- :f-}ms'mmn'mnr

b :i:ﬂmuumﬂTuIaumsnnummmnmun'nmnntsm
B WA 2557
o KMITL-2014-SC M-om-oze




= or

SEFaudsaessziudmsuduwgammilmaitlnaliongliag
FUMINITUNS-NITWIQNANAA TS
THE TWO-LEVEL EXPLICIT METHODS FOR A WATER QUALITY
MODEL IN A NON-UNIFORM FLOW STREAM WITH

A HYDRODYNAMIC ADVECTION-DISPERSION EQUATION

o o =:
FUAR VAINING

THANADON BUNLUNGPHO

a = A g J & = o a v oA
Inentinus i umrumtiaveamsinmnmuvangasUSayainenmansumiudia
a a I3 d
manivnaiamanidszeng
a [
AMZINEMans
amiunalulagnszoaundudnammsmanszia
W.f1. 2557

KMITL-2014-SC-M-001-026



THE TWO-LEVEL EXPLICIT METHODS FOR A WATER QUALITY
MODEL IN A NON-UNIFORM FLOW STREAM WITH }

A HYDRODYNAMIC ADVECTION-DISPERSION EQUATION |

THANADON BUNLUNGPHO

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF SCIENCE IN APPLIED MATHEMATICS
FACULTY OF SCIENCE
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2014
KMITL-2014-SC-M-001-026



COPYRIGHT 2014
FACULTY OF SCIENCE

KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
wnanstluenasianulidmsunisldnuionistnwvinuu ldeygslmhluldusslemiiunisen

ludnsallagsau Snvivnudlvidaudasilon wassesdadadivesenarsynasaiinisinluly




e Ineninus

UnANE"
SHEUSZA6
UIsyan
#1917%1

e = a a '3
219158NUINEIINEUNUS

AMLINYIAENS

donvuwmalulagwszaaundndrnumuisaianseds

Tususaaineiinus

Waudsgossziudmiviuuuaunmiilumailvaliienglay
AUNITNITUNS-NMTHIRNVNNAAIERS

The two-level explicit methods for a water quality model in

a non-uniform-flow stream with a hydrodynamic advection-

dispersion. equation
wesuna Jaaanine
54650705
nenFnansInIUuTn
AdlaFaARIUsYENa

AR AN L il

AMILNTSUNTEDUANITNWUS

NA.A5.lauaq

i

-__E)E
oY)

.

ar

f3.435m1

AR UNS AL

eIl

Ypana

a73¥nuana Aedlan

sty

U / iew/ U ﬁﬁau 12 WouAnAM. WA 2557 1A 10.30 - 12.30 W,

= Ly AN N i | | N ALl S
fdauUngau o el 207 U2 E)’Wﬂ’\‘iim’m'iiu‘laﬂaﬂwml




WiteInniinus Taaussaosszaudimivauuguniwti lumai

Twaliiongy Tasaumsnsuns-mswignanasdaas

<
TnAnE WIUEUAD AdIH IWG
stialszd1an 54650705
ayan InnenaasunIvadia
=3 = I'd '
RURRL'S! AtamTATUIzena
.. 2557
o'&: a = [ w ' i
2191583 n Ineniinus HALAT.UNTAL INT %5
V) T
UNANED

2 ! snf lﬁy = g
Jynnindeialiaunquininmsdassiminlswugaainn sy lagiinssnanasil
o ! LAY 1 = @ - o
aunmimingainimnasgmezdeindluniginge Famisasedeguamhansai 1@
o o 1 o a
TaemsasavinnnmnAudeyamaauiy uazasyszanuni1aen1s 91ae LA LA ALY
= = Jd w 2 B o a 1 = o 9
Wenalasand Aaunvganiwiiluniainanyaens lva lisuSsuduudeansiy
o @ T - & 19 gad g v EY)
AnuEazmseaiavssseauin a4 Taenalinin luldsmanudayaniaauiy szdns
o o ” 2 o ) g Ay g
MurmaNNEINAGILTUgMaNaman lugdaumsihauudaiinnusiiilddudeya
Y ar at 1 " a = n’g ° ad a w
dnluduuumanszareied lugdaumsmsuns-nsm lIneinus e ueIsiEdI@me
A ! 9/ A o ¥ @ Y 1 as
iennamasTasdssinuvesaumsnizuni-nsw Tag ldimusissaudsaeeszay laun 35
1 9 ) A ad v oa L4 o o 1 :’d
naaennnilunairaaseinna1sluli gl F5enud uagisuand-nuasen Taewun

mgd PR P a a = 1 o o an o v 1Y 9
s udaFnIUse AT Tanuntudwazlumsaiuiu leedsvaudaanaszau lvina

[l

&£ A 1 ¥

o Y o ! aey A
s lndfsady da3snadsnnnih lunamanennaasludS guiiceu lvvesn i

= Y 1 2 o 3 v and & A ' o o
Lﬁﬂﬁliﬂ’ﬂ\‘lﬂ’ﬂ']‘ﬁah’ﬂm]Qﬁﬂ\‘]ﬁgﬂﬂﬂ‘ﬁﬂuﬂﬁwﬂ’ﬂllﬂﬂﬂﬂﬂﬂiuf]"liﬂ?u')ﬂli:[ﬁ

= k4

°o_ o s o o Y o d o
MAINY : IDFALUIITDITSAU, AVUAUATWULAWLLUYNONAMAAT, ALVUNITNTEINY,

1 2 1 [ 1
AUMIMIUNT-NMIW, FUATINAY, TBRaanrithlunawaannaislu

- o A o

U3n#l, TBONIUAIBUANE-1IUATON




Thesis Title The two-level explicit methods for a water quality model in a
non-uniform flow stream with a hydrodynamic advection-

dispersion equation

Student Mr.Thanadon Bunlungpho

Student ID 54650705

Degree Master of Science

Program Applied Mathematics

Year 2014

Thesis Advisor Asst.Prof.Dr.Nopparat Pochai
ABSTRACT

Water pollution problem is mostly drained by industry. It can be increases water-quality indicator.
The methods to detect the amount of pollute water conducted by a field measurement and a
mathematical simulation. A calculation of datas of water current in each positions and times,
Water quality model in a non-uniform flow stream need velocities and elevations. The velocity of
water current 1s calculated from a hydrodynamic model in shallow water equation. The results
become the input datas for the dispersion model. In this research, the two-level explicit methods:
FTCS Upwind and Lax-wendroff for the dispertion model is proposed. All methods give good
agreement numerical solutions. The two-level explicit methods are ecomical to use and easy to
implement. The FTCS has a greater stability condition of interval, than another method. The

FTCS is a flexible two-level explicit method.
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517 3.1 M58nA2WB 917 (Nopparat Pochai: 2009)
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U(X,0)=0 (3.21)
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Z(X,00=0 (3.22)
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Z(0,0)=f(T) (3.23)
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= 1 -y =) 8 ) = %
wmim1ﬁumimmws-miwﬂu 148 a'ﬁmEJmmmmuﬂm\mawﬂumammﬂgﬂ

Teeldauudans lail

2
a—C+u(x,t)?£= Da f
ot ox

- =¥ AR Ay
dmsunn x € [0,1] o C(x, 1y o aoududuvesaiumai@lansu/gnuindiung)

(3.26)

w a & " a o ¥ a =1
D o dulse@nTmsuns (MTaNasAud) , u(x,z) 1o AEW0N (Was/AuUN)
TasdouluEudu fo

C(x,0)=g(x) (3:27)

v
&

o g(x) Wulassundmuald Hnar t =0 dwmsuynn 0<x <1
& A
waziou lvveudo
C(0,1)=C, 1o x=0 (3.28)

uag

20 e x= (3.29)
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4 U E'aJI i v = o s ! o 1
iile C, An Ayt uvoniude w yanilass (A lansu/gmnadmwas)dumu x=0
S o w dq 9 o a A o W L) =)
winae Tunshiiuu lidszgndldmurasssnnsadondansuanududuuaiy Ty

s g

3 I~ S o =y Y
iTudY g(x) AulsdFuivnngauiuanineiald

3.4 TunoumsuLInIAlamL
o 3/
Amuali
MAx =1 uag x =iAx dmsunn 0<i< M (3.30)
NAt =7 uag t =nAt dwmsunn 0<n< N (3.31)
Z" = Z(x,0)Wo x = ilxuaz ¢t = nAtdmiunn 0<i< M uas0<n<N (332)

V' =V(x,t) Wox=iAcuny £ =nAt dmiugn 0<i<M uaz 0<Sn< N (333)

n
i

Vrl! J 2
W' =(Z* Juﬁa x =iAxuaz t=nAtdmiunn 0<i<Muag 0Sn<N (334

fag1l 3.2

L

Ax

39 3.2 msuaiansalamy




as a o o o o d
35 'JgﬁNﬂ’]!ﬁ“llﬁ'l‘l‘ﬁ‘l_lﬂ1‘i‘H"INﬁ!ﬂﬁﬂﬂlﬁ)ﬁﬂ?!!UUQﬂﬂWﬁﬂ'lﬁﬂ‘i

4
"UuﬂflullﬂﬁﬂgﬂLJJ‘VI‘iﬂ“ﬁ”ﬁ‘ﬁl‘ﬁﬂﬂ’)kﬁﬂlﬁ'Wﬂ‘i‘lJﬂ"liﬂTN’ﬂﬁlﬂﬂ‘tl@ﬂﬂ']uﬂ‘i.l@.ﬂﬂ“lﬁmﬁ']ﬂﬂ%

Tudunounsn szdeada (3.19)-3.20) Weglugdumsng I8 v =’ U ezldh

v ( , 8U
= = U 3.35
aT{[e aTj(e) (339)
ﬁaﬁ'u
. U oV =
perdavny] = vyt 7w (3.36)
[e a:r) aT ©-e")
1 ¢ Msnaeana(3.36) 1 1d
U oV
e T ) BT
aT ( a:rj (337
Faviu umu.37) avlu 3.19) 121dh
(e'f~ﬂ}—(f & =_U (3.38)
oT 3X
o 6V+aZ (3.39)
O DX
1911
VY Aoz \| (3.40)
ol 6X
1199910 ¥ = e’ U 22 14N
iri=eT L (3.41)
ox aX
Tushueadeatu mu .41 aalu (3.20) 92 1aN
&2 +e™! ALY 0 (3.42)
or ox

gy (3.37) ua (3.40) mmmmuaa“lmﬂmﬁ % laea ﬁ
- (3.43)
zf, |

W, + AW, =0 (3.44)

0 e
A=| 3.45
LT 0 :| (.49

W= d 3.46)
=" @a.

e
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ey
or
v o
_Jor
n -
oT
(ay
514
5 av
_JoX
{Z} =\ a7 (3.48)
X il
oX
nnidoulvisudu 0214
Z=V=0iio T=0 (3.49)

nneu lvvoudis X =0 uaz T'>0

awud Wassuiuanau fie Z(0,7) = £(7) =sin T ua Z—; =—¢" cosTilo X =0
Jeulvvenvanile X =1 uag T>0 1zld Z—f(:mms ¥(0,0)=0

fvuna i
MAx =1 ung x = iAx dwmsuyn 0<Si<M (3.50)
uay NAt =T uag t = nAt dwmsuyn 0<n< N (3.51)

AT TIN-1 1AaTU(A.R. Mitchell:1969)aMIHaA 19810 AU04 (3.35)-(3.48)a% 1

ﬂﬂ;@f:o, (3.52)
oT oxX
. n+l L) n

A SN AL , (3.53)

oT Ar
M n+l _ pprntl
W E (PV,_] ;+1) (W W;—H ) (354)

ax 4Ax 4Ax

unu (3.53)uasG.54) .52 18

_n+1 _ 'n .” n Wn+i Wn+]
I/V: H/: +A (W—l W 1) ( i+l ) :0’ (355)
At 4Ax 4Ax
n+] n 1 At " n ntl n+1
W =W A [ WL =W+ W =W ] =0, (3.56)

W W — AiW” L +1A)J/V”“ :
4 4 4

1 AW =, (3.57)

i+l i+l




i+l i+12

lA;LW,.’j,“ +w Lo L AV + W L
4 4 4 4

[I—iM(Ax +VX):lPVfHH :{I"'%M(Ax +VX):|VVIH

HAA19D NN (Forward Difference) flo

AW = I/Vr:l s H/in
UAZHARI991AN A (Backward Difference) A

VLI W W

Y

2218

PK"H _(%M(AX ""VX)jPV,"H =PVI_" +(% M(AX +VX)JVV,H

1 1 1

pVI.lH»l _lMAYI/anH ___MVXPVJIHH :VV,n +‘_;L-AAXW;” +_vamn
= 4 4 ¥

i+1

%Mw‘f;l +I‘ﬁyin+l +[_%M)Wn+l :(_

K=

HAZIINANNTT (3.58) (HBaanidou luSudy
Z Vex0
Joulvveudie dio x =ouax 7>0

75 =Z(0.T) =sinT

ag

v =" +(e™" cosT)(Ax)

a 4 < A& o =
asnesevestou luisudunaztou luveu (3.66)-(3.68) lddagali 3.2

M]ﬂﬂ-: I DA

(3.58)

(3.59)

(3.60)

(3.61)

(3.62)

(3.63)

(3.64)

(3.65)

(3.66)

(3.67)

(3.68)

(3.69)
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T
4
T
/ 4
/ 7
Z(0,T)= f(T)=sinT / / oz _,
b ax
a—Xz—e cosT V4 Y/ V0, T)=0
’ /
T TTITIT T 727777 7 2
0 v=0,2=0 1 X

510 3.3 RouluGudu vazlou lvuouvealym lugl 15046

1o

3/
wannsadadumMINan1asInalugums nd lvidail

G = B+ (3.70)
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A A
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4 4
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0 0 *%a;’ 0 0 1
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4 4 N Wn+l
Fﬂ =, ) 0 L: Wn+l — 2,
0 .
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0
L 0

= - n ﬁ At
Tnof af =e",a) =e™ 1, =nAt ,n=0,1,2,---,N uag /1=~A—x




23

3.6 feenemsnmamani W savvesisuUgnANamanemanlszaname slan iy

d s Qs :
anuTwazWantumsanalvedin

[ ¥
zuInIAves lamudgli 3.4 asil
A
B %
JuAOUN 3 7 =3 —o—9
i, N
g = N N,
YUADUN 2 =2 \ S
N N
i ’ X %
TUROUN 1 7 = N Ol
N T N
N N
0 x=0.25x%x=05x=0751

1] ¥ \ Y T
31 3.4 Tumeunisuiianialawuer iHamay

0.1
L1y
0.25
8) ANNTOAII9IZVUFUMTIT UFY

@on Ax=0.25 uaz At=0.1 3214 1=

ele

1 &d = o
Taegaunsnana laedTuasan-i lnadil (3.

Lh

Y
Tuztlum3adeai]

A : Lk P 2 v 2
Juneun 1 Wo n=0, §miy i=123, Tagh £=0.1, Aniu ' ="' unza) =™

n R Yy
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0
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01" A
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Jupoui 2 o n=1, iy 1=1,2,3, Tnaf t=0.1, aaiu af =e"* uazal =™’

Gn+| =

~0.1

—0.1¢"" sin(0.1) - 0.1¢’ sin(0)
e "'(0.25)e"" cos(0.1)—0.1e°(0.25) €’ cos(0)
0
0 5
0
0
vt (-0.0109]
Z'| |-0.0480
|72l .J-0.0083 |
z'[ ] 0.0010
7 =0.0002
Z] [-0.0005)

5

ol \WON st ¢ 0 ] i7a
st Ly T 0 0 7z}
02 02
0.le 1 0 0 b —0.le A0 4
0 0 I =0le 0 22
0 W18 [y et V2
@ R 0 0 I ZJ
0 = D~ 0 0 A
Lo 0™ 0 0 0 7!
01" 1 0 ¢ 0 |
0 0 oo [T zZ
0 0 -0I" 1 01" v
0 -0 0 0 I Z

—0.1e°? 5in(0.2) — 0.1¢*" sin(0.1)

~0.1e%(0.25)€** cos(0.2) — 0.1 (0.25) " cos(0.1)
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o M 1 H ¥
Tusoun 3 o n=2, §wmsu i=1,2,3, Tagh £=0.1, daiu a” =e** uazal =™

0

Gn+l 4
0

E”:
F" =

v [-0.0454)
zZ*|  |-0.0903
vp|_] 00212 |
% 0.0056
vzl |-0.0014
Z:]  |-0.0027)

| 0 NN NI
e 1 Y= 10 0
Lt N 0 0
e 0 0 o 20e™
0 0 B¢\ . F 1
0 o R Y W 0
1 0 TGN A aN VY )
0.1\ | o VT 0
0 0.1e" 1 0 0
<0.le™ 0 0 I /e
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0 0 LR A 0

0.180.2
1

~0.1¢"* 5in(0.3) —0.1e"* sin(0:2)

—0.1¢7*°(0.25)e"* cos(0.3)=0.1¢7"*(0.25) e** cos(0.2)
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awld
2] [0.0454
72| |-0.0903
Jrz|_] 00212 |
72( 7] 0.0056
2| |-0.0014
22| |-0.0027]

1nmsthramsiiuui 1401n35madmedimiumsnnamasvesduuugnnamans
o 3 A = 1 A o 1 1
nhmsadumsaienSeuieuar &(x,0) Uag ulx,s) Nauridix uaznainee lay

2 o A = kY A u
1f0N Ax=001 uAZ Ar=000025 MrualeuluFuAY & (x,0)=0uaziioulvvoudne

. 8 y
£(0,T) =sin T uagldou lvvouva a—; =0Taa (3.63) 92 1dnnuSweenszuaiie
X

x=1

k4
u(x,t) UazmMIsNAIVoIITAYU & (x, 1)
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Y ¥ -y
@15190 3.1 M3enAUDNN Z(x,7) Tugd13ha

t X

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 08 0.2 1.0
10 0.9531 0.9414 0.9291 0.9475 0.8513 0.9544 0.9566 0.9574 0.9562 0.9561 0.9556
20 -0.6773 -0.4232 -0.2731 -0.1306 -0.0095 0.0895 0.1776 0.2478 0.3002 0.3330 0.3466
30 -0.6033 -0.7770 -0.9359 -1.0797 -1.2082 -1.3182 -1.4038 -1.4731 -1.6232 -1.5554 -1.5686
40 0.9423 0.9224 0.8984 0.8725 0.8464 0.8223 0.8010 0.7815 0.7654 0.7559 0.7514
50 0.0323 0.2102 0.3756 0.5266 0.6615 0.7787 0.8766 0.9545 1.0121 1.0492 1.0645

4 o 2 o
ATIN 3.2 MIYNAIVOIU S (x,2) a1 ¢ 1o 0<x <1
t X (Km)
(Minute) 0 0.1 0.2 0.3 04 0.5 0.6 07 08 0.9 1.0
10 0.9531 0.9414 0.9291 0.9475 0.9513 0.9544 0.9566 0.9574 0.9562 0.9561 0.9556
20 -0.5773 -0.4232 -0.2731 -0.1306  -0.0095 0.0895 0.1776 0.2478 0.3002 0.3330 0.3466
30 -0.6033 07770 -0.9359  -1.0797 -1.2082 -1.3182 -1.4038 -1.4731 -1.56232  -1.5554  -1.5686
40 0.9423 0.9224 0.8984 0.8725 0.8464 0.8223 0.8010 0.7815 0.7654 0.7559 0.7514
50 0.0323 0.2102 0.3756 0.5266 0.8615 0.7787 0.8766 0.9545 1.0121 1.0492 1.0645
12 L T T T ¥ T T T T

Water elevation (m)

0 L 1 1 1 I 1 1 L 1

0 0.1 02 0.3 04 05 + 0.6 07 0.8 09 1.0

Distance (km)

g N "
510 3.5 msendrveniiinnal so ud




The elevation from the mean water

The eleveation from the mean water {m)

28
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sopp 0 5000
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1000 000 2000
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4 o ¥ = <
37 3.7 msendavesnszuai ¢(x, 1) a1 1 $211u9 46 WA (m)




@13197 3.3 MTNuEAe U(x,7) Tugil 1508

29

rx
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
10 -0.5484 -0.5696 -0.5634 -0.5163 -0.4657 -0.4041 -0.3333 -0.2559 -0.1745 -0.0879 0.0000
20 1.3074 1.2184 1.1202 1.0128 0.8857 0.7467 0.6048 0.4583 0.3072 0.1541 0.0000
30 -0.4432 -0.3697 -0.3052 -0.2497 -0.2030 -0.1616 -0.1201 -0.0861 -0.0548 -0.0273 0.0000
40 -1.0384 -0.9929 -0.9288 -0.8485 -0.7537 -0.6459 -0.5275 -0.4026 -0.2726 -0.1371 0.0000
50 1.1012 0.9982 0.8928 0.7847 0.6747 0.5634 0.4511 0.3380 0.2249 0.127 0.0000
:;, 1 l:i
ATNN 3.4 MINUAAIAT 2(x,2) NAAT ruae 0<x <1 (m/s)

t X (Km)
(Minute) 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
10 -1.7810 -1.8367 -1.8404 -1.7082 - -1.5362 -1.3274 - -1.0949-. -0.8410 -0.5675 -0.2862  0.0000
20 4.0919 3.8134 3.5059 3.1698 2.7722 2.3369 1.8929 1.4345 0.9615 0.4822 0.0000
30 -1.38720 [ -1.1571 -0.9552 © 07815 . 06353 -0.5058 -0.3769 | -0.2694  -0.1716  -0.0854 0.0000
40 -4.0984 -34077 . -2.9071 -2.6558 °  -2.3590 -2.0247  -1.6510 . -1.2601 -0.8532  -0.4291 0.0000
50 3.4467 3.1243 2.7844 2.4561 2.1118 1.7634 1.4432 1.0579 0.7039 0.3527 0.0000

w
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o

=z

‘s
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o
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s

]

a < 2 3 g a
gﬂ‘n 3.8 ATUITIVBIUIVBIU N 50 W (m/ 5)

04

05

Distance (km)
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1.0




The Velocity of water

Velocity of warter (m/s)

30

1000 100 Time (s)

Distance in X-axis (m)

= < S ~ & =
3UM 3.10 anuEvenszumi u(x,r) a1 1 52108 46 WA (m/ s)
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4.1 AUNTNITUNT-NITA

4 o 1 =} ¥
dlonsunamaslagszanavesdnuugnanamans oz lda1 aAnusivesnszuai uag
o %’ é Yo o Y o A a ?,’ = %: v
msunmve s ez 14 saudaaessrauiodsediuaaant msvnlsduguniminla
g Y A d H

o & Y o W -] A v o YR
uumgﬂuﬂamweyam %Q%ﬂﬂg}ﬂl‘lﬂ‘ﬂﬂﬂﬂﬂ’]‘ﬂuLL‘]J“U%']ﬂ’E‘N‘VI 2 UAD ANULITIUDIUN u(x,t)

(m/s) Mrualay
5+u(x,t)— =D (4.1)

Roulyvouinua lnsanudutuvosuaiy o yaasedo Cy(mg /1) e
C0,H)=C, il x=0 4.2)
1 9
e €, dlumasii rionmuiduduveniudy w yaddes (flandu/gauaniuag)
° Y 1A o = = A = o A H
uagfmnua i lilonmmsnlfsuilasvewaiuiameunudsginatasvesmai
' =
A819A0
]|,/
ox

uazouluFudu Gon g(x) =1 Mmnualay

0 u‘i"a X=1 (4.3)

C(x,0)=1 1o t=0naz 0<x <! 4.4)

4.2 TUABDUMSUUINSATAINY

muali

MAx =1 uag x = iAx fviunn 0<is M (4.5)
(ag

NAt =T uaz t = nAt dmfunn 0<n< N (4.6)
i

A= (4.7)

Ax

Taon

C" = C(x,.t,) 0 x =iAx uay ¢ =nAt §wmiun 0<i< M uaz0<n< N (4.8)




Tee

wl

v

0 l
\_Y_)
Ax

U7 4.1 msmbsnzaTamulumsmamnududu C(x, 1)

ad v ¥

4.3 V5V aud a5 AUFIMS UM SHINAINAL NAN B VIR MUUNITNIZ Y

f13an @.1) waz 1935 5aud 0952 1(Dehghan Mehdi :2004)A9HUTHNITHANITINA

wld
[0 Yo (4.9)
A+l

%E G o (4 (4.10)

%E@%Jr(l—qo)g;—;ff‘k, e 0<p<l1 (4.11)
2 3 n n

'Z f - S _(35’) i Coa (4.12)
X

UNU (4.10), (4.11) uaz (4.12)a3lu (@.0) w218

el cr-cr cr -C! cr =2C"+C;
_t__!_l_u x,t i i-1 + 1_ i+1 i-1 ___D i+l i i-1 4.13
= ( ){69— ( @)———2 } [ (A }( )

ntl no_ n n n_ i no_
Ci Cr’ =D CJH 2C| 2+ C."—l = u(x, f) i) C." Cf—l 4 (1 _ QJ) CH-I Ci—l
At (Ax) Ax 2Ax

(4.14)
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(Ax)? 2Ax

Cr =20 +C7, i i
O A D[ Atsu(x, )| p——L 4 (1—p)——HL (4 CF
i { } ( ){rp P (1-9) } ! aas)

n+l
e

C'ﬁ+1=ﬁ(Cf'l]—2Cn+Cn) }/,,.+1]}9(Cf_cl"1)+(l ®) Cia C”_1:l+cfn

n

O = PO, ~2BCT + CL, =0 +11" oC S i
+1'} C2” -7r"e Cg‘ LY

C = BCL +2 Czn 7ol Sy, ¢C§I+C" —28C -y oCr + BC,
i o g

€ =2 QA+ T + U2 277 PICI+= 2B~ =)l

At
(Ax)*
Taefidou lvuaannuiades(Stability Condition) (Dehghan Mehdi : 2004) Y04 (4.20)

MU 1<i<M—1 uaz 0<n<N-14oy, =1,

meldoula

n+l

" - e A-7""9)
- < ﬁ < ———2 .

o (CI’:]—Q,C"'FCH) u(x,f)%{qg(c Cfnz)+(l et L 1+12Ci1:\+c,
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(4.16)

(4.17)

(4.18)

(4.19)

(4.20)

(4.21)
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4.3.1 ‘3’%94@s'namnﬂﬁﬂunamadnmnnma‘luﬂ%gﬁ (The forward difference intime and

central difference inspace: FTCS)

915001 (4.20) ilmidenm1 @ = 00z1d

I I

- 1 n+ n n 1 ft
G =@+ 1L +U=2p)C] += 2B =7

== | 1 3/ 1 a A‘{ v/
wagdsraaamnnthlunamamaannaialulSgidoulvmsqe

G2 PO |
2 ‘ﬁ_z'
(i.n+1)

[ L] {1

(i-Ln) (i.n) (i+Ln)

U7 4.2 fumiavoern/sznan (Stencil) va 3B Han1smnnTh

Tunamageannaialulind

4.3.2 358U (The upwind explicit scheme)
a P [ v
30 (4.20) dindonm p=19214

™ =(B+y™)CL + (=28 1)C) + BCT,.

o o

= Fet d‘( ~ A
HALITENIUANIOU lvpanuaDysAD
n+1)2 _( n+l

7 : 7; )sﬁs(l—;{”')_

(i.n+1)

[ L] L]

(i—Ln) (i.n) (i +1n)

d' (3 ' o ! i as v A o
3UM 4.3 dumuaveanszanani (Stencil) ¥Y9IITINIUA

(4.22)

(4.23)

(4.24)

(4.25)
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as ¢
4.3.3 I51an-19Ua0WW (The Lax-wendroff technique)

N3 (4.20) edenar o=y azld

n+ 1 n n+ n n+ n 1 n+ n+ n
G 1=5(2ﬂ+7,-+1(1+?’,- N +A-2B-GT))E +5(2ﬁ—?’; A=y NCL

(4.26)

any o A A = =)
LLﬁ%?ﬁllﬂﬂ‘ﬁ—iﬁuﬂiﬂﬂuN'E]uhl‘!]"l.lﬂﬂﬂ’ﬂmﬁﬂﬂiﬂﬂ

e o)

e (4.27)

{i.n+1)

[ Al =

G-1n) (i.m) (i+Ln

51 4.4 dumsiaveadatls e (Stencil) ¥eaisuandg-1uas oy

4.4 ModumInamagaiieues Cix, ) Tudmuumsniz e

! ]

o Y ' 32 - a 9 3 a Y3 a w 1 4
Amualiimsdassindeigasyauvesmahianudutwilu 1 alaniunegnuianiuag

a O @ o vy 3 a4 °
aananal (C; =1 Alanfudegniniuns) ssAuANuUNTHYoR T (=0 Arua

H = TN e e = o )
Tagnanamatiaziyatarwvesmairlilonsnsnlasulasvesszdauanumutuves
3 =) ] o = 53‘ v qu =) 1T a = :?
dday Mnuadulsedniaisunivestindefio 0.05 MIANATADIUIN DINTUNAFTIUY
asasruaounluTuduuazdoulvvey Ino@on luEuduC(x,0)=0 1 =0 uag
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4.4.1 Fswamsnnuinlunawansnnnahaligil

9
1@0N Ax=0.01, A7 =0.00025 32 IANAmasFWAFVVBANUTUT UV UTY o

Aumedneg Tuidazsasnamaasiluaseh 4.1 wazsuaaalugld 4.7

M319A 4.1 ManuuTUYeINanY C(x,7) (kg/m’)

t X (Km)

(Minute) 0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1.0

10 1.0000 0.3233 0.1152 0.0511 0.0281 0.0177 0.0118 0.0078 0.0048 0.0023 0.0002
20 1.0000 0.9996 0.9971 0.9874 0.9578 0.8878 0.7594 0.5753 0.3672 0.1727 0.0169
30 1.0000 0.9957 0.9890 0.9751 0.9472 0.8955 0.8083 0.6746 0.4892 0.2579 0.0262
40 10000 0.2776 0.1730 0.1405 0.1173 0.0960 0.0757 0.0560 0.0368 0.0182 0.0018
50 1.0000 0.9925 0.9647 0.8966 0.7736 0.6031 0.4169 0.2527 0.1325 0.0544 0.0051
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M31A 4.2 MU uduvewaiiy C(x,7) (kg/m’)

¢ X (Km)
(Minute) 0 0.1 0.2 0.3 0.4 0.5 06 0.7 0.8 0.9 1.0
10 1.0000 03018 01024  0.0451  0.0253 0.0163  0.0110  0.0074  0.0045 00022  0.0002
20 1.0000  0.9993  0.9960  0.9843  0.9517 0.8792 07509  0.5699  0.3655 01727  0.0170
30 1.0000 09952 09881  0.9735  0.9448 0.8922  0.8042 06703 05062  0.2558  0.0260
40 1.0000 02657  0.1683 01394  0.1168 0.0957  0.0755  0.0558  0.0367  0.0181  0.0018
50 1.0000 09910 09608 08906  0.7678 05998  0.4163 02537  0.1335 00548  0.0051
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(Minute) 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
10 1.0000 03149  0.1061 0.0463  0.0258 00166 00112 00075 0.0046  0.0022  0.0002
20 1.0000 08994 09962 09848  0.9532 0.8822  0.7557 05762 03720 01787  0.0226
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4.4.4 Fpwannannwinlunawadsonnmshligl (8 =0.25)
A ¥ a8 o Y o g o
@eNAx =0.01 , Ar=0.0005 v lanamansiduavuesnnududuvesinde
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M7 4.4 MANUTNTUVEINANY C(x,1) (kg/m)

t X (Km)
(Minute) 0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
10 1.0000 0.3232 0.1151 0.0510 0.0281 0.0177 0.0118 0.0078 0.0048 0.0020 0.0000
20 1.0000 0.9996 0.9971 0.9874 0.9622 0.8878 0.7593 0.5751 0.3670 0.1726 0.0169
30 1.0000 0.9957 0.9890 0.5751 0.9472 0.8955 0.8083 0.6746 0.4891 0.2579 0.0262
40 1.0000 0.2775 0.1729 0.1379 0.1172 0.0960 0.0757 0.0561 0.0368 0.0182 0.0018
50 1.0000 0.9925 0.9647 0:8966 0.7735 0.6029 0.4166 0.2524 0.1323 0.0543 0.0051
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M319f 4.5 ManududuuInany C(x, 1) (kg/m)

i X (Km)
{Minute) 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
10 1.0000 0.3017 0.1024 0.0451 0.0253 0.0183 0.0110 0.0073 0.0045 0.0021 0.0000
20 1.0000 0.9883 0.9960 0.9843 09517 0.8792 0.7508 0.5698 0.3653 0.1726 0.0169
30 1.0000 0.9952 0.9881 0.9735 0.9448 0.8921 0.8042 0.6703 0.4854 0.2558 0.0260
40 1.0000 0.2566 0.1682 0.1394 0.1168 0.0957 0.0754 0.0558 0.0367 0.0181 0.0018
50 1.0000 0.9910 0.9608 0.8906 0.7677 0.5995 0.4161 0.2534 0.1333 0.0547 0.0051
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MI9N 4.6 MANUATNTUYBIUARY C(x,1) (kg/m’)

4 X (Km)
(Minute) 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 038 09 1.0
10 1.0000 0.3450 0.1145 0.0488 0.0268 0.0170 0.0115 0.0077 0.0048 0.0024 0.0000
20 1.0000 0.9994 0.9965 0.9859 0.9559 0.8879 0.7651 0.5885 0.3850 0.1906 0.0338
30 1.0000 0.9957 0.9890 0.9755 0.9485 0.8987 0.8148 0.6858 0.5060 0.2802 0.0520
40 1.0000 0.2858 0.1732 0.1421 0.1182 0.0979 0.0776 0.0579 0.0387 0.0200 0.0036
50 1.0000 0.9924 0.9648 0.8990 0.7812 0.6166 0.4333 02676 0.1432 0.0812 0.0102
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m31ah 4.7 Manududuvewany C(x, ) (kgm’)

1 X (Km)
(Minute) 0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1.0
10 1.0000 03232 0.1151 0.0510 0.0281 0.0177 0.0118 0.0078 0,0048 0.0023 0.0000
20 10000 0.9996 0.9971 09874 09579 0.8881 0.7596 05753 03671 0.1726 0.0169
30 10000  0.9957 0.9890 0.9751 0.9472 0.8956 08084  0.6747 04892 02579  0.0262
40 1.0000 0.2773 0.1726 0.1402 Q1170 0.0958 0.0755 0.0559 0.0368 0.0182 0.0018
50 1.0000 0.9925 0.9649 0.8969 0.7740 0.6035 0.4170 0.2526 0.1323 0.0543 0.0051
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M5 4.8 iFoulunmsgdhveddtdaudeneszdu

Stability
Ax o ﬁ FTCS Lax-wendroff Upwind
0.01 0.00025 Stable Stable Stable
0.02 0.001 0.125 Stable Stable Stable
0.04 0.004 Stable Stable Stable
0.01 0.0005 Stable Stable Stable
0.02 0.002 0.25 Stable Stable Stable
0.04 0.008 Stable Stable Stable
0.01 0.001 Stable Unstable Unstable
0.02 0.004 0.5 Stable Unstable Unstable

0.04 0.016 Stable Unstable Unstable
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The two-level explicit methods for a water quality model in a non-uniform flow

stream with a hydrodynamic advection-dispersion equation
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Abstract

A water quality model in a non-uniform flow stream have to know velocity and elevation. So it does
not use in generally way. Velacity is calculated from a hydrodynamic model in shallow water system. Then
bring this result to calculate in dispersion model in advection-dispersion equation. This research is presented
the two-level explicit methods (FTCS,Upwind and Lax-wendroff) for these results. It be found that this solution
is moare efficient and time of calculation is very good. But FTCS have more space of stable more than other

scheme. So there is more flexible in calculated than another.

Keywords : two-level explicit methods, water quality model, hydrodynamic model, dispersion model,
advection-diffusion

equation, shallow water equation, forward time central space, upwind scheme, lax-wendroff
scheme
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1. INTRODUCTION

Procedure for comparing and detecting the quantity of pollutants both in the air and water mostly are computed by
field measurement and a mathematical simulation. The numerical technique for solving the one dimensional advection-
dispersion equation with constant coefficient [1]. For the shallow water mass transport problems that are presented in [2] The
numerical techniques for solving the uniform flow of stream water quality model, the one dimensional advection-diffusion
equation [3]. Most non-uniform flow models demand data concerned with the velocity of the current at any point and any time in
the domain. The hydrodynamics model pro vides the velocity filed and tidal elevation of the water [4]. The hydrodynamics model
and advection-diffusion equation were used to approximate the velocity of the water, respectively. In this research, the two-level
explicit methods for a water quality model in a non-uniform flow stream with hydrodynamic advection-dispersion equation. The
numerical technique for solving the one dimensional advection-dispersion equation with inconstant coefficient. The result from
hydrodynamic model are data for the non-uniform flow of the advection-diffusion equation, Which provides the pollutant
concentration filed. The term of friction forces due to the drag of sides of the stream considered. The stream has a simple one
space dimension. We use the Crank-Nicolson method [5] and the two-level explicit method [1] to approximate the velocity, the

tidal elevation and the concentration from aforesaid models.

2.MATHEMATICAL MODEL
2.1 Hydrodynamic model

We make the simpler assumption in the continuity and momentum balance, assuming the Coriolis, shearing streses and

the surface wind are small [4],

%, 0

e+ L+ =0, (1)
EigZo @)

where A(x) is the depth measured from the mean water level to the stream bed (m), £(x,7)is the elevation from the mean water
level to the temporary water surface or the tidal elevation (m/s), x is longitudinal distance along the stream (m) , ¢ is the time

(s), u(x,r) are the velocity components(m/s), for all xe[0,4] , g is gravitational force (m/s*) We assume that # is a constant

and £ 0 A . Then the Egs.(1) and (2) leads to,

==
az+ ax @)
ou, 98 _
P (4)

We will consider the equation in the dimensionless problem by letting U/ =——"-,X :;,Z = £,T= (I ‘/‘EE]

N W

Substituting them into Egs. (3) and (4) to represent the frictional forces due to the drag of the sides of the stream,
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az au
—+—=0,
or oX

ol  oZ
—_—t—=
ér o8x

(5)

-U, (6)

with the initial conditions at 1=0 and 0< X <1 being specified Z=0and U = 0. The boundary conditions for ¢> 0 are specified
tZ=¢"at X=0 and 8Z/ax¥ =0 at X =1. The system of Egs.(5) and (6) is called the shallow water equation with damped
force for the hydrodynamic model in a non-uniform flow stream. We will solve the equation by using the Crank-Nicolson[5].

2.2 Dispersion model: One-dimension advection diffusion equation

In a stream water quality model, the governing equations are the dynamic one-dimensional advection diffusion

equation (ADE). A simplified representation by averaging the equation over the depth is shown in
=t U—=D— (7

where C(x,7) is the concentration averaged by depth at the point x and at time ¢, D - is the diffusion coefficient
u(x,t) is the velocity component, for all x €[0,1] , We will consider the mode! with following conditions. The initial condition

C(x,0)=0 at =0 for all ¥ >0.The boundary conditions C(0,/)=C, at x=0 and 6C/8X =0atx=1 where G, is a constant.

3.NUMERICAL TECHINIQUE

3.1 The Crank-Nicolson method for the hydrodynamic model

We will follows the numerical techniques of [4]. To find the water velocity and water elevation from Eqs.(5)-(6), with the
initial condition Z = =0at T=0.The left boundary conditions for X =0, T >0 are specified: Z(0,0)=f(T)=sinT and
9V /18X =—e" cosT and the right boundary condition for X =1, T'> 0 are specified: 87/ =0 and V(0,1)=0. M subintervals
such that MAx=1 and the interval [0,7] into N subintervals such that NA7=T . We can then approximate Z(x.,) by Z".
The value of the difference approximation of Z(x,r) at point x=iAx andt=nAt ;where 0<i<M and0<n<N, and similarly
defined for V" and U} . The grid points (x,,z, Y are defined by x =ifAxforalli=0,12, .M and ¢, =nAt foralln=0,1,2,.,N in

which M and N are positive integers. Using the Crank-Nicolson Method [5] , We get the following finite difference equation:

[1-%4)4(:15. +vﬂ]w,"*‘ :[I+%M(Ax +VJ,)]W;‘: (8)

where W A{E'-n-} AW =W =W, VW =W"-Wr, I is the unit matrix of order 2 and A=Az/Ax. Applying the initial and

boundary conditions given, we obtained the general form
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where
1 0 0 —ia;'*‘ 0 0 r
4
1 0 0 —-=a 0 0
H.):.agﬂ 1 —iag*‘ 0 0 0 y) A
4 4 a1 L& o 0 0
2 A N ¢
0 Zat 1 0 0 -Za” A
2 4 0 —Za," 1 0 0 Za
G“‘l =l 4 n+l Z i+ ? Eh =
V. 0 0 1 2% 0 e -Za 0 0 1 %a;' 0
A g F..
0 0 0 —4—-0‘.‘!{"" 1 '—Iﬂz 0 0 0 —?Gl 1
0 0 ia;*‘ 0 0 1 0 0 W—=a’ 0 0
L 4 f -
j' nH - j‘ H
_Eal ‘31n(gl+l)—zaf51n(t_,)
__i "+IA.I€""' cos(t _i "AI ' (I ) il
1 a, (tyn) 4 a,nAxe” Coslt, W
w erfl
= 0 Wrh=q 2
0 [ )
: "
0
Q

3.2 The two-level explicit methods for the dispersion model

()

We can approximate C(x,.t,) by C! , The value of the difference approximation of C(x,) at point x =iAx and 7 =nAt,

where 0<i< M and0<n< N, The grid point(x,

(]

-1,) are defined by x, = iAx forall i =0,1,2,..,M and ¢ =nAt for all

n=0,1,2,..,N inwhich M and N are positive integers. Consider the following approximations of the derivatives in the

advection-diffusion equation (7) follow:

cEcH, (10)
5. CE-E
ERr e
ac _ C.'”_C;a _ C.:L}_Ctn-l
i o (12)
8 € ~agr=iCn
e i
U=0™. (14)
This gives the weighted expilicit finite-differrence formula
€I =2 QP + 7+ OCE +(1-28 1) +5@B=1 1= p)Cs, (15)
For 1<i<M-1 and 0€n<N-1,where
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y=w"=— and f=D—r. (16)
Ax é (Axy?
A Von Neumann stability of (15) yield [1] the stability condition
A+l 2 +1 n+l
™y ;(J’f ) <p< a- 9; ?) a7

3.2.1 The forward time central space scheme

If =0, the Eq(15) becomes,
+] l +] " n 1 + n
C!'1=5(2ﬂ+}’,")c._1+(1—2ﬁ)ci +E(2ﬂ—}'.-" I

This scheme is stable in the following legion —2—5 - g

3.2.2 The upwind explicit scheme

If @=1, the Eq(15) becomes,

=(B+y")CL +(=28=1)C] + BCL,.

G =00 1R (-7

This scheme is stable in the following legion 5 5

3.2.3 The Lax-wendroff technique
If @=y"", the Eq(15) becomes,

O = @B+ 14 7N + U=2B= I I+ 22 -1V G

4142
This scheme is stable in the following legion 0<pg<-——= -~ Lo (7" ) )

3.3 A numerical experiment

(18)

(19)

(20)

Suppose we want to measure the pollutant concentration € of a uniform stream. A stream is aligned  with longitudinal

distance 1.0 km total length and 1.0 m depth. There is industrial plant which discharges waste water into the stream and the

pollutant concentration at discharge pointis C(0,f)=C, =1 mg/I at x=0 forall t>0 andC(x,00=0 at t=0.The elevation

of water at the discharge point can be described as a function d(0,f)= f()=sint mforallz>0 and the elevation does not

change at x=1.0 km . The siream system characteristic are : the diffusion coefficient D is 0.05m’ /5. Employing the Eq(9) into
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Eqs(5-6), we can obtain the numerical solutions of the velocity #(x.f) and the elevation £(x,¢) of the water current.
Next, we inputs the velocity u(x,7) into the Eqs(18),(19).(20) respectively. We can now obtain the water pollutant
concentrations in each positions and times as Tables 1, Table 2, Table 3 and Fig (2) respectively. The Stability of all numerical

techniques are demonstrated on Table 4.

Table 1 The pollutant concentration of the FTCS scheme C(x,1)

3 i
4] o1 0.2 03 0.4 0.5 08 o.rF o8 09 £.0
10 40000 0.3233 0.4452 D.0514 0.0284% 00977 2.0118 0.0078 O.oms 0.0023 0.0002
20 1.0000 0.9936 09874 0.8874 0.9578 0.8878 0.7594 0.5753 0.3672 04727 0.0169
30 %.0000 0.9957 0.9890 0.9754 0.9472 0.8955 02083 0.65745 0.4892 D.2578 0.0
40 4.0000 02778 04730 01405 21173 0.0580 0.0757 00550 00363 o.0482 o018
) 1.0000 0.9925 09847 0.8965 0.7736 0.6031 0.4463 02527 4328 00544 0.0051

Table 2 The pollutant concentration of the upwind explicit scheme C(x.7)

£ X
L+ 0.1 0.2 0.3 a4 Q5 o5 sy 0.8 0.8 1.0
10 4.0000 0.3018 0. 4024 00451 00253 0.0983 0.0%40 0.0074 0.0045 0.0022 0,0002
20 1.0000 R 0.5980 0.9843 2.8347 D&7ee 0.7509 0.5e99° 0.3555 04727 0.0970
20 1.0000 ©.9952 0.9681 C9735 Qa3 0.8922 05042 06783 05062 0.2558 0.0280
40 4.0000 Q2567 0.1683 0. 1394 0. 1988 ©.0957 00755 0.0558 00367 0.0181 0.0018
50 4.0000 08310 0.9808 0.8908 Q7878 05938 D458 0.2537 0.4335 0.0545 Q.0051

t X

0 0.1 0.2 03 0.4 0.5 0.8 0.7 03 028 10
0 1.0000 0.3145 0.1081 0.0483 00258 0.0188 0.0912 0.0075 0.0045 D.0022 0.0002
20 1.0000 09504 o.5852 0s245 0.9532 08822 0.7557 0.5762 0.3720 0.4787 C.0226
30 4.0000 0.9354 05884 09742 02487 0.5244 0.8079 06755 0.4225 0.2840 D.0347
49 1.0000 02847 0.1888 0.9403 0.1978 00985 0.o7e2 0.0565 0.0374 00488 D.0024
50 1.0000 0.9845 0.9622 0.8935 07724 08055 0.4220 0.2583 0.1357 fafa 0.0058

Table 4 Stability of the two-level explicit methods
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Figure 1 The Shallow water Figure 2 (FTCS) The pollutant concentration

C(x.1) at ¢t =1h 46 min

4 CONCLUSION

In this research, we can combine the hydrodynamic model and the advection-diffusion equation for an approximate of the
pollutant concentration in a stream when the velocity of the current is non-uniform. Which the FTCS — type scheme of stability
conditions are higher than the upper bound, Lax-Wendroff technigue and upwind respectively. This means that If you want to
use Time speed big time for you want to reduce the speed of calculation. The two level explicit methods give good agreement
solution. The velocity varied by time and position. Consequently, the concentrations of water pollutant are also varied by times

and positions as well.
5.REFERENCES

Dehghan, M. (2004). Weight finite difference techniques for the one-dimensional advection-diffusion equation. Elsevier Applied Science

Publishers, 307-319.

Garzon, A. and D’Alpaos, L. (1992, October). A modified method of the characteristic technique combined with Gelerkin finite Elemnent
method to solve shallow water mass transport problems, Proc. 23rd Intemational Conference in Coastal Engineering, Venice,
Italy, 3068-3080.

Pochai, N. (2009). A numerical computation of a non-dimensional form of stream water quality model with hydrodynamic
advection-dispersion-reaction equations. Elsevier Applied Science Publishers, 666-673.

Pochai, N., Tangmanee, S., Crane, L.J. and Miller, J.J.H. (2008). A water quality computation in the uniform channel, Journal of
Interdisciplinary Mathematics, 803-814.

Mitchell, A.R. (1969) Computational methods in partial differential equations.

Proceedings The 6™ National Science Research Conference s
20-21 March 2014 Burapha University m

Page 36




60

Fzrm._w_,_w\ww LRWELHMNE SUBLIKYLRBERIELYITEY

(RUSFLELYMY Welml 2w BeLELEBILLRERNY)
Y4 pocay

OPRBL "l M TBILFLE OB~ QB [4Phe BURAAS
Q UbeY MBLLLBLILIBNLE,,
191949

L=

GURMLOASSLULREERAEHEL U]

AOTZYLLIBEIBULBULTERU BLIBLEMILLHBLEFUMY BRI Le LU
Ol MLOPLELEI RTLBREE L R UL

oot

g 159 B rbBe B LUMELUAAIULELIBELEMSLURLNIT

S,
f:
N

% 8
% oa

7 (£ 7, & L 5 % ;
b o L e L ORATY  Lad \
7/ LopLeMunUELME LUBTE LUBUTge )

BU{MLEUEITE] L] LILB LT LINLUPMIBI N O NLE L RS R ER M 1YIEE, RELI

3L ALMIMUEDEEMEBMISEYL RUILEMRER

LMETLBILBILE LIS




MANUIN U,

Tsunsu@auSumInInus) MILNAIVINIZIAIN tazMANNUNTUVDINANY

clear all

xx = input('Please Input Delta x ="); % Deltaof x

tt = input('Please Input Delta t="); % Delta of t

T = input('Please Input Time ='); % Number of time steps

dif = input('Please Input D ="); % Number of time steps

La=tt/xx;
X=1/xx;
n=(T/tt);

H = input('Please Input High =");
beta = (dif*tt)/(xx*xx);
fprintf('Lambda = %.41\n',La);
fprintf’ i = %.0fn" X);
fprintf’ 0 = %.0f\n',n);
%*Progress®%

h = waitbar(0, Initializing waitbar...");

for Round=1:single(n)

o kkkER R Vapiable ¥4 HRES
size = (X-1)*2;

I =eye(2,2);

G = zeros(size,size);

E = zeros(size,size);

U = zeros({X-1)+2,single(n));
D = zeros((X-1)+2,single(n));
F = zeros(size,1);

al = exp(Round*tt) ;

a2 = exp(-1*Round*tt);

F(1,1) = (-1*La*al*sin(Round*tt)/4)-(1*La*al*sin((Round-1)*tt)/4);




F(2,1) = (-1*La*a2*xx*exp(Round*tt)*cos(Round*tt)/4)+(-1*La*a2*xx *exp((Round-
1)*tt)*cos((Round-1)*tt)/4);

A =[0-1*La*al/4; -1*La*a2/4 0];

B =[0La*al/4; La*a2/4 0];

x1 =[10; La*a2/4 1];

x2 =[1-1*La*al/4;0 1];

('!,J(J sk e sie e s e 3R R o ok ok S]'IO\V R(}und s s s e st e sl o sfe sfe sfe et e stesio o

waitbar(({Round/single(n))),h,sprintf(' Progress: %.2t%% ',(Round/single(n)*100)))
94 FRERRdk kR Start DCﬁﬂC Matrix G i S ARl T2 i
for i=3:2:size
for j=0:1
for k=0:1
G(i+,i+k) =1(j+1,k+1); 05%%* Detine |
G((i-2)+,itk) =A(+1Lk+1); 20%%* Defing A
G(i+).(-2)+k) =B(+1.k+1); 9% Define B
G(+1,k+1) = =xI1(G+1,k+1);  %*** Define x1
Glsize-j,size-k) = x2(2-j,2-k); %% Define x2
end
end

end

‘,’-b**”‘**********’“********Mafrix E:{:*ﬂ’-***ﬂ”i”!:a"-i:***l*=.¥=k=5==!~==2<=.‘:>k‘-k>i=*‘uk
if(Round==1)
E = G*0;
Temp =G;
else
E = Temp;
for i=1:size

for j=1:size




if(i~=j)
E(i,j) = -E(i,j);
end;
end;
end;
Temp = G;

end;

QpEE kR Regult (D sk sk oo
if(Round==1)

Tempresultl = G\F,;

result = Tempresultl;

else

Tempresult2 = G\((E*Tempresult] )+F);

for i=1:size

result(i,Round)=Tempresult2(i,1);

end;

Tempresult]l = Tempresult2;

end;
VBoundary(Round,1) = result(1,Round)+(exp(Round*tt) *xx*cos(Round*tt));
DBoundary(Round,1) = sin(Round*tt);
for i=1:2:size-1
result(i,Round) = result(i,Round)*exp(-1*Round *tt);
end;
VBoundary(Round,1) = VBoundary(Round,1)*exp(-1*Round*tt);
end;

NphEFTERERbEEEr Split tesilt to U D Frebesssistn,
if (mod(size,2)==0)
r = (size/2)+1;

else




r = (size/2)-1;
end,
for i=1:single(n)
z=1;
for j=2:r
for k=1:2
iflk==1)
U(j,i)=result(z,1);
7=z+1;
else
D(j,i)=result(z,i) ;
z=z+1;
end;
end;
end;

end;

()’b‘k***“r“t*“'x‘f": e e sk skeokeskok

Boundary
for i=1:single(n)
U(1,1)= VBoundary(i,1) ;
D(1,i)= DBoundary(i,1) ;
D((X-1)+2,i) = D(X,1) ;
end;
UU = transpose(U) ;
DD = transpose(D) ;
Q;b*****xxxx** ]ﬁ['ii’li e e e e HeOROR

UUU = zeros(single(n)+1,(X-1)+2);

DDD = zeros(single(n)+1,(X-1)+2) ;




for i=1:single(n)
for j=1:X+1;
UUUG+1,j)= UUG,j);
end;
end;

Uuu(l,l)=tt;

for i=1:single(n)
for j=1:X+1;
DDD(i+1,j)= DD(i,j);
end;

end;

Go¥trkiebrrkl O offeentition lishd ¥
Cupwind = UUU;
for i=1:single(n)+1
Cupwind(i,1) = 1;
end;
for i=2:single(n)+1
for j=2:X
Cupwind(i,j) = ((beta+(La*UUU(,j)))*Cupwind(i-1,j-1)) + ((1-(2*beta)-
(La*UUU(i,)))*Cupwind(i-1,))) + (beta*Cupwind(i-1,j+1));
end;
end;
for i=2:single(n)+1
Cupwind(i,(X-1)42) = Cupwind(i,(X-1)+1) ;

end;

%
0'() ('}‘4"?*2‘:********* COI‘ICCHIE‘;[&OH F'ICS 3¢ s et e ek e sk

0/
0




CFTCS =UUU;
for i=1:single(n)+1

CFTCS(G,1)=1;
end;
for i=2:single(n)+1

for j=2:X

CFTCS(i,)) = ((((2*beta)+(La*UUU(,j))*CFTCS(i-1,j-1))/2) +  ((1-(2*beta))*CFTCS(i-

1)) +  ((((2*beta)-(La*UUU(,j))*CFTCS(i-1,j+1))/2);

end;
end;
for i=2:single(n)+1

CFTCS(i,(X-1)+2) = CFTCS(i,(X-1)+1) ;
end;
O Otttk gkt Cancentation Tax-Wendroff Xkt
%
CLax = UUU;
for i=1:single(n)+1

CLax(i,1)=1;
end;
for i=2:single(n)+1

for j=2:X

CLax(i,j)) = ((((2*beta)+(La*UUU(1Lj)H+(La*UUU(,)))*2))*CLax(i-14-1))/2)  +((1-

(2*beta)-((La*UUU(,j)) 2))*Cupwind(i-1,)) ~+ ((((2*beta)-
(La*UUU(,j)+({(La*UUU(i,j))"2))*CLax(i-1,j-1))/2);

end;
end;
for i=2:single(n)+1

CLax(i,(X-1)+2) = CLax(i,(X-1)+1) ;

end;

Uend = UUU*(sqrt(9.8*%H));




CFTCSend = Uend;
for i=1:single(n)+1
CFTCSend(i,1)=1;
end;
for i=2:single(n)+1
for j=2:X
CFTCSend(i,j) = ((((2*beta)+(La*Uend(i,j)))*CFTCSend(i-1,-1))/2) + ((1-
(2*beta))*CFTCSend(i-1,)) +  ((((2*beta)-(La*Uend(i,j)))*CFTCSend(i-1,j+1))/2);
end;
end;
for i=2:single(n)+1
CFTCSend(i,(X-1)+2) = CFTCSend(i,(X-1)+1) ;
end;
optEEEEEEk Plop Graph ¥k Kk
subplot(2,1,1), mesh(UUU);
title('U")
ylabel('0<t<T")
xlabel('0<x<1")

zlabel('Velocity of water(m/s)')

subplot(2,1,2), mesh(DDD);
title('D")

ylabel('0<t<T")
xlabel('0<x=1")

Graph = moviein(n)
forj=1:mn
plot(D(:,j))
axis([0,X,-2,2,])

grid on

ylabel('water height’)

xlabel('distance’)




Graph(:,j) = getframe;
end

movie(Graph)

TsunsudmSuman/aeunng/135a1%IR8 (Tranfrom)

clear all;
load('Ubeta0.125.mat");%6%%%6%% %% % % %% % %% Tranfrom %% %%%%%%% % %% % %%
numdata = 1;
for row =[1:80001]
for col =[1:101]
if (rem(row,13)==0|[row==1)
datachoose(numdata,col)=UUU(row,col);
if(col==101)

numdata=numdata+1;

end
end
end
end
ke 2l sl o ok o ok 3§ e sfe sfe sfe o e o< sk o2 sk e sk sk o Hesle ke vt ke skeole s sl sk sle e sk ke sleske s sk s i sfe sk o ok sk o sk s s s e ole ol sl ol sl ol ok sle e sfeaie ofe sfe sfeak e
clear all;
load('Dbeta0.125.mat"); %% %% %0 % %%%%6 %6 %% % %% Tranfrom- %% %%%%%6%0%% %% %% %

numdata = 1;
for row =[1:80001]
for col =[1:101]
if (rem(row,13)==0/[row==1)
datachoose(numdata,col)=DDD(row,col);
iflcol==101)
numdata=numdata+1;

end

end




end

end

s s s e e o o s ofe s e s ol e ot s e s s ol o s sl e ol sl ok ok ol ok oo e oR st R R ok o o ok s ok o s o sk SR R SR SRR oS S e S s ok sk Rk sk

clear all;
load('CFTCSbeta0.125.mat'); %% % %% % %% %% %% % %% Tranfrom
%6%% %% %% %% %% %% %%
numdata = 1;
for row =[1:80001]
for col =[1:101]
if (rem(row,13)==0|row==1)
datachoose(numdata,col)=CFTCS(row,col);
if(col==101)

numdata=numdata+t1;

end
end
end

end

e 2 2 3k sk she sk s she sfe sk ke sk sfe s s e ofe ok vl sie e de e dfe dfeade o vl vk ol e sk skl e e s s sf e sk sk sl sl sk sk e sie dfe sk sheslese sieleole skok sk sk sk ook

0,0/ 040,/,0/0/0/0,070/0,0,0/0/0,0/070,070/0/
P

0695%% % %% %6 %0 % % %0 %0 %% %6 0% % %6 %0 % %% %0 %0 %0 Y0 %0 %6 %6 %6 %0 %6 %0 %40 %0 %6 %0 %0 %6 %0 %0 %6 %0 %0 % %6 Yo %

Jo70707070707070 507070 0% %% %0 % %% Yo 0o
clear all;
load('CupwindBeta0.125.mat');%4% %% %% %% %% %% Tranfrom %% %% %% %% %% %% %% %
numdata = 1;
for row =[1:80001]
for col =[1:101]
if (rem(row,13)==0|[row==1)

datachoose(numdata,col)=Cupwind(row,col);




if{col==101)

numdata=numdata+1;

end
end
end
end
0690%0%6%%0% Y% %% %% %6 %0 %% %6 %0 %0 % %0 %% % %0 %40 %0 %0 %6 %6 %6 %0 %6 %6 %0 %6 %0 %6 %6 26%0%6 %6 % %0 %6 %0 %0 % %6 %

clear all;
load('CLaxbeta0.125 mat");%% %% %% % %%6% %% % %% Tranfrom %6%6%% %% % % %% % %% %%
numdata = 1;
for row =[1:80001]
for col =[1:101]
if (rem(row,13)==0|jrow==1)
datachoose(numdata,col)=CLax(row,col);
if{col==101)

numdata=numdata+1;

end

end

end

end

Va0 Ye % Y% Yo% e %% %Y Yo% % Yo % Y% %% %% % a6 % Y Yo% % e %% % % Y

clear all;

load('CFTCSbeta0.2500.mat");%6% % %% % %% % % %% %% % Tranfrom




numdata = 1;
for row =[1:40001]
for col =[1:101]
if (rem(row,6)==0||row==1)
datachoose(numdata,col)=CFTCS(row,col);
iflcol==101)

numdata=numdata+1;

end
end
end
end

007 0,0, 0,00/ 0,070, 070,070/ (?/;}0,‘ 9’09”’ 0.0,/ 8,
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clear all;
load('CupwindBeta0.25.mat');% % % %% %% %0 %% % %% Tranfrom  20%%% %% %% %% % %% %%
numdata = 1;
for row =[1:40001]
for col =[1:101]
if (rem(row,6)==0|[row==1)
datachoose(numdata,col)=Cupwind(row,col);
iflcol==101)

numdata=numdata+1;

end
end
end
end
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clear all;
load('CLaxbeta0.25.mat'); %% % %% %% % %% %% % %% Tranfrom %% %% %% %% % %% %% % %
numdata = 1;
for row =[1:40001]
for col =[1:101]
if (rem(row,6)==0|row=1)
datachoose(numdata,col)=CLax(row,col);
if{col==101)

numdata=numdata+1;

end
end
end
end
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clear all;
load('CFTCSbeta0.5. mat"); %% %% %% %% %6 % %0 % %% % Tranfrom %6%%%0%6% %% %% %% %% % %
numdata = 1;
for row =[1:20001]
for col =[1:101]
if (rem(row,3)==0[[row==1)
datachoose(numdata,col)=CFTCS(row,col);
if(col==101)
numdata=numdata+1;
end
end
end

end
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