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A Study on the Numerical Caleulation for Shallow Water Waves Considering

the Wind Direction Characteristics of Typhoon

Kyong-Seon l.ee

Department of Ocean Engineering, Graduate School,
Pukyong National University

Abstract

While a tvphoon is traveling, characteristics of its wind fields are
continuously changed and it makes a severe changes of local water level and
wave conditions, especially, when a typhoon comes into shallow water
However, there have not been many studies related to local typhoon effects,
cspecially, considered vreal time changes of wind direction related to the coastal
topography.

In the study, the characteristics of the wind ficld by typhoon and
topographical characteristics in  shallow water are being considered and
discussced conditions of wave climate cstimation. Accordingly, numerical wave
experiments  are applied to the real-life bathymetry consideration to the
conditions of wave climate cstimation. These are performed by the SWAN
(Simulating WAves Nearshore! model in order to estimate the growth of wave
cnergy due to the wand field.

The condition of wave climate estimation with real wave fields can be
summarized as followings. During typhoon around the wave fields near to
(radeok-sudo, the wave energy in Jinhae-bay is fully developed in the case of
the westerly winds. In addition, Masan-bay and Pusan ncw port arca show the
characteristics of fully developed wave energy when the wind direction is
northwesterly and northerly, respectively.

Thercfore, it can be strongly suggested that the wave energy of the sea of
mner bay should be estimated when the direction of the bay entrance and the

wind direction of the typheon are identical. According to this result, the
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numerical modeling of shallow water waves around the Pusan new port area i
performed and applyed to prove the applicability by the comparative study wiin
observed results. The result of the numerical calculations is in  better
agreement  with  the observed data than the result of the conventional
estimation techniques. Using the results, It can be pointed out and the
development direction of shallow water wave calculation that the local surge
effects considered the wind direction changes are important and the new
techniques should be considered the surge cffects and local wind field related

the opening of the bav.
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3. T2 SRS xHF Ay A
3.1 HFFA LG (SWAN)

3.1.1 A kA2
SWAN wave modelo] Al g Ad vl ol VAL Cartesian F 3L Al U]
3l spectral action balanse equationel] ¢13] A9 ¥ tH{Hasselmann et al,
1973).
d 15}

eyN bV ——c.N |

a0 a
N X 2y ! o

at

o 7] 4 o: relative frequency, € wave direction, N: wave action
densitvol™, oo 28] energy density2} FE AT N(o,0) — E(s,0).
E(o.0}i= wave energy densityo]th, 2} (3-1)2 &89 F¥ 9 tu3dl A
WA HE EFE efibalelu} 4 (3-1)o 4] #wel 3 A &g A {de]
3k action density®] ®&&-8 dAsG. T oA, 4 wix &g x-
v-spaccol M % o9 2] A& 2§ APH ool 59 A
S wakoh o] WA F2 o-spacedld AEEHEE 8 2y 4 E59)
Halo] ¥t relative frequency WE-S ZHICG vl HAGFES 4
—spacedl Al A& w o8 7R =4l mEol ofs Bl #4E 449
gt} Action balance equaion® +789) Sz o=l A ut 44 )
AR sl aaks AAgE oluvx dmge] s ZA}
B golu], SWANR Al 3185 terme Table 291 A& s

ole]gt SWANe|A] Ab8% = source terme  wind inpute] )3k oy
A F vk, sk vy kel ©)d oy x| 424, whitecapping, bottom

friction, depth—induced wave breaking 5ol 23k o]z &4k Feo] glu}
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Table 2 Theorv ol source terms of the SWAN modeis

Source terms SWAN wave modet
Linear wind growth Cavaleri and Malanotte—Riasoli(1981)°
Eixponential wind growth Komen et al, (1984)°
Janssen{19913
Whitecapping Komen et al. (1984,
Janssen(1991)
Guadroplet interaction Hasselmann et al. {1985)
Triad interaction Eldeberky(1998)
Depth induced breaking Battjes and Stive (1985}
Nelson, (1994}
Botlom friction Hasselmann et al.(JONSWAP){1973)
Collins(1972)

Madsen et al.(1983)

g oFihel A FelAE scheme® A-E38te] SWAN wave modeloA] 2 &)
5

v frarEe thead 2ol ww e,

Npm N le N, Le V] on,
[T‘" ]a,‘:_,.lm.-nﬂ + [ Ax }ZYJ l‘,,‘tia
| [{l “mat)e, N), o 4 2nanfe, N]— (L + nu) [, ¥, o
2A0 B e
| ! ICQNIL - I(‘a’yNI-éy L et +[(l _m’)[cﬁ‘w]g‘_}.ﬂ +2722}IC9M,4*(] +7'w)[q9j\'hf] imt
Ay it 240 [
& TN .
= |— 7" —
= FR (3-2)
o] 714 Aty HAGR|TE stepolil, Az Ay, Ao, A 5 A &FAH 27}

“ikel Sl a, 45 time-level index©liL, 4,4, 0.4 & 7
Agzelw) oS explicit or implicit A ®]$ n Wi n-13 2v)l oA

< source termol ol Fdh,) o7 A ne wHE Sl AE av, nuE
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schemeo] A#FE2 #7F A upwind or central?l L& AA sl Sl
9] FulpE vrE pabeel s il Alolol A A AEY ) sbEkadke

by o) A R-& Akskr] 98 Ap&Evh

3.1.2 vpgrxd 944
SWAN wave modelefA] Koman et al. (1984)2} Janssen {(1991)¢]
wind input &4le] dejA o Agd 4= gy #eoe9 wind energy
webe T (Pillips, 19573 feed-back (Miles, 1957y u7lv&Eo=
SWANe) A dagch ofz] st v7luE Qs A% 3¥ source term<
N3 E H(the sum of linear)¥ #5724 A H{exponential growth)e] o=

AukbAd o g HAlH)
8,(0,0) = A+ BE(0,8) (3-3)
o7l Ask By whge] Frer W, S8 S8 o Estn gk
on-Moskowitz =39 (Tolman, 1992a)x v} & Frlel o3l
Fo] et filter® ¥ 3138 Cavaleri and Malanotte-Rizzoi (1981)
o ols] TAs AT AS Bz Snyder et al. (1981)°] 93] =&H Aol
W, ntikel olgk v Uiel o 10 m o goldlAel F4 Uyl e

o't
o
_-|O
)—-4
=
('D
m

Lol W&ol mEASE Wa (1982)F 2E] =91Hth SWAN modelel 10

m golol el F& Uyl gs F-srnz At vz

i

sElU2 Abgs

==

woAew Ao & ook Ugola] Ui mi#shs 22 ghga go) 84

Cpi= Wu (19825 FEl 8] &3 A 5o},
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C[)(UIO) :Jw‘

1.2875 < 107° J Uy < 7.5m/s
(.84 0.065s/m = Uy,y) = 107 * | > 7.5

3,13 el n 24
el LR o] muFe A Ao UE dggsse oz 4wwch

whitecapping S, .(0,6), bottom friction S, ,(c

S
‘\/
-
jatad
=2
X
2,
o

breaking S, 4, (0.0).

Whitecapping2 343 A Abell  olsf F2 xAAUE Hito] ALREE=
==y e

whitecapping 4=+ a pulse-based model (Hasselmann, 1974)e] 7} %

P

a1 815 WAMDI group (198R)e] o] &l #2413 = ¢c)

Sds.lu-((r’g) - F;“:]?‘—E(O,H) (3_6)
k

of )M Ty Aabel el @k Alsolan, ki wigold o9} ke Wi
gl A v & ol n) gk (the WAMDI group, 1988},

Trael orlE 4k AelviaEt(bottom (riction), A HE % (bottom
motion), 5, %L AW 22 Ao wiF Al el hack-scatter)ol] 3] of 7| =
vk RAAWE b K730 e falefodel A walste x|u)A
Sl oz 58 vk yebd ok Bertotti and Cavaleri, 1994). o] A&

vpealon ouldoe g wArE 4= o},

pLI S LA I

5

Sp(0,0) = — Cbmmmﬂ’(a,g) (3-7)

ol /14, Cp . o A HUEE A 4] T}
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FAalel o)d wave-breaking o] g2 oWl A S]] £

al o glow, ofel i shE AgEo] deiM®E el whrb Avh fie

2al

wave breaking®] SAHo=2 <dd F YA Ailie, integrated over
spectrum}<- B 2 ek %ol Al breaking wavesol] &5 boreol] 9%
2AhE ¥gsle] # Ad¥ 4= 9lvk(Battjes and Janssen, 1978; Thornton
and Guza, 1983) 0.5, SWAN| A= vh-g3 o] &3k}

g, (0,0) - L p(o,0) (3-8)

2223

A7A B, ool D,,< 02 Battjes and Janssen{1978)
of wh® wave breaking®] 7]191% & oy Aatgolvt D, e
breaking Hetvlel v=H, /dol i3] Aoz oE3ielr|H H 4=
Sle] =4 del A B oo Adimaelth) SWANO A Asgta =

TR 2RSS, g g 4=0739] AbE"vHBattjes and  Stive,

SWANE ®Watdieh 28 fxsg 3¢ d3dds add 4 9. o
fodelEs ok SHoR g d8E A Aoivh Ade Pl
=9 dol & et Ao st FolE Aelw, ¢ WAE FojEe
5 FHel fas oAl Aolth SWANR RS odo] diEiA] Alakd

T3 gk, v B3 E short-crest-waves] A%, Aol o) Hylo

HE wohE gelEatel At s £ A WEng He Aew
A 2l{(Booij et al., 1992)3}il= g]H o] ko] ofF Ao Fo g Hr} 1y
nE ¥Ee datd we AdEriol ok Pasy 2d FoE =

wel shapel wigh Aol dls] A8d F .
SEOF wrabAls divke] whol Wojz 4 9 wold| glvhw, A4

Kot daas Z2a) s aae] 5oy, dvtus} #uiel xje}

e

#HE Folth Goda et al (1967)2% 1] 42 &8sty
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7 ; F

K =050 — sin(

for wﬂiﬁa<%<aﬂa (3-9)

o] 7|4 F=h-di= 7ZEY olf oy Hi= F2E9 upwaveZolA 2
JAtHreltt, his AW7|ETE 770238 9y ddumo|thAde 7+
Al ) die 7)Est #BHd Herdlaedo|al Al o, 3% WY @4

I WEE A g ol tHSeelg, 1979).

Table 3 A coefficient of structure shape

Case ¥ 2
Vertical thin wall s
Calsson 2.2 0.4
Dam with slope 1:15 2.6 0.15

HENGA Belvhuke] Wit vl od welua] Zvieh 4]
s Abab o] Adkoln], A4 A 20034 EF wiv) Al FARAE AE
Bl o gEEatel W Ahd viehdel wis nd daw
Se bkl A4 BAARS wwi wY, AP Hode] 4@
Syol] v apvieel oux A9 BEw ve v 4de 248

of uigeidde] sprpolvi A dduiel & A
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3.2.1 d9e] ARYEQAHR wFel A A

2 dahet ol Asjel welors FAoR Ax 3 A S34g o
ob Al 2] sfiekx] |G pA oL flin Hafele] A HobtaE S AR KA
- mE A=A Alole) RY s|ge FAHoR wWol AART Tk AT
el A fxlep o Wi gl #E A 5Ag 7HAC
olggh A Y4 HA4o] sl i s st FAkshs Sl
VSRS des dar) vk

wrebd A el FEE T e AP AE F vl EE 3
TR o) Fuiel A s Hfe] sHEsteta el Alzke £ Y @

A 2 BYg Abgste F2E Eiste gyl de g Wy
dese GEgd Aol ME Wzte 248 AAsas d

1 29 sdola dgage JFe

Az QAAE FRE FRuye] Audse 22 APo] sl A e
dAbatan g %’:71, speksiabzbel spekelxtz dAste Zpzhe] Al At
gk shefelld ] deS (b Ao ¥R E)E BA S

S
—— = e
ddutflozs oo AR e

1 40

(1) A w42
FARGE el Ao e i O%MKI #as aHer] #sky
A @ - W Fe] Feyol W
Booi] (1983 &% ve4d=z FAHE 93 } u-g 2ol A EE
SAl sk Wb Ale] avE dadela sk eieka sl a, ol Mt
FHE S e A e 2 WAy vhE 3 2ol Maruyama et al. (1985)
7h o AlQhek AlzkelE A AL WA A9l 270e] 1A} WAl fraEvh
A gt 2lEolA e )R wbala e g 4 (3-10)—-(3-11)a 7ok

i g, —
W ovr= (3-10°

o3, PR =
Gt LY () = 0 (3-11)
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2hkd
sinh 2kd

o ) A e g

3]4»
shar 914 3 7ol Al
=2

= HEE ¢
24 5 A
Aasmo] e wEre] W (=C,/0), Ci= o] wix =
7] &

&5k A A daie) oo Artsid )

4 A9 el
Aol
RS ERE IAH

3-12)3 o] HEFon ALxojx= McCowan (1891)2] ‘HJ¥0}ﬁ}41°
A& 3Fod o)
[[!J - 0'78dh (3_12)
A7 M, Hy= ki, dyis b Al 4 ol o
wbeh A A G103k A G-1Del] el elek A gaE wdan o
] el A o] AR Wbl e 4 (3-13), 4 (3-10)9 2
o0Q 2 - ,
{?Qi + v+ 0 = 0 (3-13)
Fb L@ =0 (3-14)

o 714, 2 (3-13), 2 (3-14)0] AL=]=
A, Sz d H e Ad vz

i s 9] E el Al Si-00)
7 4 (3-16)& AHEF

n=— ct,,tanB Y 5(7@* D

Q,

=V @+ T Q=

i
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SRR e EY

7V ed

Aofd g e 4 (3-12)0l °)sho]
[F& HEldE A
A= o 2 (3-15)



/1A, gl AW ERINE) HREAVAL, (s FHAGE, a
AL QR AR i A%, QA e AREAE e o

[

ke WE Q) QL A=0), eyt v A 77 2590 0058 A}

av) Foba]l Bt me] Maped s s AdskA e HER
oAz 2E-1N L2 XEF A E Goda (197510 3} 8kA 28 3]
HE ANy a8 ANdnE $HE dart SAFuH)RY A
7| k= Foz ety

Hyl,= Al —exp[ —1.5x(d,/ L)1+ K(tan 3)")]] {(3-17)

ol 2] A, L= A&, AE 012-018, K+ 15, s+ 4/39]t},

o2 el e A8 Bl el 1 g s aL 9lis Goda (1985)9] W o=

MBS B ARy o] WS 94 Al (3-18)00 o)& A& F
(g s dAska, 2 (3-19)e o8] Frl-ubek A RE o] HEs
Eadia=
- 1.007 T
= T“ [ In {2”’1/(21 l)r ] ! (Z‘:l,z,'”,m) (3A18)
. -
(AR =200 12,8 (3-19)
ol 7| A, i ARu S, Toe gakae] iR F=7)), i F
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AR HE, me FUIGERSR) Bikg, (A 2 Rk ozl u)
&, D= deluR)ef gk whad oulz] Bl s WA R HE, ks Wb

o wf So(CErd ot zjel niiE whgk Fak el wel Jehaju
Bob s e #ehe] F 1= Table 1o A Ak nps} 72}, o4y #ol
Z+ A Roubel oy xu]go)] AAYA Z A Ete JAldaris 4 (3-20)3%

@ol @A,
n. = lom, (3-20)

A7IA, Hym 2b ARabe) AL, Hos AR 9] voi(g estan g
HHERE

=3
}-_-4

%
O
ot

Table 4 Directional energy ratio of the wave components

"~ Division 16 Direclion () B B Direction (%)
Sianaax i0 25 75 i0 25 75
Dir. " |
67.5° 005 0.02 0
45.0° 0.1 0.068 0.02 0.26 017 0.06
22.5° 0.21 0.23 0.18 : - -
o° 0.26 0.38 0.60 0.48 0.66 0.88
-225° 0.21 0.23 0.18 -
-A45.0° 0.1 0.06 002 0.26 0.7 0.06
-67.5° 0.05 0.02 o - - -
SUM 1.00 1.00 1.00 1.00 1.00 1.00
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o s Aol gt 4 Axdel A gleld AR el v

o 4] G olmtazt yapa ] ol: 4 (32103 el AL,

4z
T
of
o
=2

f
Hyg = y2 3 I (3-21)

A7, Hips AEubze G449 4

AEse] g e

(3) BAA

Maruyama et al. (1985)w Ha 5T AHAE 2= 44 HAH 9= v}
Mo 8] Yatsbe Aol diste Jabsaat Aafohe] Azt Alele] A |
3 Snelle]l WA A1 AApgalade] uw s deps 28 o] 838ty
a4 sk ok

2 e Maruyama ct al. (198519 =284} 7]y & o] &5l #4bd
ol A ranE wel o g whabspr) wbaye A9 eluig bl g 07&]]0111\4,

FaAl S gl AAAARLE ASE AR F, 1995).

() A=A

Mg847w1w7 ¥ F2Y s Bty ALRFE o Sahe
rﬂ Joy Al G m vlefoldr whwlY W o=z vhabe] Her, 8], whal

uvlﬂqagquwlﬂq;@%@wﬂa7wlm%ﬂ% Agsel 44
;r:/t}oﬂ MBS A ABE Ao A7, Fig 8ol ®i= whep 7
of iAbzRe]l darme] ol wrak AATe] HaEA PAbshe AS(a=0)l =
TAEBGA A oo sldAde $AD F US Holn], YR 51
Rhab g Alel Rl el AAbE S i wbAbs|of A= vhebo] §lAbshE ol
AR Haslela Fuds2e) $as fratdoh U2

£~ ukAL A (radiation condition)g A& &k9) o},
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Fage] 2o rE AW x5 -
Aol dnba EAE sfE s
ob gk @ A(H=80 m, T-15 sec)E MYsET Fig. 9904 #FF@)S S
A Aol e o skg Aejx, H(b)2 il el 1609 AP EAE
AE Aot R TR A 9] pAlE 20 moltt W3, A¥ A v
A Mg Fe%e) MSHB = 051, L, 2L, 3L, AL 6L, L=t G2
o] WA WaH=0, /6002 443}

ofde] Azl tha]Al 7trrel Aol e WPE £4e 3
gelon AdE Fig. 89 AA'GHAA 2] o) AHahAAT oA 9] FApd
Aol PR EE ALEEt] Hn - F4HTh

o

(a) Ground plan

Lateral boundary

Reflective
efle ve\\

boundary - Incident

Wave(H,T)lé

—

e
Reflective .~
boundary.

Y i Lateral boundary

(b) Cross section

wﬁom fslope((:))

N-M"\_, i
=y i . 4 Bottom boundary# »

Narrow channel Open sea

Fig. 8 Drawing of model conditomn.



i

(a) (b}

Fig. 9 T'opographical condition (B=400 m).
{a) B=0 (horizontal bottom), (b) 8=1/60

(5) A4
¥oggelaE 4Ry Agnda Aol FRE SRy ANl
3 Sl A o] R sharvl o] @ik
BAEH NG ¥ AP JURE Aol e
2014 2] FrEel AL theh A
05Lel A ALE Fobgel ubel $ab shanl 7k At el Ag g
Z70), 05L ol2kel & 2wz shgeluxe] U] 44 Hgh w 3L
14 9 di= ey AL oA QDE R Fo| wabe] Guj o] ol
WalAl stge pREe] 9L WA @i Hox UEhdvhFig. 100
2 FRURe) WA A, Gt $RAE olges A A

Mol ojd satolulxl 7417l A= AnE bl T 1),

F ]1:
b e Adza

©) AFelvR Ado] B ARH 4 A%
olgel @ahw Fed oA FRAMS AWA e dgiA @

ol & ARs VA A s ¢ 5 ddUH
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Fig. 10 Spatial distribution of non-dimensional wave height in values of B

{channel width.

14
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big. 11 Spatial distribution of non-dimensional wave height in values of 8

(bottom slope in channel).
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o) Ny A RO B oul Yapvbeel el st 4n] ol4el FRE) A
1Hg ARANE GeT glomn, s ooz dg)she sheelu

A% A ol g sAn Sl oi A% ETE

S AU A Asl Aol e Ao o

3.22 H3x2

1) #5435
eHEh ] Al wellgh Aol we AdA v AR, vhe Fig
1237 idsl e owbel A A, 71 853 de] 145 vkl 3o

Yo

=

P4 - Observation points of wave condition

% U Observation points of weather condition

Fig. 12 Site map.

{ohservation points of wave and weather condition?
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ol 74, ko] ela sjokraEel welsh wdsld iy @ ool

|
AT - AN 2R ks BASY cheat 2o

- Wind condition
st vz giFe] daio we) 20039 99 129 Yo 4-H
elvel gdelte] AldEHd s 2dshe FHEXE Mol 129 21A4F

RO R MM o FHE M3k FE WA Fig. 13).

30 . : .
Wind speed . —— GEOJE
-5 | . s+ GADEOKDO
=1t MASAN
—e— PUSAN

Wind speed (m/sec)

03-09-12 03-09-13
T A T - T . T

0 10 20 30 40

Timethour)

Fig. 13 Observated wind speed during the typhoon.

SRe ARRE 9FAEe] HE 938 ¥ Ageda wdohy, o
] 2l s vl A, A Sz BEel Folol mEd Ao
wRlEh HEAA/E v dsel Qi g uEas vole: sere

choomdl, ¥ T E9Ed AfAeli: EWdel F& ofuhs) SE, S
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— Wave condition

B =) F Al el e e A el Al shddE dielE v}
Aesdar, FA2 GBS AEE e 2 Fig. 14 o4 2 5 Ak

o] F90] @AYstsl Al 12¢ 124 o) Ao = AAAAG T4 d=80
m)7F B2k AR (d=20 m)e] saxy & FS Ho|upr), siFe] F
Ao WA AUtdar o) FAAH o dgs 7AHA A o«

=]
AN sk AdAGCIAE e daug € 43 B 5

gt

10 O,
i Depth:80m T
R ‘ h .
Pusan New Port | } Excursion Radius—132m ! [
5 GEOJE | | H@.
— R 1 !
f\ S S i, A
— ’/-
S
61 ‘
2 !
* ‘
= :
g |
g4 :
= i
I
2. :
0 ; [ ; T T ‘ Concrate
o] 12 24 36 48 60 72 anchor
9/11 9/12 9/13 - mw‘ i
Time(Hour) L

g, 14 Observated wave height during the typhoon (in Pusan new

port and Geoje wave observation stations © refer to Fig. 12).
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(2) #F5Az] A

o]l HA5¥ Ansd AfEUARG AP {wave by wave
analysis method)& AM&3te] BAgy AdeEdYe dsd To] AAd
A% Z FFT (Fast Fourier Transform)7|H o= #48ka k] o] A]
~dEfS fite] sgEAS detste etk digsieie] daiw #
Zaue B4 Cooley-Tukey FFT4Y 125 (Bloomfield, 1976)¢] A&
ok ~HEed EAYES BAE Folun FAHA(Hw ~9Ed #5555

T, ~AEey TUEA 2)d HyFINT,), AFHEY F onspRes

OQ

(spectral width parameter) &, #2323 Ho% 2R spectral peakedness
factor) Qp &°| AAdAT frelual F=44 =

Hoy=4y/m, (3-19)

A9, mee A oR Folai sune Wwre o wuEoln
I3

m= [ F - S (3-20)
<

o7, f= e Fa, S(HE #eo] ~HMES] Uns YMh e 3]
o A (low cutoff frequency) ;& AT FAF A9 Exdo] uiw}
AR, L o5 2455 AAs] 9

S35 3-1z AREY, 977 TE Gedes 4eur

A7 A mpis Adey dxe] 22 wul=g upebdh §kA

ol ¥ = g5 Longuet-Higgins (1975)7F Ajek3l o & of /e 4=
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RIS
g=V—Léw1 (3-09

iii,

9} Cartwright and Longuet-Iliggins (1956)7} #jtgt s Z o 9o

#é # % ¢ A (broadness factor)

5
™y

(3-23)

€=
Ty Ty

< EEvh 1g]al, Goda (1970)7F AlStgh ~HEY Hon 9l Qi
vhe A o Al A =

sl g e AlAde] AgArs FH 3}6&7}(2@1”0 downcrossing) =
v ABAEN 2Hzero—upcrossing)4H Y o2 B8 F 7Y i 2 A A

,]
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