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Advection — Diffusion 1-Dimension

Method Order AX At Relative Error
F q 1.0 Unstable
. or;&./ar 0.5 Unstable
Fl.nt m:f (A A 0 0.1 10.74
irst order .
. (Ax.A0 0.01 12.63
upwind
) 0.001 12.81
in Space
0.0001 12.83
3 stage 1.0 Unstable
Runge-Kutta 0.5 10.83
in Time 3 0.1 12.43
First order O(Ax,AT) 0-5 0.01 12.79
upwind 0.001 12.82
in Space 0.0001 12.83
1.0 Unstable
Forward 0.5 Unstable
in Time ) 0.1 4.56
Central O(AX%.AD 0-5 0.01 3.50
in Space 0.001 3.57
0.0001 3.58
45t 1.0 4.70
N 5 alie . 0.5 3.66
uil:lg;ml; ’ O(Ax%,Ath 0.5 0.1 358
X ' 0.01 3.58
Central
) 0.001 3.58
in Space
0.0001 3.58
1.0 Unstable
Forward 0.5 Unstable
in Time 3 0.1 3.25
) AX”,At 0.5
Quick OAx,A) 0.01 1.07
in Space 0.001 1.28
0.0001 1.31
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Advection — Diffusion 1-Dimension

Method Order AX At Relative Error
. q 0.5 Unstable
. or;&./ar 0.1 Unstable
Fl.nt m:le O(Ax At 0.1 0.05 Unstable
irst order .
. (Ax.A0 0.01 3.059
upwind
) 0.001 3.341
in Space
0.0001 3.382
3 stage 0.5 Unstable
Runge-Kutta 0.1 Unstable
in Time 3 0.05 3.061
First order O(Ax,AL) 0.1 0.01 3.310
upwind 0.001 3.367
in Space 0.0001 3.385
0.5 Unstable
Forward 0.1 Unstable
in Time ) 0.05 Unstable
Central O(AX%.AD 0.1 0.01 0376
in Space 0.001 0.143
0.0001 0.157
4 0.5 Unstable
R sta1g<e " 0.1 Unstable
u.r:lg;fmz : (A A o 0.05 0.153
mo (AxAL) ' 0.01 0.153
Central
) 0.001 0.153
in Space
0.0001 0.159
0.5 Unstable
Forward 0.1 Unstable
in Time 3 0.05 Unstable
) AX”, At 0.1
Quick O(AX%.AD 0.01 0.397
in Space 0.001 0.044
0.0001 0.048

Y




Advection — Diffusion 1-Dimension

Method Order AX At Relative Error
. q 0.5 Unstable
. or;&./ar 0.1 Unstable
Fl.nt m:le O(Ax At 0.05 0.02 Unstable
et oreet (Ax.At) ' 0.01 1.494
upwind
) 0.001 1.748
in Space
0.0001 1.797
3 stage 0.5 Unstable
Runge-Kutta 0.1 Unstable
in Time 3 0.02 1.648
First order O(Ax,AL) 0.05 0.01 1.715
upwind 0.001 1.776
in Space 0.0001 1.801
0.5 Unstable
Forward 0.1 Unstable
in Time ) 0.015 Unstable
Central O(AX%.AD 0.05 0.01 0.396
in Space 0.001 0.042
0.0001 0.048
4 0.5 Unstable
R sta1g<e " 0.1 Unstable
u.r:lg;fmz : (A A 0.05 0.015 0.106
mo (AxAL) ' 0.01 0.038
Central
) 0.001 0.038
in Space
0.0001 0.050
0.5 Unstable
Forward 0.1 Unstable
in Time 3 0.02 Unstable
) AX”, At 0.05
Quick OAx”,A) 0.01 0.406
in Space 0.001 0.041
0.0001 0.026
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Advection — Diffusion 1-Dimension

Method Order AX At Relative Error

0.5 Unstable

li:r(l)r"l‘ji]frj: 0.1 Unstable

. O(AX.At 0.01 Unstable

FE;;‘;;ier (80 0.01 0.001 Unstable
in Space 0.0001 0.394
0.00001 0.709

3 stage 0.5 Unstable

Runge-Kutta 0.1 Unstable

in Time O(Ax, At3) 0.01 0.01 Unstable
First order 0.001 0.368
upwind 0.0001 0.398
in Space 0.00001 0.711

0.5 Unstable

Forward 0.1 Unstable

in Time O( AXZ, At) 0.01 0.01 Unstable

Central 0.0005 Unstable
in Space 0.0001 0.028
0.00001 0.370

0.5 Unstable

Ruflgsfliitta 0.1 Unstable

i1 Time O(AX>,AtY) 0.01 0.01 Unstable
Central 0.0005 0.003
in Space 0.0001 0.028
0.00001 0.371

0.5 Unstable

Forward 0.1 Unstable

in Time O(AX*,Ab) 0.01 0.01 Unstable

Quick 0.001 Unstable
in Space 0.0001 0.028
0.00001 0.369
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Central Scheme D0=1 dx=dy=1

dt=500e-6 Relative Error= 13.7398
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Upwind Scheme DO0=1 dx=dy=0.5 dt=100e-6 Relative Error=7.5263
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Central Scheme DO0=1 dx=dy=0.5 dt=100e-6 Relative Error=7.2347
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Advection — Diffusion 2-Dimension

Method Order Ax=Ay At Relative Error
Forward 1000e-6 Unstable
in Time
First order O(Ax,At) 1.0 500e-6 16.4389
upwind
in Space 100e-6 16.5039
3 stage 1000¢-6 16.2443
Runge-Kutta
T ] .
%n ime O(AX.AL) 10 500e-6 16.3676
First order
upwind 100e-6 16.4860
in Space
Forward 1000e-6 Unstable
T
m ime O(AX2AY) 1.0 500e-6 13.7398
Central
in Space 100e-6 13.7999
4 stage 1000e-6 13.7370
Runge-Kutta
in Time O(AX?, At 1.0 500e-6 13.7474
Central
in Space 100e-6 13.7969
Forward 1000e-6 Unstable
in Time 3
1. - 13.84
Quick O(AX,At) 0 500e-6 3.8485
in Space 100e-6 13.9102




Advection — Diffusion 2-Dimension

Method Order Ax=Ay At Relative Error
Forward 500e-6 Unstable
in Time
First order O(Ax,At) 0.5 100e-6 7.5263
upwind
in Space 50e-6 7.5317
3 stage 500e-6 Unstable
Runge-Kutta
T ] '
%n ime O(AxAP) 0.5 100e-6 7.4856
First order
upwind 50e-6 7.5083
in Space
Forward 500e-6 Unstable
T
m ime O(AX%AY) 0.5 100e-6 7.2347
Central
in Space 50e-6 7.2407
4 stage 500¢-6 Unstable
Runge-Kutta
in Time O(Ax% ALY 0.5 100e-6 7.1900
Central
in Space 50e-6 7.2126
Forward 500e-6 Unstable
in Time 3
. 100e- .6322
Quick O(Ax”,At) 0.5 00e-6 6.63
in Space 50e-6 6.6380
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Advection — Diffusion 2-Dimension

Method Order Ax=Ay At Relative Error
Forward 50e-6 Unstable
in Time
First order O(Ax,At) 0.2 20e-6 4.3867
upwind
in Space 10e-6 4.3749
3 stage 50¢-6 4.5620
Runge-Kutta
in Time 3 20e-6 4.4108
2

First order OAx,AT) 0
upwind 10e-6 4.3842
in Space

Forward 50e-6 Unstable
T
i Hime O(AX2AY) 0.2 20e-6 5.6149
Central

in Space 10e-6 5.6036
4 stage 50c-6 Unstable
Runge-Kutta
in Time O(Ax% ALY 0.2 20e-6 5.5585
Central
in Space 10e-6 5.5646
Forward 50e-6 Unstable
in Time 3
2 20e- 4.2
Quick O(AX”,At) 0 Oe-6 300

in Space 10e-6 4.2098

\
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Abstract

Rivers and surface water are two major media to release pollutants into the environment
and consequently to the human food chain. Rivers receive wastewaters from human
activities, and due to advection - diffusion are capable of dilute the pollutants and
reduce the concentration of contaminants. This property, known as self attenuation,
enables the release of the contaminated wastewaters into the rivers while the average
water quality in the river remains acceptable for various purposes. The dilution process
takes a minimum distance which depends on the contaminant concentration and
entrance position as well as, hydraulic conditions such as velocity and angle of attacks.
Reduction of this length is of engineering interest since the region of high concentration
pollution is confined. The most preferred method to enhance the mixing process is
elevation of turbulence in the flow. One of the natural techniques to do so is sudden
expansion which accelerates the diffusion process. In this study, the effect of different
entry points of pollutant , expansion ratios and flow rates was studied through a two-
dimensional numerical model in which the distribution of pollution in an expansion was
programmed in FORTRAN and MATLAB. The results showed that a sudden expansion
with a ratio in the range of 0.1 to 0.2 is more efficient.

Keywords: Advection - Diffusion Equation, Distribution of pollution , Finite Volume
method , Sudden expansion



