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Applied to 2D Depth-averaged Model
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National Chiao-Tung University

ABSTRACT

The purpose of this study is to use the Local Extremum Diminishing
(LED) scheme integrated with finite volume method and Runge-Kutta
time stepping method for'solving 2D depth-averaged equations. The LED
scheme preserves the properties of that the local maxima would not
increase and the local “‘minima would- not decrease to restrain the
numerical oscillation efficiently...-Meanwhile, the fourth order
Runge-Kutta method is also adopted in time difference term to improve
the numerical stability.

In this study, the dam-break flow, the transcritical flow with hump
and the cross-wave flow with contraction are simulated to discuss the
accuracy affected from inertia force term, gravity force term and bed
friction term in the governing equations receptively. Furthermore, the
proposed model is also applied to the practical field simulation of
Tung-Pu-Ruei creek. The discussions for the exponent B of coefficient of
artificial viscosity with cross-wave simulation are presented. The
sensitivity analysis of B is analyzed by using Coefficient of Efficiency



(CE), Root-Mean-Square Error (RMSE), and Error for the Peak Value
(EVP), which are analyzed on the basis of comparing the simulation and
experimental data.

By comparing with analytic solution and experimental data, the
computed results from proposed model with LED scheme can provide
adequate accuracy. In addition, for the practical application of

Tung-Pu-Ruei creek, the LED scheme can also handle the complex flow.

Keywords: 2D depth-averaged model, local extremun diminishing
scheme, fourth order Runge-Kutta method , transcritical

flow.
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hi,j hz ,j-1 + h
v, .=
T +2@jl+@F2
At =CFL=

0+ g =1 %

U

7]\,{5 FE* r2=1.0> r*=0.001 -
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(3.19)
(3.20)

(3.21)

(3.22)
(3.23)
(3.24)

(3.25)

(3.26)

(3.27)

(3.28)

(3.29)

(3.30)



3.3 Runge-Kutta % pFFps 2

AT AT E L s RorE o B EEEG AR F S
FEH gl fe gt B R A G R R Tl R
CFL (courant number) =1 > fe iz - iﬁ%g B8 m N g
R e Lot R 0 AP+ FH#* Jameson

(1984) 14 1 Runge-Kutta FFF# 7= > P 3% (3.7) ¥ = -
.. n+1 n _
Ai, jlU . =U )/ At+ R, ;(U)=0 (3.8)

;i@

4
R, (U)=) (F'Ap=G"Ax)=D!= D! -S4

L]
k=1
FU(38) W
ue =us
U} =UJ —a AR (U7)
U? =U")-a,AR,_(U))
U =UO - a AR, (U)

U =U"-aAR (U?)
i.j i,j i,] 3y

AETHEY o =1/40 =13 a,=1/2 > a=1
3.4 FRHFEKT

Bp AR R RA S AAER (BE AR B
$h CKBER) 5 -
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(1) AR R
FWER Ts > 7 A 2 fd (slip) @224 % (no-slip) F Jhix i o
EAMAFRT LBV = 0) 0 BT R 5 lip
condition) ; F F ¥ Jo in REAEF (LR B PR TG AR
(non-slip condition) °

T_E AT AT

oh .0
=0,k =0,¢,=0 > on T,

aNn aNn s (3‘31)
oh

_:0,qx:0,qy20 v on T,

oN, (3.32)

He N, 5z (normal )> & o

n

Yol 3-1 B > Bk Mo xR LA BB N 4o s

T
WM +1) = h(M)

slip: q.(M+1)=0 on T,
g,(M +1)=g,(M) (3.33)
h(M +1) = h(M)

nonslip: g (M+1)=0 on T,

g,(M+1)=0 (3.34)

AETHR AR ERF RN - g AT
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h(M +2) = h(M —1)
Fo g R gx(M +2)=0 on T
qy(M +2) = gy(M —1) (3.35)

h(M +2) = h(M —1)
2FEFER x(M+2)=0 on T
ay(M +2)=0 (3-36)

B AMER P LB R FROERS K (ghosy” 0 F 5 4L
(mirror) =& 2. % o FoR =A@ R AN ~h G FapRE o iR E R4
£ - f 5 B F St(reflective)if B o $35 3 RAER EE 5 d Fox
WA K R SR Ak E A R 2 E s e AR
ALER v d AR F et BB L AT R o
Q)R g R

225 :/ J.» e 7, AT 2% 2, .
F;Q«\I_éﬁ'\p}: = ,l,,\ Y )\/, _b_ ﬂ'l, l/}—-l—'-l' o éf_)"/n‘l%%“%'i ’ E"Ph_hin’

=

Q=g on T, o 1 r AT pe R AR B R 0 A A Y

% i# B (Transmissive boundary)£? * #+:§ % (Reflective boundary) > Z_

HACT AToT L
Oh _y
ON,
o vg oq
FEGR =0 3.37
9%%’% ] 8Nn ( )
aq, 0
ON,
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N
FosBR: ¢q,=0
9,=9 (3.38)

AT PR R F R R - B BN eT

h(M +1) = h(M)
h(M +2) = h(M -1
q.(M+1)=q,(M)
q.(M+2)=q,(M-1)
q,(M+1)=0

q,(M +2)=0 (3.39)

h(M +1) = h(M)

h(M +2) =h(M =1)
q, (M +1) = =q.(M)
q.(M +2)=+q (M =1)
q,(M +1)=0
q,(M+2)=0

Foatg R

(3.40)

FM=0 5 s R B o ehEh s beB] 3-2 97T o F ok i Aif
Bt ~ o FapkE > HiR BRI E £ - 5 B3 F sf(Reflective)

7o
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B m A 8 ke i R

O RBEN S AL NS RER: EAY AT ER R

o e KA 47 0 Ae T & Ao

% i) =g e & HTEIE
R Ty 1§ 198
YN Y T u’h ~ vh
EIR L= I % e A R BLTE €4
Bk R A RPN~ Sox ~ So,
PR A L Uk | OF Rk BT
3 AR S, S,

AR PEAL Y o PR R A AT M A FRE S TR
¥ oie FRAT AT Fle i R00E onig 33 e oo Ty £ & DR
oAl TR 2 Gl I8 R
oo SR RS K - BB S B LAY
e AR L EDIEET » BAIREE L BEETENF &% BT

-

i

ﬁ‘/

SRR XS T

4.1 4?‘13!% E‘f"!‘;'ﬁ ]
&%ﬁﬁiﬁ’*ﬁgﬁ*—%ﬁ%ﬁﬂﬁﬁﬁ’&z%%%&
K§ l?""@ m'r—*—"l anS 7&5’*7}\ e /n Z j g_m EE‘.\: 7}’3_;{\ m—H’— )";_';;E; :%.
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TR o AE OGP s RIBHER Y Sl T 0 BRE % 2 Stoker(1957)
2 fEAT RV e

FoiFE - KT E B TREFREL R G 3000m B
B& S 1250 m o Hfink v B Bk ARy Y 4 (FEEL A5 1500 m )
KA 20m Tk E I mo deBl 4-1 51 o F t> 0 FF > B
FHERPESTEERFTE B3RS F AFFET LTI R E
ek iz ynig o d Stoker fET AV RS N € B A AT e
b kR S 0.138 (T H,/H,=0.138) » ¥ H,/H <0.138 ¢ 3 4 4¢
TR Hy H >01380] ¢ 3 2 el ik fdin-+%
BT AR kR B OH, H =005 5 g 8 A A TR TR 2 BRI I
P ez ad o sulr f=025 F=04~F=0.6 kwiplt > 8 2%
Btk IR R A 5 o 0¥ 301x26 B R E — £ 79 i ]
FEHEPFT L 40 > CPU(Intel Daul Core 2.26GHz) #=p% 5 2.16
P BN TR BAZ R Y AT s
BrmBWFLED TR EELS Ime
S @

Pl flEsticE R cdrdlin 4 AR > EEE LS 20
gkt ik v kit Bl 4-2 5 F=02 FF 5 d 3N ECIE s 0 B

FIBFT i # & 55 FPt A NI BCEIR T iR B et 5

BB AEEL 9 55%; Bl 43 5 =04 chlFR o e A NIRRT
A ERAEEHE A A At 5 ) 4% Bl 4-4 5 p=0.6 chiFiw
BEEAMA IR P ROEERT R AL EamE s O
=0.4 el E B L fETIE o Tt =04 BT HER o BE LREE
25 40 frervk ot gk b kth 0 B 47 5 S=02 i 0 kX iR
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LHRBE IR FLN 5 % H 48 5 f=04 i B AL AR
B i 95 4% B 49 5 F=0.6 i il i Rehns o
BB Flt F=0.6 iz RS R R R FE U B

oo =04 iR @ SRR o
B 4-1 Epsfcod-do ke i > Fnb R P o AT F 42
o FHBEY oRMAVKEE TR G F PR o4 0T
Pk B A A RER TR F YA A BRA AHE- B
w T F YLl i (positive wave): — B b A @iEanf & (negative
wave) o HdRE S Al f g TEA 4L o Bl 43 5% 20 450
B P S SHUR B R E S o f IR AINA AT A 4 b X A K 4%;
TR AIAS S AL 5 3% B 4-8 % 40 F)ciBiE P oo AR I R
PR Y 0 f BRI A Ak SRR A L 4% 0 TR A 0 Ik
XA L 1% o HEE % AR RO BT 1F R afrig o
ik IR A > A A R i S AT f T e o Bl 4-10 %
20 @?z@ U AR MR R SR R B A 9L 5.2%;
Bl 4-11 % 40 #)B3 ¥ < Ani B e 5 B3 7/3 0 > B L
G5 4% LRA Y AP E PRS0 H BB EEE L 0 B LA

hestk f EPFR A o

4.2 7 IR B I KK RARE % b

AW Y o d R VI RIS FF B3I LRl g
RIRMh o H e A4 T ik ing TGV T R o3
Fritod 2 REGY g PR K DRAD Fp X5 P e PRER RIE
PR RBE G M E A IE(S,,.S,,) B RAZE )% 31 Zhou et

al. (2001)H% % » RAz$ A58 4o
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0 if x<8m
Z,(x)= 0.2-0.05(x —10) if 8<x<12m
0 if x>12m

Bl 4-12 5 Ak RAcH R B> F % 0F 2 5 @ BenEd) B30 £ 25m
Folm AufAsE 2 BAZ 52 Rka AR

D) BB kg RAT AF 2 RO

E5r~ing b A ek T Ak
1.53m?/s 0.6m 0.4m
fogerh i 201x3 0 - £.3000 =8 RHEIRPFT L 62.69 F)

CPU %LEE‘? = 5.56 7f/ E"-»”‘ﬁ:}\‘ g T,g«ﬁ,‘ v m;ff TR ﬁ:r)i
H 5 o a3 BOR & s ARAR I E RS -

e RHW

P p EHEKERT PRl A F AR AT RIS RA
PAREFRRADNZH o A B p=02> =04 p=0.6 = FHFk
o B 4-13 L p=02 chfFR > AR e FT S T ERRA
TR NEKERT R 4-14 5 p=04 hER o EA NIRRT
AR L fEITR o B 4-15 L p=0.6 iR > A G b T pEnA
T e BT PR RS R 0 1 p=0.4 R AR
& fEATHR o Flpt A R 01 p=0.4 & (7 HHR

Bl 4-16 = B 4-21 2.7 60 it i & PRl gk i g 1t o §] 4-14
A WHECR 2R fRant 0 < RE TR & o B 4-23 AR
AR gt gl Lol in o SE AR RA22 (8 ARtk ik

@A AR RASRNL F A F RN I F KA R AR R S
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RIS S ATl o Bmlikk BRI f245 12X kve & o B 4-24 §_3000 = i

N
Y[R, @A
]
Bl el ABELFPET L5 Res=E—— (341)

0 3 1000 =« i Bl e 3 > AR EiR BT F 4238 1000 =t 2 {5 > #
LR 2o % 3000 =t i Bleng 4k B ] & 1.00E-4 2T > §_ &
e [

(2) B e kTR ERAE B4 R

IR
5 =
I

LY NS Ak ok

—

0.18m?/s 0.25m 0.33m

gk 201> — £ 4000 = @ B] g T L 1543 45 0 CPU
L TS e BN A S RAmE kg TR 2347
RV ROKIR  ARAR B AR BRI o
e EHW

Pl g EHBER T el A AR > AT RIS RA
TAFEA R &G AR =025 =04 =06 = fEF k3
%o B 425 5 p=02 R PR E AT R o A x=Tm G0

“.‘El

RN B AR A x=12m I x=13m A4 4 PR
BRSOk 8 % 0.22m o i B #4520 0.15m - B 4-26 %
f=04 il A DG A hB TR B F S L &
Foted MoR menRe > 2BL K 17% > HARIG A RE EfE7f% - B
427 % p=0.6 thiFm > % @ 5 vk = At et s > G 8 x=6m
PR R FA S 9 02% =+ 0 Bk memEL Y
L18% b Z fEEIRAR 0 L =04 iR B & fRT 1R o

Fl P & % 501 =04 & (7 Bk o
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Bl 4-26 HFrfok 8 fR 47 Rt o f T BoROR anis di
A B ARIRA SRETfRAT A Rve £ oS % end Ok = £.0.181m>
A2 fRAT R g MoK =R 0.15m 0 A G A 17% © B 4-28 1 R 4-31
T IRA I L P hmR R g o

Bl 4-32 EH3R% % inAt B[R4 R OvRAR B R 0 A R B E
I Tl I B R R Fe T 2 (8 B R A TRR o X A TRA I B I TR
Bovepk s TSR B3 X enF Rk iR S 2 B F o e
A AL WSS o x=114m D IR X FuRit o @ fR4T iRk
< ARAR BCP] A 2 o x=116mo A K 5 1.7% 5 @ f247 i ok < ARk
B 2,63 HHE F bk S ARAR B A _2.30 0 32 9 5 12.5% © [§] 4-33
4_4000 =t % Bl g4 E % 1t F 1500 = 28 o AR At T
1.00E-4 127 » §_& 18 crife If] o

4.3 AZTR R kB 3] PaE RAFA 2 Ak bl

§ATRR i LR R B R SR 2 g A
% 2k (cross wave)e 1 A2 F 5 F o B A e BGE B ehF B
Q7 AT DT I TR RGP R F R AR Rk e AR B
Coles and Shintaku(1943)575 % % &) - — B d K F DL GFRE -
F UG 5 AB7 0 P AFRE L0629 m 0 THET 50314m o A RE
% %0.0314m > * 258 F£0.0717ms > Chzey C=84.1m"?/s » #=
BE O AIX21 B2 B gk — £2000= i B > F SRR L3067 §) o
CPUAE F56.674) o

BT R BHAcR4-34977 o d Y R IR B Flt R B[P D
F-" /?JFéﬁ‘}\‘ v /),%(JE m@ IE(Sﬁ A S»/y) ° E‘L};‘% ; l’f"'— \‘—?’jlL 7J</;$"FF]/E
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lgé\éfh'ﬁé_i ,}i]{l‘:‘% *L%}Eé%}’ [had "’t"ﬁﬁha L’I‘Jl«—"ﬁ{‘]" EL;A'JTH Y A

HEr g Babi~ b =1 gl B Tl

0.0717m%/s 0.0314m Chzey C=84.1m"%/s

BEe 3

2k p EHEERF el 4 F LR AU =02 B
=04 > p=0.6=fEFw kit > B4-355 p=02:h% % » F = fEHiw
PR B A B o d SN R S o R R RT3
% BN A NI AY - BAR 0 5 512% B4-365 =044 E
SR B AL NMAY - B KNG 9% 4375 £=0.6:0%5%
A A NI A - B §E 1% R = AR
A B =040 B g R B o Fl A R 60 p=0.458 (7R

W) 4-38 3] F] 4-42 3\ kSR BRI 2 R B o ] 4-36 A4
ﬁﬂ@%*ﬁﬁﬁ%%ﬁﬁﬁﬁﬁmﬁnﬁﬁ%%ﬁﬁ%*f??%

B o RS R A ¥ - B2k F D 0.0429m s S A1

-

FHRT R FRE LAY - Bogaw o kinEE 23 0.047m
Ay - BEE 2 (S BF 56}1’5,?%(*57,’5’,?4 0.0435m » &30 & gt
Bad AL N5 9% V- BEANAS L As - BRRAF im
% 2 x=1.783m chy > 4 — BB vk 5 0.0709m > F B B -

AL A PR o B2 {8 R A F A AT RS A T 0.0729m >
BFLAT R -FHRELY - QABH O lﬁ’?:gﬁfﬁfﬁg"‘*’?ﬁ:
eSO B aREL 6% -

AEGY - EFL S REage o B - BRAF AT A
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st B & 4 w8 1995 & e Molls and Chaudhry 2 2 1992 # 1
Bhallamudi and Chaudhry s#% 5% % vt fivo B 4-46 §_= B 5% e
Bkt o B 447 RIEZ BEESNERFRESEL R
Bhallamudi and Chaudhry en% % A% - BRAHRER T HEHE
TomF - BLAEHOREALRET L > FLKRME  Molls and

-—\

Chaudhry R & &% - BrAndfinfim e 2 F 5% EHER s - 5 -
B e s F R BERITe
B S22k SR SE AN I Siil= pf S M s el SV
AN LR A B R I P 3T
e A PR BT RCAR BRITL GG F1E AR Y g
P FptERREEd I VR A &k
Brgeo ki Pk B re ¥ 4 -

Bl 4-43 ARk =5 3 A0E 0 Bl 4-44 7% LRI RenE B
ME D Eg Rk BRI BPEDOLAIGE A B RY 0 &
X=13m % > HREEFPRFHRERT - ARFRORBEE > 52 B
k2t FHRERITEH DR RERERERDE o B 445 5
1995 # &1 Molls and Chaudhry #r-#t2 -k =5 3 Bl  H % - B L&
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{53
3
i
AR
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3»
Iy

e
=
K
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Ik
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k-
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B G X=179mebin B 0 B B G LSmAGR R R LT
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AARHCE G 25 2% o B 449 ror > % 1170 2 18 0 FleRE AR

BARTR o HIE Bk -

AEGIPREY B0 BEY SRR R R EIR A -
S P HOK RS L T - e AR HER S R 0 kK
ERANAFAE B REAFRT T R kD
<3 0.065m & 0.07m =+ iR+ 2o s FHREMNI 2T 0.08m
| AT

S % 4 B2 1995 # 7 Molls and Chaudhry ™ %2 1992 & ¢
Bhallamudi and Chaudhry sfi#gid % it ko B 4-49 2 = B &9
S B R ot B 0 19920 F 22 1995 & L A 1S Hp ek il Rl F Sk
B deh® D125 501992 F iR S AR A A BT 4Ry
ARG 2 (o R ER B E P TP R L 5 1995 E aficER
FE T ELBVATAFARETAEIFEL O CRAF L LFLRS o

Bl 4-50 ¥ = BN BFHEEIREI 5 d BV 2 0 1992 £ e
B A A PR A B S AN 1995 E aE A ARS RIT 0 A

W\ A g A wlp oL ] 0 1995 #5584 S R
TR HRE > FR Ay M IRELAPERC] -

44 B BACR R A7

AR FrRE R YA L F A LR R TR E
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FOIE AT AR > Pl R e 4 AR o pE ml‘;ﬂ’#@ s TUATRS B A
WhA-F o AT AT chipg R LT Z 4o

1. »x % th ¥ (Coefficient Of Efficiency » CE)
% CE EASAET 1 PF o L 7RSS 8 F FRRIZ 7oAk £
Bz R ARE o M 4758 4e™ 997 !

{[EXP(H) —S]M(H)]z}
CE=1--2

n

{[EXP(H) —W]z}

i=1

EXP(H) » § 5%k 18 > SIMH) » ;"W E > EXPF kB2 TiaE o

2. 35 3% 4 (Root-Mean-Square error > RMSE)
thdz i n ELBUREEE B2 T35 19384 - 5 RMSE 4%4%

A0 AT RN EAR S A BERIE S R K hoT A

{Zn:{[EXP(H)—SIM(H)]Z}} |
RMSE =\|-=

N (4.2)

EXP(H) 5 3% & > SIM(H) % M2  ficHiid o

B+ B2 g ¥ £ R @& (Error for the Peak Value © EVP%)
BOEE R Efp it E R EAS] TR LRSS ST FRR TR AR
2o f o B R BT AT
EPV=(fi#i e~ E-F Fd * &)/ F %+ E%100%
i btz A RS ARSI SRR AL LR RO

Ar e piEd 0F 1> 105 5B BIE20 27 b g @ oiiie %
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