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Abstract

ELM, a characteristic line based method, was applied to advection-dispersion equa-
tion, and the results obtained were compared with those of Eulerian schemes(Stone—
Brian and QUICKEST). The calculation methods consisted of Lagrangian interpolation
scheme and cubic spline interpolation scheme for the advection calculation, and the
Crank Nicholson scheme for the dispersion calculation. The results of numerical
methods were as follows: (1) for Gaussian hill: ELM, using Lagrangian interpolation
scheme, gave the most accurate computational result. ELM, using cubic spline inter-
polation scheme, and QUICKEST scheme gave numerical damping for Peclet number
50. Stone-Brian scheme gave phase shift introduced in the numerical solution for
Peclet number 10 and 50. (2) for advanced front: All schemes gave accurate compu-
tational results for Peclet number 1 and 4. ELM, Lagrangian interpolation scheme,
and Stone-Brian scheme gave dissipation error and ELM, using cubic spline interpola-
tion scheme, and QUICKEST scheme gave numerical oscillation for Peclet number 50.
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Table 1. Definition of Error Measures

. . Val f
Simbol Definition Comments ute Ol
exact sol.
¢ 1 J(C(x,t)’"‘—C(x,t)")""dx))”2 Integral of oxllerall error of 0
M( t)( numerical sol.
C (t):.);x _C (t),::x Measure of the ar"tificial damping
€ —_— of numerical sol. 0
C,
C(t’)r::ln _C(t)r’n‘zx Measure of the spurious oscillation
¥ ex in numerical sol. 0
C(t)mnx
n V}WJ‘C(X’L)M dx Measure of mass conservation 1
J( x:.ax)“ . Measure .of the phase.shlft
3 1—?‘1———‘7‘ introduced in the numerical sol. 0
Xmax ~
M(1) : initial total mass
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Table 2. Comparison of Error Measures for Various Methods (Peclet Number 1)

Courant & € v 7 &
0.2 0.00000 -0.00078 0.00000 1.00000 0.00000
Lagrangian 0.5 0.00000 -0.00078 0.00000 1.00000 0.00000
0.8 0.00016 -0.00294 0.00000 0.99999 0.00000
1.0 0.00000 -0.00079 0.00000 1.00000 0.00000
0.2 0.00000 -0.00009 0.00000 0.99999 0.00000
Cubic 0.5 0.00000 -0.00032 0.00000 1.00000 0.00000
spline 0.8 0.00016 -0.00280 0.00000 0.99999 0.00000
1.0 0.00000 —-0.00078 0.00000 1.00000 0.00000
0.2 0.00000 0.00055 0.00000 1.00000 0.00000
Stone Brian 0.5 0.00001 0.00009 0.00000 0.99999 0.00000
0.8 0.00018 -0.00276 0.00000 0.99999 0.00000
1.0 0.00004 -0.00165 0.00000 0.99999 0.00000
0.2 0.00000 0.00009 0.00000 1.00000 0.00000
0.5 0.00000 0.00087 0.00000 1.00000 0.00000

QUICKEST

0.8 0.00018 -0.01176 0.00000 1.00000 0.01111

1.0 - - — - —

Table 3. Comparison of Error Measures for Various Methods (Peclet Number 4)

Courant ) € v Y7 3
0.2 0.00002 -0.00240 0.00000 0.99999 0.00000
) 0.5 0.00002 -0.00236 0.00000 1.00000 0.00000

Lagrangian

0.8 0.00040 -0.00280 0.00000 0.99999 0.00000
1.0 0.00002 -0.00248 0.00000 0.99999 0.00000
0.2 0.00005 0.00582 0.00000 0.99999 0.00000
Cubic 0.5 0.00002 0.00302 0.00000 1.00000 0.00000
spline 0.8 0.00040 -0.00083 0.00000 0.99999 0.00000
1.0 0.00002 —0.00248 0.00000 0.99999 0.00000
Stone Brian 0.2 0.00007 0.00189 0.00000 0.99999 0.00000
0.5 0.00012 0.00083 0.00000 0.99999 0.00000
0.8 0.00059 —0.00341 0.00000 0.99999 0.01111
1.0 0.00032 -0.00049 0.00000 0.99999 0.00000
0.2 0.00003 0.00432 0.00000 0.99999 0.00000
0.5 0.00001 0.00125 0.00000 1.00000 0.00000
QUICKEST 0.8 0.00040 -0.00022 0.00000 0.99999 0.00000
1.0 0.00001 0.00125 0.00000 1.00000 0.00000
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Table 4. Comparison of Error Measures for Various Methods (Peclet number 10)

Courant ) 5 ' u &
0.2 0.00007 —0.00290 0.00000 1.00000 0.00000
: . 0.5 0.00005 -0.00267 0.00000 1.00000 0.00000
Lagrangian
0.8 0.00069 —0.00085 0.00000 0.99999 0.00000
1.0 0.00004 -0.00404 0.00000 1.00000 0.00000
0.2 0.00025 0.02578 0.00056 1.00000 0.00000
Cubic 0.5 0.00016 0.01646 0.00005 1.00000 0.00000
spline 0.8 0.00067 0.00600 0.00000 1.00001 0.00000
1.0 0.00004 -0.00404 0.00000 1.00000 0.00000
0.2 0.00023 0.00448 0.00000 1.00000 0.00000
. 0.5 0.00041 0.00595 0.00000 0.99999 0.00000
Stone Brian
0.8 0.00134 0.00139 0.00085 1.00000 0.01111
1.0 0.00107 0.00572 0.00770 1.00000 0.01111
0.2 0.00023 0.02333 0.00038 1.00000 0.00000
0.5 0.00012 0.01259 0.00000 1.00001 0.00000
QUICKEST
0.8 0.00067 0.00439 0.00000 1.00000 0.00000
1.0 0.00002 -0.00163 0.00000 1.00000 0.00000
Table 5. Comparison of Error Measures for Various Methods (Peclet Number 50)
Courant ) I v 7 &
0.2 0.00047 0.01174 0.00152 1.00000 0.00000
i 0.5 0.00034 0.01010 0.00031 1.00000 0.00000
Lagrangian
0.8 0.00127 0.01366 0.00000 1.00001 0.00000
1.0 0.00004 -0.00368 0.00000 1.00000 0.00000
0.2 0.00115 0.09236 0.01083 1.00000 0.00000
Cubic 0.5 0.00082 0.06740 0.00593 0.99999 0.00000
spline 0.8 0.00119 0.03444 0.00098 1.00000 0.00000
1.0 0.00004 —0.00368 0.00000 1.00000 0.00000
0.2 0.00091 0.02117 0.00034 1.00000 0.00000
i 0.5 0.00157 0.02317 0.02371 1.00000 0.01111
Stone Brian
0.8 0.00362 0.04726 0.08503 1.00000 0.02222
1.0 0.00359 0.07014 0.13492 1.00000 0.02222
0.2 0.00113 0.09102 0.01054 1.00000 0.00000
0.5 0.00079 0.06487 0.00548 1.00000 0.00000
QUICKEST
0.8 0.00118 0.03244 0.00078 1.00000 0.00000
1.0 0.00004 —0.00326 0.00000 1.00000 0.00000

B84 B4R 1905 8H

133




A Qg Urix] WS A e A= AP}t
Ueld 1 Peclet4:7} 10dulo|= Courant$7} 2
£ 79.(0.2, 0.5)9]= ELM(Lagrangian) ¥
o] Axrt 714 Z9re™ Courantgd 2 %$-(0.8,
1.0)oll&= QUICKEST el 27t 7 At
e ¥59 peak o] FX7e] =& e
L o2 Peclet47} 1, 4¥4moll= Stone-Brian
wo] 7hg 2HA Uehgd s Courants+7h 1¥wf&
ELMo] 7}&F zekth. Peclet=7} 10, 504 wjoll=
Cr 7} 19 A%l QUICKEST %ol 27t
718 Zgka 19e= ELM(Lagrangian) ol
A Z&aA AEUTH T 29 o] By
22 JehlE X% 245 Uebdtt. Peclets
1, 4 E 2% FIAFo| LA ko
Peclet4~ 10, 5094 ELM(Lagrangian) o]
2|7 F0] A9 wAEA gstov} Stone—Brian
e A AF A e Zy Hjs| A e
2 =34 29 QUICKEST Wiy ELM
(Cubic Spline) = oFzF HAEAT p= AFEE
e JEE gros 2% d dgd AX AE
EA AR, &8 x| peak LAY 2
& JUehie  gtelth.  ELM(Lagrangian) 3
ELM(Cubic Spline) ¥hHe A gHoA 9442
e e gslx| 4kon Stone-Brian ¥HE

Peclet$=7} 19 A$-& A9Jslye Pecletg7t &

1,09
Lagrangian
.............. Cubic Spline
........ Stone—Brian
e84 N\ ... QUICKEST
ooococ Exact Sol.
0867
[
~
&
2.4+
e.2
o0 P P 3000 000 5600

Distance(m)
(a) Pe=1

134

VEFE et Fkske AF%E Eier
QUICKEST ®& Peclet7t 191 7§l <7+
o gidexrt wAEdh o LAHuE Fdt
o] Z} F#x71HE9 Peclet=¢} Cro] W& AEE
HrrstAdot.

7} W o] AMAZE ZAtME QUICKEST #
Ho] 714 W21 Lagrangian B7HE AMESH
7%-9} Stone-Brian o] 1 th&o2 W53ty
oo Cubic spline B7HH& AMg3 3971 7%
A2 ZEo] Bol At QUICKEST & 7|&
oz 12 ¥y Lagrangian R{HHE AMHESH
7%= 1.66, Stone-Brian Hyo] 1.64, Cubic
spline R7MA& A3 A9-7F 17494}

3.2 Advanced frontol|e HE
Hol PR3t YA FEHo2 52E 13k

51
Zoj|Ae] advanced frontell &t 27|=
o BAZRAE &3 2

C(x,0)=0 0<x< ™ (29)
Clxt)=1 t>0 x=0 (30)
C(x,t)—0 t>0 x—o (31)

4 (29)-(31) 3 & 27 2AH} FAZA 8

Lagrangian
~ Cubic Spline
........ Stone-Brian
..... QUICKEST
oooo0o Exact Sol.

a0 6
O
~N
o
2.4
e.2
2.0 T T N N )
e 1000 2000 3000 4200 5000
Distance(m)
(b) Pe=4
BEARFEPELE



1,2 966
Lairan ian
.............. Cubic Spline
P . W — Stone-Brian
..... QUICKEST
00000 Exact Sol.
0051
(&)
~N
&}
2.4
0.2
0.0 —— r - e saoe
1000 2009 3000 4000
Distance(m)
(c) Pe=10

La%ran ian
----------- Cubic Spline
------- Stone-Brian
QUICKEST
©0c00 Exact Sol.

C/Co

O
@.0+— T T NGH—O— - )
Q@ 1eee 2@60 A 3000 4200 5eea
Distance(m)
(d) Pe=50

Fig.3. Comparison of Results Obtained with Numerical Methods for Advanced Front
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