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FUNWAVE-TVD $X28¢ o3 234158 Salshs 2i4sle)
FR|BefeflA] TVD 7=l 23t 3|3 vl
Comparison of Numerical Solutions by TVD Schemes in Simulations of

Irregular Waves Propagating over a Submerged Shoal Using
FUNWAVE-TVD Numerical Model

2 A
Young-Kwang Choi* and Seung-Nam Seo*

2 Xl :FH /BdE FUNWAVE-TVD 3R EE of§alo] 285 & TVD 7IMEe] ekl #4241 /MY
A& B3I Tl Yamamoto and Daiguji(1993)2] minmod limiterS AFE-8H= 43} g &% 2] MUSCL-TVD 7|53}
Erduran et al.(2005)%] van-Leer limiters AME-8l= 421 J&%2] MUSCL-TVD 71%, Zhou et al.(2001)2] van-Leer
limiters AM8-8l= 22F HEH=2] MUSCL-TVD 7I'H& vlastslon, se]2ld #527F AlA¥e] Q1= Vincent and
Briggs(1989)9] &13] Tt del A-8aiqitt. 12 92 vjag A ZelA minmod limiters A3k 4
2F 4EEL] 7IHE van-Leer limiters AHE-3HE 7190 Qe AR 7w Aldst AxE eF8HRE &
A O Wk CFLS AREslof oAl o7t 715313t} whHel van-Leer limiters ARE3RE= 7Holl+= numerical
dissipations Z°]7] $ato] Hrh AUe AxE QR AT vwA =& CFLE AMHE & s Zo® Uel
ot 2 71 2] numerical dissipation®] %3S st o]7] flete] FHARE FE8] & a2 A
A vt Aol viste] 2F 73] Edo] HEs] WERATE Numerical dissipation®] 7t 2] 0% 22 minmod
limiterE AHgsh= 71 O0% HO8 wi= AzE T3] Eold XAl =g do] veht s dakshe
AHE BAEE van-Leer limiters ARESHE 7IHelMe vlwd & CFLE ARESIe] gt ot ehawglon, &
SAE & Adstes 494E BT

A20{ : FUNWAVE-TVD 3% %3, MUSCL-TVD 7]%, minmod limiter, van-Leer limiter, Vincent and Briggs®]

B gAY

2

Abstract : Numerical convergence and stability of TVD schemes have been applied in the FUNWAVE-TVD model
were compared. The fourth order accurate MUSCL-TVD scheme using minmod limiter suggested by Yamamoto
and Daiguji (1993), the fourth order accurate MUSCL-TVD scheme using van-Leer limiter suggested by Erduran et
al. (2005) and the second order accurate MUSCL-TVD scheme using van-Leer limiter in Zhou et al. (2001) were
compared. Comparisons of the numerical scheme were conducted with experimental data of Vincent and Briggs
irregular wave experiments. In comparison with the fourth order accurate scheme using van-Leer limiter, the fourth
order accurate scheme using minmod limiter is less dissipative but required lower CFL condition for stable
numerical solution. On the other hand, the scheme using van-Leer limiter required smaller resolution spatial grid
due to numerical dissipation, but relatively higher CFL condition can be used compared to the scheme using
minmod limiter. In the breaking wave experiments which were conducted using high resolution spatial grid to
reduce numerical dissipation, the characteristic of the schemes can be clearly observed. Numerical instabilities and
blow-up of the numerical solutions were found in the irregular wave breaking simulation with the scheme using
minmod limiter. However, the simulation can be completed with the scheme using van-Leer limiter, but required
low CFL condition. Good agreements with the observed data were also observed in the results using van-Leer
limiter.

Keywords : FUNWAVE-TVD wave model, MUSCL-TVD scheme, minmod limiter, van-Leer limiter, Vincent and
Briggs irregular wave experiment
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1. M

ru

Boussinesq I3 X 232 At A =] 9l A
Fe Fgs] Bogt = Qlof we A7t W Foll it A
e N
o) 7P EIh. e SEWHA O RNE f4E AT ZH
g}%}ﬂ} 6?—94 /K]—_Q_xl—%é. J—y_g:]al 2= 0) o:q J].a]— JHJ}E o]
sho] DAS= AQbR2] 197} 715-8F(Shi et al., 2012;
Yoon et al., 2014; Choi et al.,, 2015). Spectral 3} 53

oA Adsl] ofee Fsld ddE Beh et 2o
sk 4= 9] ©w(Shi et al., 2001; Choi et al., 2018), 3}52]
A, 274 9 L @ T 9] ANl s Bojg
T U= &Aool Sl

%71°] Boussinesq R 2 wxpaiAl o] At 2=t
715 AHEehe R R E o] T2 /I E A THKirby et
al., 1998; Nwogu and Demirbilek, 2001; Lynett and Liu,
2004). ©]F H35 I o] E=31 AAIE AT
M= FAH(IAE o] &5 A REEE (Shi et al., 2001)2
H7 2 A2 AR AR 5 Qs kAR (Walkley
and Berzins, 2002; Woo and Liu, 2004)0] 7= it} 8F
ARE, 2710 /e o5 B elxe 53 e 4] %1
Fo.2 QUsjo] £33} ks BAPL wol Alsel 3t
ChLiu, 1995; Kirby et al., 1998; Walkley and Berzins,
2002). o]& 3t =211 £ (numerical instability)> 2]
5 wo|sh e W] 2 BAR 2T Ul wo] vt
v, 2719 kol frete o R At B
Gelr= AR ERPAE S3tA717] flste] 73] HHE
AE-3 %E]—(Klrby et al., 1998; Walkley and Berzins, 2002;
Woo and Liu, 2004). S}A|9F 2] HE| & AFE-5lo = 3
ke TS Tshe wFe] o vl gde] A A
sk o 5.0]9] A fellie= FAIAR1 E]Pg/do] o8] o
3374

Toro(1999, 2001), Zhou et al.(2001)2] ZA}o|A ZtolE
T %ol #H 5ol Euler ' 2ot A1 2l o] HLL
(Harten et al., 1983)°]1} HLLC(Toro et al., 1994) 7|53} %
< A} Riemann solver®} TVD(Total Variation Diminishing)
719 o] *PARI XA TS A AIgkel whe} Boussinesq B
Ao olys 7MEe] A8Hd FARFEC] pUET
(Erduran et al., 2005; Kim et al., 2009; Shi et al., 2012;
Roeber and Cheung, 2012). 7]} Boussinesq %] 5% 2
78-%- W Erduran et al.o] A|QFsh W of] whah #ujdy
21 9] flux&7FA+= ZAF Riemann solverS} TVD 712 2
g3telon, Eake] tisirE FRE Y o= Aot
3= k3l

Shi et al.(2012)°ll &J&l 7l¥l FUNWAVE-TVD 53] &
&L Chen(2006)2] £+ B4 Boussinesq g 2l-e Al
W o & Algatar 9o, fluxd-E E7] $18te] HLL 7]

A

=

Ay} TVD 719 e] 4859 Slth. FUNWAVE-TVD 5.3 H
7 2.1(Shi et al.,, 2013)7F4]= Yamamoto and Daiguji(1993)
7} Aleket 42 A &%= °] MUSCL-TVD 7]H(TVD4-YD)3}
Zhou et al.(2001)°] #|Fst 22} &% 2] MUSCL-TVD 7|
H(TVD2pe] Ag=e] 9lo] 7 71 Foll Aefste] mojeh 4=
AEZ wodt}. T, Abadie et al.(2012)> FUNWAVE-
TVD A EE S o]gsto] 22| ] XS A=
tll, TVD4-YDol| Al WEbd 5221 =29/ d 0= Qls}o]
TVD2E AH&-3te] A& AA8H3ATE Choi et al.(2018)-
TVD4-YD th4l Erduran et al.(2005)°] A|<F8t 43} A&
°] MUSCL-TVD 7]®"(TVD4-E)& FUNWAVE-TVD 5%
of] 2 g-sto] FAkare] The dut Wig APS s o,
FAAQ] =RHA glol BS5AE & Aldshs AdE 23
t}. o]2]3k Aujo] uke} FUNWAVE-TVD S| 52.& H7 3.0
(Shi et al., 2016)°lA1= TVD4-YD thAl TVD4-E 7]'Ho]
A &= At

B oo A= FUNWAVE-TVD 28 H# 3.0
2 3%oH, 485 TVD 7|HES] FHwe} o
st7] fste] ] #5217 AA = o] Q1= Vincent and
Briggs(1989)2] E12] A3 o #8-313It}. Vincent and
Briggs®] A3l thet X 2.2] A= ofn] e A7+(Suh
et al., 1993; Yoon et al., 2004; Choi et al., 2009)°|4] |
Al BE QAL B Aol M= a3 ARRE Fol7be 7
TVD 7I¥el FHEE vlwsiglel. =3, 71yl st
numerical dissipation A& gk Fo|7] flsto] s+ =t
A F88] 2 gt dejellx AaE AAE o,
A A5 k] vl 9 ZF 71T A1 A Q] QP E 1]
WEIFTE B o= FUNWAVE-TVD <FX| 584
TVD4-YD(Yamamoto and Daiguji, 1993), TVD4-E(Erduran

tlo

e
o]

9= vl

~

et al., 2005), TVD2(Zhou et al., 2001)Z A} +2] 49
o] A3 vl W

2. FUNWAVE-TVD 2% 2| X|H{HX Al

o] 542 A (), WD), T (h) 52 A e
g}%rﬂ], a/h@r o= W= 2472y gjedo) vl EAd )l 2
UrEM% A A5E oJw]gth. FUNWAVE-TVD
A o’ﬁ“ 2 Chen(2006)2] Boussinesq %734
om, o] A b By, ok ] T}
g Aul 7 o)= 9&to] g=0(1), O) << 18H= 795 3f
%At} Chen®] Boussinesq "84 olX = 54 4 (z=z2,)°l
Ao §5& AHEEtaL 9o, 02l 2 FE (vertical
voticity)&o] =g 2lo) AZgkE|o] §lt}. Shi et al.(2012)
o] W45 conservative FE|S] B2 0 2 W3lslo TVD
71¥ ¥} &7 HLL Riemann solver 7]HS ©]-8-3}0] S=x]o]
AFsl51SI e, FUNWAVE-TVD 52 2.8 9] conservative 3 El
] Boussinesq "7 21> th3- ¥} #Zo] YeRd 4= QT

N oox _”
gﬂ:ﬂr °
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FUNWAVE-TVD $4 23

o¥ OF oG
—_— = ==
ot Ox Ox S, )
P
n P 1,
Y=gt F=1 5807 +2nh) 4
14 PQ
H
0
PO
G=< H , 2
QL1 o
77 2g(ﬂ 21nh)

0
S gngg+(//x+Rx+be.

oh 5% by

SV, H=n+IeIH, iz FRESIE oulatt. )l Al

Ao} i 7F S A(3)-6)7 2ok
(U, V) =H(u,+ Uy, v, + V), 3)
(Pa Q) = H(ua + U49 Va + V4)9 (4)

v = (U, = Uy + Hu,Us  + v Us,,

+ Ugtty + Vatty, — Uy = Uy = Uy), )

W=V = V) +HuVe  + vV,

Uyt Vivy = Vi = Vo= V5). (6)

2360 e z=z,=- 053004 HJH G5
omlah, 2 (5)2 (6)2] AL x, y, 5= A x, y, 1ol THE
g omsith 2(3)-6)2 (U, V), (U, V) (U Vo),
(U, V)= AR oulst, (U, 1)E 74 d53s
ERATY. (U, V), (UL V), (Us Vo), (U, V3), (Us, V) 3
S9] 2AIE A )= Choi and Seo(2015), Shi et al.(2016)
o Al Atk 21(2)2] (R, R)= viembEal-S oju|shy,
®R”™, R”Y= Cyiy Co= ATE AFE3F= eddy viscosity &
Bje] szt el olste] RojE= HuEkE ougitt. st
o] o ek 24| 3E A8 Kennedy et al.(2000)¥} Shi et
al.(2016, 2018)°l] AN =] St}

FUNWAVE-TVD X2 gM= flux3H(F, Gy = o
MUSCL-TVD 7'l wie} 2t A5 A 9 &, Sks
AAFst H HLL 715 (Zhou et al., 2001)= ©]-2-3}] numerical
fluxZ AXFSItE. FUNWAVE-TVD 53528 Bl 2. 1714 =
Yamamoto and Daiguji(1993)7} ARkt 4%} %d2H:2] MUSCL-
TVD 7157} van-Leer limiterg ©]-8-3F 2%} %4 &+%= 2] MUSCL-

SAHE Tk St uRe] ARl TVD 718l o Ala] vja 145

TVD 719& Aeste] ARESE 4= QI 5 Hojglon, it
Choi et al.(2018)2 Erduran et al.(2005)°] #|<F3t 42} A&
2] MUSCL-TVD 7H& 2]-8-ato] §-Akake] AlA) <o
st R oS S3sIth 2 ATl = §12 Al7FA|
MUSCL-TVD 7]"{& AH8-8F] FUNWAVE-TVD +X| 2%

oA el z4zke] S:x)8l| 2 v Wkt
3. MUSCL-TVD £=X|7|t4

3.1 4X} HEE2| MUSCL-TVD 7[H(Yamamoto and
Daiguji, 1993; TVD4-YD)

Yamamoto and Daiguji(1993)7} AlQkst 43} w0
MUSCL-TVD 7] ¢4+ minmod limiterS AHg-3}=t), x
Wako g zh AR ZAACNA Q) #, 58k v 2ol Al
Ak,

L 1. «_ o
Xivi, = Xig T E[A Xicip T 2A li+1/2,j]9 (7

1 *_ "
Zfﬂ/m =Xit1,j — 6[2A Xivin,; T A Zi+3/z.j]a (¥

A7|A, y= 1, u, Hu, U, V,E u|slH, L3} RS 7} 7
A BAG+ 129119 2, 52 e 27 (8)9)
U 52 21(9)-(20)3) o] AlAkd )

A*J_(i—l/z,/ = mmmOd(A*Zf—l/z.j» bA*lm/z,f)a ©)
A*jfnl/zj = miand(A*}ml/z,p bA*Z[—l/Z,j)» (10)
A*}_(m/z,_/ = miWMOd(A*ZM/z,p bA*ZHS/Z,j)’ (11)
A*}N(,wz/z,_/ = mmmoa’(A*ZHs/z,p bA*ZHl/Z,j)’ (12)
A*ﬂ(fﬂ/z,j = AZ:‘+1/2,_/ - éAgﬂ_(m/z,j: (13)
A37_(f+1/2“/ =Xicin— 2}_(141/24 + Xivsn. o (14)

AZio1. ;= minmod(AYi vy, i DiAYi1, s D1AXi430. 1) (15)
A)_(i+1/z,_/ = minmod(AY.1p, 5 1A X3, j» D1AXi2112, ;) (16)
A)_(i+3/z,_/ = minmod(A Y.z j» D1AYi_112, j» D1A Y12, )> (17)
Adivvp = Xivj = Xijs (18)

minmod(a, f, )
= sign(a)max[0, min{|d], sign(a)pB, sign(a)y}1, (19)
minmod(a, )

= sign(a)max[0, min{|d], sign(a)B}]. (20)

2©-(12°04 1<b<4, 21517 b =25 A-88
T} FUNWAVE-TVD 238 W7 2,104 AFE-¥ TVD4-YD
olME I b=45 AREBIGIAIRE, & AFelME b=1.1,
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2, 3, 42 AMg-8Fo] TFE MUSCL-TVD 7|93 2435
B a5}l T

3.2 4X} METO| MUSCL-TVD 7|H(Erduran et al.,
2005; TVD4-E)

Erduran et al.(2005)x> Yamamoto and Daiguji(1993)2]
4248 =2] MUSCL-TVD 7191 =431, (77 (8)
< AXKE7] $18H] 21(9)-(12)2] minmod limiter TAle] 2]
21)-24)9] van-Leer limiterS AME3FC} Erduran et al©]
A|QFet 4214 gH= 2] MUSCL-TVD 7|52 tha 3} 2t}

A*ﬂ_(H/z,/ = ¢(V1)A*If—1/2,/» 21
N = o)A T @)
A Zioin; = Or)A i (23)
A*j(i+3/2,j = 5”(},1) A*Zi+3/2~.i’ (24)

o714, r= A*Ziﬂ/z,//A*Zi—l/z,/’ = A*Zi+3/2n/'/A*Zi+1/2“/'01
T, ARD-HE Ak Satel A(13)-20p] AHgET,

o(ry> van-Leer limiter24] o(r) = VI+T|:| 9} ol Akt

3.3 2K} MEIT2| MUSCL-TVD 7[#(Zhou et al., 2001;
TVD2)

FUNWAVE-TVD E.&geA &g 4= §)= t-& TVD 7]
o7 2aF AL MUSCL-TVD 7S AHE3 5= 9l
o, x Weko 2 7 Az AAeAM Y] F, 532 A(25)-
(27)% #Zo] ALk

Ko =2+ 30507, 25)

Ko = 25— 30z, 26)
o17]4,

= T N

Ka, f= 22982 MUSCL-TVD 71HollA 4 2¥ van-

Leer limiter24 «(a, f) = %ﬁjﬁ ¢} o] AAte T},

Vincent and Briggs(1989) EHE T35 EE 98k
I B ake] 24, 34, He 9 HfuE Esh]

91 Fe A S R th e 291718 Agsto] o

20 x=6.1m
y=12.5m
Transect 4
15
E
>
101
6.1m
5
o
0 5 10 15 20
x (m)

Fig. 1. Bottom topography for Vincent and Briggs (1989) experi-
ment.

ol

& Tk A EY PR e, @% vpeF Bt a3
ohgE St ule] g duf, W A3S skl o, Akt
15 vk=A ste] vlafa 9 e} 210 A skl
AT A AR BN E R ET
A A& Fig. 100 AAst. 5352 T4 x=6.
y=125moeH, FFHEE ALst 4o 04572 m=E LH
3lth. FUNWAVE-TVD E3eAM= k& Z23s}7] fl8te] U]
Fz3h WPRE ARgSR=T, x = 0 mell WIF-E9 & 23]k
T} Fig. 100 AAE] o] QUA] ARk, B2]ed o] A AlollA] REA}
ko] A WA f1ete] x ke AP 9% @
2% Al 3+ 555 (sponge layer)S A 2|53 T
Vincent and Briggs®] 2] 3ol tjgt 243 A=
Yoon et al.(2004)Z} Choi et al.(2009)°1] 2]3}o] A
glom, 3] Yoon et al> REFDIF S &3} 1142
B8E AN A dhgo] Aok wf F5HE A Tk
7} oAl = et 25 A3t Choi et al> TVD 7]
Hol AFE-5]7] o]z W2l FUNWAVE 583} REF/DIF-
SHORECIRC ZA3%E 3, SWAN-SHORECIRC 2 H S o]
gofo] TRy AdAve} ey A5AE vlwg vk Qlek
B o] A= FUNWAVE-TVD 284 MUSCL-TVD
7ol W XA Al H5AE vlaste] 23] A
A4S AESIIE TVD4-YD, TVD4-E, TVD2E AHE-3lo]
Hl w3kl o™, TVD4-YD 71H el -9 21(9)-(12)14 b=
1.1, 2, 3, 44 W& & nlwstelct 2k 7ol Yeh=

¥2 o
o (I
3 b

X

>
il
]
=z

3|
& AREEA] ket s, i AR} 1S Eoy7H 71
of ME RFPe] FHE W Y EE vlwatglon, ot A
2] -9 numerical dissipation®l] &3t Q2= FHU)3F F0]
7] ] 3k AR HAE
induced current® R.2J3}3I T

Vincent and Briggsi= 7} 23 el tislo] Fig. 1°] Transect
4ol ARl EkE vk A5 ke AAEET, 9 A
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Table 1. Test cases in Vincent and Briggs (1989) experiments
Incident wave case Frequency spreading Case ID Peak Period(s) Significant wave height (m) ¥ o
Non-breaking Broad N3 1.3 0.0254 2 10
Narrow N4 1.3 0.0254 20 10
Breaking Narrow N5 1.3 0.190 20 10
Broad B5 1.3 0.190 2 30
F7)) B 71EY U E o] gete] FAstE whargk spreading, Borgman(1984)) 3t 7 A3 EF o=102
< AN FUNWAVE-TVD 588 0]83 1f2uko] 4] AHE-8H T

% A= Choi and Seo(2015)°l] #A|AE]o] Qlow, 1 A
ofl A= vlA] 71 ARES RS W] XS Aot
=25 8] w3l7] 93k Vincent and Briggs?] ]2 ¢
Et2gke] nid|gl gl A5k el thek 2ol askel
A AL Table 190 A|A ST}
Transect 4°l14 T5]¢} vl w3sh7| $13F =248 A3}9]
gk 13 FHgol] ALY s 5
27.3%(=21 F7]) o] FH-E 260%(=200 F71) &<t
THHLNE o]g38lo] Feua#,, )& A 0
4:4-3’_—5 TR sk wl= 7]E 2] o5 (Yoon et al., 2004;
Choi et al., 2009)ell4] A1 Hle} 7ko] QA2 Fx)gl
3}5F23 2.1, Choi et al.(2009)°] AJAIE Vincent and Briggs
o] FEAd WSS ARESto] XA Ao} vlweisich,

TEO{N rﬂ

O{N' :L

4.1 HIAT} A3
ndu} A8 246 edsl= N3, N4 A8 0] uje} Ade
S o] fato] SEHES Exlel= B uleke] xqjjr

A9 SRSk U2k el oste] zubyl &

2 FEAEE Sk 742 WskE Qlstko] %
L e R B R e I S B |
2 shazk AAA Ak o] v AE FHdA s gl
AsEE 1 ASHA e 71 ghar xfo 7 QlEto]
el 318 A4 3 UrE‘erE}

N39} N4 9] ‘?J*Ura‘f Ao

A

il N of o
4=
j;irlom

0%
N [o

ﬁq]oa 7;4.7_ /\JﬂEe%(y Z)J,}

1
AEH(y=20yS AHE3IoH, 1 %kv‘i’—E(wapped normal

= = = TVD4-YD(b=4)

251 o 2 TVD4-YD(b=3)
£ ——— TVD4-YD(b=2)
220} = = =TVD4-YD(b=1.1)
H — TVD4-E
2
13
3
£

/H

mo

H

0.0 * * * . * *
10 1 12 13 14 15
y (m) at Transect 4
(a) Ax=Ay=0.05m

T E T Transect 4014 AAtE N3 23 o] 4%
A% A7}9} Vincent and Briggs®] 2] A3 #=X]2) vlw
3t A¥= Fig. 200 A|AISFATE Kim et al.(2009) 2Hd H]
1% Boussinesq 23S ©]-&3}%] TVD4-YDY b3tell whE
a§sr A9t AR A v Qledl, 1T ol E AR E
vl wslke] p=1.19 w numerical dissipation®] 7} ATh=
A7 HAth & AT % 21(9)-(12)014 TVD4-YDS] b
= A AIE o] AASIT. e A EY ] R
£ B7] 9l 3R Ax = Ay =0.05 m(Fig. 2(a)),
0.025 m(Fig. 2(b))E AH&-3to] A5 vl st

Fig. 2(a)%] Ax=Ay=0.05 mE A5+ AoelM= 7} 7Y
9] numerical dissipation®l] ¢]&}o] 3} ¥ 7} thE A e}
= Aot i Es] UeRdth Ax= Ay =0.025 mE AR
Avtel MW S W TVD4-YD(b =45 AHE-SF A T}ol|A]
numerical dissipation @Jo] 7} ZHA] YeRg e, w2 p

& A28 & numerical dissipation©] =7 Ve Fig,
2(b)2] Ax=Ay=0.025 mE AMSH AF}ollA] TVD2S}F TVD4-
YD(b = 1.1)= A &]3t TVD4ol M= 28] fAFSE vkar 23
2 FHshs 494E 29

FUNWAVE-TVD E & A= 2] (28) 2] Aile+=
tl, Z+2+9] time-step”ttt CFL, u,,, v, , H, ol Wb A7t
Gep A |k N3 A7S s8] flete] ARES Aol
CFLZ Table 201 AAISHITHA RS CFL<0.5 HLelA] &
kA Th).

At = CFLmin(min Ay ) (28)

vt gH,; Ji

Ax , min
|uzu/' + «/gHzxj|

| = = =TVD4-YD(b=4)

N
n

----- TVD4-YD(b=3)
5 —— TVD4-YD(b=2)
220 = = =TVD4-YD(b=1.1)
s s TVD4-E
H ——
215t VD2
3
£
I 1.0
<
o
£
T o5
0.0 5 * * ; ; ;
10 1 12 13 14 15
y (m) at Transect 4
(b) Ax=Ay=0.025m

Fig. 2. Comparison between normalized wave height by FUNWAVE-TVD and experimental data for N3 case.
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Table 2. Maximum CFL condition for N3 case
Grid spacing TVD4-YD TVD4-YD TVD4-YD TVD4-YD
(m) b=4) b=3) b=2) b=1.1) TVD4-E VD2
0.05 04 04 0.5 0.5 0.5 0.5
0.025 0.2 0.3 03 0.5 0.5 0.5

TVD4-YD(b = 4)= P340 2E $lallA Ax=Ay=0.05m
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Fig. 3. Comparison between normalized wave heights by FUNWAVE-TVD and experimental data for N4 case.
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