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Hybrid Element Model for Wave Transformation Analysis
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Abstract [ In this study, we develop a finite element model to directly solve the Laplace equation while
keeping the same computational efficiency as the models based on the extended mild-slope equation which has
been widely used for calculation of wave transformation in shallow water. For this, the computational domain is
discretized into finite elements with a single layer in the vertical direction. The velocity potential in the element
is then expressed in terms of the potentials at the nodes located at water surface, and the Galerkin method is used
to construct the numerical model. A common shape function is adopted in horizontal direction, and the cosine
hyperbolic function in vertical direction, which describes the vertical behavior of progressive waves. The model was
developed for vertical two-dimensional problems. In order to verify the developed model, it is applied to vertical
two-dimensional problems of wave reflection and transmission. It is shown that the present finite element model is
comparable to the models based on extended mild-slope equations in both computational efficiency and accuracy.

Keywords : finite element model, Galerkin method, rapidly varying topography, wave transformation

LM 8 So] AMg-ate] gtk HZoll Massel(1993), Chamberlain
and Porter(1995), Suh er al(1997), Chandrasekera and Cheung
sl =AY 4L Berkhoff(1972)7} 224] Laplace  (1997) Tl Jaf S48 734 g 2le) AY=AM F

RN ZRE SN AL RGO R BARY  wshe FalolMe Bpad s Assach
A7 AAELT o] A& AT AATE B A4S S 9N EE B9Y SR IR AV &

e 9AE ol $uE & YA He) FA L H 2 9180 339 Laploe AN FH 2349 B0
g BNl ANT & 9lo] Be S B AT = WA Zo)r] WEl e AT UehiE o

#2& o gt x| 7873 A 2% F 8 (Corresponding author: Tae Hwa Jung, School of Civil, Urban and Geosystem Engineering, Seoul
National University, San 56-1, Shinlim-Dong, Gwanak-Gu, Seoul 151-742, Korea. togyel76 @snu.ac kr)
*+ g T Ak - 39k Ed T2 (Coastal and Harbor Engineering Research Lab., Korean Ocean Research and Development
Institute)

159



160 esh - A - A

< TA7E A& el flod, FHe 1gE EA 5o
Qo] AHFFHo X)) HARH0] Wik A= 38T
& A "ok webA, B aFolMe At Z2e&-2 2A
FASEA Laplace W84S A3 E & s Wl W
A ATt TRV o R = HEe] ol
e g A3t

7180 Y AL AN S A8 Aot 22
ALIEES A8 At FEds AR 15
 fEeAT Urn, 8aue] IEEE S A%
Aol g Teldno g FAISIEE 3+ &, Galerkin 7|
HE A83k £ARFES 738t 4 a4y 3
3ol tieiM 5ot B Aty e, 4%
ol tislMe AdPute] F4AEE AR I5E AMES)
o B2EEE sl AEAIRAL Bea ks )
HE o] 83te X 3Hth(Park et al., 1994).

NEE 2] HES st 93 2ol g
TR} 8l AR Ao A8t &, A BAFAN A 1}
o] ¥RA}, Higte] 714 7)o 2J3h Bragg WA}, 935
ZAel 27t ule] HiAL §A4) Fol A83t rlEe] 423
4 27 2 SeldgE=e) vlwsigy. vlmze, A
2 §3 84 TP ALY AgAY e 3
g5 WX 71Ee B4F AL e 7R =
P} T8 FFS HYL Felsio

2. 2X|e] HAg

2.1 Xjufl WEA o AAI =

A7 239 wERE B4 A2sE7] f8ke] Fig. 1
ol 291 ue} o] AmA A (x, & AT F3
£ WA, kR R TSt 555 IS ARE L
7HshH g5 thet 2ol £EXElA, ¢of g
Laplace W44 02 EAIE 4= Ut

2 2
Vz(p:%ugz_‘f:o )

Incident wave
—

—_—

Fig. 1. Coordinate system for wave analysis.

e N
>

AP, re ST, = WAL TlEos ool %
ST T

71RAQ BAZAS e ARSH(S) AR vie
H(S,) AAZZI0) Ak, Tt we] uls) we- Atka
718k} A FRclME HET A 210 £
o, g E 253 AA2AE 483U

a9 o
o = ;d) on Sf @)
3—3 =0 on S, 3)

A7, o= AFAFE, gv TH /IEEE ngith

i d o] uirhEgt ojle} SA = ¥Esk= 79 3
QhdoL) WA Fap 2 det FEE0] 4 FHo)
ZEE 4 Qi) o|EL YRtH o 3 x| YRE
2EA)7] g7 o] a3E 11Est7] Hste S A
ABo) A= Mei and Chen(1975)2] F-E4HA} AAIZAE
4% A9 A(1994)9] AHE ol 88Tt &, §X]
AHe mer] tgd} 2 FEUR} AARDE 285

99 _

an_aq) onI (€3]
A7 ne §A AAY, rolA vigEog 2z}t gk
S e, o= o 2oz FoiRc

. 1 _Kr
a = ikcos 9,—1 " (5)

A7IM, i=J-1018, K2 S| AAEIMe] AR
AAIFRA dRbE o g mhe) Falee} Z1E gl §X] A
A 5434 wet geiitt. 6,2 $A BAPLE §f
Ashe =] HA weke 2R E|S] ZE on|dleH
wEo i 49 Welx oF YAt dojuhR g o
o AAGS o2 Aojsly] oHTh. TAHeE 0 ¢°
2 3o ALtsle 497 gk

3 JAE AT A, = T3 AelA
Sommerfeld(1896)7}F A|F3t -5k WAL HAZAG A

Ao} @},

tm 5k =0 ©
o714, r& Aletate] A F o g2 RE e AEE 9u]
o, k= QALY Si4E Uhebdth



388 22 8o 7Y
3.1 58 G olrtE]

A2 229 FAds BAE 5eHo2 s 9
3 o F9e 28 B F9e T §F 24
o, Q5% o1& EH8 F5 9k 49, 0,2 £ ¥, 9
o Qpirte it I, o) Ak} el 9.0 3
2 # XS g =¢,+ 0T WAFE B, GY 2,30
A #7) Al £ ate TRbE ¢ F 71X9) gie
B 1R ¢,= 0,5 vIASRE 33 st Agso] Wt
T H5EE3)E 99 200X9) 2ol XL ¢=¢,+9F
U]Z]Ti -g}ga;}(pig 2 lX) !:Cz;} 23505 94d9) Q
Are 4ol 9B Aoz s

58 8 ANE GAAE 4 dAg TG 4o

43 aaT ojatslatn 7 9 uo) glefe] Ao
o &= ERI4 ¢ F ad o] 24 x4 9, (919
e FAE wrk g e, (Vo TARR: Ro] B
23}, #,
6= {NY' 107} )
A7, A TE BH YL ok QRS v
gt

2 (7y& A (ol HidEkn B g (N T
TR AR Galerkin WS F-4-500 ool 891 st
AsHEAZ o8 e 4= vk &, Galerkin 71HS 2§
P 949 7HE AXE ogat el AojEy,

R = [ {N}Vpde)’ (8)
Green®} A2 FEIE o]&dlxt A ()-4)8] AAZEAL
Z345l 7F ghe] Aad $Ee 2 B3AE o
22 #HiE ohgw 2o A4 Fge] Hown

ZUKy K K )= F) ©)

A7 Ky Koo Ko 2%t 0t o] BTy,

5 3
Ingident wave e~ s P>
N ! )
~— ! Finite V' infinite
infinite 1 element ) element
elament :S, Q. =, +¢5 ) €, $6, +6s
2o, =g

i s,

Fig. 2. Definition of computational fluid domain.
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