | B R R
A[£% Schaffer (1094), HERET, EHPBLER—K (EREERERIAFE
1b), MBS R EIRAE Ry, 75 RIEEE, &R ERIERREER. Bk, EE
EEREE —BEEERE (AMELHETE) WIBERE, ZERNEREIRHEEX
(R B R AE Be R 2R BRI ) o

EERARRENEENEE T ERMG AN EESMES %, RRELERE,
BETRARES . E—EHERUWEEOTR, EERNRERAERE, BEE
S A ST IR DR HEE K, RIBMBERIE AR TBMEE, HRAER, SLEEENF
e IR TR SRR R E R, BITRERAEFALARTEEER, RERTEHRA
THEH—&H . ‘

B A EEEREERHNEEERETERE, WRMAKTERERSE, REERE
e, BRI RR B AR . B EIR AT RN R R R AT IR A D R
BHEER RS ER, BERMDEAERREES SN ERRE L — BRI R
B, ARGEET S EERENERES, K EMRMERABELBERMEFE—HE
EETENE R BRGERIEEE— B8R FEE, MEBERET, BIKERRHF
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B BN EEZR R BT P ER SR EHN AR, WRMETERER
sebe HERSEIS Y AT 8 R S FURE IR E. E LB R IRERL (INFEE EZ no-
fAlux condition) AIEGHHE, Bt (WS R LHGME) MEERSERERS. BRI
RIEE, BXBEAEBEERRASKER, RALVEZE—ARANEE HFEED
SREMSENE), REBERBERADESEENEEEREL SRS SR L, W
BB FUEIED. B—FTH, EEESTET, SRS ERME, &R ETRAR0ERE
SERENAEE, B - AREE R EREER TR EER R EEIE A, B
TR RERNEEEERN. BRELHE, UERKEMLFRER
ISTERET, REFEAMERERREAETER,

EfEEERIESBRES S (finite difference method), REHMESEEE
4R tridiagonal, REE—FITHETEB=ETRIENT, FEBEERET, K
WATE AR BERA R, T EERO A/ NI T RERAENRE], BESE—REHE
Pl RO 4ERE (structured grids), SNSRI, B E R RHEA
WiEE—(EEE s RSN TESRERETREN A, MRBHEHEST R
w4 0E BREZESBESE L RAE FRERRGERSSRAZHIILER,
ETRERERENER—EANK I AER, —EEEREYBRESER, B8
s sl B R/, B E— R 2 TR E R — R ERR BT EEN.
FARE MRS EETROMEEENSERE (FREERER) 2—RAK
EH (TILVMER FE, EEERS tridiagonal, BIFISASE R — KA KIELL), ST E
LAABERAE RLENMFRBNSESE, IERERERENERERMS
HHREWI AR, FAERERANZE RS ERIRG,

TR MR A RS F BRI RBAN L% RH:EFTRE (bound-
ary element method), J— 77 ¥R B AR 18 8BS B FE LRSS TR, &
HHRBSEAENGES, TERES EATRAESBERRE, AR EEEHEN
b AGIR '

EibERTRE, AESENAE, £ Kane(1094) HAFENNME, MEMEE
SN RS INRE, T SRR R AT TR e A, BERMEEERE
HELE, BGSEE-ENBENFFCRENZEFAER, BEELEARNE. AFE
og RS BRI A SR BREE R, WES =ERMFSHYEMAFRANTY, Sl
AT R I 2 T SRR R, B AR ARSI E R B RS, TEAT
FrR AR R EE RN BRERLE, EAENMNBERER, BMEEEA TN H—
LRI R A e DA R EBNMNZ Long Beach Harbour MILAFTE, WaFEFER



Mei(1983) BIfEHTAELIK Lee(1971) WBERRLLEL, It —LBURERUR, BMEERTMRT
HA FEAERMGESKER D ESHE ERNEBER, HESLES—HRMVEA
T, SHETEE Y B AR BT LR MR SR AN ST TEER 8, BERER, BEHE
FABLBEREEENLRERSR, NEXNERBCEENTA S TEREEN, B
HETREELEE _HRANBEBER/IEEREERRAAE—BHERNATE,
TR RS EERER, h—F ERA BN ECEE (EEHFRE) R, B—F%
ERET, (MERCEANRRENEERET T EHBFREERMHES BRIE, KE
EAERRM THEBUENERS, MR- EHENRETERESRI—BEE
HR, LA ENE R EAREEEE,



E_E BERSIBBSHNHIRRRZEGGREN

RS2 B EEAEELEER, RATRE=MHEN Laplace equation B _#E
T EFRHER, MEVESHINGER. EREMRMFRBELERTRN S RS
RUTEEREERRERRE, MOENREARATERERTREMTL fundamental
solutions (EEZIMEMERTL), Bt B RMEZRRE =K Laplace equation
¢  0*¢ 8¢

2
_ _ 9.
Vi=oat gt an =0 (2.1)

Hg(z,y, 2, t) RMEEHH,
EERIRE, RAHRAEEEEE, REEBRE LESREN ST REDFIR

0 9 0
_a_iza_‘j £+9C:0 (z=0), (2.2)

Hrh R, gRENINEE, 2 = 0BIRFHAENIE. HIRERNES, &
e e B — A WS AN B, BRBME R ER R ERE T ERIMERE,
W E—E E I RN RER R B L E T R e ™!, HrpwBIR ASTIRESEER, It (2.2)
R A SR

09 w?

=9 (z =0). (2.3)

FREaE, TREEC, WTEERARR (2.1) RWHE—#, 55, EEARIHEE
Rb AEEERERERL, 8 5EMAR no-flux condition

9¢/0n = 0, (2.4)

HinREEE T AR ER.

3RS FUEH T R TE FTENFTE B L, B, FRIRERIMEER (outer
boundary) b, B8 FEHIERRE. BEILER, HMREINORR

¢ = ¢; + dq, (2.5)

Horh ¢, FATHEE—FIEMTY LR, IREISASE (RERBAE T —BXFHHRHA) ¢q
AR ERENTEE, URREERHRE FREEmP TR, MELNES. Ao mE
Laplace equation (2.1), ¢ JRABRE—R1EHRS homogeneous KI/HE. [
B f (2.3) R,pMBEUTHEBREZ ST

00s _ o

gy —9_975(1 (z=0). (2.6)



R B IR SR 8~ BT, SR R R RIRPIRORE, bR T BRE A ST
HIE BN, BB, ERMTAT VB E B LR RS, FIERARIIE —AT
x, TE—RER, BEEMFAS-BEL Y. ERERRT, BEH AN
B ¢ R T FE AT F R TS BEN S BB ES. BRERFIFTER
K —sEm B R, MENAMHIET 28, h—oMEAREEFERE
E_FO¢; /0n = 02 B FUEME, AL —EBE ORI, B (2.4) M (2.5),¢EFER
BERRE

0¢a/0n =0 (2.7)
I — 5% SR

R, EHEONSE, & ERERARERPBERMERINE, IIREMAmERNEREE
b, WESEPEERNRE, KA THHERE, ELEEOTENMY B(LERAMNS
. BEIHEN, EEERMELHNEERERRE L, B (24) M (2.5),948
e

Opq/On = —0¢;/On (2.8)
H—B R, TigE (2.7). LRIHI BT, M ERER ¢z — BB A AR SRR
o

Sot, ORI TaEEE—SRMEE, ELmBU T REREEERNIRE,
EEME R, EELEEn, RALEMAEEN—K, RBFERNRSERS, T
¢, TItEH BRI A DR RSN A DR, REER—WABRE L, \TH%E ()
P GFOME (B8 M@0 B LA T BB R

¢~z:0— - ¢i‘$:0+ + (bd\:,;zo-{—a (29)
O - a 2.
on lz=0- on lz=0+ T on, ;5=0+. ( 10)

B304 /0n)|acor = 0, B (2.10) RALHE

99
on

_ 0¢a
=0~ on

(2.11)

z=0+

Pl FEARBIRERTE EREER (interior boundaries) E#3&FREEM, TR
B E RO AEREFEOGES, BB EGEERRET R, HRERE—ERRSE
2 5885 (outer boundaries) B ET IR E FIGM



BEARESTSREr, RS ANNKSEEER —FREyEARTE. AREREFER—
ESTRBE DA 2 KRB RS, WIEHS O EE R, R TERER b R EMT, ¢.f8
ESBR leaky modes B, B leakage MEEFEEEEOTERNEERE L
(EEHE v O BORN 283 EEEFBR trapped modes HI#EFE). B, S
&, BIEE SR E ¢ 7R Sommerfeld radiation condition

0
(kyr)'/? (E — 'L'kl> ¢a— 0 when Kkr — oo, (2.12)

Hrb (r,0) RE—RIBERE k REKL—SHEHRA leaky modes Z wave-number
. JEFER, BMEERETER, IE—ERERZAER L (EFEREREL),
HEEFIREER 56s Oy r o

o - ~ iklgbd%. (2.13)
B—5E, EEEOEERN SR, FEEFBR trapped modes B F¥, BE
FHRRE T ERE, B, Ey — oo, BRI LRIGAIRE

da=e"0 Y mphi(m, ), (2.14)
=1

Hh kA% mode Bjz&FEHEYAM LR wave-number,a; &R — mode Z#k
BFHIRE (TVBER) v (z, 2) MIRFE&RE Z RSEBTEr—Mz— AR LR i
RO R B iR — R R, ERP8k; 0, (2, 2) URER—HF LR
AT REEERI R 2 modes WEBEm(TIBER), BRI ERBTNGEELRE. EA
HiER BESGER EBRENIIEREmER, RMNTEL—EEEmEARRE
HRABT H R, HARR N SR RN RS

(09 - 1o ”

Hih column vector {¢q} X &EHE (BTHK) hRPAMmMIER LEE {a N2 E

RIS (2.14) H18ay, ag, ..., Gm , T square matrix [CTHEITCEHRRIA] RS R

BLEEIE (2, y, 2) RAY;(z, 2)e¥, (5 =1, 2,..., m) TMBERE,
ERPR{ g F{a} EXRG, BR(2.14),

8¢d —odt = . ik
D e thjkij,bj(a:,z)e vi¥,

Jj=1



W IERERE T, BRI ER

(%) = {e) -

H [ DB b m BB EEAER A ik, 05 (z, 2)e™Y, (j =1,2,..., m) TIBLERE.
REi, BE{a} K5, FEA(2.15) A (2.16) RFMDIFIEG—E{dq}F1{0da/0y }HKI

B R 5 B
(20} )] o) o

H—BI AR AT BT e R B SRS L@ R R
Z=RFOR, £ (2.14) ¥, X—EE&FEES EHNASEZ mode HR, AR
FASTHEEM A RE B RESTERR, EANEEREORE ORE, EERE—RERR
14> &2 phase (HTEEEYHA, BHFE (2.14) TRk, MO ERIE,
S/, y — —ool, SR b, FiB ¢S BETEERYSA, i (2.14)
MR AR R R

$a =7 bty (x, 2)e Y, (2.18)
Jj=1

FEFI ERREAERIN A 3, BRI ARESBAE—EAREC RS LSS
R (RyEESE) S8R EE, AR (2.17) FEE, k-8R GG ERE
— B, 1B1E B TR FIFTE B ME PRI, (2.17) TS Mk, HETE
R R RRE T —E R,



E=F AHZEBFR

EABHRIEEE—ENE T, CE8AE—EEEE, MELEEZBET
R, AT E—RERE WB—RMEEREEZATEERE. —KTEE
 HBRKBREEFEE (2.13) ZATEN, TFARRKERERIERRER/D, BERK
SERELLEBRE—, RILERRMTsHE —#En T, REZENORE SRS, B
BRI, ELETHE ASRGREE K (2.14) f (2.18) RATE &R RIT
WURE, T3E SEST AR R R 722 16 FE 7k SR ER I R LB/ N T BB 1R 5

BENREAEAITRE
8%

55 =0
BV, = (§/0z,0/0y)RAEFANBE, L KA. & EXHERMHEC FH

%, B (2.2) 2E-RAHd(z,y,0,t) = —igl(z,y,t)/w, BRERKELHSEEE
FE BRI ALRT ARRE, i

Vi - (ghVrC) — (3.1)

5,y 7 0) % ~20(5,0,0) (z<0) (32)
R RAS PSR,
RS A BAYES RIE R TR, SR A TR
¢ = n(z) expli(kyy — wt)]. (3.3)
KA (3.1)
% <gh%> + (w* — ghky)n = 0. (3.4)

ETRBMAEE= R B I BAFR ERANE, REEr = o1 &1 LR ERED
PUES:, DIREHARERIREL.

EHREIET, AREEREZRNELBEE, WEE R ERERm (RE—
EEBEARR) F, KESMETERR
h= hz2. (3.5)

¥ (3.5) RA (3.4) MER, AIERRIBZ AER

2
LA R —
T + T -+ <ghz kyrc> =1, (3.6)




BRE R, BAETU TSR

£ =2kyz, n=-exp(—£/2)f(£). (3.7)
RAKES
df i L
(5 +1- —af =0, (38)
Hr
1 w?
ay = ——5 <gkyh$ == 1) : (39)

758 confluent hypergeometric equations Z—7&, X% Kummer’s equa-
tion (2% Abramowitz & Stegun 1972), BRI RS

f=AM(as,1,€) + BU(ay, 1,€), (3.10)

Hrh MU T3S Kummer functions.
B, FEIIET, BRAEEL = const = hy, # (3.4) AALRER

d?n e 5
1, (2 g)omo

gh1
BAER
dzn
%;—A@nza
Hr
A\ w”
::1_—gh¢k§' (3.11)
FRZEREE
n = Cexp <—>\%kyx> + D exp ()\%ky:c>
HER (3.7) 2E—ABEBEIBHARL
1 = Cexp (—A%§/2> + Dexp (A%§/2) | (3.12)

£ < 0, f (3.12) B (3.3) FREMEHERITESR, BEMOBERES (gh)Y%
R I T AT BRI E A B A, S 3R R AR B IR B R R M R,

9



FEEHEREREEN > ONER, BitE (3.11) 1A, ERFEERE, HEERK
{E8ER W? = ghik2. —FFERK—& cut-off frequency.

B > O, & (3.12) HHRBE—ERAMNEAREREER, WHEEALTE,
WATREED = 0, MEIIRAER

nir = Cexp <—>\%§/2> , (3.13)
TIZEIRM, H(3.7) & (3.10), HEER
n = Aexp(—g/Q)M(aj, 1) 5) + B exp(—é/Z)U(a;, 17 g) (314)

£ (3.13) 7 (3.14) F#B A B.C=ERENFRELUR—EREN S lar, Ta—
HreE, BITEH (3.9) REKFENEBRAR, MEEEw MUEREA B.C=HEfk
g R EESE = EZHORER, BFIEERERERE L0¢/0x = 0fdn/dr =
0(2%E (3.2) f (3.3)) Z&F &M, A% R matching conditions:

N1 = N1, (dn/dz)r = (dn/dz);;r  (z = z1).

HES Y, BT ES=EMUAB.CERRMBWRERL AERX, B—irhE
K795 homogeneous. HEBEEN—HIHBRRAC TEENRE, Wi HRERZ R
WEER TRV EERE, THEERE, RFRTREe, EMRETE B wRIHE Tk
FE AR, EERNE=RT.

EEFENR, ENEEE—A/MEERLHZFEME (RE-PWIIRTFE),
BB EE R, i Eckart (1951) WE R, o WER—BEEEE, 8 (3.9) AH
Y TE ke U Y R 1R 2

2 k
u;hf;o = (2n+1) ;/Lho’ n=20,1,2,...

FRPBHFERE=ZFERILR, RITESRMERREFE A, RAER ESERE=,
MELSRESEER BE—FEREBERRY., ATENBRRERRNFE, BLE
wEgsEl BMSRBEIENTEE, FRANEER cut off, BEZEFIZ modes
#ERMESER, El (2.14) f (2.18) FHmMES—BREH,

B E, BfBMAShE 15 mhB115 m, FHEREZRIZER0.05, MAFE
W ARREZERS 160% (HERRE AW ASKATS | BHOEBRRE, TM7ISEE
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