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Shallow water equations are widely used for river flooding, storm surge, tsunami, and other natural disaster
simulations. In this context, a continuous Galerkin (CG) method with artificial viscosities and stabilizers has
often been used to discretize the space. Although the CG method can produce robust simulations, the numerical
solution cannot satisfy conservation laws of mass, momentum and flux on the finite element edges. Then, a
discontinuous Galerkin (DG) method, which is effective and promising tools for the hyperbolic equations with
discontinuities, has been expected for the next generation numerical simulation tool. In this study, the DG
method is applied to the spatial discretization for the shallow water equations, and wetting-drying algorithm
and slope limiter are discussed for our purpose. The proposed method has been verified with two fundamental
examples. In addition, we find that the proposed method provides better performance in its accuracy than that
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of CG method.

e

YTJII@{E(%’?DI—J@WOC EOEAEMNTITIE, EAKER R
mf<%w%ﬂfwé.&m%&ﬁ&tiﬂﬁﬂ@ﬁﬁ“
FEXTHY, TLfﬁfﬁﬁﬁF%ﬁTé LI L D BB
MR L D720, 22 OBFEMLIZ CG (continuous Galerkm)
BIZESS BENARERENZ Ao Tz, Ly
L, CGIETIE, NLIZRAEEIC K207 E b <, ’féfif%
17702 EORGFRI % BB Il E TE W EORMBERN H
T, M ERETCEAHEBREREIEOR S 72%%1%“@?
% DG (discontinuous Galerkin) {EXHIFF STV 5. DG iE
&, BRI GRAL & ok i A2 A Lo 0 A A
FHRRADMHTICR L THZTH Y, EHREEF TO Flux DIL
X EER LN AT O 720, R RFEEE2mE T&
HEVOMWEERFD. AR T, BAEREGTEXOERE
FE DD BRI BT FIE O Z B & L, BKER
FREX o= DG IEEEA Lz, £z, BEHER
FREFEAT D LT, KEROBENZH T 5 RKERR
FURANT 2 FTREIC L7e. BUEMT Bl E LT A7 L—2 [l
E BRI ALY BT, AR L OY CG ik & OREfENT
FEROLEIZ LY, DGEOH AN W TRE 21T o 7.

2. BUEREHTFE
2. 1. XEBAER
TROTREITIE, UTIORTEAER TEXEZ AN D

U
—+V-F(U)—-R=0

T 2T, hIFKER, uds K Owidee, iy 1 o Wrifi -2 ik,
FEIINEETH Y, zZIZEERNOORSTHD.

2. 2. DGHEIZk HBtRE
ADICx L, HENHEZEOESEQ, TOEREROES

Zhnc& U, ZEGF MOt L<DGEEEHT S &,
AR T5EANELND.
fW~—dQ—fVW-F(U)dQ

f W-F(U)- ndr+fw RdQ =0 5)

ZIC,WIHERZTLICERIN D Nl e EARME, n =

[neny]t il“@%ﬁé‘%ﬂ/ﬁﬁf\? MLTH S, 7, B
F e OBEBALIZIL 3 YRS @ Runge-Kutta 5% V2.

2. 3. HEISIVIR

DG ETIIEBERTYH T T v 7 A2 @HAETHT-0
BIET 7 v 7 2 HWTEREIT S . R(G)LELHE 3 HDO 7
T w7 AL ANEEBNLERAS Y MVONEERET T v s
AT X Z, AW TIE, LU TIZRT Local Lax-Freidrich
Flux%& Hv %

~ 1 max —
£=Z[FU +FU) - 2@ -U7) ()
T I T, ey FIRHE & FHOMHMEOTITH 5. £z, U,

¥ &Y Ui, EEBERICBUIAETHY, EBEBERTHLNALD
S 2T, VRS, ORI, Ry —agicy S HEERS P OAADIELTE L, 69 0
D, DFOXSICE#RSID. - BT @
U=[h uh vh]" ) 2. 4. Slope Limiter JL18
F(U) = [F,(U), FW]T 3) Brifi 72 & OAEHE T 4 A5 B A R 7= BEIC R AET
E(U) = A T A== a— b7 = a— FEMEIT 501
1(0) = [”h uh+39h ’“’h] ' AHFZECIE Slope Limiter AUFR D43 5. = O %
T - EOR AT v THITITS .
F,(U) = [vh uvh v2h +%gh2] Runge-Kutta D% A7 THIAT
0z az1" 2. 5. BEERFE
R=P ~9hay 'th] ) Bebl T oA AR < S, BT 5 KBBER & £
TAMENDS. ABFETIE, &6 LRI HhEY 2
2 SANRESR - 22020-25-04 -

)



22020-25-04 BOEBAAEY Y EIY A

v ¥ a2y FIEATY, Z O TRROABEZHIE L7 bk
Mg E RO TOS FEE VD, RFETHE, RE LM

|
IKEE, BARRFRAEME, BONEAEOKE & Iy
M BBEACHIEZTT S . BEHRNO 3 {4 THBU KL T N
Lol B, FOERIHELE TS, KEEROWHIC R /
DWTITHEIT & e DR GHE2 52 5. 2.7 04
3. HIERHH N | | ﬁ
RFHEDHIE OV CRMT 572012, ST & T s 0 Im
LCH AT L—7 M8, BHERMEEZEY B, BiEfis X
W CG BRI L 2T R & O %217 5. 72385, CG ik Fig. 3 Schematic defining the bore problem
DZE T 1 OBEBALIZIE SUPG IEIC K 5 2L A IREFR I, .
R 7 7 O BRI 1 Crank-Nicolson % Ay, B L L a5 06
TIEDGVE, CGIEE BIZ=MF 1 REFZHW\. sl . Exact
3. 1. ’}"‘.l.\j‘l/—7|anﬁi==§'50)7r§§1—t £ o.80! t w12
fEHTE 7 L% Fig. 1 IRT. x, yHIaNEIRIZZAZH 5 - £ ;
0.1[m], 0.5[m]& L, BERIRIZME 1.0X 104[s], DG EDOM/N ¥ ocol L
AKTEIE 20X 104 [m], CG HEDMUINKTEIE 5.0X103 [m] & L ’ o4
o BRATRSRE LT, Fig 2 152 DHOKEIE, TENG oo AN n
IZOWTRLTEZESDTHD. KLY, CGikE kL T DG i
¥£L\: J: 5%%Fiy 7}(0)@”5%:[‘&72‘ J: D IE L/ < %zlz,fﬂﬁ?% ) 7kﬁ 020 5 4 3 -2 ~lx[l')n] 1 2 3 4 5 04 5 4 3 -2 -1 x[(‘)n] 1 2 3 4 5
TR, EAT & HISHAE & K LT Fig. 4 The computed solutions of the bore problem
1 1.20, = DG
f 29 +  DG(Limiter)
T Exact
|V 00 1.6
| = _ :
po2l| J o] a $u R
g E]
X | 10 d 1 a
~ T 1 0.40 »
4.0 6.0 [m] 'h_ 0.0- :H
Fig. 1 Schematic defining the dam-break problem METIZ AR T EAA S MEFTI T ORI
Fig. 5 The computed solutions with Slope Limiter of the
- : gg bore problem
0.20 2o Exact|
0.16 . 4. #5
g <10 ARBFFETIE, Bk B J R0 RS L2 i A
5 £16 FENT FIROMESELL T, 22/ MOBERILIC DG 200D
; 008 LI TEARRELI-. &BIT, AT L — 7R, Bk T oMEE
0.04 08 TV, BB B L OMERD CG IEEDBUEMFATHRE RO ik
N iz 7ot TIUCEY B RBITARITICB T DG B0
' o St THLZEDP TR TETZ. 5 HOIEHELT, R TO
s -Ix[?n] i2 3 4 5 i T x[(:nl i 33 4 5 ;k{ﬁ?}ﬁ@]?fﬂﬁ%”@f:y)ﬁzﬂiiﬁfﬁ Limiter ﬂﬁ%ﬁ]\b, é%@di

DG EOF| R TH D R e i ks AL (128 B v U A e 2
F) AT AL TIEEN O E R E R LN — LR EX
3. 2. BRRIETORI EOTETDHS.
fENTET V% Fig. 3 {7, x, yHFESENRIZZENEN St
N -4 - ES
0-1[m], Q.S[m]&b, H%?HEJ%% 3 ,10 XjLO /[\s]&l:f_. ﬁ%}iﬁ% 1) Nouh Izem, Mohammed Seaid, Imad Elmahi, and Mohamed
LG, Fig. 4 1 f}fﬁ@7kﬁf§b{, Y}'Lﬁﬂjﬂm“?b\fm}/z& Wakrim: Discontinuous Galerkin method for two-
bOTHS. I, CGIEL L T DG IEICLORRIL, W dimensional bilayer shallow water equations, J. Eng. Math,

Fig. 2 The computed solutions of the dam-break problem

i L — R COBL OO, A I T — 3 — Vol. 96, No. 1, pp. 1-21, 2016.

Va—h, T = a—"RFAEL W, — 77, Fig. 5 1% 2) Louis J Durlofsky, Bjorn Engquist, and Stanley Osher.
Slope Limiter ZLFRZE A L=5A 0 1 BEOKEIIR, i Triangle based adaptive stencils for the solution of
AT OWTRLIEL D THD. [V, Slope Limiter AL hyperbolic conservation laws, J. Comp. Phys, Vol. 98, No. 1,
HAT HZ L CRMEFLE CORERB A IMH SN TOHH0 Pp- 6473, 1992.

D, WERRFONEL TWDATENHERTES.

OABHEEATIARER BANFERES - 22020-25-04 -



