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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 andw
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 alsol
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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F—=F HIS

AEEERENCEENRRRE, £RERMEE, AR EBBEDRE, SR
RHEZERNNRBRRE. WERETREHNBERERNER, U—ERHENART
EILR, RgERETER, EEHS IRERERAAHTENEE N (infragrav-
ity waves), RIEFHH5 1 ZFHAWAIHREBFTER. BHAGE, HWEEBTHERE
ENERPERER, WREEREHANENERES.

PR ERERLIFBECRENERETEENTEENR, EXSBRAESE
FAEEBKRAEEE, EREBRTAE-REERLENEER, BUNE—&5H5
¥, ARE%FEE (edge waves) ZBERIBAIRR, Tk trapped T8, BRBIERR
TTEZ KRR, & &k FEEHERITENREY, HRTEEFRNERMA, BLE
TTERITCEENIRE, REEETIRRHEX, RICEENRRE L MR AR, A5
FEAERFRE RS 3,

ARG REEEREFENESER, AREEH—ASENEBETIRER, B
FIfREES, ERAEEHSERER, EXLIRABERNMEENEENRFER
#%& ¥ (Huntley, Guza & Thornton 1981). B—ATH, HEEHS |IR&GFENER
2% Schaffer (1994), KRBT, EPBLER—E (BNEERER TS
k), BUBRRR BRI, BN RS IE, KERRIERRERER, A, %
BREAS-BREEREE AMELITE) OBARR, RERROEERETTEEEX
(e B/ R A B AL AR ERE ),

HEEENRENRBPRET ERHEFREERNMES R RRERERE,
BT AMES S F-EHERICRENT, HERNRBBRAERE, E5%
S ASEEIRIBOREE X, MEMERBRAZERMEE, BBRTER, KA EENT
RBAERERGREZIH AR, AT RERBAENSENBTEERR, JRTEERA
TH—&EH%,

B_EHEREREFENERRENERS, RMNTEEREE, HEEERE
SR, AR BRI I b, BB BOR T ST TR AT IR 8 A (9 4 2
R, A& SER, ERMMERARBRBESENH SRR EL - REN R
B. BRGkEETSERBENERESE, B MTRMERRBET BRI —F %
RAIRORE, BR&EEHERT—FEM N LFE, JEREEF, BAKEERFE
%, BRBRERVEERIH—1TE GEEK) BREORY, LEREAHEP A
RER I — 8RN T E R R IR 0, Rt B AT R A LU 2 8 s —
AR & E LR R S R B E S .
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HARERNHEEERFRZHEEERLEBRH EEHER, BRAECHERAS
S — BRI FTE 8 R L A8 FRUREIDARR E ., F 8RRt L (FER L no-
flux condition) AJRBHIE, HLE (MIHTER LHGRE) RIREERERS, REERL
iR, BEZEHREEEERBEKER, ROALARE-FARANGEE HERED
RERN=FLUL), REKFEIERARREEZNGREEREY - R TER L, #
REBTRGRED. B—FHE, EREHET, SEGERNR, EiRiREiRiRan0 R
XDAGER/NPE R, B - R WEE R EBER AT EE N EE S EEERX, B
REBEZE TR -RFERPEREIREN. RBRHE, MEREEMEFERES
FEREREt, REBSHERECRBAETEER.

BB REAER ES 1 (finite difference method), REHIME S EREL
HAEER tridiagonal, BEB—FITRFEBE=ZMFTHEAENE, BEMRERS,
WA K BRIERAE, FHEASRN KNI ZERESENRE, EE0E—REE
BB (structured grids), A S EEERENME, RitE &ML KER
HE—EER  EHRSHTRI R ERERLRBNAE, THAEH2TRESER
HHELE, BRAFZESBRES BRI NERGERES SRR ZH HER,
TR THEERBE X E—ERKNB AR, —EENRENREREER, #iE
FEEEAREBEERR, AlE—EEE s 2MITHRE T —RFRPERKIREN.
FEEE HPEEAEEETRIEBEENSEREE (REHEBRER) 2—KRAFK
EH (TR B, EEETES tridiagonal, BIFISEBERS K ARIEL), #ATE
HREFEREE, REBEFMARANSERE, BMERERABRESERERBS H1E
B T B, RIS/ N R E RS B AR .

BT MR AN RES FEEREM AR A ETIRE A THRE (bound-
ary element method), th—77¥ER{R B R 53 15 8R4 [ 28 S L A8 SR, &
BRI &ESBEINLGER, TEER ST RAEREEBEEE, RS REEREN
AT,

FRBRTRE, BESENFE, £ Kane(1994) hEHRBNNE, &HNEE
HEIYERIRINREA, TS ENERROETETERERENRARE, BERFELHE
FELEG, BFAAEE_ENEBRTAKRENEH T EN, SR8 RRE. HE
B8R REEEMARNGREER, WEFE=ERMEHHE TSR, B
AR R B RBEHARN, EEAXAYEARET BN ERES, mERXF
FiR AR EE RN BRELE. FREMPERERN, RFACESESEsH—
BRI R ER M2 Long Beach Harbour MIBAEHE, MAGHERA



Mei(1983) HIREATHELAR Lee(1971) MBEMHLE. h—HEBMER, BHEBRNERT
A, BN ENERT T EGHE ERNBER, WEEStEE—HRMHER
v, St EEE NN ER U R NESREN SR ETERENE, HERER, LA
FAEUAERETCEENRERR, iEXNERETCEENERATZREEN,
HETREECEE _HRMANBETREENMEEEEER AL BB ERNFE,
T AR i BUE R, h— 7 ERE BB ES (REHIRE) IR, Blt—F%K
BEAT, MEBERICEATRREVLERT I ERGKFAHEERMES I BINE, IE
BNERRBR THREU LR, FRER-EHENHE S ERRSRBLE—EE
R, WERBANER RS BRI EEE.



—E BFRSIRBHHRRERZEHSER

BASFEZEREKFEHELEERR, B RE=4# Laplace equation B _#
ZREAERN, METESHINGR. BREMRMAKRAENER MBS RIS
FUFRE RCEM B RE, TT_¥NREAENTEE SR TREFEZ fundamental
solutions (HEZMEINERML), KB RBRMEERRE=¥MN Laplace equation

2 2 2
_ 0% + o0°¢ 0%

+22 =0, (2.1)

2
V= ox2 Oy 022

Hog(z, y, z, t) RIEBEHE.
RIECRE, BMEFHEEREMN, KEBBERE LRES KRB EFRRES R

A
Hep(FRAKEUR, gRENNEE 2 = OWRTHKENLE. BRRERNOER, &
FINMETERE—FEOERBRASFE, BRRMEfERBRERETHEARINRE,
WS —5 LR oMRRRIN ML TR Re !, Hohw IR ASTHAUSES, Kt (2.2)
PR A SR

o w?

e ?fﬁ (z=0). (2.3)

P EEESS, MAREEC, WAIEERSEARK (2.1) ANHE—E, 571, EEARIYE S
R, BREEERERRERE, 187 &4 no-flux condition

8¢/ = 0, (2.4)

HrhnRE SR A ER,

LRH SR EHE EAEREEARTE SR L, BEEN FIRERNEER (outer
boundary) £, KR BEENERETE. BRI BN, BIIEHENNIERE

¢ = ¢; + ¢a, (2.5)

Hoho, RITEE—MEE L& ER, FEIRAHE (RERBET—BRXFHRHA) 04
AREFRENFE, UkRRETE EREEME AR, EENES., BRo.ME
Laplace equation (2.1), ¢ IREI&REK—#R 1 HH homogeneous B ATEH. [l
H B (2.3) X, 0BT B BREZ SRR

004 _ !

5 = o (2 = 0). (2.6)



EHFS B v R E WY, B A RS REEISARE, B THERE AL
BRI A/ Y, RSB/, R FIRT DURGRTEME M /R EAHE, R mE —Fr
™, IR—RER, REEMPIR R -, EREBRT, &5 AN
BRI ;2 228 435 ] FE FRRRARTEY 5 R B R R BUER H BB S, BRRFIFER
H—HEt e — R, TEANSHARET —EEH, H—aHRREERRRE
EL0¢;/0n = 02864, WEK—EREONES, B (24) f (2.5),0. £ K
WERRE

8¢a/dn =0 (2.7)

H— 8 TR

R, EEOMGE, BEREEEFEPTFERMERINE, B EMTERNE RS
b, BEREEERNNRE, WRTHERE, SLEEONERN M EBLBRAMLE
B. BEIHEY, FEELR/MENHNEERBERRE L, B (24) M (2.5),0.8
RE

Odg/On = —0; /o (2.8)

H—8 B, T (2.7). LXFHG,IRCH, M EABR oz — BT FE8 57
{4:0

544, RO s E— SRS, LBt TR ERE FEANIRE,
RIEAMAE R, 2R, RFLRNEEER—K, REFRRNGIHER, M
¢, MBI AT ELVRBIA DR, IRENEE —WABRE L, 4% (30@)
NEIQFIE (BR) M0 o B LA T RO AR B

¢|1:=0— = ¢"' =01 + ¢d‘1::0+7 (29)
¢ _ 0¢; 0¢4
-a_’n z=0-  On lz=0+ on lz—o+’ (2‘10)
EEﬁé(3¢i/6n)|z:0+ = 0, W (2.10) Eﬁﬁ{tﬁﬁl
0| _ 9¢u
%— z=0" - on 1:=0+. (211)

U ERARCREFE AERLTER (interior boundaries) b RBFRME, TR
B E R o BB ROGRN, S L REERIEBEGT By, MR ERAE—REARSE
Z MR85 (outer boundaries) b BURETBIR8 FRRE



RN T, KM ARNKERER —HRIEyE A AT, BRERRER—
BEEEE LIS 2K EE BB S, BIEMS OB EE, R TERSR b RHEHSE, ¢ /8
EEBP leaky modes B, H3EE leakage FEMESEEEEOITEN 83 L
(R7ER B O BOEN 8K L FEEF B trapped modes M#&F ). HIt, EHEES
&, BIEE 838 b o7 # 2 Sommerfeld radiation condition

(kyr) /2 (% - ikl) ¢a — 0 when kjir — oo, (2.12)

Ho (r,0) REB—PWRERE L REE—ZFEFEA leaky modes & wave-number
- EAEX, RMERIETER, M E—EREERZ TSR E (EHRERERE L),
EH B TR GER 96s  dudr 5

2~ 5 o ikld)d%. (2.13)
B—ATHE, RS ORSSENEER L, BEFEER trapped modes & EEK, HE
MRIEE B3R, B, By — oo, BHRHK EM¢.AIRE

Pg = et Zajwj(x, 2)ethviy, (2.14)
=1

Hi kA% mode FBjz&kRFEEYHA LR wave-number,a;®&iE— mode Z#
FREHRE (RER),Y;(z, 2) IRRLGFEZ RSB EEEr —Mz— 75 m LS.
ERFEVIURE Zfrnl—#et e B R, EXFRE,; 0, (x, 2) URER—1F EFRE
HHEFENKEEZ modes WEBEmM(TIRBR), BT AT HHEERE, BR
HiER, BENTER EBBRIRIGEREmMER, RAMTE—HEEmMESE
REUBEL A ER, BARR 7 7 A R R R R

(o - e} s
H column vector {¢q} ZEEHI R (FITHK) 1RGN mER LHHE, {a} DR
AIF(2.14) $8ay, ag, ..., am , T square matrix [C]9HITT TR v H B
BAOEEAE(x, y, 2) RAY;(z, 2)ew?, (=1, 2,..., m) TIBERE,

ERPE{ g, 1 H0{a} 4, HE(2.14),

Obd _ _iwt . ikys
N =e " Zzajkijj(x,z)e vi¥,

J=1



-

e FAERR S ik, BT ER

(%) - o] ). 210

Ko [DIR#H Lk m BRI BEARR Aiky i (2, 2)e* Y (5 =1, 2,..., m) TTBERE.
R, EE{a} K&, FEA2.15) f (2.16) RFUITEE—M@E{pe}F{0¢/ Oy} Y

(28} el o o)

H—BA FRX T R AE 58 Rk B2 SHER SR L8 TG
FHANE, £ (2.14) B, F—ERFEHESEFNARTEZ mode MR, #ATHER
RANEE D EERRGERRA, FANTGEREIRBONEG, BEHERE—RERE
K& phase (FTEELEY AR, RKE (2.14) RAEL,NFRERE.
H—TH, By — —oof§, EFERE L, B oI BETEERYTHA, i (2.14)
lid:s DAYy

$a =Y bz, z)eHuY, (2.18)
7=1

FER bR MR &, BT RRESERE— AR AR SR B LSS
R (HyBERA) LBFGE, R (2.17) BHR. H—F008 g4 @ B
— RS, 45 B TR MAT S REVME —FrReie, (2.17) ARE—S L, KFEH
R E R T —E R,



F=F ARRBER

EAEFRMAKER—EUE R, EFRERE—BEAR, MRKEEZEET
HEFHE, R EH—ERIERER, R —M NIRRT M2k TR EME, b—KkTREE
HRERBR R B R (2.13) 2B, NATRERKEEE R EERBER/, SESEK
PG GE AR E—R, BB TR —Et, RN REAER, g
B F R, E RN BB ARNKERE R (2.14) f1 (2.18) AFTESHNEEEZE
LR, T3 L DUARR R R BE K SR B R LR TG R &

BRENREAEATRE

2
% ~0. (3.1)

HepV), = (0/0z,0/0y) AT HARIBE L FKE. B LXFRRAHEC B
%, H (2.2) 2E=RAIHG(z,y,0,t) = —ig9{(z,y, t)/w, EREEAEUFIERE
Fm BB LR LB, K

Vi - (ghVi() —

B(o,3,70) = ~20(3,4,1) (=< 0) (32

R AT R EARAE BRI AR,
HREFREGEMELBEEERITENGRR, WENEATRS

¢ = n(z) exp[i(kyy — wi)]. (3.3)
RA (3.1) ®ELE
% ( hg—z—) + (w? - ghks)n = 0. (3.4)

BETREMHHE 8 T BN 1T BE2RIR EXNEE, REEr = o @R EED
LAUESE, DARTE FER R R

HAEIEY, BREERECRELREME, WEB_FRENEERR (RE—
EBRBTR) &, KESMIRE
h = h;x. (3.5)

¥ (3.5) RA (3.4) XRBA, AIREARIREZ HER
d’n | dn w? 2 _
T + e + (gTz — kyx> n=0. (3.6)

8




BRI LR, RIFETUTRSEER:

£ =2kyx, 1 =exp(=£/2)f(£). (3.7)
RARAE
d*f df
§E+(1—§)E—a1f=0, (3.8)
Heh
1/ w?
aj = —-2— (gkyhx - 1) . (39)

3745 confluent hypergeometric equations . —f, X & Kummer’s equa-
tion (2% Abramowitz & Stegun 1972), HWH BRI RR

f=AM(ar,1,§) + BU(ay, 1,¢), (3.10)

HhMMU 5 Kummer functions.
B—FH, €IIES, HRAEL = const = hy, ¥ (3.4) XEJ{LER

d2 2
_ﬂ+(ﬁ__@>n:0

dz? gh
d*n
Hrp
A=1- e (3.11)
ERZ B
n = Cexp (—/\%kyx) + D exp (/\%kya:)
NIER (3.7) ZE - EIBEHNRE:
n=Cexp (—)\%6/2) + Dexp (/\%5/2) . (3.12)

£\ < 0, B (3.12) & (3.3) FrR BB BRITES, BEMARES (gh)Y2
1S IR T3 RO SR 2 5 B A, 0 I T R B R 7 S S A

9
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FHEEREREREL) > OWER, BHitd (3.11) 94, ERFEEFEE, HBEERK
[EEER W? = ghik2. L—EERE—H cut-off frequency.

EX > 0B, 7 (3.12) PRE—THRAMEAREBRE, KAKERRTE,
HAHEED = 0, SEIRARER

mr = Cexp (-A¥¢/2), (3.13)
TAELER, i(3.7) B (3.10), 4488
nr = Aexp(—¢&/2)M(ar, 1,€) + Bexp(—¢/2)U(ar, 1, §). (3.14)

£ (3.13) f1 (3.14) v #F A B.C=HARENFRBEUR—EREN ZKa;, Ta;—
BrEE, AIATARE (3.9) & FEAIBEERARN, MRREEa URIE A B.C=fEfk
B RRERES =z MORER, ROBFRERERE L0¢/0r = 0iifidn/dr =
0(2% (3.2) f (3.3)) Z:&F &M, A% matching conditions:

NI = Nii, (dn/dz)r = (dn/dz)i1 (T = z1).

HE = AR, RITES=ELA B.CRERAOBARER S AEX, BE—Br A
55 homogeneous, WRER L —BI AERRAZTRENRE, WL AEAZFRE
HERENTHRLAERE, MHRERRE, RORATREa;, RTHRERE B Fir ik T ik
FERZBBBRN, HEROE==.

EREENRE, EREET—m/ERRERZFEME (RE-FHNIERTFE),
HFEMETRERF, B Eckart (1951) B, o WAR—ABEEE, #1H (3.9) RAl

DR TE 4 B IR B BB 1R 2
w2h0 _ kyho .
e = (2n +1) . n=0,1,2,...

X RAFERE=HRLE, RAIKERRERFERU A, RbER EERE=,
HELEBSHRER AE—GEREERARY. RTENHPEERRNEL, EXE
REBSEH HUNSHABIRNEFE, FEAREER cut off, MEKEHEZ modes
HEETRRER, Bk (2.14) f (2.18) FHmER—ERNER,

BHEH, BNMBRFSRE15 mh B 115 m, B8RS HER0.05 TASE
WRERMEZER160% (HRERRAROASERS BNERREER, RO ISR
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BRE, L% EERRRKES), EX—HRT, HE=TH, &EETRES —HE
mode FE4E, RAE (2.14) #1 (2.18)  m = 1, Bt (2.17) RTMLER

Opa
a—y = ’ka¢d (315)

HEBE="4%1k, = 0.001764 rad m~1, B4}, H1(2.18) KA EEES
— = —ikyQa. (3.16)

SR ENES B RTAS HE F7E 58 Bl b2 SH R85t B 8 i

Bk, e, BRIOTUBAMEARO—E=SREE A ER, FRERTNRESE
R, KB BRAIC(in terms of A), WIHETE BELE B MBI Tk Z profile,
TR MEIY TR, t— profile /NH A& R Z profile, HAFERAR (2.8) & (2.9)
o
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FNE IEHARTRERERBERE

EARES—REZKRHEEIIR, BRNBETRELAER—BEFRERTH
Z AR, MEEKERRASFAERF—ENEELUNNEEREEE. KRR T
BEREAEAEREERN ST R EAE—EREE SN L, LARE—HEX (#
REVKB=MEEFE) HOEHHEBER,

ERME—ERFEARBIER, HE RPN EARAESBEOREE,
MBEMEE—EF SRR, —RBEARENVENERBIERESE, —8KHE
DERBET B8 LT, RBRIRHE, RFABEERSSERFS LR, REkE—RK
EBHH—EIEARER, By —ER I RBA RN, AR A2 R R,
HEHEEBN—ESEANBIL AER, BFR—MANB AR, REFHEBHER
—{ERTETROE/NB AR, W EEL—ATE, KA 8RR R — K aRE,

FREHERHFRSRES B FE L EREEFTZER, WEMRMERATR
B RIS E R R E LR GFE R TRE, ER—EIERABERNMS FER (2.1) #
BR—EBIABAEN. THZEIHEN, BFALEER (2.1) XAA—EERESH
2R (boundary integral equation) ZKEXUfR, HAEMT,

BMER—EEEBREVIOHAES, XA Green’s identity formula
/ (bV2a — aV?b)dV = / (bVa-n —aVbh-n)dsS, (4.1)
v s

HeraMba] LRIETREME NP RS TITHMBHR. ETREMND =9, BH
a=¢*=1/4rr, r=|x—d| (4.2)
Hpx®RZEMPE—-BOLER R JRE—EERWIERR, ARV =0, B

32¢* 32 ¢* 32¢* _

Vi = + 57 T o = ~ix—d)

Heh§(x — d)# source fii#EdZ _£Z Dirac delta function, #RA (4.1) REELE

—cd(d) = ?11%' S[¢§—n (1) . 1@] ds (4.3)

T T on

12




H

Y
=

d is outside S;

—t

d is inside S';

, dis on a smooth portion of §;

BO| =

Ico

d is at a sharp corner on S with a solid angle 6.

\

N

)

B AER (4.3) RERS Lz ofMog/onifE, T ARFIRLIKELERS LBR
E%E (FBRERE) LORIOG/OnfELIRAFRERBERIEM (BRIEH ERIRTRISE
T—E#1T), HREELER LN/ OnfEERFEREP I HRRREER, Hr
D EMEZIRO LN, MERERRETAERNEARBAUTETRS (#X
LURRARARERS L&), REERMAARINCEREF @R L, AIE
B—HE N ERMERER

N 96
E z](pj E GZ] (%> —0 ’i=1,2,...,N,
J

z

Hoh NREREB B, ¢; M (04/0n); RAAER jEEIRS LHIoM0¢/OnlE, EXIRATEH

AR RS #]{o) - [6]{22} —o (4.5)

BRI A TEF AN S ER LR, R (99/0n); (G =1,2,...,N) KR
DU, W RIBAR ST NSAY, W (4.3) PHRS, FAUEESNE%ZHE. &
TS B R, MO EEHH_ERMLIR/A, B SThe & R E RS ERT
SERRES, RN LB ER BRI,

HRE L —ZEMEZEN I ME Laplace equation, #URHHERE &R, IR #E

e - {22} o as

FER BRI ST /1230, RMOVEHERNZE—HARE L@ M 0¢q/OniViE. H
(4.5) 70 (4.6) MADTEHRME, TIHBERENH AR A H HEFARE S5 53212
R MERNE2TENFASEESER, REEAZ_EMGERNSF GRS, ¥ (45)
fl (4.6) W, BRABRARENZAHTE SR L EYMNOP/OnFidds/OniBEZ, B FIFG
oW MEE—Z ABRRE L, AIFTHEA (2.9) 7 (2.11) KM matching con-
ditions, ¥ (4.5) AP EMZRE LEEREZP M 0¢/0ns3 B PO/ OnEUR. 1
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It,(4.5) 70 (4.6) TNBREL, BEKKRE, BROEFEER (2.9) R, SULEFTHBIA
XK nonhomogeneous, B BE—HME— HIEZRME, A HPIHEB . A ER
ZFEBAK, MERBEREREAARNBREICRESERRTR, RNEEE—SE
S SRR, B R A —TE 5 1R BRI RER A R R — R RE,

£ L EMEHE, RACK2BOEBRES RERSNARES R, B3 KB,
BTREREN A, BFBEL (4.5) ABH, EHEREZEUREHFEANEFES
HEF, WMLIES, FERRATRER

[ [Hum] [Humc] ] { {om} } B [Gum] [Guc] } { {(8¢/0n)m } }
[Hom] [Hoo]| \{¢c}) [[Gom] [Gecl] | {(@¢/am)c} ]’

(4.7)
Hef{pa} T {(0p/0n)p VEBESHNIAEABRRHE LR HBZ ¢ Fl 0¢/Oniy1E, Ti{oc)
M {(0¢/0n)c}IHERESMEBAREMER LRERZ O T 0¢/OniIE. 58RI
# (2.3) 71 (24) ALK, BEFEEELRAE

[[HMM] [Hfuc]] {{¢M} } - [[GMM] [o]] {{(8¢/3n)M}}
[Hom] [Hoel] | {¢c} [Gem] [0] {0} ’

(4.8a,b)
Hoh[H} |8 [H o | FIERE [ Hyo|RB[Hoo) NEl. ERTEHRBERAEREHERX (52
RIFBE (4.8a) FI (4.8b)) 2B HRER, ikt (4.86) RAE

{¢c} = [Hec] ™ ([Gem]{(08/0n)m} — [Hom|{dm}) . (49)
EIEHRA (4.8q) BEL

[F]{¢m} = [E]{(8¢/0n)u}, (4.10)

Hrp
[F] = [Hum)] = [Huc] [HIC'C]_I[HCM], (4.11)
[E] = [GMM] - [wac] [H/cc]_l [GCM] (4.12)

£ (4.10) T8 {pn }FI{(0¢/On) p HEREMEABRAE L B EBEZ OFIOP/OnfE,
W (4.10) HIFSBOR/IVAERE (4.5), RHERMHA (4.10) KRB (4.6) NS
BB AER (BEER matching conditions (2.9) 1 (2.11)), HERKEL
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— B/ NIRRT AR AR — B ES, BRARE (4.9) K, Rifi{sc},
[iik: 25327 =) 0k el ) 8

BERENR, £ LLBERT2HE, I Kane (1994) FrigH, YA —EHEE, B
REREREGEMN, MRFTERNTENSERITLS SR, LEREM LRBE, (5T
EEMERE, HVEEHERRERITCREAFERENAR, RERHFRR, X RAEH
Ak RSB 73, RIOLEARE, MELSIRMBERFRRZ11ELR (KB
SENEEZEALKEE), $EFE—2EA, BRALEAREL (4.6) /0812, \TES

7 o), [0, {224, =0 @

H {1 17{0¢a/On} 1 RTRTIRE—DEZER L EEHREI 94 MOPa/OnfE, #
TREMN (4.7) AREFH LAPRRREANIEF, LES R

(Hamml, [HndL] {{sbdM}l} [Gamm], [GndL] {{<3¢d/3n>M}1
[Hiom], [Hacc], | | {dac}, [Gacm],  [Gacc], {(3¢d/3n)c}1}’
(4.14)
B { pans 1 (Oda/On) y HER S EE—SENE = HERFE L &8 ¢, M
O/ OnE, Ti{dac}1F0{ (8a/On)c hEVEENES —SE L HI08 R & ETM1E,
WEBRER (2.6), (2.7), (2.13) BB (3.16), BATATIE{(8da/On)ch RFTERITT
FA{pac hNHTRRERA, Hit (4.14) L5

e et | Lo = L 1o o}
(4.15a, b)

B (4.15b) A48
{¢ac}, = [Hico)y ([Gacm) {(0ba/On)u}, — [Hicm] {dam},) . (4.16)
RA (4.15q) BEL
[Fu] {dam}, = [Ea] {(O¢a/On)m},, (4.17)

Hp
[Fd]l - [HdMM]l - [HéMc]l [Hfzcc]l_l[HdCM]l, (4.18)

[Ed]l = [GdMM]l - [HéMc]l[Hécc]l—l [GdCM]l- (4.19)
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B (4.17) AFATHERBR

{(Ba/on)}, = [Bd] | [Fa] ,{dar },, (4.20)

B BEMEE—BUY (2.17) AWHER, REATRAES _SERMSRUIES
— BB =S BRAE LR BTG, —SFREERMEUES SRR ERL
ERRERE, DERE_STREB=SERTAE LSBTGS MR T =, REE
BEAHERSBNET SRR FE LR85t

{(90a/0n)u}; = [Bal; [Fal { Same}s. (4.21)

[FIskst, HESADER LS, BT EMEBEAE, RETERS TRMEB 28R
FUE L R98 Fee(t

{(0a/On)m},y = |Ed] 1_01 [Fa] o {bar } 16 (4.22)

L ERER S BEE B AT E R R, BRARKET SRR, B—FHH,(4.10)
RER (2.9) f1 (2.11) MREEFT —SEZMAEFET—FEAE+-S/BRXAE LN
BARGEE, BE (213) X, REMRMEESE T/ EZATE 47 L8R R4,
R E—4 BRI 2ENER, WEA—& PC AWEEE—2 RN BIERE,

EF+-/ERRNBERESDE, EA (4.9)-(4.12) 8 (4.16)-(4.19) DIRHEAM
SERABEUNAER, ROTERFERGEEMSER (BEER) 2B, BitER
7 TR REEGET, SEEMRRMRMAMERS—E2BERNER TREFRP BT
s, REAMEERGCRBARER/, RMDATKEESSSSRES SR, FE—E5
ENEERE/), UHEESTRER. 5—FH, ERMABIESERZERETRER
PERERES, IEREEER, B THERNEBBENSEBEN—XARIEL, it
EHSEREME, 2ENHE (UREHERAHROEE) /RELEEM, SERA
B A, EREEE RETISRERN—R A KIEL, BUAmLis &, BEkkE
tridiagonal, HPHAFFIEENERTRZEE NH2NERBNT S, AL EEHRE
e AR E TR IO ey, A BB ASFURERA Z KA KIEL, WERTH2 R K E
BB BN EERREESR.,

BRiRMAHERN PC, HEBAEIS 2 Gb, BAHR B RTHTE R A S B
B2 R 1605, MEMERA R/ ABEE, FEAN SR EREHNADN20AE,
H—FEEE B RS, BRH% (2003) RBs ERIER, FIRER B RTFTE AT 4R
Bt (2.13), (3.15) 0 (3.16) BH#AHERE, EH—FER, RIVEENCLUEDRERD
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FRAR201ESE, BHE—EIR—FR-, HhBESREINSBERER 244
B, MERRERERITOAE, K—A8RTEE—SHHBEMIRESN, RERR
TR EAFARB A ERORERE. AR EFEERSGREERRFR AR AR
b, MEMERRBSIN SRR, HEREHRNERER/ (ER20H254R), TE
MERRBEEN2EARRTER (ER2008R). B—HH, EER, HRMEAHRR,
HERRNA—, B AR RO, LRI ERE (UREMHE)
KARBERRREN, 3 TREMHET REBELN .
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ShE WBREENDD

ERMEBERES KL IRE, AR—EIERN, SE/M (4.5) X (46) Z
BIREAEN, BHE (4.3) ANES . RFZLEN, RMALFAEHFARESED R
FEH/NERE (BRAFTR), SRS, BRINE—E, TTERFIKEHH S S FTR
EITRF, HERS W ARAERFIFT R RN S ER LN ER AR FEEREA,
HEBREEFRICHEN A — BB & SR ALE Z E S T RSN, BRERERN
A#WE Kane (1994) HERHFRORY, ER RPN FEENRMIME E4E BUEER
h AR B EVINRE, B LR EN B L EREREI L

E—HARE LA REFESERROERTE, BMNRMARERME, HRERSE
HNZATR TR ERZARTRR—FH, IR L ERNVUER &R AABATZ
IR SN ER B R MR E BN A Re, ey, IKMIEGR L L RKE T

R, =Rs+ajLlie; + a2L2e2, (51)

HF0<a; <1,0<ay <1, EXBWe e XTH=AF TEZ = FAHEHEE—FK
FEAZ AR R AR AR e, HfER AR summation convention A &5

(1) (3) @) (3)
T — X . x — X R
e = k—Ll—klk, €y = szk-lk. (52)
W (5.2) RA (5.1) &A#&
(1) (3) (2) (3)

(s) (3) i 7% Ty %
;' =z +aily ? I I+ agLy-2 I z

— a1x§-1) + a2x§- ) 4 (1—a;— az)x§-3)

H
as = 1-— ay — aq. (54)

H (5.3) 1 (5.4) °lAl, EFH=AF TR =EEBNMUERER, £k LEM
— BRI E R I —#A'E (intrinsic) FERE(ay, a2, as)KEE, HFaslHai fa58
2RE, WERIFEBILEE, HEER (2EEATOER) I ARETRENT,
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BABRMRE-(E=AF CRN=ZEESS %, B¥ERIRBER= AL
KERBTO, TOMTO), s, FEHTH E RSB BRSO ERET (a1, an)25F
(GRS

T(a1,az) = axT®, (5.5)
HERK (5.4) R, Ba; = 0%kay = O(RIEE3) B, 7(0,0) = T®), Ea; = 0RKa, =
1(FTEE2) B,T(0,1) =T, fika; = 1kay = O(FIEZ1) B T(1,0) =TV, #&
FRERR—EEAS S LN EZRERTILL,

EREENRZ (5.3) M (5.5) WEAZ2HA, REEBN=AFTERETH, 8
KR A—HERNAFEERAORREL— TR SARREERS BBRE, T
REEEE L BEREER, IR

h®) = gy (5.6)

i (5.3) F (5.5) THES
3 3
al,az Zh al,az Zh k)T(k). (57)
k=1 k=1

BETR, 5 7TESMBERGERE, RARK LRE EHE (REL) BESEM
WAEEBESRIR(1,0,0), (0,1,0), (0,0,1), (0.5,0.5,0), (0,0.5,0.5), (0.5,0,0.5),
B —C R kR EREERERAPOAE, ME-tES2FHETE (intrinsic ele-
ment) FTRUR. EHERSR, RRERBIMERAE, 252

h(l) = a1(2a1 — 1); h(4) = 4(11(12
h® = ay(2a3 — 1);  h® = 4ayas (5.8)
h(s) = a3(2a3 - 1); h(G) = 4(13(11
m (5.7) Blgk R
(a1, az) Z h®) g (k), T(ay, az) Z RE) TR, (5.9)

7 T (5.8) 0 (5.9) WIERRM, BRMAFTSIRABEERZFZEERRA (5.8) M (5.9),
HERRR (5.9) ER (5.8) BRAKR—EEER LA EMIERET 2 HFRIFL
Mo
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EECESNHE S ERTE, HRENS 456N EEHE TS = Eins Lt
FER=E, MREATRESRTRREGROMUE, 75RO RS RSO
Rt Bk, ERBOERNASERN, HRLEEEAER, HEEENBR AR
BriRtt, RUEERBMEA (5.8) M (5.9) RRFERRD EBKBFR TR RATMN,
BgEsNELDIE—ETHE, ENCHERTEREER, AMERIERERE
SEE RIS E B s LR,

HBRFEMFANSARERZ=AT TR, KEOBENSERN, HBERE
FRE EREEE A (RE U REARE PR TR E ERRARNA, ERRER
REBE) Fir, MEMERER L REFRHECEESR LVEBIEARR, 5
5, AREEREENREZEESR L, HERINERTR. £EAMNE 5, Btk
AR R/, M2 AR ES —FEERTH.

EEABRT, ARA RO ERCRERENE, &7 hE R E & R
B R, Et—RkE T EAEEREOCE—ESER, KEMESBRAIBERXK, 1
IR RET R FE A _ERIRE.

5—7H, EEORIURERELMPE TR BA, SR ELFER D E
KBTI, RSB AR A ARRE, BR T EEHROERERS, ERERR
SRETHRASERE BIEFHE L (BFGHRBAUBENRE L), BIERP RS
I AR A\ - R AR, BRREEgTRN AR TRIRAETE, MHFR
Bk, aERAT, AMEEHREE RUBTHA, SRARRE (W—REAT+28
B, RRRFGRIERNER), BnPEROBEREMIRERAN, HRMERH
BHHNERAUE, L—ESFEHLEENEFRAEE, M hEEEXBTRERR
5%, LRI R B BRE AER R E.
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SBNE BERIBERMERER LR

FHEHE TR ABIES B R AR EREN, BT —ERERRN
PIgHE, M HERM Mei(1983) MENBRLER, EENTERR—ETER, BRIEFEEXN
B RELEBA, SATERERSRE, EA—AEREER2 Gb WESETI
THBESTHE. BiiRFSEFERNERE (RIEHADEE) ER50AR, TERN
RE | QgL DS EREREERLIMA T, BRREN A/, BERMHEN
Az RIEREANNEREEERER LOREBEZLERBRIREMRAZE) AR, B
ERNE, HREBNEERERERRE/, SEk—EE L &BNRIEL FHE%,

E+—ASHRME MO EER, Bk = w/(gho)/*H AR 160 R EE
Wz wave-number, £ E IR B RTRBIEREN Mei (1983) F& BB REHE
i & matched asymptotic expansions K)HERTSE HARETREHELE., K—H&E
FREAR]AT, THER@E Mei (1983) FrE R ASERH/MEEEERFR A RTETR
(e ), BREANEIEEEE, B2 Miles & Munk (1961) R, %K
AOR%E (R RMHEL) B, BANREMASEN AR, KERFMERMET —
H, sHHEEESBERMERGEERRIBBRASRZESE K/, /LIRS 8
KIgHPHER.,

EE+—, BRTEHEL peaks B, HRTHEMEREM Mei (1983) WEENE+S
B, BRM#&Z peaks (IBER+2YE, T peaks CBEZR, HREMARBLELET
R AR R AR SR BN ER, RHEAENGERREREERRER AR LZ
profile (REM) EB—MASTEERBETRE R, RE&H L L EHBRERMAHEE, Bl
R AN BE A B R B E SR, HRE—EFERAZAEARTRERT
H=AF, BE=38RER, HRARE MNEREA s iEmTRERTH, #
TRBE W s — B SR IMLGHE, A EER Lee(1971) MBERILE,

BEENERRERER, HEROMERT BB RES, B+ 8= E R
REMEEHERREEHRAE NS TR o MERE, MHANEER -8
BLEGS FUT RS, T EE - RE AR ERE. BREHIEENE, EB+—Frg
RUTFERERNETER, B+ PR RINERRTE/\fix. B4, EB+—F
HH R AT E Z TR (BAR) MEE RO (W) BHEA,

FER BB R R EMNEBRER, RMAEEHERNGERSIHEERR
SRz BEFEANKRE, MENROAE (RE+=) REER10°, HRENFEad
0 wave-number k HEHERRBE ka, RO AEEZTFRERR, WERTEGE
FERATAD Lee(1971) KallE, EHRARR AR (REIRRKNE) Z AS KT ERH R
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HhE, HmSZIE+m.

FEE G, Eka/F 1K, BRTTE peak Hia, BRTRBUERER Lee(1971) M
Ti+453r85E, B peak NLBEIRT2YE (M peak 2 BEZRRMFTERIG R
BIERFRCERAHRER). (B5—FHH, Ekaki 1K, BRINBIERZH TRE,
HFERAMER S PREE L, RERREMENERARCER (288 1+2). 56
HEH—RR, LRGSR RO ER, BEZIHEN, YT TRERAE
B BRiREsEN\fir, BERREREREETE, RMEEHER
TRANE 4 N A S IR o

BHRiBEMER > S OE+EATRZ 13 @R, 3 75 IYE A0 0S8R
BERGLABMIREERE, RTESEHANER. L—ERET, LEFRERRE
B%, HERNBERELGKR 1E, B Lee(1971) WA S, HILEFRE
BERkaB/NE, EEARESBS peak UBWKERE, HEke — OB, EIEHK
FRBEMFHASLR1(RE M), K—RKIABREERMREER, BOERANER
NEE, EEENEN, JHIENIE (Bka — 08) ESUBTHEEM, L3HMEREMD
FERABESTRMRE, BREZETK, BT TR,

B b st S EREAERRIR, RETHEE, §:85TRRIMHE, HEBRTRSER,
FER BRI BEE X ESNBERABFIMER, BRE—SREELR, RMSER
H—REAREEERIMMNZ Long Beach Harbour AIR#RE, 3 HAS A Lee(1971)
HRELLE. HRFHPEAZREERSE (RE+L), SEBRZIRAETRAMRRN
BRUERR—ERNER, RMFESRE, LARERMNISE. BRI ARES R
AR BE—EAARRERSRNE -+ CHhRZAERR, TIRESTRKNkafEFTEE
Z B+t AR FRORIBEORE, RAIMOFTEAR, $tETRA/NIER (REISEEE
+tHafE) ML E, WILETRIA] Lee(1971) BfRLLE, HERWE 1+ /\FiR.

EE+NA\H, Eka — Ok, HRATERNTEFRENFE, BT8RN EES
TR 1. B4, Bka > 4.585, B AT BUEARR &R RETMRVERAXTZHBR TR
€, Bz St, ARERT peaks WBEEZERIS, HRIBYEEN Lee(1971) BRI 1453
B MARR EETRERR, RME—SRAE_BIEAR, HERZFRNE T
Fimz /MBS R, WIENAIEAE INEAECIR A BRI T R BT R SR e R O RE R,
Ak L AFREHRR, BB - +HER. HEEAET, ERZHEMBREHERER,
FRRERETR RETRRVERE 5/, BREBBERNRE R R et B4, BB
REJERAKBEM Lee(1971) FrERETHE, BRERMMER (MELZ peaks HEE
EEMASENEEER), RENKESMAEHEHLREREETK, HEREEMNE
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B TE AR SRR ETG TR, BRMOE T HBCEBRRARE, WK
I+ TR v R K BR 2 Ml B A BB
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FLE TEEBRRRSNELEREDR

ERHEAMBERSRRRLE, BEEMNERERR, ROANEACRMIE
BICEEXRRRCWELR, ELEHXCRBICRTCEBE IR, URIEHS B
WRLA &R T EZBNIAONE, B8 7T EREIEFENRELRERKRNPE
BEK, BMGMETRERE LA ZNEESNIREE,

EARMEASCEEERNTSE, HFHEPERZARCRER TRERELE
TREBR—E -, WRZIER, BITERS ERE/ RSO MR,
EREARME —+—Frr, TEPAERERRE ST REEET ST THERN
MRo

ERATSER, EAERNBIEAERbE AR RIBRAZENE -+ —fx, £
PABMNBENE - +—FrR, BIREEE 105%EBH, L—EBRFUETEENR
Wi, WERETUBRRGEST ENHIRRAREE, Bl —+ RS ERD
B, RIS TRRMSTES (REREDH) SERNE-+=FF72 1865
& (HREFOERARSBEESEZRZNH), REERERERENMLEEHE, i
BHEHER, ERE-+NER, BRE =+, BRERMTUEE, LR R
EAfE, RERTRERE -+ —RFRAE, AR EERNT T ER, EiRHERE
HEAK, ErwEfERRESE R, SERAEMBEAERNTBOARELES X, TTEE
BERNENAEENUSE, TE=F=TNSERETEE, IEE—TKRER.

FRBE TS EREEE, RMEZBERSESUE -+ HFRZ 21E
SR, DRERES RS ANTESNER ST, MESROE -1+ Fr. HRE =+
AR RERE R, BRE TR S e, SO TRMANRAR—2EAR.
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