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Abstract

Three characteristics-based split-operator methods were applied to a longitudinal pollutant disper-
sion problem, and the results were compared with those of several Eulerian schemes. The split-
operator methods consisted of generalized upwind, two-point fourth-order and sixth-order Holly-
Preissmann schemes, respectively, for the advection calculation, and the Crank-Nicholson scheme
for the diffusion calculation. Compared with the Eulerian schemes tested, split-operator methods
using the Holly-Preissmann schemes gave much more accurate computational results. Eulerian sche-
mes using centered difference approximations for the advection term resulted in numerical oscilla-
tions, and those using backward difference resulted in numerical diffusion, both of which were
more severe for smaller value of the longitudinal dispersion coefficient.
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Scheme.
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Table 1. Parameters for the Initial Concentration Distribution

Case No. D(m?/s) Do(m?/s) Ug(km/s) to(sec) Xo(m)
1 0 20 0.5 4000 2000
2 5 5 0.5 3200 1600
3 20 20 0.5 4000 2000
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Table 2. Comparison of Error Measures for Advection Calculation

Courant
Method Number E, E; Es E, E; Es
0.25 0.575 0.775 -0.575 0 0 0
Generalized 0.50 0.501 0.651 —0.501 0 0 0
upwind 0.75 0.369 0.443 ~0.369 0 0 0
1.50 0.296 0.338 -0.296 0 0 0
Two-point 0.25 0.030 0.031 -0.030 —0.0008 ~0.0004 0
fouth-order 0.50 0.019 0.020 —0.019 -0.0002 —0.0001 0
H-P 0.75 0.011 0011 —0.011 —0.0000 = 0.0000 0
1.50 0.007 0.007 - 0.007 --0.000 -0.000 0
Two-point 0.25 0.0003 0.0003 -0.0003 ~0.0000 —0.0000 0
sixth-order 0.50 0.0001 0.0001 ~-0.0001 —0.0000 ~0.0000 0
H-P 0.75 0.0001 0.0001 - .0001 —0.0000 -0.0000 0
1.50 0.0000 0.0000 —(.0000 - 0.0000 ~0.0000 0
Table 3. Finite Difference Approximations for Eulerian Schemes
oC 9°C
Method U o X
Mo 2
Explicit Chaudhari ";Af' Loy UZAt &) D83
Upwind v Sl D8}
Ax
C{i‘-il—-c?-l L1+1 C+3C1 : 2 )
- D8
QuICK U( 2Ax 6Ax )
.. U ( i { ‘Cx”} C'\\+1"3C?~1) D +1
e -+ (88 + 88
Implicit Bresler 5 oA A 5 ®5+83"h
- :
CQ . 53 . I D&t
BTCS U e 2
el ot
QUALZE I . Dg;"!
Ax
S ‘I_ZC?‘*'C;A st = C'i‘;f}~2(:'i'”+C?f,}
’ (AxY P (AxY
D=5 3l 20 m*/sec®] 7-$-(Peclet 4=+ z}7z} 20 IMESE HEstd AE st Fayge
3 5)of theted Hakzk B E §4, Eulerian A 71 e 24 Chaudhari,® upwind 2 Leonard
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Table 4. Comparison of Error Measures for Various Methods (D=20 m?/s)

Method | yourant E, E, Es Ed E Es
Split- 01 0.002 0.002 0.002 0 0 0
operator 0.2 0.003 0.003 0.003 0 0 0
with 0.3 0.004 0.003 0.004 0 0 0
two-point 04 0.004 0.004 0.004 0 0 0
fouth-order 0.5 0.005 0.004 0.005 0 0 0
H-P 15 0.006 0.005 0.006 0 0 0
Split- 0.1 0.007 0.006 0.007 0 0 Q0
operator 0.2 0.007 0.006 0.007 0 0 ]
with 0.3 0.007 0.006 0.007 0 0 0
two-point 0.4 0.007 0.006 0.007 0 0 0
sixth-order 0.5 0.007 0.006 0.007 0 0 0
H-P 1.5 0.006 0.006 0.006 0 0 0

0.1 0.068 0.075 0.068 —0.0023 —(.0007 0

0.2 0.186 0.181 0.186 -0.0077 -0.0021 0

QUICK 03 0.351 0.317 0.351 —0.0207 -0.0062 0
04 0.599 0.498 0.599 -(.0603 —0.0181 0

Split(2)* 0.5 0.271 0.304 -0.271 0 0 0
Breshler 0.5 0.125 0.134 —0.009 —0.0179 - 0.0043 -1
Chaudhari 0.5 0.017 0.018 - 0.007 0 0 0
BTCS 0.5 0.281 0.316 --0.265 - {.0002 - 0.0000 -1
QUALZE 0.5 0.476 0.605 —0.472 0 0 =1
Upwind 0.5 0.273 0.306 —0.273 0 g 0

*Split-operator with generalized upwind scheme for advection calculation

o] QUICK®® 719-&, &3l o2 Bresler, BTCS
(Backward in Time, Centered in Space) ¥ QUAL2E
AMNREDG zpzp H s} olF 4 7He o
3 9 g ZAbEH e Table 39 B ¥ vhe}
2ok ke e] Aol o)H AZREHAY @S

ALg8) ZapA Aol ofdted, S8 e] el Tho-
mas algorithm& AME8ld AlMrg stk
D=20 m?*/sec2} 7o g 2 A7l 2%
AddszA Fk $EHJE Fig 4o, EH#E ¥
277} Table 4o Zhzt Vel $ich D=0 gt
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Table 5. Comparison of Error Measures for Various Methods (D=5 m?%/s, Cr=0.5)

Method E, E; E, E, E; Es
Split(4)* 0.005 0.005 -0.005 —0.000 ~0.000 0
Split(6y** 0.033 0.028 0.033 0 0 0
Split(2)*** 0.542 0.728 -0.542 0 0 0

Bresler 0478 1.012 -0.202 —0.317 —0.285 -2
Chaudhari 0315 0.440 —~0.169 —-0.137 ~0.077 -1

BTCS 0.560 0.774 - (.540 -0.016 ~0.014 -1

QUALZE 0.715 1.069 ~0.712 0 0 -1

Upwind 0.543 0.729 —(.543 0 0 0

* Two-point fourth-order Holly-Preissmann for advection calculation
** Two-point sixth-order
*** Generalized upwind for advection calculation

Holly-Preissmann for advection calculation
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Fig. 5. Comparison of Exact and Numerical Solu-
tions (D=5 m?/s).
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