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A study of the long waves off Hwalien and
Su-Auo Harbours

Jinn-Hwa Shyu

ABSTRACT

Since the angle of the continental slope outside Hwalien Harbour is unusu-
ally large, according to Molin (1982), Mei & Benmoussa (1984) and Liu (1989),
free long waves can very effectively be induced by short-wave groups propagat-
iné on this slope, that might be responsible for the resonance in Hwalien Har-
b01i1r (or even in Su-Auo Harbour). To estimate the amplitudes of these free
lonjg waves, a different set of governing equations have been established which
remain valid for a very steep slope. These equations are solved numerically by
using the boundary element method for a plane slope connecting two unequal
(100 m and 2000 m) but constant depths, The results indicate that when the
amplitude of the short-wave envelope is about 8 m, the amplitude of the land-
ward free long wave can exceed 10 cm. These long waves, when entering the
even shallower water, can become even higher due to several processes, includ-
ing resonant edge wave excitation. Therefore the resonance in Hwalien Harbour

may be excited directly by these free long waves.

The present solutions valid for a wide range of conditions is also utilized to
advantage to check how far the previous shallow-water approximation can go.
The comparison shows that the conditions for its validity is not as severe as
we expected, but in some cases a large discrepancy between this approximation
and the present solution exist. This and the fact that non-trivial matching
conditions along the borders of -each region with constant slope are required
for solving the shallow-water equation suggest the use of the present model
rather than the shallow-water one, especially for a complicated two-dimensional

topography.
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‘L= -a (2sinh2 ki | &, tanh chh> (9 k. tanh km) (3.11)
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EERR AN REBRR, SERESSEGR R R M M
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(6r)y = iB; G SRR exp i1 2 - )] (314)

Hrp) HWR
w2 = g), tanh \; h; (3.15)

M B; RIERFRE » 2E(3.14) F1(3.15) b, RFIE R A ERENER , M IER A 40
(2.22) 22 BEAGEPA

B =01, (3.12)(3.15) A& B AT 5 R #Y 8 57 {8 0 B8 o 49 R i far-field
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2,12 . ” 2
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FERS gk b, B B 0

i wya'? _ _glc,a’2 3sinh 2k,h + 4k h — 2k;h cosh 2k, h @ (3.18)
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50| P BB 28 (2.5) R S B RO B B ST R R (2.12), R AP RT 3E 4 52 fore-
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¢ 0%¢y

o+ 5 =0 (4.1)
g%l——wlqﬁl — F(z)-exp <i/r:dez), (z=0) (4.2)
oo o
1B far-field conditions
(¢1); = (61); exp [ /:(m ] T+ @Ry, =01 (1.4)

H o1 F(z), (¢r); M (¢r); BIRASBIE (3.17) ~ (3.13)F1(3.14) - h— F{HR
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S [l B9 W 35 53 Bl BR B2 , 7§ LA matching conditions A5, It BE B R R B #bT
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BB SR % R T R % (boundary element method), h— kMR A
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%’5’* AR FRKRENRERAR, AIER &M L, FIA(3.13)f
(4.4), ¢1 T 01 /0n hE)—ER{B ELAN, HERE A (3.14) AR AT 45

(%f)j = —id;j(¢r); (4.8)

#(4.6)-(4.8)RA(4.5), ERFHE ERIRIEH (016 (4.6) Rk —TH) B (4.5)
ZEWES, BT
it = 1 4

b {v} MTERTE B B RERE R LGSR ¢, TIERH R R LRI (6r)
o W—B LSRR, B (4.8) FRAEANATRR I, 3 K R FEF#Y homogeneous so-
lution, 45 R 4] X £ singular 5 ill-conditioned , (& . 7] F§ — i # LU decom-
position method 3R % , B B AT R #R A IMSL th iy 454k 8 LSLCG FEBf 1L 5
2 - HBIS(4.9)WBRLIR, FIM (3.14) BRI SR H B0 1 B, IE 4 I s
WHEMNET | RANMEZE BHRENEEIRE -
EFIABFRTRERL (4.9) KR, HRER TR LHEHEB, B ERE
HHBGR, BT IMLER LTROEY RMUEEHREURER LEG—
TERHREROK, MERATNEEER EAEEHR 10K, ERHER—
BERE, EMRERENER(ELARIOR) HHEE/N, BRI TBRRE
B—ICHR L/ 61 M1091/0n 5 E H , BIER A constant elements YHIH, - HB—F
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H , 55 T B % evanescent modes g2 far-field conditions, T & £l 47 i & & 7K
RENREERUAR(BABHRENERTAESAR), Mk —2K, 4 4]
#1200 x 1200 fH 7T - b —BL B BEAEE K, ERPISHE —KEZ2HEW
T WL AT B SRR, B B AT L A R R BT R T S 1 R
RAEEEE(RE=) -

B EBRETERE, BT S R 60 B K SR A R B 43 71 S 5 100 2K 12000
K (EB LRI AR E LR G H R (R AR E E 51848 ), 5T &
SRR I RE 1R E BR R B forcing term DASY , IR G i8R A Y M R W B U
R(2%(29) ) B ERERL, RMOTGHLBEEEETBAHERT
FAREKRERT, 5 BREVE, AT EBRESEER THB AL ERE
BRI E AT BRER -
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h. fERELE

FERERIAE R LART, RSB (4.9) B9 8 LA K (3.14) ZUAT e % Y Bo FI
B REEEREEHA ABNAEERMTEH S REEEE - R
FTEf3RY Bo F1 B ET RN B EME V8 b, BA-E+ L5 BEAE
FIEREZBETGHE -

REAZEARMZLEME KA, BEERERBHTBE 48
, It —3E HATE ho = 100 m R AR FERY B 1T R W R 5 5750 m, 7E hy = 2000
m & I £ 24700 m, N & B B — K -

AP EEERR Y, MEES B EREKE, HERKE 100 m,
HPERNFREEE—REHRE, HQCIHX, R ERENERES T
HHE KI5 1150 m, BUEFEZK R ho = 100 m B35 , $h 3R BEL 13— B/K I, (BER
ST, B KEEINA , B S 8 S th R /K R U, SRR 7E 3 0 0 U S R K I
, {EL7K BRI 8 7R O 76 ] 14 R AT SR IB K/ (BB 1R (1995) 988 =411 ), R L 7E
KEGBAF 100 mE B, ME M REFETREKE, EXEEE TR, K
TR 7S, B R 3 B 0 /[N 20° B, B /KT DA R 45 FE R S D PO R o7 T
Y22 BB HEIR 7R 10% A2 , R TE R I B B3R NG, OB ZE A4 Bt B 7t
T R RS AR RE, B 2 b /K SR B A — B {0 A A v B A K
TN o H 0~ 60° BF, RIHZE B BT 30% -

P RE £ 60° BURH B BSE 10 — MBS RV BB T , BCER PTHE Ik th R A £3 (1995) Fiy
BRAK(HARERENRERINRABACE MM, 5 E— Bt
T |Bol {H , FAE TR 55 9.85 x 107°, BB HI B A H R AER S EREEH
BT, BACE UMM EE A , B R th ik A RSBt e BUs Sm L -

B BCRHAESTIRE, kho ~ 6, krho ~ 0.6, BEEFR (1995) & 5 = HIA R AR IT
(1) F0(2) B8, R B B 5 | B R W U ER T REE (B A8 B &
I ~2mm), {BEA (UK EG- B+ ) 805 R R R K %R = 100mpR, o' = 1 m,
2 | Bol B8R o R IEH: , R o’ 1@ INES 3.2m, B R RFEIRIEA 1~ 2cm -

A EGEARE M 1 MR, R R R B 1600 m, BEKEE
ho = 100 m W3R R H AR, ME R EEEIPL —8/KE, Bk, &
P BER/NRE , BE/KT BL AR B T AT IS 1Y BUE R o RIS Z BE B Bl /N EE 2%,
RAEYEEERME 25, MEMRA BARK 0%, % SR T 600 i, h—2=
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B TI8 E 18%, RIERH B RGN BT a2l - B4, 7B g
T, PSRRI B T 45 | Bol = 8.53x 1073 (ZEAR (1995) FyFR—th, ap/af = 2.2x 1073
R B F A F R AR of = 40?), B PR REZEX -

B RER BEEHSE LR, « = 1 mZEHFAS B ARTES S
HREAIREFN R 2~ 8 mm, ¥ M3 mig, HIRIETH2~3 cm -

HREEARPEE—-SIEME 58, B /R E RS B B 100 8 El
30°, B 7K I AR A B i #0 BB AR 2 R A 22 BE R 0. 2% B NI H0 5% , (B BGREH &Y
MR AR RS 200 DA%k EH R 60° b, (N RERE R Z 4 10% - P
BRI AR LR (D LB N\ P K E BT o 4, B /AR B ¥ 5
3~5 mm,{f{# e =32 m, HHRFIRIEATES~5cm -

BN ERENEREERE ORWRE R, BRI g R /N, 8K
PERMEMNVERIHENZEE /I REEERIEZENERE, REEHE X
B2 &, mMA B L MR M= RAHEE, BN IR nE| 60°, /i
FEZENZEBEINMER 4%, EE R A, K2R IRE/N8136% - FoHt
yEd =32mby, HHRFEHVIRE, BHELE N, KH7~10cm -

B/ A2 E L, WS RER, EE AR (R &) HE REE, 5l
ERIEREERA, BAGE P ER DA, KRR TREERHERENE R
NS E&E, WMk —HERAL, B E B iTEARN T EE SR/, K E
PPER 8/ - — R B B AT R AR BT 4R (1995) 8 R Bh b T R AN & B i
MBS —HHaER  RESRER  BRMET2REEEER h BIHNHI5E
il R, SUE e — P A St T SR B AT AR AE = N KR, B AT RER B T RHE
HRHEHIERE(TRERTREBAKY  BEKIFAEHE -

HEAZIE N, B8 EAERGOR , & 5 BRI IRIE R AR, BKITB
PR BTN CENEZRE/N, ARETAE®RERFER BN EHRHE
ZIRBIR/NRE, BAGEUEA MERTNVEERE —HBENEZR - B8R E
FEENT, #EBREVIREAZTREAER Y, BACT AT E i
HEEK - HHEEBNE, BB ERENERENGIAR , HREB E—
ERHOER A, B R M L R FERR R, N L SR B+ R AR S -
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7N R

EIER KRB ENRERERGEENBTECRIEERNERERSR
FHFEI B — B8 B AR R /N , B B AT B ST B R , 76— (B 7K 18 £ 2000 K FH 8
100 K BYRHE b, B R B KE AR M IS SR HRIB A5 2K (BN 20’ = 2 m) g,
FE 7K GREBAL B 3 B AN AR P E 4 1) 2 B T 2 R IRIE AN 13 1 mm B
Lem i R, Seeh, 8 7K R b R SRR Sk R R R ) B RN, B R
HIRIEQA, HREMRREHIHREFNKELER -

LHABRNEHRRZIREREE N EELBERNE  K—IRER
MR IE b, 08 o BRFUSEHI 3.26% , b —IRIE K B FEBFRI 1045 -
—H7 BERS B HREE 00 KKERWIRIE, ¥ CTEZEENRERE, &
TR AL FE A B FCARVB AN K , BT HE R B B4 trap 7£ 12 3% (2088 4: edge wave
FR), EIRIEEERR I (E SR H R RN A BRENIRENG), i
BRI ERRMARKEEEAGEUAR = E BN E -

AWFeS—EBHNRNBRUES/CEUEROEAGE, YRGS &
AP KRB LR A THERRBEHEER - A EMTRMARR
» BV R R B 5 | 0 5 1 14 R B O 1 Y BE K RSB I T 8/, SR K B B R
R, BEZERE EBPREKEEG, BT RS REACEMBERA (R E
HI%fE ), B HEEEEEAK, ARX K FHEERAREERNERELETK,
BHPETER, BT B RTEE ST, B AR A Y #E B s s MR e A i
WER BAREMBEEEERNRE(FEHNER) WA EAHEY
R B IERE, ERURTEEENBRRISHEY E ERAEMFARRAER -

B ATE A MR U R B S % e —E M8, BRAEAT
FRERFEEE . (PRSI — 20, 7 B TR T B
KEAM, B RETENERS RS FFEE(REE-EEEMBRD
RS ), % B AT AT B R A P O R B S IR B 5

H AT ARER E KRB LR R BN ERE RN R SR, H kR
H forcing terms ¥4 HEHEIRE ( B/KEANE WHBEEE ), MELBANR
Z, BRI AANRRE, % R EHTE A 5 (forcing terms HI FE 3 1t
HamEL) BRTEANEE S ERER PR BRNE, Sk —RE
FEELERRWEE -
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fiss: EEHT(3.18) R

BB 25) K
_(')_ wea'? _ i gksa'? _ ﬁdks + gk, da’?
Oz \tanhk,h/ Oz W T w, dr © w, dr
BH212)H
da'? _ _a’z dC,
der ~ C—g dz

4 (2.9) 71 (2.5) RAA L2, % R o, = const, AT7E

da'? a? [ C,dk, d( ksh )]

W__C_g —Ic_sdz + dr sinh 2k, h

d, 4 d
—_— = —(gks tanh k,h) =
dz (wy) dq:(gk an )=0

R BRI S
dk, B 2k? d_h
dr = 2ksh +sinh 2k,h dz

BHEX R —-SREBER, ROTE—SBE

d ksh __ ky(sinh 2ksh — 2k, h cosh 2k, h) ﬁ
dr \sinh2k,h ) ~ (2ksh + sinh 2k, h) sinh 2k,h  dx

#(A2)-(A4)RA (A1) BpEr 88 (3.18) =, o

~-920 -
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