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az¢ﬁ az¢p ‘
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R, =0 (x,y,t)» t BEEHE o
EREEEZ2EREHE .
WEESRy =— d EZREK % ( Rigid Bottom )

QERBEREY = 7, k& ° LEHHEHE 8 F 64 ( The Kinematic

and Dynamic Boundary Conditions ) &5

dg, d», d7p, dP, 37,
oy dt Jat dx 0x

R —+—¢’+ +3E( i

)2+ (—— y)zj—O Yy=7,

' -+ (2.4)
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# ( Conservation of Mass ) R E 81> 258 #itt ( Periodi-
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;p(;:?p):kvp()(:t);;s(E;Ts ):kvs(x’t),'

ﬁp = kH, ., ﬁs = kH;s

_ - = = k —_ = =
pp(X,Y:tp):p—gpp(X,y,t),ps(X,Y,ts)

K oo ( t). o > e o
= ps X » y » ’ a) = papre— ) (l)s =
og * TN EK vV gk

ERGH, BH ABE— SN AEE N ERLELRHFHR
 ZEBRES ARGZARLE - EEFEAKE B
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V2¢p:0 ’ —d<y <79 b
9Py
:O ’ y:—d
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26, 99, , 9¢» 97, v =7
dy ?at, dx  0dx ’ ’
i ¢ I¢
Py +y + 5 ’+—E( — ) =)' =0, y=7,
tp 2
2z
j 7,dx = 0 J
0
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QENEEHFR
Vigs, = —d<y <7 )
FER 9 ¢s
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dps 37 dds d7s _
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o0
Wpr = X €Wy _
n=0 ; :

KA € Gons € Yo €5 Don> " 0y BRTH W H BB EYE
BEX#EnolE o BERDBHZ 2BRFHREBRELKE.

SEFBE—RNMEENY  KTEOFZAHYE > RAA
B3 TP 8% ( Free Surface Waves ) » MR EHETEZEH
RERKRREEE » FER

(1) AREHETES (3.2) RAALEBEER (212
) &R h > Bk Taylorki MEBAY = 0 ABEEEERM v =
v B2 BREM MTIBe, 2 SH KM EHFER - B TE
KRBT EEOES RS ERT BEORTR c EEER
(AIE e’ % MEMETE—BANEENE 2 B RORR
BE EERAME (1988 IZEE . KEAMERLER &
W SRS RERR T o

(5 — B ( iRt ) B

1 cosh (d+vy)
Wo cosh d

G =— sin ( x+t, ) cereareeraaeeas (3.33.)

71 :COS(X+tp) .............................. (3_3b)



wﬂoz — woz — ta.n.hd seesssesssss sasscsssessessesnss e (3. 3c)

()5 MR
CGpr = — 1 (wo®—wo )ty ——8'(“)0—7';"7:(”0 )
cosh2(d+y) .
—7a sin2 ( x+1t, ) (3.4a)
1
Dp2 :Z(3wo—6_wo—2 )C032(X+tp) ............ (3.4b)
wpr =0 | eessessesessessesrstanas (3.4c)
@) =R 7
¢N::—é%(9wf”+5wr*—%wf5+3mw”)
cosh3 (d+y) .
~sh3d sin3 (x+t,) (3.5a)

1 1
Np3 = '—1-6—( 3(!)0—8 +8wo_4 -9 ) cos ( X'I"tp )+a"( 270)0_12

—9wo P F9wo* —3)cos 3(x+t, ) e (3.5b)
1 v
Wp2 :E( 9wo ' —10wo ® +9wo ) cevrririeniennen (3.5¢)
(4) %8 149 FE 7
1 ~15 ~11 -7 -3
Bpa :—a( 9wo™ ' —45wo ' +73w0™" —55w0™° +18wo ) t,
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+76—8( 8lwo '’ +135w0!®* —810wo!! —182wo 7

cosh2 (d+y)

537 wo™3 — 145 sin2 (x+t,)
-+ Wo wo ) oeh3d in2( »
1 1 (—810wo™"® —1512w0™ "% 4+ 15246 wo™!!
3072 54wot

— 19744 wo™" +2962wo™% + 3464wo + 394we® )

cosh4 (d+vy)
cosh 4d

sind (x-+t, ) ceeeeeens (3.6a)
| . |
s :—38—4( 8lwo™"® +54wo™"* —1152w0!° + 826 wo™®

1
—129w0™% Ycos2 (x+t, )—3—84—-( 135wo ' — 1656w0~"°

+2358w0™° — 768 w0 —197wo® Y cos 4 (x+t, )

1 1
768 5 +wo*

(—810wo® —1512w0 " +15246 w o'

— 19744 0™° +2962 w0 +3464 wo® + 394w e® ) cosd (x+t,)

......... (3.6b)
Wp3 = 0 R AL RL PO TR P PPRTS (3.6(:)
(5) 5 7 & 7
= — — 25 __ —21 —17
D s 1096 5 Lol (—1215wo 4293 wo™"" + 18369 wo

+30531wo™"3 — 78069wo™° +39609 wo® — 397 wo™! —2487we?)
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cosh 3 (d+y )sin3(x+t 3 1+ 10wo* +5we®
cosh 3d ? 774096 ( 5+wo* )( 5+3we* )

« ( 2025w07%% — 11880wo™ 2! + 20097 wo™' ' — 6280 wo™'3

cosh5 (d+y)
cosh5d

— 9445 wo™® +4400wo™° +1083wo" )
« sin5 (x+ ty ) Ceecessecssetenreanonnas (3.7a)

1
Vs =?07—2( 8lwo™?° +891wo™'® —540wo'% +6016wo™°
—7437wo™* 42925 ) cos (x+t, ) ‘
\

1
— (—3645w07%* — 8019wo2° +66339wo'®

4096 5+wo

— 23499 wo™'? +7137wo™® —5985wo™ + 153 + 351 we* )

1
12288 (5 +wo* ) (5+3wo* )

s cos3 (x+t, )+

+ ( 30375wo2* +44550w072° + 129330 wo'® — 2490wo "2

— 19480 wo™® + 13090 wo™ — 2850 — 750w o* -+ 225 wo® )

’COS5(X+tp) ........................ (3.7b)
— —-19 __ ~15 —11 _ -7
@ p4 1054 ( 8lwo 603wo” + 3618 wo 3662 wo
41869 wo™ — 663 wo ) 00 reeeeceseseciiionaaa (3.7¢)

DEBFIZEBHRAE—HANEENEZREENTRER - ©
MEANBHRASRBELNHEREET » E 5 EFenton (1985
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) Z B E S ( Steady Motion) EE FTHREMNEREER
— oy HEBERE( 1988 ) ZHY o

CENEEZKS R
MR EHEEE-RAUNEENESR AEKEYERZE
RHAMUYRZENHEENES RS+ EAERNEDERTKRE
BRI ZRBRER

¢s = ozo Esn¢sn S

n=1

0
s = Z fs”?sn

oo
Ps = Z Esnpsn

o0
ws = z €s"Wsn ‘

R € Ben € en S € Den s Gt wan S TE DB B E B
RENENEESE R ToBARDEHEZ BHET KR
HBEERBE o |

AT EENENEEREEmEEE— A0 N E NS
SRHEFHE  AKEAEDHER DR KRG LS ETR -
EERAHBRHEEAEEEQEATERERER o B -
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% (1988 ) ANz BRG EERENHETEREET -
& L) Fultz ( 1962 ) -~ Goda & Kakizaki ( 1966 ) ZHBER
WEBT IREHEDRARZENIAR—RAOEXE(EE
YRR EBERERNRE  WEBHARZHEAEE ) > AL

pszps(x,t),y:”s .............................. (3.9)

B(38)AREAHKXEES (I RRAENBEEE KM (
2B)£XF > HNALERZHMNERENFNEER > MIED
BEREHRBELAER (BEe’ F ) » AIRIGAER T » KF
R#ifE ( 1988 ) o

(DS —FE ( R &

1 cosh(d+y)
ds1 =— ¢ Y COS X Sints ceereceieeeees (3.10a)
wo cosh d

vsl = CcOSX Costs teecsetes teasestas sse s eneassoe nas o (3. lob)
wsoz = woz = tanhd eesessestertts s rensesesaseser e son (3_ IOC)

ps1 (X, t)=0 (3.10d)

(2) 58 — & 7

1 1
¢s2 :—g ( (00—3 — o ) ts +E( (Dn_3 +30)0 ) Sin2 ts

3 cosh2 (d+vy)
—-E(wo”—wo) cosiZdy cos2x sin2t: (3.11a)
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1 -1
702 =3 (wo? +we® ) coszx+§( 3wo™® —wo? ) cos2x cos 2 t;

............ (3 l,lb)
wsl - 0 ................................................... (3' llc)
pe2 (X, t)=0 N & B S D)

(Ve =7
1 cosh (d+y)
bss = ( 9wo_9+62(vo_5—31wo_ib) cos(hdy cosxsin3ts
1 —9 -5 -1 3 7
—%(30)0 +9wo® —5w0 —13wo” +6wa" )
cosh3 (d+y) 1
. 3x sints — — 13 -
3 d cos 3x sin 558 (9w’ +5wo
cosh3(d+y)
—53wo° +3%wo! ) (dty cos3xsin3ts (3.12a)
cosh 3d

1
7s3 25( 3wo i +6wo™t —5+2wo* ) cos x cos ts

1 ‘
4+ ——(—3wo®—18wo™ +5 ) cos x cos 3 ts
256

1
+ 258 (27wo®+8lwo™ — 45+ 3wo* +6we® ) cos 3x cos ts

1
+ﬁ( 27wo 2 —9wo® +9wo™ —3 ) cos 3x cos 3t

(3.12b)
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1 s
wsz:a( Qwo ! —12wo 2 —3wo — 2wa® ) reeeceeeeen (3.12¢)

pss(x,t)ZO ........................... (3.12d)
(4) 58 4 & 7
1

Bsa ==35 (Qwo ' —45wo ' +75w07 — 45 wo™2 + 8wo—2wo° Xt

1
4+ m( — 9wo ! +299we 7 — 119wo™ — 87wo+12wd® )sin2 ts

1
+4—09—é (18w '® +207wo ! —185w¢ 7 —235wo> +67axn )sind ts

1
+m( 1+we* ) (8lwo™® +54we™'® — 171wo™ ! + 469 w0’

cosh2 (d+y) )
— 184wo3 +8lwo +54we’® ) sh2 (dty cos 2x sin2ts
cosh 2d

1 (14wd)
+ 62wo™"® +2214wo™ ! — 1926 wo ™’
6144 (3+40e’) (162wo 2214wo 926 wo

cosh2(d+y)
— 670 wo™® + 7% wo ) (dty cos 2x sin4 ts
cosh 2d

1 1
6144 ( 34+wo*)

(—8lwo™'® —648wo™ ! — 207 wo™’

+4502w0™% — 1743 w0 — 1060w o® +207wo® +54we"® ) -

cosh 4 (d+y) 1 1
os4 in2ts , ’ —810wo™!?
cosh 4d cosaxsin +24576(5+wo") ( °




— 151200 !% +15246 wo™ ' — 19744 wo™" + 2962 w0~ +3464 w0

cosh 4 (d+y)
+394wo’ ) (dty cos 4x sin 4ts =-eerreeee- (3.13a)
' cosh4d
. 1 —-10 —6 -2 2 6
s =———( Qw0 '' — 9B we™ — 56 wa™ +70wo + 15wo

1024

1
—6wo' ) cos 2x+m( 18wo +8lwo " +66we+2wi?

1
—66wo® +21wo® +6we™ ) cos 4x +-30—7§ (—8lwe'® —54wo™™

1+ 42300 " —583we ¢+ 108w — 195we® — 18wa® ) cos 2x cos 2ts

1 1
+ —8lwo ™ —1053wo ! +351wo”°
3072 (3+4wo®) ( ° ° @e
-2 2 1 1 —14
—9283wo 2 —6wd® ) cos 2k cos4ts + (324 wo

3072 ( 34+wo*)
42484 wo~'® — 1152w ® — 2072 wo2 + 1092w o + 420w o®

1 1

—72wo'® ) cos 4x cos 2ts +
’ 6144 ( 5+wo* )

(810 wo™'®

+162w0 M +1044w071° —524 w08 +2 wo? +42wo? Jcos 4X cos 4 ts

............ (3.13b)
g = 0 eeeeeeseeeeneeemeneseie e e e (3.13c)

ps4(x,t):O ............................................. (3.13d)
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A )

¢35

1 1
"~ 65536 (3 +4wet )

(—486wo 2! —5292wo '"+21969wo "

+27174w0% — 14304 wo™® — 59476 w o~ + 8053 w o> —9838wo’

cosh(d+y)

—2040wo'! )
° coshd

cos xsin 3 ts

1 1

+ 405w~ %' + 8100w o7 +594 wo 1?3
65536 (3 T dget) C105@e™ +8100ws " +594 wo

— 35788 w0~ + 10757 wo™® — 352w0™" — 1828 w0’ ) -

cosh ( d+vy) ' 1 1+ 3 we?
(dty cosx sinb5ts + (1+300°)

162052
conhd 65536 (3+woﬁ( wo

+59%4wo ! +1251wo ' — 2359 woe™® — 17816 wo™° +11064wo™!

h3(d
+2419we® —1375w0” —48wo' ' —36wo'® )OO—S—(—-I_—Y) cos3x sints
cosh 3d
1 ( 14+3we*)

+65536 (3+4wo* ) (3+we* ) (5+wet

3 ( 10935 wo~2°

+ 24057 wo 2! — 42687 wo' T +41229w o' ? + 140343 wo°
— 367617 wo™° — 150973 w o' + 134903 wo® + 38206 wo’

cosh 3(d+y)
— 12028wo! — 2736 wo"® ) ° (dty cos 3x sin3ts
cosh 3d

1 (1+3we* )
65536 (3+4wo* ) (5+we* ) (24 9we?

) ( 4050wo%!

+102735w0™"" +50445w0™'* — 483682 w0~ + 289028 wo~°

' cosh3 '
201267 wi-'—112707 0626048 g 12 EY) o cinst,

cos h 3d
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1 (14 10we* +5wo® )
— 243w0 2! — 8lwo™?
55536 (3es ) (3500 ) " @ @e

— 1107 wo ' +7611we™® — 8033w + 1481 wo™" + 279 wo®

cosh 5 (d+
—15wo’ +144wo*' — 36 wo'® ) (dt+y ) cos 5x sints
cosh 5d

1 ( 1+10wo*+5w0° )
—2025w0 2% + 11880 w o 2!
165536 ( 5+ we' ) (5 F 300! ¢ @0 + 11880 wo

— 20097 wo™"7 + 6280wo!® + 9445w0™° — 4400w "

cosh5 (d+y)
1083t )-S0sRO ATy ) e sin5te (3. 14a)
cosh 5d

Pss = ( 8lwo 20 +675w0 "% — 2025w0 "% + 4270w

49152
—3819wo™* +1155— 2397 wo* —240woe® +108wo'? ) cos x cos ts

1 1
+
196608 ( 3+4wo*)

(486w o™2° 4 4536 wo™® — 29889 wo™'?

— 37254 @0~ — 5576w +65224 — 3453 wo* + 7086 wo®

1 1
+ 1656 ®0'% ) cosx cos 3ts + —243wo™?
° ¢ 156608 ( 31 dwa™) ’

— 4912 wo ' —4158wo™'? + 16476 wo ™ + 781wo™* +1728

1 1 B
+ 60 wo* ) cosx cos5ts +65536 C3tae) (—1458wo™2°

— 87480~ !¢ +24543w0™'2 + 15426 wo™® + 8709w o™ + 16812

— 35739wo* — 7878wo® + 3069woe’® + 516wo'®
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1
(
65536 (3+4wo* ) (3+wo® X5+woe*)"

+108 wo® ) cos 3x sints +

—32805w 072 — 126846 wo2° + 75816 wo™'® + 45684 w12
— 475038 0~ 4+ 203088 wo~* — 129084—302580wo* —196629wo®
— 56322w0'? — 3348 wo'® +432w0e*° ) cos 3x cos 3ts

1 1
+ — 7290 wo2°
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The Progressive and Standing Gravety Waves

Chen Yang-Yih* Juang, W.J.**

Abstract

Based on fifth-order approximations by the
perturbation expansion method, the relationship between
the free-surface progressive gravity waves and the
standing gravity waves produced by The progressive waves
fully reflected is described in this paper. From the
evidence indicated in this paper, it reveals that the
characteristics about the standing gravity wavs motion
could not sufficiently be interpreted directly in a way
only using the linear superposition of the incident
progressive waves and its fully reflected waves, or in
more serious speaking, the nonlinear effects due to the
interaction between the incident and fully reflected
waves must be considered, so will enable to explain the
apparent difference about the characéeristics between

the progressive and standing waves justly.

% Senior Researcher & Division Shief, Institute of Harbour &
Marine Technology, Taiwan, R.0.C.
#%Assistant Researcher, Institute of Harbour & Marine

Technology. Taiwan, R.0.C.
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a 44.997 | 45.005 | 45.121 45. 241
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BRAKFBEEBREZHHNEEDER RN ERREEZ B
WEBHREBE L WRE KN  c BRTHMAEXZ BT
REMAZHAEEL  ERDPRIUAZER

 EE FAPEREERZBNEEHEBHLE

YE Longuet-Higgins | Cokelet | R 5 &
7| m % KR
2 (1975) (1977)] (1985)
Bernoulli # &
R/ gk™! ‘ —_ 0.59643 [0.59367 |0.593672
(FHEF KGR ELE)
IRASKEH, /L 0.14107 - |0.14105 |0.14033 |0.140330
W O gk! 1.1931 1.1928 |1.1871 |1.187083
H
£ E1/0(gk™3)7 0.0701 0.0701 |0.06845 |0. 068447
B  BET. pgk? 0.0383 0.03827 |0.03729 |0.037288
fr  BEE /pgk™? 0. 0346 0.03457 |0.03389 |0.033757
RS SIS« ogk™? —_ 0.04941 |0.04748 |0.047878
@ B) P,/ pgk™? — — 0. 00340 {0.003530
HEBEF, 0 (g° k)2 — 0.049903| 0. 048033/ 0. 048318
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Higgins | Higgins
d=20.2
&Fenton | & Fox
d=0.2 AEES N =110
(1974) | (1977) . =0
H,/h 0.827 0.8332 |0.8332000.833197| 0.824877
Fr 1.286 1.2909 |1.290891|1. 290889 1. 237667
M, 1.897 1.968 |1.970323|1.970319| 1.963266
Ce 1.653 1.713  |1.714571|1. 714569 1. 710384
I 2. 440 2.540 |2.543474|2.543463| 2. 532421
T o 0.5052 0.5339 |0.535012]0. 535005| 0.530175
- 0.413 0.4369 | 0.437675|0.437670| 0. 394020
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v= 2 X nBnm«e®™ cosnxsinmt
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M—1 2N
ur =—2 X mnBmre"’ sinnxcosmt
e m=1 n=1
M—-1 2N
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=
M—-1 2N
u: =— 2 I n?’Base™ cosnxsinmt
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M—-1 2N
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kg RAEREDSEYFEE S » 1A (R 6 Dean ( 1965 )
2 RBERIME Y » % i Rienecker & Fenton (1981 )24 Fourier
 HRBARBEFEARX C-EABEBEEL -HKANELEEZEH
LXKk BN ERSEEE o

TE R BAE B RARRE - Ty B 8 2 SR 7T L@ E k (
Steady Motion ) REZ » HXEEVANS—MEH > KFSBC K
BY =y QSR NEEERNTLESHN t 2 HE; HE
BEREEBEARE  SERB-HEANZME BERERSX
| : w5 ) N2 dy dt AlR —# & » 4 40 Vanden — Broeck &
Schwartz ( 1981 ) & Roberts & Schwartz ( 1983 ) H B M K
B > B R TR AT B0 6 v ARK S Fourier B » MULHE AR T dy
Jdt o RMEXBAE » EARE LR EEBERE > KARE
EASTRIEEE% » AZF Rienecker &Fenton (1981 )P 7B EH>
B E(6)RZE  R(6)XFTEMBEL » | (16) &
BAEM(18) Rz 7 BEY > MBEEAH d7/dt ZHIE o

REL R M2 R HERRASE S SRS
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= 2MN +?M+ 2 (22)

AF()EEHHAE B EAMEZTEHBHESBEBE
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e (26)
Ml (23)~ (26 ) R#ETHE  2MN+3 (M 2 )+ 2EERETTH
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KERZER &S BEEBEERBIEILZ o

Newton B{fEMM:TTHAMA KA LFIFERIER L HEMA - K5t
EREFRERB/NBELZRE REBEHMEHES  EIRELR
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ER - A TREKBEESEHRELETER  RREHZHE » U—
BRADNEZMBBERERRS c EEBEFE > WEEATHES
N3~ 4 RENTER IR 107° ZHIRE - BHBEBRES

( iz
ij —— COS
75 =7 2N

)COS (J—l\:[r): i:Ol 1121"'N;~

j:O) 1:2:"'M
»...(27)
Bll =

(NN Nas

3 Bwn =0 V(m,n)#(1,1)

" w=1.0;Q=0.0

NGETEBR (Tl tRE (R 5558)
EFERRL |
FAACM,N)=(8,4)R(12.6 )2 EZE  BEE
BEBEXRERRAREZBALMNECORT 1 /0 FRERLSE
BEZBMMEN Bo =0 N gk REKEERSEZ 8 INMER
R ENMER B RERRLARE Z BN NAERRR -
BRYBE R (Reversal Effect) o i b5 5 B FE A8 IET 4 74K 1B
ZHEERNE  RABEXRZZARABEHELE R EHEY kg d
SLARO 1T BERYEBERR RS » B LEREEKE
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Fig 1.Relationship befween wave steepness and wave fre-
quency & down acceleration on crest in deep water case.
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HECOZRERE > -4 GREH/LZEMmEMm, —3. B1/0 B
KEZHRREHEEELEZH/L » hBER» & (M.N)=(12,
6) REFTHELZ ( H/L Jnas £50.204376 » M (M, N)=(8,4)
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Fig2. Wave profile of the highest standing wave in deep water.
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N
X H BERESEHEZBum.0,.QEH(M=8 ,N=4)
Table 1. The values of Bnz » w , Q and ﬁ of the highest standing
wave in deep water (M =8 , N=4 )

yalues omen,w,Q,fi(:kH)(M=8.N:4)

Bi;
B1s
B17
B2o
Bz:
Bz
B:zs
B:s
Bs:
Bss
Bss
Bsz
B4o
Bs2
Bas
Bas

—. 541650148 E+00
—.512610523 E—03
—.920337614 E— 04
. 453134502 E—05
. 756940597 E— 01
- 122245284 E—01
. 159090856 E— 03
. 108747604 E— 03
. 236137888E—05
. 190433622 E—01
. 358565589 E—03
— . 194549113 E—03
—.437503943 E— 04
—.299741401 E—02
. 296825482 E—03
. 102358962 E— 03
.394586826 E— 04 -

Bus
Bs:
Bss
Bss
Bsz
Bso
Bs:
Bés

.618750304 E— 06
- 147599101 E— 02
- 142490178 E— 03
- 103122012 E— 05
.877270697 E— 05
. 130685895 E— 03
.973260488E— 04

. 249057955 E— 04

—. 129014197 E— 04

. 275463026 E— 06
» 107784126 E— 03
. 134530940 E— 04
.661612119 E— 06
- 383919062 E— 05
. 959726160 E+ 00
- 808638787 E— 03
. 133897363 E+ 01
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Table 2. Comparison of the results of the highest standing

wave in deep water

Authors (H/L ) max (?C/Ia)max 0/00
Penney & Price ( 1952 ) 0.218 0. 141 0.9486
0. 133
Taylor ( 1953 ) 0.2 — 0.22 | (average) 0.968
Longuet-Higgins ( 1973) 0. 2206 0. 1506 —
Aoki ( 1980 ) 0.2142 0.138 0.95122
Schwartz & Whitney (1981 ) 0.208 — 0. 95589
Okamura ( 1986 ) 0.194 — 0.96119
Tsai ( 1988 ) 0. 203475 0. 1411 0.9717
3rd order 0.13223 [0.95771
0.21061
Chen ( 1988 )
5th order 0.1726 |0.92515
0. 26706
M=8,N=4
0. 213104 0.14198 [0.95972
Present paper
M=12,N=6
0. 204376 0. 13546 |0.96086
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EERNZHEE
—BRZBHRNTILUREARRAREREGEAHERY
REEBHBE MARIEREAERNCTESF,; IERZHE
E(MRERR Fu REERSEERMZE 1072 LIT) M
Fi; RENEENRRAENBEZE  BRABRAZHEEE 0

® B RMFEAERSEHETFTERZREME (M=8,N=4)
Table 3. Errors of the system equations as calculating the

highest standing wave in deep water (M=8 , N=4 )

€q. errors eq. errors
Foo . 107763682 E— 12 F 17 . 485248731 E— 14
Foi —.339385809 E— 12 F1s —.912153439E— 14
Foz .967812077 E— 13 F 20 .824864527E— 14
F o3 . 192563197 E— 13 Fa . 176412936 E— 13
: Fos —.122181203E— 12 F 22 . 592496166 E— 13
Fos — .744681434 E— 14 F 23 . 157072590 E— 13
’ Fos . 280869202 E— 13 F 24 —.991998308 E— 13
Fos — .183350578 E— 13 F 25 — . 154711496 E— 13
Fos —.459558807 E— 13 F 26 .264110336 E— 13
Fio | —.507693204 E— 13 F 2 . 259006891 E— 14
: F 11 —.145968436 E— 12 F2s —.135953242E— 13
Fi: .478530870 E— 13 F 30 — .597212865E— 13
) Fis . 732908118 E— 13 Fs —.253733175E— 13
Fis . 263196181 E— 14 F sz . 298475179 E— 13
Fis . 174918559 E— 13 Fas . 296578158 E— 13
Fis . 273805328 E— 13 Fss .601856886 E— 15
()
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eq.

errors

eq.

errors

Fss

F a7
F3s
F 40
Fa
F 42
F 43
F s
F s
F 46
F 47
F 43
Go1
Goz
Gos
Gos
Gos
Gos
Goz
G
Gi:

. 168282995E— 13
. 239469641 E— 13
.117872345E— 13
. 331386068 E— 13
.171289184E— 14
. 962237940 E— 14
. 270738403 E— 13
.267039387E— 14
. 748575941 E— 13
. 267039387 E— 14
. 270738403E— 13
.962237940E— 14
. 171279184 E— 14
.401944710E— 12
.309733032E— 12
. 494498657 E— 12
. 184806640 E— 12
. 178071985 E— 12
. 526707290 E— 13
.640350172E— 13
. 141810030E— 12
.260338257E— 12

G2
Gis
G1s
Gis
Gir
G21
Gz:
Gz3
Gz24
G:zs
Gze
G 27
Gs1
Gs2
Gss
Gias
Gss
Gis
G
Ga1
Gaz
Gus

. 340253956 E— 12
. 128065440 E— 12
. 148302637 E— 12
. 267831835 E— 13
.825894413 E—13
. 127216864 E— 12
. 137642505 E— 12
. 310913271 E—12
. 829925878 E—13
. 165053657 E— 12
. 285906380 E—~13
. 832107752 E—13
. 816391761 E— 13
.811010252 E— 13
. 192397169 E—12
.683601045 E—13
. 138384256 E— 12
.521311986 E— 13
.540897071 E—13
. 750864154 E— 13
. 390413692 E— 13
.147419698 E— 12
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b IR IAZE

e TR& HE
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BRA L fLREE ( Porous Wall ) fiisth > AEE» FHBBEERER
ZHEMIREE cFSIASATEL (RBEABSHRBE) ' B
Helmholtz FE X LB RALUEE FER » UEBORZ KR KL
ERTATEHERNRNEB _ESHMEEBEESE  RBABRZR o
AR EREER 10° R60° Moz _REEHUEMITEERE - &
REARRZLSAEERH ( Porous — Effect Parameter ) » 0 <
Go S 12K/ EG B/ BhiRZRETAVCE (HERK
EnBKRE kREN s REXE (REVBBLEE ) R
REBF(T) VEVEEZN N EERBBERZHEKXAE ( Amp-
lication Factor ) » B G, 2N MERZER/ 2B > MG, (&
RAKRE RIRRKFEBERZHE o

* EBBEWHEABIFREAR
*OEBBEWHREFTRERE



— v /i

HERELE TEFEHEEREBY2HEEEBRKLRAREL
RZBRE——EIPTB % th £ IR 08 ¥ M B 5% ( Harbour Resonance or
Seiche) » B HIRRFTEGH BRHER R YRR > EE T4
ERMMEE EMESBEEYZHE -EHEBRAREREZEES
MEEZ R EBHEE  MUTELARBERBIRE E—FHEREE
M T fF o

Merian ( 1828 ) BERHHUHMAXERERLRE (LIEXRE
(D) ZHARKEREMAR

il

27

Ta :m— n=0.,.1., 2, (11)
h =K% g=ENEH

HE B E—HEMEHmMerian’s BT 2% ( Wilson » 1972
) > MES

— 44
" T (2n+1)Vgh

yn=0,1,2 sessesseneeeeen (1.1)

DEAREBESA (BEHMAZRLREEEKRK ) BRERFAEKZ
ERHBE AoREARRZEGSHESRE(HOBEAEZEE) o
McNown ( 1952 ) &=/ \BI o Bt » & Kravtchenko &



McNown ( 1952 ) BHEKEE/PHEOZEMEL  F518 LAHNR
RENGEH  REEHOERFARABANEREG  AHARXNELZ
BRERAFTEEZMER o

Miles &Munk ( 1961 ) BN EHE M 0D FEEE - ARER
HECEENEBZEHUE ERRFIAEFERNT - KERLETHE
EERKRZENL BB S5 B LU Green’s B ET o Green’s & B ¥
THRUNEBMEHAE  HERGBENRELBLMNE - LHETS
R BHEBGLRA oI REEAXEFENEZH 0 FEHR ( Har-
bour Paradox ) o

Ippen & Goda ( 1963 ) IEFIEBREABERTHESTIEE
BREMNABRERZ K  EREEER B2 ERTELRG
HERYRNDEHEBEDARERELBEERYS

PRERSR > TR ( 1982 ) 51/ Ippen & Goda Z 5 BRI BHE
oot 3t IR R - X E R R B8 K R O R K I R M R R
BIEAMIIMKEREAR HERAAKRBRBEH Miles &Munk ( 1961 )
RUEZEOTFTER EELEBHBAELRRT o

— R BEBTHIERESE 2 #£IRE A ( exact solution ) >
ERRREEREZEL ——NEVREY  HEEERTHINZE
MM MIFNERESERGIUR  —BRRECAREFES
AREZE (FDM ) » BBRTE#% ( FEM ) RS RTHKEE(BEM)
FRANKEIRSERAES B (BIEM) » H{ Green’s AR ko



SIMARESEHE : Wilson etc ( 1965 ) BHFS Rl
REXERS > KB 028 REGAMBEELD BER o Leendertse (
‘mm)%ﬁ$ﬁm%@’ﬁﬁﬁ&ﬁ&ﬁﬁZ@ﬁﬁ%%?aﬁmm
7 B, o

FIREMRTEESHE . — 5|8 Berkhoff ( 1972 ) f %/ BIE
BEBZ&EH FERX (Mild Slope Equation ) fERZEHFER » X
5/F Tong et ( 1973 ) iR Z{ESE L F ¥ ( Hybrid Element Me-
thod ) MBEH o R ABA—BERRZ B > MWHRTEEA
R EAEABR ZHEE - Mei & Chen ( 1975 ) RBEATEE &
HEAREBTE > /M RETHE ( Super element ) B o
Tsay & Liu ( 1983 ) R #8 Berkhoff FT#RH Z &K HFE X » H{5Mei
& Chen ZH A TiME —ELIEMSE K ( Stationary Functional )
R EAMEEMEE o

Bl MR THREFE . Hwang & Tuck ( 1970 ) ¥ 28 R
BERMEEY ( Source ) AN SHEEHRSE LNESRY - FIA
BEMSRBEFRARE  EMRBERNRENZESSH - KERE
FERE  EEFRAEMG o

Lee ( 1969 ) fE/ Weber’s f# i Helmholtz 7 BX ( SIRIEMH)
RB-—BI IR MERSHBERERATE  BMAESHER
B-EEAER UESOEZREREBES AR YEAR
NErMUERBEEEG MRBERNESSHR  LEKATHA
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BN > FRZ2EL  BEFESRA N DEREBEDNRBRER
HEERYE o

BFE (1980 ) FIA=%)k T Z Green’s &3, » B HwFTERE
PRIEEE » TEBEWE S ( Velocity Potential ) R ER Z RS
MERMRERESF  MREBEEKERMYZEBLESSH o AR
CEMBECI8)FIAAEHE BEREBREKEHAZ B L
MAKRFEETTE  LRESHE BEFEREVERERR
BUE BRAEYE o

UERTHRZAERNE cEcSRAEBREERHELE - &
HREHBEESRERENT  EFERAFHLABEEEMAE  RET
G EHRBREEEIELRYE (AINERKRGHER) » BUy
ERERHME  EASABKEARMNEEACE  IERMELFERIEC
fBZE B o A.T. Chwang ( 1984 )EERHARMEREEKE—2%
fl#& ( Porous Plate ) » iRZ ¥ dERKELILY BEHG, (
Porous —effect Parameter )IRE » Go =C/Uc » CBEE » U.
B BT #E ( Characteristic Velocity ) » U. B FLRH K ( FLI
) KBNEERB () EKEEER BEXE2RABKER LER
RABE RELIARNBERZRHES

Cr

“ T 136 ( RHBEBRAHBRELZFF IR



4G,?

b SR 145 Cr =
FEE Cr=T7oe

(FBEERMHEEELZES) -

TG, =0 .Cr=1,Gr = 0XTERHEEEHBE > G, =05
»Cer=1/2Cr=1/2 R-EBFERAFEEERAHEZF
o A.T.Chwang etc ( 1989 ) &% FLEEE ( Porous Wall) Bl:& »
BRSAREEZRHEZBRH KT KE ( Dead Water Region ) - I
WRELILER RBEFERRAEE ) SARENBERZRHR

_l—Go
1+ Go

B C  MES (o) EEFMFERE ¢ =—1 k Go ¢r

b g, BEGFASE ¢ BHSEMEN . kK SEB £G. =
0(C =1 ) ERSARERLEHE: G =1 (C, =0 ) &7
SAEBREERME (BHMESREE) o
KYGASAREREEL  B—RE2RHE (4.0 ) B
Rk LSTLEE SR EETRA - 31 FEL Lee ( 1969) BRKS
FEEEENEAECEY K k2% ERS o

Z - ERENERBIES

e R R
L RR
BRRBAEIEMS - FEB S (x. vy, x. ¢ ) FE K



V(x.y,2.t) TERS

V= Vi'{ - ¢,.~Ii\ R C. B D

(BEEWMHE2 - 1)

z

]

a

N T 7(x.y.t)
N

y /

g S+

N

uz 3

uz?2

u l

BE (z=—h)

77 ////////////////////‘/////////f

B2-1 EEEET~EEH

S

& vi = ¢, seteessesie s s e (20 ]D))

HAREMER - EE&ITEXNTAS Laplaces HRER

Vi,i = ¢’“ = ( Ses esesse e cteanerssaaencteenananevesven (2.2)

BRREEATES MEEDSRGEHE



¢.,. =0z =—h (¥E) N ¢ 2D
REEBHEAEHLHNSEREHTHE

¢,z = ?’t EZ = 7%0 ees fessestas srersance s eas (2.4a)

E  ¢.:4+g7 =0 Crersi e (2,.4D)
77(X .Y t ):aei(kr“‘a‘) ceeieiiieniiineineeeees (2.5)
i %, k=27
0—-;%%%# k = T
TIE M LBKE
AAKEEBEH  RMEZEFHERKSEHKE
i.e. 6(x,y,z,t)=¢(x,y,z,t+T)--(2.6)

MRS EEERL B2 REGTE

1 ag coshk(h+z) —iot
*=Ts cos h ( kh ) Flx.y)e (2.7)

& P = af(X,y)e_iat (28)

HdEEetf(x, y)( Wave Function ) i & Helmholtz =
EX

fope FE,,y FKE =0 creeeeeiii (2.9)



B~ KB ¥ B AR & Dispersion BIER

0> =gktanh(kh) = «ocoeerennen e, (2.10)

ER—THAEL (NMHE 2 - 2 ) > BLERSENx &8 F

EEI) BRERAEy MEEEAEEET 1 & f2 534
RER I RERIRNZEEBMREHFER (2.9) o

2.8 RS
BENAEBZHEERRERHETE

i.e. fi1..=0 EAC , C (211)

BRAeMARERSILEE  HELEPERESG. - A

Ta,n = TKG,of2  coverereninnirtioninraineienneneannns (2.12)

EENERNNBREEBLMEEBEY .

fi =1 o esrerrsraeiieciniieeeens (2.13)
# AB
fi,n=—1f3,n eetreeensenieianen (2,14)
LTSHHER I REZ IS 3kF . R 1) 2RFR - 137
RN ERE RS EHE o
(EmT)



FIF Green’s 2R, * 78 Helmholtz 55 &K~ Weber’s ## (
Lee 1969 ) » & & f. ZEEH I (AREH) ZHEE S HEX

]

£2(x) :'-;—L (f2 (X)) (Ho (kr)) »a

—Ho " (kr ) (f2 (X Jon Jds(Xo ) =---- (2.15)

XEERIAZE

LEERISA LB (HBREINFABBERETAR
iE )

r=|%=%| »i=N—-1

(f2(%))n | BF LB FEBZERTATE

Ho"’ (kr ) | B —% 0% Hankel B

RS EAEFENNEY 2 BB R LU R E KR
AR BRES c MERERESR LS LR G HTE
I — B2 fa ff o
ERRERNGEEETERI ZAR  MAREETH (
Smooth Curve ) > Bl R EHXi ZEHBHER |

fz(—i):—';—js [fz(io)(Ho(l)(kri )):n
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—HPCkri Y(£2(% ) )onlds (3 )

ceereeeenees (2.16)

Xi RERLZE
ARX(2.15) R (2.16) RERI ZEFHIES HEKX o

CEE I )
EE&I(%ﬁ@ﬁ)&@ﬁhﬂ&%iﬁ&@ﬁ%&ﬁ@ﬁ
mmE

f, = f; + £ + f3 eerer e, (2.17)

HEebf: | ASE
f- . REE

fa . B ¥ ( Radiated Wave Function )

R hEARBE oA AEHZE  fEELEEMER
Z B o
N2z BRRBERRERHMNELE ( f1..=0)

i.e. (fid+1, )on=Cfit+£, )oy =0 erveerrerenens (2.18)

EREHE (2.14) TS
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fs,n=—-12,n %EAE cerreiieeaeeeeeeeesenses (2,.19)

EREMG(2.11) TRE

fa.,,=0 ZEA_(.:&-BdC_[: cevrennnareeneeseeses (2.20)

BOAT U fal i oA A EIES - EAEERERLHE R ( Radia-

tion Condition )

lim f3 =0 , r2 = % +Y2 ceerennenees (2.21)

r —0o0
LRMESEMEMN - B3 FE f: ¥ E Helmholtz &K
i.e. fa,zetfa.,y FKEf3 =0  coerrrereriieeeen (2.22)

FIF Green's AREER I ( ERER ) 2HHE AERTHE
BoEX

f3(X):_i5. Ef3(Xo)(Ha(l_)(kr)):n
S

—Ho, " (kr ) (fs (%o ) )on dds (Xo )

X ERIKNZH
Xa: X im,tz%}j
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(a

(e

FMEESERAE(xBE)ZHX AERBETERS

f3(§: ):+%J‘S Ho(l)(kri )(f3(3(-o)),n dS(s(‘o)

HPX=(%x.,0) xXi=(x:,0)

r:lXi-;lzlxz'—Xol

TEX(2.2)R(24)BER I LRI FER o
E B E F

%i@ﬁ&ﬁ(&m),(zw).(zw)&(zu)z
B KRB TFEH &
EHI )

HERITEGABESRTHABNELE  MHBE2 -3 o @
ANEHK > FEBERELZ f2 . fo.. B, EBEH(
URBEHHEERRZTSHME) » BHFBRR ( 2.16) LS °

fZ(-)a ):bo fz(.fi)(Ho(l)(krij));n

1

YR

J

—Ho Y (kri; ) (£2 (% ) ).x JAS;

xi 1fiERRZHY

ri; L X —X; |
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AS; L ERBEZRE
FEXAVEHLSEE HFERX

F = bo EQF—GP]
KBk BER

Qij =(H,Y (krij ) ).n AS;

Gij =H,"’ (kri; )AS;

0 Bk BRI

F:=1f2(xi) ‘ i=1, -

P:=(f2(xi) )sn i=1, -

BOEOEp EEE(i=1,2,

%%%%"ﬁ Coi
Pi :Cni > i = 1 s 2

AL ILEERIEE
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ereeeeeee (2.26)

i=1,

...... (2.27)
i=1
ceee N reeneeenn (2.28a)
oo N veevereen (2.28b)



iKGoif: = diF: » i=p+1->p+2

E I RBECENSIEERY

iKGo: » i=p+1,

FHEX (2.29) X (2.30) R A (2.28b) Aj 15

P =DF 4+ C  cerettiiiciriiiiatiiiiineanicannensonsas
qu D,:O 1:1,2 ...... o}
= d: i=p+1.p+2, - - N
C,:O 1:p+1' ...... N
:Cni 1:1’2 """ p

% (2.31) % (2.32) fRA (2.26) L 7B

F=b, (QF—GDF-GC )

=77 ( bQ—I1—GD ) F = b.GC
He ILij=1 i=j
=0 1¥#]

MR ( bQ—-1-GD ) F#

U

=% F=MC

F=(b.Q—I—CD )' b.GC
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.........

-+ (2.30a)

(2.30b)

-+ (2.33a)

(2.33b)

-+ (2.34a)



g M=(b.Q—I1-GD )7 beG (2.34b)' |
HEAFERX (2.15) fJ4E

F* =

bo
> (Q*F_G*DF_G*C ) eeeeeeeeseenens (2.35)

Hebh F*=1 (% ) ZEHRERIZE®i=1, M

EaFHEEQ*, G*RAER (2.27)HRAEE > MRF X
B AlmAER (2.35) ATMEHBANEEBF c kREBEF > TE
RBC BhEof Lf.. 2EEEMKS o

(ESI )

AEAFER (2.24) \HLR

f3 (Xo.vo ):—bo J‘_ Ho(]) (kri )( f3 (X0,0)‘)ndXo

AB

EF (x.0)Ex# 25

ri =| Xi —Xo |

mEFEE(2.19) ( f3.0n =— f2.n)

A f3(x..0)=+b, J._ HoP (kri ) (f2(%0.0) ).n dxo

AB

ceereneen (2.37)
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BALUR

?
fS(XO,o):bo z Hil)(krij)(fz(Xj,a)),nASj ...(2.38)
i=1
He rij = | xi —x; |
RETREEFER
F:b,HC ....................................... (2‘39)
H Fi:fa(x.',O) i = 1 coeeences p
Hl] :H(l) (krlj ){ i = ] cceceeenn p
j =] cceveeces p
Ci =Co: 1 = 1 -evveress p

L+, EENSRREEEY  Nha—BE

4 f: +f, =1 seeeserineiniiieiciniieeeneneeeeeees (12,.40)
EHEDODABEREM®H( 2.13 )

f2=f1:f3+1 .................................... (2.41)

Hg E; =1 I = ] ceevenens p

CEHEOABEHEBMEEBEES B HER (2.34) & (2.39) 8
Mc = b, HC+E
=% (M-b,H)C=E
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B C=(M—-—b,H)Y'E ceeeeeeeees (12.43)

(234 YR (243 YRA(2.35 )EITBERNEHRBFYE o
E#E LK
Bk % ( Amplification Factor ) R 52 2 & i 7y (i I I8 B
BORASFERRNEZ (RKEH O ERHH ) ZHE

. |72(X,Y’t)l _Iafz(x,y)e_“"l
la(f +f,)e %] | a e 7" |
:le(X’y)l

RTAENBEXRERER B ZBHME o
= ETEERE W
CE R M
| ZEREH LR L =12.25 > b =238 K> K&Eh=
10. 128 Y » Eym S HH K > Bl Merian’s AR (1.1 )fEEH
2 35 TR B W O EIRAE 5 B S

T: = 0.3913 f T: = 0.1951 &
T; = 0.1294 ¥ Ts = 0.0964

EEmSEEX (/Bo ) » Bl LA Merian’s EIE AKX (1.2)
R 2B g kAR BN RS 555
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T1 = 0.7831 # T2 = 0.2605 F

Ts; = 0.1557 Ts = 0.1106

ARHEKAEFELBTEEREENE > TLERKERENE
A—SREEERHARNELER o

Ippen & Goda ( 1963 ) & Lee ( 1969 ) % %I LA kit K 61l 4
MEEAAR L5 URABRZENHFELBE (N E3 - 1
 EPEMRERE (A RZEAREERKE kb 2 X868
fhiEl o Lee ( 1969 )EREETRERERYE  MEF—KE
# > Ippen & Goda FHEZHEAREREKEBE/S AN » Hiv &
HBERYE s AN _EERES N EEK =1.3 (T= 110K
ki =4.2 (T=055% )M ocLee UEBEMBERIEZE
AREFHR6.41%2.8 r WERARERHEHUE BoEER
BENE  AEARBAYEHEARNORALEENISR - BRTHE
REAEBRHEEBREXRZEE )G, =0.1 XG.=0.5
R EG =05 RRERNBEERKENR2/3 G, =0.1
FNEMERERLEE » Lee ERMERG, =0 » XREBARAES T2
R4t 88 o 5F BERERAMES—1 6 Lee FTERRHE G, BV TR
RBEZNBYREGZANMRAMEREZBE » EEGZEX
 BRREREBEFVERER /N2 BS B3 -2FEE3 — 4
BISE—RERKL = 1.3 (T=1.108 ) 2H#RNEEARE -
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ERME > Go = 0.1 HERAKBEHG, = 08B G =
0.5 B IRREH ER A - MAREEIR 1 o |
) B #
Lamb ( 1945 ) HEHHARER At ( £8a ) 2=
EHHRRAEELXRINARS |

ka /m = 0.7655 , 1.7571 k B &

BaEEEZEERa =075t » KFEh=1ft > BIHH
RIERBHAN _EREBEEFHS T =0.619 HE T2 = 0.408
o

Lee ( 1969 ) LB K/DZER#EM M 10° BHoZEHMR
% - muﬁ&%%%ﬁﬁfﬁﬁﬁﬂ@%%ﬂiéﬁﬁ?:@%%tﬁ& o
EHLEEOC0.0) REA(C0.70 , 45° IMEH B2 AR
ka BB RE > MHE 3 — 5 RME 3 — 6 Fim o BIFERA
PEREETEAOMRABEMMN ka = 0.35 , 1.988 , 3.18
B 3.87 R » BRBMZKERE o ka = 3.87R EF LE (OB
VZEREEREEZELI MREAFERHEG =0.1 &
Go = 0.5t # > MBERAEG, =018 IREAHHEG, =0
BHEZCEY EABEGE  BRELZBAXEZEHERL B
G, = 0.5F - REMCTAE > BAKZEHEN o B3 -
TEE3-9-8I8G, =0, 01K05 ZEHRRNZEVED
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FREAEBE( kae=0.35 ) o
Lee ®L160° B O 2 HBE M £ - HEHHLERE

R EIRRE 5B % £ ka = 0.46 , 2.15 , 3.38 & 3.96 PA{HE
RERZBEAERRK 0 HOZERELS /) EEEBE(
band widths ) BIEEZEAY 0K 5 HhEIMiles & Munk ( 1961 ) BT
FREY W 0 F & 3 ( Hardor Paradox ) o B{Go = 0.1 & G. =0.5
MELIEERE HERSRUKE 3 —10 RE3— Ll-BHET
HE QAN -3 BESEARERIEY 2 @8/ 8% B 8i710°
BHoEBR&EMS PN B3 —-12FE3—- 4AIEG, =0 G, =
0.1 £Go =0.5%=BEH60° HnEMAMEEARE ( k. =
0.46 ) o Go fEE/FF» Go 2 B » B KEKHE ka Z &
REUR > TEEAEGE HEEREEE N ZHMHERRS &
REBFEHNAGALRESEZHS  NEHR " M G, B4
RKEF(RKRO0.5 ) » £IREKEXRHE o
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U HEERESIEER HEFRS 3%
MEEE (1980 ) - ¢ HER IR B BV A K E BB RIRE 7
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RIKBZARTREEE
B oE R

RO O OE

AXHENBFRTIEEEEKEMBERE L2 BAREB KT
RZBERE -XPEUEELERREZ A HBEKEERB
THAE—MEERAEE—TNE BERAR 2 HAR S RRXKAFARZ
R TR EAMATEF-—LEE  GNLBREERESE
MEKBERAZER  TEU_HZEBHEE6 - RE _HBAKD
FLRERDNERIFRHENRR L c AN Y UEEZ CRANE
REBRTEZBRAIA > UEDEEREER T -BERZHE
HBEZR - LHIEHFRERTRES " FEE 284 T
FIUURE—S+ 58 BE XM FH &K EME - 070 kELLAHEM
EEME-

"EVEBABLATIRHARRRRAIRBRIEE
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—E @

BAFEHRA ( Shallow Water Wave Equations ) B —HIER

HEEGRRMSFER  BRESURFERISE Bz —#
BUBESFAEBZ o R%EROHELBYARES & ( Finite
Difference Methods ) J 4% ¥ ( Method of Characteristics )
( Lai, 1986 ) o ARt &£ ¥ ( Finite Element Methods)
B EEEREENBHS N L B TBER c KEERTREN
BT BETETUEEERESE  ATAMBE TUTLES  BH
TUFLBE—% > XL EABORZAS BRES - RFAR
WA ERR A2 EE R RMAM F&B ( Substructuring ) Z
A MILEE o B HEENNET HRES & E B Rt E
CHFE S SRR AR TRABERANRZ AEEER £AER
MEsER . WOREE kKBS MEEAEETRE LS
%%ﬂﬁﬁmyﬁﬁmﬁﬂfﬁo*

ERTE R EEAEA M ERS l TIEEAARER R
Mz ARTREEANERRRA L XSBRA—HZE— BB L
{ Cooley and Moin , 1975 ; Keuning ', 1976 ; Partridge and
Brebbia , 1976 ; Nwaogazie ;nd'ryagi . 1984 ; Katopodes .
1984 ) » H—# R "2 B2 G £ ( Taylor . Al—Mashi-
dani . and Davis . 1973 ; Jaya wardena and White , 1977 ;

Ross » Contractor » and Shanhoitz ,-1979 ; B4, 1984 ) o
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—HERE S HAERAR MEESEE AR ELAZEIE
BE TR KBRS REREZEEFNBERBRAGHZTHER

—BIBEF KRS > HEBNPREESZFEH o

AXZEEAMNAS: OBENERTREEE KRS BEA LKk
—XBECERREE RUBEAETE  c QUEZBTHEER
TREEBAELZEREO  —HE2 B QFE—#TE - E
HEE s FRAERRATARR ZHBREZIEE ORBABRTE
BREBAKE EAENRYE s BARZ EAES > N0 kE - @M
B SAERFEZHEE - BEAE  ABEABEFE2ER 4
CEHEEAMZEE EAMBIEZE.

ETHERABEXBAEFBRR > QBEEBEHER  EHEHS
CEREH S RARZE S SRS ETRARTRESHZEE
HB MELU—RER o BRAB—HERZER  QEE Y E
WAR S SHRAR S RURKABAZRATRE - LHEATEES
Ef ik (MEREFE)REREZENEN » BEHKRRE o
BETEMERYN “HBKEELAFBARKE-RBH R ZEE 0
BREERSREEZ B > FREHH ( Kinematic Wave Th-
eory) BAMELE » RENEURARBEM—REE o

RIS
—## ( One — Dimensional )BAEZEBHER > BIFFE

de Saint Venant Equations ( Chow , 1959 ; Henderson , 1966 )
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R — A SRS SRR TUTAAERZ |

dA 0Q

71;—+E: Q; P T B
Z—?+Ea;( B %: )+gA%+gA( Sr—S. ) =QiV:
L ............... (2.2)
b v llid
B %
By 1%
=2
A D EKEERE
. mE

Q IEMABREEZAKE

B IHEBTERR(—B5E=1)

g . EBHMEE

H [ KE

S, . ERWE

S,y P EENE - —HLUBELAKX ( Manning’s Equation )
%z 1S, =02QQ| /(mA’R*" ) » mB—%H

s TEAGIBEALE m=1.0 ;B FIBEFFF > m=2.208 o
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n (SEREEREK

R [ KND¥E -R=A/P > PEERRER
Vi [ HREEKRTA ELEZEESE

XL KU R B AR

t R EEE

ER DD ERECOFAFHREDZQUBEKEERA REBI
EVHEER QA

A NV (2.3)

Bl (2.1) R (2.2) MATUHES

A ov dA

7t + A o +V < Q: (

av av dH Q:V,

—_t Y — —_— S —S, )=—— ceieii.l 2.5)
3t " Vax TEGy T &8 (S-S )=—0 (

HABRANBREBER FER K HEER EXKHB LS
ERERERE - kB LABEANSE » XSS FTHIMNEER ;| AQ0)E
B ( Kinematic Wave ) » (& ( Diffusion Wave ( Analogy

)) @)% E) /¥ ( Quasi — Dynamic Wave ) K (4)E) 53 % ( Dynamic
Wave )( # > 1986 ; Young . 1989 ) o

BRTEZEFEITRN  DASNEREREEREREENYTE
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e 18 e
ek BB K2 DRES Th TANERES
(1) el B B LU0 2 B A o
QmERROEKRERRE o
Wk RERMERSGESE  BERRODHMIIAREE  EE
S e FP AR IE P - HB 3R E B B 5 R 50 FE B T S5 o
Ci R
EEABENBEERET  ARGANEERTSBE—TEREK
HMERAE SRARBMT |
(E —TE {
LEBEREN—TRERBEESRQ (x=0,t) » RAME
#HH(x=0,t) o
o TSR — TR KA ERH ( x=L. t) » &AM
MEREMBEQ (H) o
% 7 B RS ( Subcritical ) o+ pR K B @ R
s THEE R EEEN L THOERE—AREH
o % 75 #B e Sk ks ( Supercritical ) - BKE B E T ¥
Wi FHAR 2SR EESBREE Lo
(2){ & R A .
T8 % A ST B % # ( Confluence of Channels Sys-
tem ) BLIE 5% 4 ( Division of Channels System ) K3
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X¥E o
LJE B .
OEBEFER |

dS;

= ceeneneeenns (2.6a)

ZQ{ :Qo +

A
Qi [ MAEMEZHE

Q [ HERERHLZRE

Si
S ERR E AR AR o B R

(Point Junction)ifis » BIHEN T KEBE#MLE
dS; /dt WMz M( 2.62 JRUTARERRZ

QEEHER !

Viz Voz
H:+2Z: +2—g =Ho+Z. +

Al

BR” 1" REREZ LHFE BR" o " REWEZ
T E o
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Hio | AFEBEREZKERRK o
EERERRHT  ENERTHERRLE  EEZELK
BIRAWAKZ > MLEHHEAEFHER ( Kinematic Com-
patability equations ) RfRZ > REIKFMEERFEZ LT
BRAXRZKE-o

2.5 R GRE
OEZERFABR | TKELEREZ REEE » &

Qi :__—}:Qo ............................................. ( 2.8)

AL
Qi MATHEZINE
Q. [ HOWMERHZIE
@QrEEHERX .
V:? V.2 Vazm

 —H.,4+Z. S,L+K
T + +2g+f+d2g

H:+Z: + (2.9)

Ko |
L AMEL THEZES . SLEEEKERE

K. . BRAESHRFER 2 KEBLFEY » BESHEL
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S Tz kUit FIERBERR o
FHRAMUEZ SR GUHFEEERE  ESPEETEZER
 EAEH ( Yen, 1986 ;8 , 1989 ) o

= BRTEES
UABEREBTEAE - KB TSR TASE
g 7R
W5 A BT U IR T 8 5 R E T R B ( Subdomain )
BZBTHE ( Element ) » £TEZ M LIAE ( Node ) Ei -
87 % EHKR A BB 2 B E dE ( Degree of Freedom ) o
ORETEHR
B9 5T BB T XK 0 R EABEEK ( Interpolation
Function ) Eif8 5 AKX 8 ( Shape Function) » WL FEhH—
KT K B R A ISR R R o
E#EILHE HFERX ( Element equation ) | _
UEHSBERERE  EETEHFER  EEXRORMS
FBR(2-4)R(2—-5) AXBRAR—AUBHNSE BN
B S HER o
) g B B
PDESERBHEE BERS FEAXERABSE 8o
(5) 5 B2 3 e O
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Bl AL B R IE G P2 R BT R A o
NEETRABRR
AHETEZTEHBR WA~ @R ( Global ) AF
HHBR o

() i B o S R 4 L
UHRBHEBEEE  FHRERYE— o

§3—1 HEHEFER:

B9 oS R A BT R 20 BB LR R O —
M7HE - BT MR &AM LR R B ER 2 BRI (
Residual ) ¥ ¥ — B K MEEME L M ( Orthogonality ) » &L
MEENMSEEMEY - UEAEY S BEME R enkiewicz |
1977 ) o |

B LRz RE  EASEBFREENTES REFETE -
 UBAERARFEREVSHEAGE  £SETERENDELE

% BIA & T2 R A ( Summation Convention ) ZRFRHK
—H (e) FHBEIE
A(e) :Nj(e)Aj(e) j :1~NDEL ............ (31)

V(e) — Nj(e)v]_(c)

Hepo N =N (X)FR-EE ] NEKE
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A L VO BESMERE
REEBRNUREE @ETE  NLUEREERSKEZ - BT
BE Ni=(1-¢)/2,N:=(14+8)/2 ¢EEBEE

( Local Coordinate ) o

B (25 ) RBMEMETERRM ( 3.1 ) RGP » 8

H(c) : Nj(e)Hj(e)

n;*V; [ V|

S/(c) :Nj(e)Sfj(c) _'__._Nj(e) ( ij4/3 )(a)
Q;(‘) :Nj(e)Q“_(e) (3.2)
(._Q’X')(::Nju) (Q‘;V’)j(e)
S, = az‘e’ = N7, =_ dN; Ce)
ax tJ dX 7

ERZH RR;* BEAERA Y HEY > THEFHR
BABAXREEEOEHERS ; 2, SHH i DEEBER o

§3—2 BETEFR:

—BRTTROEE YRRE—EZEH > TRAKEITE  mik
TEFEEGETE  BEEBIEESHE M TRAUKER - —
BERTREZBEHEFEES R > KABFEH ( Zienkiewicz >
1977 ) o
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§3—3 HEATRFEX.

(3. 1) R (3.2) RRAFER (2.4) & (2.5) Kb ATHE

THE (e) AHVBRERME !

Res(")C :Nj(e)Aj(e) +Nj(E)Nzk(2) (Aij +VjAk)(e)

__Nj(e)Q’j(e) ........ eessessesasssssnne
Res M = N; <OV, < +N; O Nu'® (V,; Vi)

+ gN.;’ (H; +Z; Y +gN;i S

Q:V,

— Nj; ( A )
e dAj(e) . dvj(e)
, A‘(e) — , V_(e) —
e ’ dt ’ dt

Res‘’C . TE (e) b EFEE FBANBRME o
Res'’M | T (e) P HEFEXWNBERE o
N.;' . N | REGEFHUTHEBE T o

(j, k=1~NDEL )

HEYLBRERETAI TR

freh s Q° ERTE (e) FEMER o
i=1~NDEL
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~ .
Ce)
i == f}]  eaesses esresssserse s
Jo NiRes *"Cdx =0
N;Res e ' MdxX = wereereermrremeneneees
Jo- es Xx=0

eveeenenee (3.4)



BTHEER(35)R(3.6 )RAA' EAUTII R MR
BEBSENESR

St :J . N:“’N;‘“’dx ceereruenieeeiiiieeee (3.7)

R{%) = g N: O N Nt dx  reveeerenevnnnienene. (3.8)
T§§>:IQ¢ I A (3.9)
PC;¢ = S“.(e)Q”(‘) .................................... (3.10)

PM:® = — g ( Tii(e)Htj(‘) +S:;¢° Sfi(c)

Ql VI
A

+ S ( )4 e (3.11)

Eh H® =H +2,% 2nH% i WAESE ok &
AR ETHEERNT

Sij(“)Aj(") + R i'® (AjVe+V;A: )Y —PC:® =0

(i, j,k=1~NDEL)

(3.12 )8 (313 ) MAMNBS—EUMKHEt SE BN IERS
RS TEE - HRREBE R RN ERE TR
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§ 3—4 RERBHEIE
WS ERESLE  FEXRTHHNENEBETRATZRBAE
( Fully Implicit Scheme ) ~ f&#: ( Explicit Scheme ) » —[&
BB R » BRERE —& 55 ( Runge —Kutta Scheme ) % » AR LHILIHE
Bz (312 ) R (313 ) ARPZAL BV,O TEFK

. A - Ced A _.n(e)
AP = j-ntl ~ T e ereeeeenacaenan (3.14)
. . Vi Ce) _V'-n(e)
V0 = Liatl - e T PP (3.15)
At = tagl — Ltn secrereereeeaicaiannen et eeccenanesasorenas (3_16)

Heh s AL Vi BALH s Vi SRR (e)
REE j 2 —FEZ ta R T —FEZ tavt B HE o

LSBA—MERHO » (F8(3.12 ) R (3.13 ) BAFHEM
— B FIE AT LU RRR

Fi(e) — 9Fi-n+1(e) +( 1 — 0 )F‘__n(e) (317)

Hehr 0<0<1 HREEIENERBLBETHER (
Reddy , 1984 ) » f0 .
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0 ( Forward Difference Scheme )

1,72 ( Crank — Nicolson Scheme )
6 =
2,/ 3 ( Galerkin Method )
|1 ( Backward Difference Scheme )

B(314 )BE(3.15)RAE(3.17)XRTH(3.12 )& (
-3 )MAEEMT .

C C
Aj.n1‘® — ARt

Si,(e) (
’ At

) +R:i# (0 (CA; Ve

+ ViAe Jnt1®’ +(1—-0)(A; Ve +ViA: )L ]

— [ OPCicnn®®’ + (1—-60 )PC:. ¥ J=0 - (3.18)
V'-n (e)_V_.n(a)
S (— - ~t d ) +Riie? (0 (ViVi)mt®

+ (1-0)(ViVi)a J—(6PMi.ati+(1—=6)

e PMi.a® ) = 0 cereeereniiiiiiiiiiiii i (3.19)

(318IR(319) ARANBLTRZFRERESEM o

§3-5 BmEIFHMEE:

—BH R RRRRE  BERE S E—HERE ( New-
ton — Raphson Method )

BREE(3.18)R(3.19)KXd: A’ BV, .9 Bai—a
ZINCHEE G EE > T—E0HEEEE A BVim
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B AT 4 I — B BIE A A ( 3.18 DR( 3.19 ) Kb » BE —EBRME

RC,® = ., (= "“(e)A_tA"'"M') + Rijs®

« (O(CA;V:+V,iA, ) LR +(1—-6)
« (AiVi+ViA: ) ) = ([ OPCimn®
+ ( 1—6 )Pci.n(é) ] ........................ (3 20)

V'-n (e)_V..n(e)
RMi(a) — Sij(e) ( ientl 1 )+Rijk(e) Ee

C(VVider™® +(1=0) (ViVa)al — (8
e PMiowr1 +(1—0)PM:.n®> ) -2 (3.21)

R ERC: & RM: LIFEHHHZRHEB ( Taylor Series Expan-
sion ) » BB —ABREMEAA.+10 BRAV ;. an®

dRC; dRC:

RCi(e) (e) AAin Ced + Ce)
+( OA ;. nt1 ) 7 (an-n-i-l)
c AViant' + (BREE ) =0 e (3.22)
d RM; d RM;
i(e) T NCed AA i » Ce)d Ce)
RM: + ( IA ;. a1 ) omen 7 aV,-.,.H)
AVt + (EREE ) =0 oo (3.23)
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ERM(3.22 )R (3.2 YRAFWEKERD - BITERN
THROTEEEFER |

aRC‘_ aRC. Ce) Ce) (e)
AA ;. RC;
A ;.11 Vjommt 7o

dRM; 0 RM;

AV'.n RM:'
0A ;. 11 0V . at1 7

§3-6 RNTRFEANES

FREZERANEEZ - RERENENERBE Y £BY
BETENEEFEAN (3.24 )X rBRBTENFIK&ERE
HEXMUES (Assembly ) » FEHRE—EXENRERAKHE
% o

$3-7 KEBREH:

B — IS8 R ST 2% B - DA SR ( Ex-
ternal B.C.) 5 A& A& # ( Internal B.C.)e R TEEHRKE
BREHZEE RESKENEFTETRY ( SRK - 198 ) o

M —#EX 2> ER
S4—-1 E—fE
RIBEEEANEAMEEAR  EANTLEREAKSHEENY
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% .

—EMEEEE 2 EE20R - EESE 0.0015 5 EBEKE
Be6R ABERBEEAE  BRESE LBENHEE 0578RENE
2000 THR /B2t B FERLIRETERHBEHE Bt H
2 = nfiS 0.02 o

BREMLNEESE 4 HLE YN S K 20 BEEHEN R TH - £
BEREEERR 0 BN -ARAREER - THE2REMFEU
B ( Kinematicwave ) BRZFZEXTHE > RRHEREER208
 EETFSYLO0=0.55 R 1.0 KEEE - RENEKER 1§
W KR Viessman etal (1977 ) IRAZ ErRESHER (B
RES 28 ) M— i MB—Fx SRAEYSE BRERBE(
1987 JARBI RO ES E—EENEE > R ZBEREE BT
AR B REEES 108 o |

A HRBERL SN B EE — Sy T 5 e B R M R A R
M18~ 108 208 0 DmEE EERTHRO.5 K 1.0 »
Bl T At =30 B ER BEMW ERBR S ( Oscillation ) &
W KRS TEE-BENBER o

§4-2 EWAFR
B A R 2K 65 M ik TR - 8 B B E B W E CPTUR
C Heh o TANEES SEVER  HREENEAEREUEGERK
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RHEEMH M ( Akan and Yen , 1981 ) « B HSKEEREZ L
AVER - REFEFEE 108 - BERF I =0.55 » N UBHER
BE B ( Diffusion Wave ) A KRB ER R - HIEBRHHERA
Akan [z Yen [ 1981 ) FIRAMESER M —H K - BEOB XS HE
B8z B N g2 MBEMR A5 B8 Akan & Yen ( 1981) 5
BeoermANMUBEGEBEELATEXN  BE2 . 3Z2HERKUEEHR
T MEERTSEL MEEERESEBEYN BTEKHE (

Backwater Effect ) o

§4-3 SHEHER

AL RGOE B LESEARKTRBI LS
ZHEBRROTEGESKE (BRA 1988 ) c REMHTRRE
2 B A (9 BT 0 kM L R S B A T I A ()
BT » & MR T 058 5 B LR 2 5 50 8 K TR R 1R S 7K W 0 M 0
Bedk o BERAMIBE At O BHAR - TMEHEL D /B=20 /40 (4
/57 )RK At BEEERTFEI =1.0 o

TR B AR R R A B M KB SRR B N (VBT R o 74
A ER RS B TEN S 2% BAEERG AL EREES
Bl HRAUSRETENE; RARNS 2 0 BEEEHEE Sk
TR B0 AT R U 5RO 8+ 18 S by B L LA B

o
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§ 4—4 KR %K
2 37 L6 ok 77 BR B T A0 ME R 0 (SR RER A o
EGERGNERSS > CURSRANBKERERERENED
AR S B AT B e T T HORE - SR S MR » WER( 1) K
BAFELLEEME M (1 )REEETESBBEL TS
WME (I )RERKAHBEZEN O > WEIRETTR o
EEENTREMEEENBEORT  RAEG LEIREED
LB R RN R EE & MEOPTT - ERE LN SR EES
RGN R SRENNEE G mEO R EE ( BES) K
Vo S BB R EB S B o O R0 R R SRR KT B
SEB RO EEA - ME (DR o 85 n fH L [ AT B At
EE| Pz ERE EWNE (L) > (I) >~ () F45 K 0025
S 0.02550.02 o HEMBEAtB 2/ - HHEEERTO
ER 1.0 o |
EERBARBAT—EAB+ARABPF 2EBEEAATAHR &
Bom REERBENKER REATHES (ME)NWKCEER
B PR o BT B B E H - B TUME R BB FHE A S RA B
B RERMBAEE 2B o wERKEMEL  BRBNMEZE
KGR B S c B S BEM AL R ESSRRIE
cHREEBRTEE TN ET LR L REERR ESHE
B ] b fy e S+ T ELAE 00T B D T D B8 4 9 K O 7 9R SR K T R A
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RE CERERLREE  FAEEWEREET LERHAES -
A REBEMEMNARE  TELEERERS EABNELE
MER - AXHERBEIK (1986 J)AZREWEBELE  BET
E%?T%i-%ﬁlktﬁr'ﬁl P MAXZKNERNEEIRZER EHIB
BUER o BOVRAR ( 1987 JAFIAERTRERA—IE L&
REERTSEL EHIRZEERERET Lo E~F M (
1983 JLUARESESHBMBEHR AT R B HEE - B3 BEEE
MER HBEAEEL-

b ZHERKEER

EF ECHBABBAZEFABAR - #HEALRES KBS
BRI~ MTE o B0 SR mERAS R L Bl
B BB R A E - AR B BIR o BT T A R 2 g B
HEIH o ML B BT — BE R R B R R T
MmEFRR:

ah ah du dh av ‘

—_ h - h — Q;  eeeeecne. 5.1
6t+uax+ 3x+vay+ 3y q: ( )
du du du G (ur—u)
at+uax+vay+g(8f‘c—Sot )— h
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0 av ov ; (vi—v
LAAPENCA ATV Y I R B

)
.-+ (5.3
ot ax ay ( )

BN A AR TR R R — 2 Bk RS K
B8 FEAXRBERHTEEL - RTEEHAE M EEES
25‘5@%%* M==AY TE  MENEHTE ( Ziekiewicz, 1977
) EEE SR SR EER ST o

B ARERGE  BAES B AENY o W EE A
, M B K E L B H T ( Overland Flows ) » S0/l 0
B 0K 2 B o AN M ¢ R B AR R B — A B
BRI o

§5—1 BREKEZEMR |
EHBEKBEERZER L BASRERKEEBRZRE

HpyBEEENT | AR BE54.8m > ES2.4m x FAZHE
B 0.0806 » y FEIZHESO0 - BHBHKk =38 » FHHIER
WE S 75mm, hr 0 ERS 1 min » BRBSK—# HARTRE
s RUBRITZEBE RERSE (5 ZEE - 1984) B _HEREZT
ARG 2 HELE o Bh T ZHEERTRZESET
SHE - AMMES R REEARIOCEFHRAKEERZR LS, /
( F’h, ) » B ( Woolhiser and Liggett , 1967 ) ) » REAFF
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HHRNEDBEZBE AAFREBU B ERTEEEE "
MZBREEHE  MEFAL_#H2ER . BEEy —HEE  BEE
& AKEB ( Rising Limb ) REEBH R KEHE o

§5-2 ERMEEZEBIR
REBEAKEZ NS MEAA_HERZRE > SBAEER
ZRAKEBHRYBEHFENT I KB 500m » RS 500m » x4
MZEERO0.02 » vy FEZEER0.02 » [AHBH Kk = 38> HHHB
SEWRER 40mm /hr > RS 30min o B (L) ERER 30min 6
ZFRBE - BORRUHEZ KEBEHE  MERAS L AHE
ZEESWHE  KELFHM G HAagae L AKLU4B° FEAT
Wroi® » EMBAEKERSE 2% s ( Time of Concentration
) AIMEERE 7 min o RELSETF GHREERERFERE  —&
FIER 30min HERE% MEER BEHBEK MORESD LG EE -
MEBRTR o HAHM - REBDE KBREARI0 SRYERY &
FTAEB AR o
N iEmE RSB
S6—1 & i
AXBRHUFREREERE MR B ENEZTIE B
AFIBEIUTZ &% :
OFBTREGAIRRYNERS — 2 E—FE ERASR 5
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G R EEATREE o EEBRHE 27 T%ZEE - FIA
ER TR EREASR B BALES R RS 05—
w7 R T 3R B T LARE B h s T 2 PHIEE - A A R AEE 2
ERTEESEHES o
CER Mk ERE . ARU SR RRB - BYEE
WRERS A c ARERERTUEEE LA TERGEZ
G AR ZEE FEBEHARTREZEY
SFAARTEEEAZ B BERMERLSREAZKE -
AEEFBEKES TURESWERELR Bt TRES
A T B U S LA ML Sl BB ER HAHR
xS EEREKE o |

§6-2 B Z
DERTERERBEKREMNE —BERARE RAERITRE
ERRYHWEEAIBED MY KRB ZRHS HTER Lo BHRNEE
B > BEEME > IEAEFREBE (Unstable ) FMBERTE o ALHA
UBH B FERE THS 22— “HEBKEME - BEAMEE 4
BUEBRTRERBEREME  PLARAESH AN UERT
7z el i .
(TS URERES ~ INHEE 8 (Weighting Functions ) REHBE S ZHE
M EBAE SR EEBRER BN MEERELRS
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SMBEE > REMETMEEBZHE  BERS 2 FrsT
HRIRBEEERS TR @S 2 R SMEZ EH o

COMERTREREAEMEER R THEZ AR 0F
BERZHE  LBEEKERRAMIZ0E - KAEAER TH
P2 G SSME o HETRE - MR T EK S - AT
F## ( Substructuring ) Z H 8 » E$ﬁ]2ﬁ§ﬁﬁ% TRIZE
BABR MERGEBARARRZESMUEES - RUE
MEERREZHREI BN EERT B L2 B o BBEN
EEBAA 2T EER BERRNEAA C#2 BRER
 FETEEEFBARR - MERR - B Sl AR
 AEBMAE BRTSAENER 2 — o

=S

AXMAETHEBZFELSR  Hak—0l -~ LRE > 21
AEBHTER  BRHBEARZHE  FALRRBERBERNHEEH
RZEB)» R—OFEEH o

LENRR
LEL# 1986 " ERWEEERZ2HAE” r B AKFI=F - &
J4EFEE3IH > pp.1 — 12 o

2QRLCENE ko 1987 » " ERTEER—HPEBBELRHRT
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» BEEBAKFIET - F 3B EF 4 pp.30-35 o

IR > 1986 > KBRS BBk TEANRHREY -
HITEN EBRME+AERA » pp.-236—257 o

LBIER - 1989 " WA FTABKESY ~ - AdbtmA T AESRE
FH LM BraEARATABRFHERSEE 03 5 o

SIBERE~ K—Fl> 1988 ERTEREEHEES K2 ER » hER
BE+ - E2ENEERARLE A4 pp.1-8 o

6 ZE s~ HEE S ERE 0 19840 * HIRT HEMEERB H 52
% BoEAKATEFNGHRTE  pp.387—402 » AL o

TERE ~ T B 0 1983, 7 M AT RE KB EE R OB R
MEEAEARAZ BT RE " N OB KR FEES 72 -
08 5% o

8 AKan, A.0., and Yen. B.C., 1981, "Diffusion-Wave
Routing in Channel Networks'",Journal of the Hydraulics
Division, ASCE, Vol.107, No. HY6,pp.719-732.

9. Chow, V.T., 1959, Open Channel Hydraulics, McGraw-Hill,
N.Y. ‘

10. Cooley, R.L., and Moin, S.A., 1975, "Finite Element
Solution of Saint-Venant Equations'", Journal of the
Hydraulics Division, ASCE, Vol.102, No.HY6, pp.759-775.

ll. Henderson, F.M., 1966, Open Channel Flow, Macmillan,
N.Y.

12. Jayawardena, A.W., and White, J.K., 1977, "A Finite
Element Distributed Catchment Model, 1I. Analytical
Basis " Journal of Hydrology, Vol.34, pp.269-286.
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14.Keuning, D.H., 1976, "Application of Finite Element
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FINITE ELEMENT MODELING OF SHALLOW WATER WAVE EQUATIONS
Der-Liang Young

Professor of Civil Engineering and
Director of Hydraulic Research Laboratory
National Taiwan University

Taipei, Taiwan, ROC.

ABSTRACT

The purpose of this paper is to introduce the major
potentials and perspectives of applications of finite
element aralysis to solve the problems of the shallow
water wave equations. One-dimensional as well as two-
dimensional shallow water wave equations will  be
incorporated into the modeling procedures. For one-
dimensional flows, the models will cover the typical
single channels, confluence channels system, division
channels system, as well as natural river systems. As far
as two-dimensional flows are concered, the over 1land
flows are investigated. The simulating results will be

used to compare with other existing literature and the
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data obtained by the physical modeling. The models were
found very feasible in modeling the complex flow fields
of the shallow water wave equations. The paper finalizes
with the opinion of the writer's past experience and the
judgement, indicating the major trends for the beginners,
in particular, emphasizing the concept of "Substractaring"
to deal with the very challenging engineering problems,

such as hydraulic phenomena near the river mouth and their

related problems, etc,
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A Numerical Predictive Model of Tides in the
Seas Adjacent to Taiwan

HsIEN-WEN LI

Department of Oceanography
National Taiwan College of Marine Science and Technology
Keelung, Taiwan
Republic of China

ABSTRACT

A two-dimensional linear model of tides is developed to numericaily predict tides in the seas adjacent
to Taiwan. On a continental shelf such as the Taiwan Strait, tides from the open ocean control the tidal
phenomena within this region. Thus the tidal waves in the model are forced by the tides at the open bound-
aries, where the principal M3, S3, K, and O, partial tides are used by means of harmonic method.

The computed tides are compared to the observed ones'at ten tidal stations around Taiwan. Good
agreement between the calculated and observed tides is obtained. Some calculated tidal hodographs in the

seas around Taiwan are depicted.

Key words: numerical model, tides, seas around Taiwan

Introduction

The tide prediction at selected locations can be suc-
cessfully carried out by means of the harmonic method
provided the tidal harmonic constants are known at those
stations. But it is difficult to calculate tidal currentsina
sea from harmonic analysis. It is also impossible to pre-
dict the tides in a coastal area without long historical tidal
records. In this paper we use a hydrodynamical-numerical
model solely based on tidal constants at open bounndaries
in the area in question to calculate both the tidal heights
and currents in a coastal sea.

The numerical method for tide calculation was in-
itiated by Hansen [3]. Since that time many numerical
methods for solving tidal problems have been developed
[5]. In order to predict the sea levels directly from the
astronomically derived tide generating forces, some at-
tempts to solve tidal dynamics equations for the global
ocean were made in recent years. However the results of
these tidal models of the world oceans are inadequate to
predict sea levels for practical use. Cartwright [1}, Hender-
shott [6], Hendershott [7] and Marchuk and Kagan [8]
gave detailed reviews of numerical models of global ocean
tides. . .
Nevertheless knowledge of tides and tidal currents

in marginal and adjacent seas plays an important. role -

in coastal engineering. The tidal phenomena in a mar-
ginal sea, such as the Taiwan Strait, are mostly excited by
the propagation of tidal waves from the open ocean. The
tidal phenomena of Taiwan Strait are extremely complex.
The semi-diurnal waves come into the strait from both

ends. The wave coming in from the East China Sea pro-
pagates southwestwards and that coming in from South
Cina Sea northwards. These two waves meet in the central
part of the strait. The diurnal wave passes through the
Taiwan Strait from the north to south in 3 hours [9].

During the early 1930’s a considerable number of
tidal measurements in the Taiwan Strait were made [9].
These tidal measurements are used as the basis of a nu-
merical model in this research. We first calculate the tidal
constants at open boundaries based on co-tidal charts.
Then the tidal elevations at open boundaries are specified
according to the harmonic theory [2]. Tidal currents and
tide prediction are computed by the time-dependent
model for the seas adjacent to Taiwan.

Governing Equations

The following system of linear hydrodynamical

" equations is used for development of a numerical model

of tides.
b )
%m-%%ﬂ 2+ Ll
24,2 @
-2%=-f“-p TR G A e
+ L4l | ®
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% __
3; = P9 C)

Here x,y,z are coinponents of a Cartesian coordi-
nate system, with x, y, z axes in eastward, northward and
upward directions respectively; u, v and w are velocity
components in x, y and z directions respectively; p is the
density of sea water, which is assumed here as a constant
and p is the pressure; g is the acceleration due to gravity
and f the Coriolis parameter. A and A4, are the horizontal
and vertical eddy viscosity coefficients respectively. The
tide-generating forces are neglected because of the small
area of this model.

Equation (1) is the continuity equation for an in-
compressible fluid. Equations (2) and (3) are equations of
motion in x and y components respectively and (4) is the
hydrostatic equation.

The pressure p at depth z is determined from the
hydrostatic equation (4),

P=pg($-2) ®)

where the atmospheric pressure at sea surface is neglected
and { is the free surface displacement from the undisturb-
ed state.

In addition to the above equations we need also the
following boundary conditions:

- 1) Kinematic boundary conditions,

a; + v—s- & at the surface, z={(x,,1)

“ax o
oH _ ,3H ©
and w=-us= o 5 at the bottom, z=-H(x,y)
2) Dynamic boundary conditions,
du _ (4 2uy B8 _ 4 duy B _ Ty
A U Ux) =3
at z=§(x,,2) (7)
v _ 3 _5'_ Ty
"az (A ) ox (A P

where 75, and 7, are wind stresses in x and y directions
repectively. Wind stresses are set to zero in this model.

ou Tbx
A"az+(Aax ax+( )
at z=-H(x,y) (8)
av oH oH _2
A=+ (A ) >t (A 5 3y

where 7,, and 7,, are bottom stresses in x and y compo-
nents, which are exerted by the sea water upon the sea
bottom.

We integrate equations (1), (2) and (3) from the sea
bottom to the sea surface, and we obtain,

& __ U, v
Fraidad & s ay) &)
o fV-g(§+H)£-%+%_{i

L rfalta: (10)
a—"= fU-g(§+H)J- T

f‘Aa”du 3 f a"dz 1)

where we made use of equations (5), (6), (7) and (8). For
convenience we introduce the volume transport vecter,
v={UV)= f vdz = f (u v)dz. 12)

A measure of water velocity is then obtained by averaging
this volume transport over depth, thus

[UAS) (13)

] T

@v)=

Because the surface displacement { is much smaller
than the water depth H, we will take (¢ + H) = H here-
after.

Assuming the horizontal eddy viscosity to be con-
stant and the velocities to be uniform with the depth, the
expressions for the turbulent friction can be approximat-
ed as follows,

LAY, vdz = AG+H) V7~ 4, 1) 14y

For the present calculation A4 is assumed to be of the
order of 10® cm?/sec.

On assuming a uniform velocity distribution in the
vertical, the bottom friction can be approximated as fol-
lows [12],

T KV kVIV
Ty H

where k is a nondimensional skin friction coefficient of
the order of 2.5 x107 [4, 12, 13].

In order to solve equations (9), (10) and (11) nu-
merically, we will use finite differences in place of deriva-
tives. We choose a net of grid points (Fig. 1) which covers
the area to be considered. Here we use two conjugate
Richardson lattices for space-differencing [10].

The derivatives in time and space are approximated
by the central difference scheme, where the divergence
term, the pressure gradient terms, and the Coriolis terms
are evaluated at a time-step centered between the old and
new time, while the dissipation terms are evaluated at the
old time step [12].

The stability criterion is the familiar Courant-Fried-
rich-Lewy condition,

(15)
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Fig. 1. A net of grid points of numerical model to compute tides in the seas around Tajwan.
at _ 152 ximated as follows,
5= (16)
§ Gnax

- —af) - AL 1
where Cp,, is the speed of propagation of the fastest $y, ) =8y, 1-00) As UG+ 2 ax 1

waves in the model, and therefore G, =V gHax, Hmax

“Llin-vix-1 -1
is the maximum depth in this area. Here H,, is about 2 af)-Ulx tadd 2 a7)

6500 m. In this model as(=ax =ay) equals to 10/2Km. 1 1
Therefore we choose at= 36 sec for calculation. tVy+ 74017 A7)
The Corjolis terms, which are treated by the trape- 1 1
zoidal schem, are thus approximated as follows [12], “Vixy 2801 2 an} (18)

l.y= 21
Ve = %f{V(t—%At)+V(t+%At)} a7 Uy r+ 580 =Ulx y1-500)

At 1 1
Q=L r{ue-Lan+ v+ Lan) (18) B TAUC A TURICCH AL IOl

- AL 1
The equations (9), (10) and (11) are then appro- as gH {§(x + 28%% 2
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V
-§(x-ax,30} - +AJ=r{a ,(y) - +AH{—i(—) *37 2(H)}
U oH a U
+—¢(H)} 435 =) +A{gl: ai: . g’; a?; i) (20)
84 3 Lf.)} (19) . o :
oy oy ‘H For the horizontal viscosity to couple the two conjugate

Richardson lattices, the Laplace operator should be eva-
luated by a rotation of the coordinate axes over 45 de-
grees in order to accomplish a virtual smoothing to reduce

V(x,», t+—At) =V(xyt- %At)

At 1 1

4 - T Uty ""“) +Ux e +—“)} the grid dispersion [12]. The last derivatives in (19) and
At (20) are also approximated by central differences.
- 35 9H{S(xy + "Ay' -y ‘_Ayr 0} The lateral boundary points are composed of U, and

R ™

"

3

©

Fig. 2. M; co-tidal chart (——) in degree referred to 120°E and isoamplitude chart (- --) in cm, based on Ogura’s data (1933).
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V points along the coastline, where the non-slip condition
are used, i.e. U=0, V= 0. At the open boundaries the em-
pirically determined tide by the common harmonic meth-
od will be used. This is given in the following section.

Open Boundary Conditions

To substitute the predicted tides into open bound-
aries, we need the tidal constants to use the harmonic
method. First we construct tidal charts of M,, S,, K, and
0, constituents (Fig. 2-5). These charts are made by

means of harmonic constants, provided in Ogura [9], of
tides along the coasts of Japan, Korea, Taiwan and the
Chinese Mainland. The amplitude and phase lag of M,,
S,, K, and O, at each open boundary point is calculated
by interpolation from the tidal charts (Fig. 2-5).

The tidal height at the open boundaries is computed
by use of the harmonic theory,

$()=ag + E Na;coslet + -\ ] @1)

where ao is the mean sea level. N, a,;, w,, E; and '\, are

330

/

AN
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'
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%, s Se e h
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Fig. 3. S, co-tidal chart (——) in degree referred to 120°E and iscamplitude chart (- ;—) in cm, based on Ogura’s data (1933).
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the node factor, amplitude, frequency, equilibrium arqu-
ment and phase lag of the i-th constituent tide respective-
ly (Schureman, 1958). In this study we take m = 4, i.e.
i=1,2,3,4 which corresponds to M,, S;, K; and O, par-
tial tide. In this model a is taken to be zero at the open
boundaries.

Results

To verify this model we calculate the tide for a 36-
hour period from 0 hr 1 January, 1983. The computed
and observed tidal heights at some tidal stations around

Taiwan are shown in Fig. 6. The mean value in the ob-
served tidal curve has been subtracted out. The positions
of these tidal stations are shown in Fig. 7.

In these figures we can see that the calculated tides
are in good agreement with the observed ones after the
initial adjustment in the computed series. The initial
oscillations in the computed values are due to the zero
intial values used for current velocities and surface eleva-
tions.

The vertically averaged tidal current are also com-
puted, and some tidal current hodographs of larger velo-
cities are depicted in the seas around Taiwan (Fig. 7).

K

o
0

30

Fig 4. K; co-tidal chart (—) in degree referred-to 120°E and isoamplitude chart (- -~) in cm, based on Ogura’s data (1933).

-
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Most calculated tidal currents in the sea off eastern Tai-
wan are very weak. Therefore they are not shown in the
figure.

The strongest tidal currents are found in the Penghu
Kangtao (channel) between Taiwan and Penghu, where
the tidal ellipse is elongated. The maximum velocities are
about 1.5 m/sec in the north-south direction which is ap-
proximately parallel to the neighboring coastline. In the
Taiwan Strait, the tidal currents rotate 2 cycles per day,

Pr i

hence they are of a semi-diurnal type. In the northern
Taiwan Strait, tidal currents rotate counterclockwise, but
in the southern Taiwan Strait it rotates clockwise.

In the sea off southern Taiwan (the Bashi Channel)
the tidal currents rotate approximately one cycle per day,
and are of the diurnal type. The tidal current rotates
clockwise.

In the sea off northern Taiwan tidal currents rotate
in periods from 1.5 cycles/day to 1.8 cycles/day, with

Fig. 5. O; co-tidal chart (—) in degree referred to 120°E and isoamplitude chart (- ~-) in cm, based on Ogura’s data (1933).
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increasing frequencies from east to west. They are of a
mixed, dominant semi-duirnal type. The tidal current in
the northwestern part of this area rotate mostly counter-
clockwise, but at the stations X and Y, the rotation is not
so regular. They rotate counterclockwise for the first few
hours and clockwise later. These are characteristics of
reversing currents.

Conclusion

An approach to predict tides on the shelf seas is sug-
gested. The dynamical processes of tides can be described
by means of a numerical model with known harmonic
constants at open boundaries, which can be deduced from
the empirical tidal charts. The emphasis of this research
was put on practical aspects with the intention to provide
a predictive scheme of tides. For improvement of the
calculated results, we shall make use of more constituents

than M;, S;, K, and O,, in order to better simulate the
tides at open boundaries. We also need more tidal.current
observations in this sea area for better estimation of eddy
viscosity and friction coefficients.

Acknowledgements

The author would like to thank Mr. Kuo-Tsai Chen
and Mr. Shih-Jen Huang for executing the computer pro-
gram, and drafting and typing of the manuscript. Thanks
are due to Dr. Y.S. Soong at the Earth Science Depart-
ment of Millersville University for his critical reading and
correcting of the manuscript. The author gives special
thanks to the Central Weather Bureau and the Taiwan
Water Conservancy Bureau for providing tidal data.

This research is supported by the National Science
Council of the Republic of China under contract NSC 73-
0407-M019-02.

Appendix
Amplitudes (cm) and Phases (degree referred to 120°E) of Tidal Constants of Open Sea Boundary of the Model Deduced from the Tidal
Charts, Fig. 2.5.
[0
boundary Ma % L o
Station No. amp. phase amp. phase amp. phase amp. phase
1 40.00 320.00 15.00 45.00 32.00 299.00 24.00 256.00
2 37.50 315.00 14.65 37.50 31.33 298.65 23.60 255.67
3 35.00 311.25 14.29 30.00 30.67 298.30 23.20 255.33
4 32,50 307.50 13.94 27.86 30.00 297.95 22.80 255.00
5 30.00 303.75 13.58 25711 29.64 297.60 22.40 254.13
6 28.33 300.00 13.23 23.57 29.29 297.25 22.00 253.25
7 26.67 297.50 12.87 21.43 28.93 296.90 21.60 252.38
8 25.00 295.00 12.52 19.29 28.57 296.55 21.20 251.50
9 24.17 292.50 12.26 27.14 28.21 296.20 20.80 250.63
10 23.33 290.00 11.81 15.00 27.86 295.85 20.40 249.75
11 22.50 287.50 11.45 12.50 37.50 295.50 20.00 248.88
12 21.67 285.00 11.10 10.00 27.14 295.15 19.83 248.00
13 20.83 283,75 10.74 7.50 26.79 294.80 10.67 248.88
14 20.00 282.50 10.39 5.00 26.43 294.45 19.50 249.75
15 19.29 281.25 10.03 2.50 26.07 294.10 19.33 250.63
16 18.57 280.00 9.68 0.00 25.71 293.75 19.17 251.50
17 17.86 278.75 9.32 257.00 25.36 293.40 19.00 252.38
18 17.14 277.50 8.97 254.00 25.00 293.05 18.83 253.25
19 16.43 T 276.25 8.61 251.00 24.58 292.70 18.67 254.12
20 12.71 275.00 8.26 248.00 24.17 292.35 18.50 255.00
21 15.00 273.75 7.90 345.00 23.75 292.00 18.33 255.33
22 14.80 272.50 1.55 342.50 23.33 291.65 18.17 256.67
23 14.60 271.25 7.19 340.00 22.92 291.95 18.00 256.00
24 14.40 270.00 6.84 227.50 22,50 290.95 17.80 256.33
25 14.20 268.50 6.48 335.00 22.08 290.60 17.60 256.67
26 14.00 267.00 6.13 332.50 21.67 290.25 17.40 257.00
27 13.80 256.50 5.717 330.00 21.25 298.90 17.20 257.33
28 13.60 264.00 5.42 327.00 20.83 289.55 17.00 257.67
29 13.40 262.50 5.06 324.00 20.42 289.20 16.80 285.00
30 13.20 261.00 4.71 321.00 20.00 288.85 16.60 258.33
31 13.00 259.50 4.35 318.00 19.60 288.50 16.40 258.67
32 12.80 258.00 4.00 315.00 19.20 288.15 16.20 259.00
33 12.60 256.50 4.21 312.00 18.80 287.80 16.60 259.33
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Amplitudes (cm) and Phases (degree referred to 120°E) of Tidal Constants of Open Sea Boundary of the Model Deduced from the Tidal
Charts, Fig. 2-5.

Open sea M, S, K [o}}

boundary

Station No. amp. phase amp. phase amp. phase amp. phase
34 12.40 255.00 4.41 309.00 18.40 287.45 15.38 259.67
35 12.20 253.75 4.62 206.00 18.00 287.10 15.75 260.00
36 12.00 252.50 4.83 303.00 18.40 286.75 15.63 259.72
37 12.21 251.25 5.03 200.00 18.80 286.40 15.50 259.44
38 12.43 250.00 5.24 297.00 19.20 286.05 15.38 259.17
39 12.64 248.75 5.45 294.00 19.60 285.70 15.25 258.89
40 13.86 247.50 5.66 291.00 20.00 285.35 15.13 258.61
41 13.07 246.25 5.86 288.00 20.10 285.00 15.00 258.33
42 13.29 245.00 6.07 285.00 20.19 283.75 15.11 258.06
43 13.50 243.75 6.28 281.25 20.29 282.50 25.22 257.78
44 13.71 242.50 6.48 277.50 20.38 281.25 . 15.33 257.50
45 13.93 241.25 6.69 273.75 20.48 280.00 15.44 257.22
46 14.14 240.00 6.90 270.00 20.57 278.75 15.56 256.94
47 14.36 239.00 7.10 266.25 20.67 277.50 15.67 256.67
48 14.57 238.00 7.31 ©262.50 20.76 276.25 15.78 256.39
49 14.79 237.00 7.52 258.75 20.86 275.00 15.89 256.11
50 15.00 236.00 7.72 255.00 20.95 273.75 16.00 255.83
51 15.45 235.00 8.14 252.00 21.05 272.50 16.09 255.56
52 15.91 234.00 8.14 249.00 21.14 271.25 16.18 255.28
53 16.36 233.00 8.34 246.00 21.24 270.00 16.27 255.00
54 16.82 232.00 8.55 243.00 21.33 269.00 16.36 253.75
55 17.27 231.00 8.75 240.00 21.52 267.00 16.55 251.25
56 17.73 230.00 8.97 237.50 21.52 267.00 16.55 251.25
57 18.18 229.00 9.17 235.00 21.62 266.00 16.64 250.00
58 18.64 228.00 9.38 232.00 21.71 265.00 16.73 248.75
59 19.09 227.00 9.59 230.00 21.81 264.00 16.82 247.50
60 19.55 226.00 9.79 227.50 21.90 263.00 16.91 246.25
61 20.00 225.00 10.00 225.00 22.00 262.00 17.00 245.00
62 20.63 222.50 10.71 224.21 21.82 260.83 16.83 244.38
63 21.25 220.00 11.43 223.42 21.64 259.67 16.67 243.75
64 21.88 217.50 12.14 222.63 21.45 258.50 16.50 243.13
65 22.50 215.00 12.86 221.84 21.27 257.33 16.33 242.50
66 23.13 212.50 13.57 221.05 21.09 256.17 16.17 241.88
67 23.75 210.00 14.29 220.26 20.91 255.00 16.00 241.25
68 24.38 208.33 15.00 219.47 20.73 253.75 15.82 240.63
69 25.00 206.67 15.71 218.68 20.55 252.50 15.64 240.00
70 25.56 205.00 16.43 217.89 - 20.36 251.25 15.45 238.93
71 26.11 203.33 17.14 217.10 20.18 250.00 15.27 237.86
72 27.22 200.00 18.57 215.53 19.83 247.50 14.91 235.71
73 27.78 158.33 19.29 214.74 19.67 246.25 14.73 234.64
74 28.33 196.67 20.00 213.95 19.50 245.00 14.55 233.57
75 28.89 195.00 . 20.11 213.16 19.33 243.75 14.36 232.50
76 29.44 193.13 20.22 212.37 19.17 242.50 14.18 231.43
77 30.00 191.25 20.33 211.58 19.00 241.25 14.00 230.36
78 31.43 189.38 20.44 210.79 18.83 240.00 13.89 229.29
79 32.86 187.50 20.56 210.00 18.67 238.75 13.68 228.21
80 34.29 185.63 C 2067 209.25 18.50 237.50 13.68 227.14
81 35.71 183.75 20.78 208.50 18.33 236.25 13.58 226.07
82 37.14 183.88 20.89 207.75 18.17 235.00 13.47 225.00
83 38.57 180.00 21.00 207.00 18.00 233.75 13.37 224.06
84 40.00 179.09 21.11 206.25 17.83 232.50 13.26 223.13
85 40.44 179.09 21.22 205.50 17.67 231.25 13.16 222.19
86 40.89 178.64 21.33. 204.00 17.50 230.00 13.05 221.25
87 41.33 178.18 21.56 204.00 17.33 228.75 12.95 220.31
88 41.78 177.73 21.56 203.25 17.17 227.50 12.84 219.38
89 42.22 177.27 21.67 202.50 17.00 226.25 12.74 218.44
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Amplitudes (cm) and Phases (degree referreq to 120°E) of Tidal Constants of Open Sea Boundary of the Model Deduced from the Tidal
Charts, Fig: 2-5.

Open sea M, S, Ky O
boundary
Station No. amp. phase amp. phase amp. phase amp. phase
90 ) 42.67 176.82 21.78 201.75 16.83 225.00 12.63 217.50
91 43.11 176.36 21.89 201.00 16.67 224.63 12.53 216.65
92 43.56 175.91 22.00 200.25 16.50 224.26 12.42 215.63
93 44.00 175.45 21.87 199.50 16.33 223.89 12.32 214.69
94 44,44 175.00 21.73 198.75 16.17 223.53 12.21 213.75
95 44.89 174.80 21.60 198.00 16.00 223.16 12.11 212.81
96 45.33 174.60 21.47 197.25 16.22 222.79 12.00 211.88
97 45.78 174.42 21.33 196.50 16.44 222.42 12.10 210.94
98 46.22 174.20 21.20 195.75 16.67 222.05 12.20 210.00
99 46.67 174.00 21.07 195.00 16.89 221.68 12.30 209.62
100 47.11 173.80 20.93 194.25 17.11 221.32 12.40 209.23
101 47.56 173.60 20.80 193.50 17.33 220.95 12.50 208.85
102 48.00 173.40 20.67 192.75 17.56 220.58 12.60 208.46
103 47.67 173.20 20.53 192.00 17.78 220.21 12.70 208.08
104 47.33 173.00 20.40 192.35 18.00 219.84 12.80 207.69
105 47.00 173.31 20.27 192.71 18.22 219.47 12.90 207.31
106 46.67 173.62 20.13 193.06 18.44 219.11 13.00 206.92
107 46.33 173.92 20.00 193.41 18.67 218.74 12.10 206.54
108 46.00 174.23 19.97 193.76 18.89 218.37 13.20 206.15
109 45.67 174.54 19.93 194,12 19.11 218.00 13.30 205.77
110 45.33 174.85 19.90 194.47 19.33 217.79 13.40 205.38
111 45.00 175.15 19.87 194.82 19.56 217.57 13.50 205.00
112 4.67 - 175.46 19.83 195.18 19.78 217.36 13.60 204.62
113 44.33 175.77 19.80 195.53 20.00 217.14 13.70 204.23
114 44.00 176.08 19.77 195.86 20.08 216.93 13.80 203.85
115 43.67 176.38 19.73 196.24 20.17 216.71 13.90 203.46
116 43.33 176.69 19.70 196.59 20.25 216.50 14.00 203.08
117 43.00 177.00 19.67 196.94 20.33 216.29 14.05 202.69
118 42,67 177.10 19.63 197.29 20.42 216.07 14.10 202.31
119 42.33 177.20 19.60 197.65 20.50 215.86 14.14 201.92
120 42.00 177.30 19.57 198.00 20.58 215.64 14.19 201.54
121 42.35 177.40 19.53 198.35 20.67 215.43 14.24 201.15
122 42.71 177.50 19.50 198.71 20.75 215.21 14.29 200.77
123 43.06 177.60 19.47 199.06 20.83 215.00 14.33 200.38
124 43.41 177.70 19.43 199.41 20.92 214.79 14.38 200.00
125 43.76 177.80 19.40 199.76 21.00 214.57 14.43 179.62
126 44.12 17790 19.37 200.11 21.08 214.36 14.48 199.23
127 44.47 178.00 19.33 200.47 21.17 214.14 14.52 198.85
128 44.82 178.10 19.30 200.82 21.25 213.93 14.57 198.46
129 45.18 178.20 19.27 201.18 21.33 213.71 14.62 198.08
130 45.53 178.20 19.23 201.53 2142 213.50 14.67 197.69
131 45.88 178.40 19.20 201.88 21.50 213.29 14.71 197.31
132 46.24 178.50 19.17 202.24 21.58 213.07 14.76 196.92
133 46.59 178.60 19.13 202.59 21.67 212.86 14.81 196.54
134 46.94 178.70 19.10 202.94 21.75 212.64 14.86 196.15
135 47.29 178.80 19.07 203.29 21.83 212,43 14.90 195.77
136 47.65 178.90 19.03 203.65 21.92 212.21 14.95 195.38
137 48.00 179.00 19.00 204.00 22.00 212.00 15.00 195.00
138 48.29 179.13 19.08 204.55 21.75 212.29 15.08 194.81
139 48.57 179.25 19.15 205.09 21.50 212.57 15.17 194.62
140 48.86 179.38 19.23 205.64 21.25 212.86 15.25 194.43
141 49.14 179.50 19.31 206.18 21.00 213.14 15.33 194.24
142 4943 179.63 19.38 206.73 20.75 213.43 15.42 194.05
143 49.71 179.75 19.46 207.27 20.50 213.72 15.50 193.86
144 50.00 179.88 19.54 207.82 20.25 214.00 15.58 193.67
145 50.50 180.00 19.62 208.36 20.00 214.29 15.67 193.48
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Amplitudes (cm) and Phases (degree referred to 120°E) of Tidal Constants of Open Sea Boundary of the Model Deduced from the Tidal
Charts, Fig. 2-5.

Open sea M, S, K, 0O,

boundary .

Station No. amp. phase amp. phase amp. phase amp. phase
146 51.00 181.49 19.69 208.91 19.40 214.58 15.75 193.29
147 51.50 182.97 19.77 209.45 18.80 214.86 15.83 193.10
148 52.00 184.46 19.85 210.00 18.20 215.15 15.92 19291
149 52.50 185.94 19.92 211.25 17.60 215.43 16.00 192.72
150 53.00 187.43 20.00 212.43 17.00 215.72 16.20 192.28
151 52.00 188.69 - 20.18 213.00 17.17 215.96 16.40 191.85
152 51.00 189.95 20.36 213.57 17.33 216.30 16.60 191.41
153 50.00 192.22 20.55 214.14 17.50 216.45 16.80 190.98
154 49.58 192.48 20.73 214.72 17.67 216.69 17.00 190.54
155 49.17 193.74 20.91 215.29 17.83 216.93 17.20 190.10
156 48.75 195.00 21.09 215.86 18.00 217.17 17.40 189.67

. 157 48.33 196.00 21.27 216.43 18.18 217.41 17.60 189.23
158 47.92 197.00 21.45 217.00 18.36 217.66 17.80 188.80
159 47.50 198.00 21.64 217.57 18.55 217.90 18.00 188.36
160 47.08 199.00 21.82 218.14 18.73 218.14 18.20 187.92
161 46.67 200.00 22.00 218.72 18.91 218.38 18.40 187.94
162 46.25 201.00 21.82 219.29 19.09 218.63 18.60 187.05
163 4583 202.00 21.64 219.86 19.27 218.87 18.80 186.62
164 45.52 203.00 21.45 220.43 19.45 219.11 19.00 186.18
165 45.00 204.00 21.27 221.00 19.64 219.35 19.20 185.74
166 45.71 206.00 21.09 221.57 19.82 219.59 19.40 185.31
167 46.43 205.00 20.19 222.14 20.00 219.84 19.60 184.87
168 47.14 207.00 20.73 222.71 20.22 220.08 19.80 184.44
169 47.86 208.00 20.55 223.29 20.43 220.32 20.00 184.00
170 48.57 209.00 20.36 223.86 20.65 220.53 19.33 184.69
171 49.29 210.00 20.18 224.43 20.87 220.75 18.67 185.38
172 50.00 213.00 20.00 225.00 21.09 220.96 18.00 186.75
173 52.78 216.00 19.17 230.00 21.30 221.17 17.33 186.75
174 55.56 219.00 18.33 235.00 21.52 221.38 16.67 187.44
175 58.33 222.00 17.50 240.00 21.74 221.60 16.00 188.13
176 61.11 225.00 16.67 245.00 21.96 221.81 15.80 188.81
177 63.89 228.00 15.83 250.00 22.17 222.02 15.60 189.50
178 66.67 231.00 15.00 255.00 22.39 222.23 15.40 190.19
179 69.44 234.00 16.00 260.00 22.61 222.45 15.20 190.88
180 72.22 237.00 17.00 265.00 22.83 222.66 15.00 191.56
181 75.00 240.00 18.00 270.00 23.04 222.87 15.17 192.52
182 78.57 243.00 19.00 275.00 23.26 223.09 15.33 192.94
183 82.14 246.00 20.00 280.00 23.48 223.30 15.50 193.63
184 85.71 249.00 21.67 285.00 23.70 223.51 15.67 194.31
185 89.29 252.00 23.33 290.00 2391 223.72 15.83 195.00
186 92.86 255.00 25.00 295.00 24.13 223.94 16.00 196.00
187 96.43 258.00 26.67 300.00 24.35 224.15 16.25 197.00
188 100.00 261.00 28.33 305.00 24.57 224.36 16.50 198.00
189 103.57 264.00 30.00 310.00 24.78 224.57 16.75 199.00
190 107.14 267.00 32.00 315.00 25.00 224.79 17.00 200.00
191 110.71 270.00 34.00 320.00 25.17 225.00 17.25 201.00
192 . 114.29 271.88 36.00 325.00 25.33 225.64 17.50 202.00
193 117.86 273.75 38.00 330.00 25.50 226.27 17.75 203.00
194 121.43 275.63 40.00 335.00 25.67 226.91 18.00 204.00
195 125.00 277.50 41.50 340.00 25.83 227.55 18.13 205.00
196 126.25 279.38 43.00 345.00 26.00 228.18 18.25 206.00
197 127.50 281.25 44.50 350.00 26.17 228.82 18.38 207.00
198 128.75 283.13 46.00 355.00 26.33 229.45 18.50 208.00
199 130.00 285.00 47.50 0.00 26.50 230.09 18.63 209.00
200 131.33 286.50 49.00 5.00 26.67 230.73 18.75 210.00
201 132.67 288.00 50.50 10.00 26.83 231.36 18.88 211.00
202 134.00 290.00 52.00 15.00 27.00 232.00 19.00 212.00
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