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Abstract

Permeability and building’ density are -important. parameters for precisely
modeling urban air pollution and" influencing regulatory requirements for building
planning. "An air pollution model is: proposed to investigate the dispersion of air
pollution in'an urban street canyon, the spatial distribution of pollutant concentration
level is modeled using one=dimensional and two-dimensional advection- diffusion
equation. In this'thesis, mathematical models and numerical methods for simulating
air pollutant in‘urban street canyons are proposed model can be used to represent a
laterally averaged air pollution model in-an urban street canyon, The numerical results
are calculated by using an explicit finite difference scheme with the uniform air flow
velocity fields. The numerical can be used in several boundary conditions and

interpolated wind velocity functions.
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Chapter 1
Introduction

1.1 The air pollution problem

Air contamination has been a critical natural and wellbeing sympathy toward
hundreds of years. This presentation is across the board and vital for all populates
since it is unavoidable. The Global Burden of Disease 2010 assessed that 3.1, 35, and
0.2 million passings happened -every year as an after effect of exposures to
encompassing particulate-matter, family strong-energizes and surrounding ozone
contamination, separately. With fast urbanization of the total populace, air quality is
expected to be on the decay as wellsprings of contamination in total. In profoundly
populated urban areas, daily life and human exercises (e.g. control era and vehicle
usage) must ascend to stay aware of the requests of developing areas.

Urbanair pollution was -originally ‘considered as a local problem mainly
associated with domestic heating and industrial emissions, which are now controllable
to a great extent.

The poisons related to the primary activity are CQ, NO., hydrocarbons, and
particles. CO s a-defective fuel for ignition. Burning additionally delivers a blend of
NO, and. NO, of which more than 90% compared to” NO. An extensive variety of
unburned ‘and artificially. changed hydrocarbons (eg. benzene, toluene, ethane,
ethylene, pentane, and so-forth) is discharged by engine vehicles through various
diverse procedures (e.g. dissipation, fuel tank removal, oil leak, etc.). As last, particles
of dense carbonaceous material are” transmitted for. the rmost part by diesel and
inadequately kept.up petrol vehicles.

In urban situations and.particularly in-the zones where populace and activity
thickness are moderately high, human introduction to unsafe substances is relied upon
to be altogether expanded. This is regularly the case close to bustling activity pivot in
downtown areas, where urban geology and microclimate may add to the production
of poor air scattering conditions offering ascension to defilement hotspots. High
contamination levels have been seen in road gorge, which is a term habitually used
for urban boulevards flanked by structures on both sides. Inside these boulevards,
walkers, cyclists, drivers and inhabitants are probably going to be surrounded by

pollutant concentrations exceeding current air quality standards.



1.2 Literature review

There are many methods for detecting the level of pollutants in the
air, mostly conducted by a field measurement and a mathematical
simulation.

In [2] and [4], the air pollution in two dimensional spaces with
obstacles domain is also studied.

In [3], the three dimensional fractional step method is applied based
on the discretization of the time dependent atmosphere advection-diffusion
equation.

In [5], the air pollution problem in. three dimensional spaces with
multiple sources are presented. The initial conditions in the domain are
assumed to be zero everywhere without obstacles.

In [6], they use the finite difference method in the air pollution model

of two dimensional spaces with single = point source.

1.3 Objectives
The purpose of this thesis is to investigate the dispersion of air pollution in an
urban street. canyon, the spatial distribution of pollutant concentration level is

modeled using'one-dimensional and two-dimensional advection-diffusion equations.

1.4 Scope of the thesis

The scope of the thesis is restricted to the application of the finite difference
method to the air- pollution- problem-in.an urban street ‘canyon with the boundary
conditions and. interpolated wind velocity functions. The two-dimensional spatial
advection-diffusion equation ‘are used.to simulate the air pollutant concentration in

the domain.

1.5 Plan of the thesis

The thesis explains the mathematical modeling of air pollution. The process of
simulation discusses the pollution levels in the domain.

The first part will study the basic knowledge about the mathematical model
for air quality and control by defining the domain of problem in thesis and the domain
of study case.

The second part will study the numerical method for solving dispersion model.

The third part is the computation of one-dimensional dispersion model
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The fourth part is the computation of two-dimensional dispersion model by

using an explicit finite difference scheme with the uniform air flow velocity fields.

1.6 Expected result

The expected result of thesis can be used to a laterally averaged air pollution
model in an urban street canyon.



Chapter 2
Mathematical Model of Air Pollution Measurement

In this section, mathematical model is used to simulate pollutant
concentration in an urban street canyon. Dispersion model with the governing
equation, advection-diffusion equation is used to describe the dispersion of

concentration in one dimension and two dimension model.

2.1 The topography of a considered
In this section, we will explain-of the domain used in the research include
Traditional air pollution” measurement model in street canyon and highway and real

problem of the Yaowarat road.

2.1.1 Traditional air pollution measurement model in street canyon and
highway

Carbon monoxide

The box model and the ATDL modal can give the average carbon monoxide
concentration over a broad area (say 10 by 10 km). In a street canyon or adjacent to
a highway in-an urban area, there is additional contribution to the concentration
from local sources. In this case the total concentration € isthe sum of a spatially
averaged ‘¢, and alocal AC, component:

€ =C,+AC, (2.1)

Johnson et al.{1976) outline methods of estimating Ac,. Consider the street canyon
in Figure 2.1, where the important variables are defined. If the wind is more or less
normal to the street, the equations for the concentration-A¢, in the street canyon
are:
Lee side,

.73
AC, = el (2.2)

(u+ O.S)I:(x2 +z7 )1/2 + 2]

Windward side,
-0.75
Al SR (2.3)
w(u +0.5)

where  AC = carbon monoxide concentration (ppm)
N = traffic flow (vehicle/hr)
S = average vehicle speed (miles/hr)



u = wind speed at roof level (m/hr)
W = street width (m)
x and y = horizontal distance and height (both m)
of the receptor point relative to the traffic lane, respectively
K = dimensionless “best fit” constant
The data suggest that K =7. For wind directions nearly parallel to the street,

AC: = %[AC, (windward)+ AC, (lee) | (2.4)

Equations 2.2 and 2.3 are subject to some revision since the average emission rate
(e.g., grams of carbon monoxide per vehicle mile) changes with the vehicle vintage and
type of mixture, which would thus modify the numerator (source term) of both
expressions.

The excess concentration AC, contributed by a-major highway in an urban area
is important for perhaps 200 or 300 m downwind of the highway. Many highway
diffusion models are referenced by Johnson et al. {1976), but most are based on the
Gaussian model-for-an infinite line source:

- _(_2-)% o} exp(—-Hz/Zof)
=

T

(2.5)

ue, sin ¢
where @, is line source strength (in mass per unit time per unit-length), # is the

effective height of emissions (probably 2 or 3 m), and ¢ is the angle between the
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Figure 2.1: Schematic of cross-street air circulation in a street canyon [12]

wind direction and the highway. An initial value of o. (e.g., 2 or 3) is assumed to

account for the turbulent wake behind moving vehicle. If ¢ is the perpendicular



distance from the highway, then the distance x to be used in evaluating o, is

dfsing. [12]

2.1.2 The Yaowarat road

Yaowarat Road in Samphanthawong district is the main artery of Bangkok's

Chinatown. Modern Chinatown now covers a large area around Yaowarat and Charoen

Krung Road.
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2.2 Air quality

2.2.1 Mobile Sources

While ships, locomotives, and air craft are also included in the mobile sources
category, it is motor vehicles which are by far the most important in terms of total
emission. There were approximately 100 million gasoline-powered autos and light-duty
trucks in use in the United States in 1973, and that number is growing by about 3.4%
per year (EPA 1972b). If this rate were to continue for another 20 years, there would
be 200 million light-duty vehicles in use. Recall that the three major pollutants emitted
by motor wvehicles are: carbon monoxide (CO), nitrogen oxides (NO,), and
hydrocarbons ( HC ). Motor vehicles accounted for 66% of the 1970 emissions of CO;
48% of the HC emissions; and 40% of the NO,_ .

In a vehicles which has no emission control equipment, essentially all the CO
and NO, are emitted from the tailpipe while the hydrocarbons are emitted partly
from the exhaust, partly from crankcase blowby (gases which slip past the piston rings
during the compression and power strokes of the engine cycle), and partly from
evaporation, as shown in Figure

The actual quantities ‘of emissions from these various sources are highly
dependent on the particular driving conditions encountered. For example, CO and
hydrocarbon emission decrease with increasing driving speed, while NO, emissions
remain relatively unaffected. While an engine is-just idling, hydrocarbon and CO
emission are high but NO_ emissions are low. [7]

Fuel tank and
carburetor evaporation
HC 20%

Crankcase
blowhy
HC 20%

Figure 2.4: Approximate distribution of emissions by source for a vehicle with no

emissions [7]



2.2.2 Emission Standards

The history of auto emission controls began in California in 1959 with the
adoption of standards to control exhaust hydrocarbon and carbon monoxide, but
these standards were not implemented until they became “technologically feasible”
in 1966. In 1960, standards to control emissions from crankcase blow-by were added
but implementation was not required until 1963. Federal emission standards first
became effective on 1968 models. Controls were also required on evaporative
emissions from fuel tanks and carburetors, and by 1970 industry had reduced
hydrocarbon emissions from new vehicles by almost three-fourths and CO emissions
by about two-thirds. Unfortunately, as we shall see in the next section, these
improvements in HC and CO-emissions. were partly made at the expense of
increased  NO,  emissions.” Standards for NO, “were not required until 1971 in
California, and not-until 1973 for the rest of the country.

The Clean Air Act was written to require that by 1975 emissions of hydrocarbons
and carbon/monoxide from new: vehicles must be 90% less than the emissions allowed
in 1970 Similarly, by 1976, the NO, emissions must be 90% less than the average of
vehicles manufactured in 1971, The law allows a 1 year delay in these deadlines if it
is adeguately proven that the technology is not available to mest them. That delay
has been granted by the Environment Protection Agency. [7]

2.3 Governing equations of air quality measurement

Numerous_ types of water motion transport matter within natural waters. Wind
energy and gravity impart motion to-the water that leads to mass transport. In the
present context. within-systerm motion can be divided into two general categories:

advection and diffusion.

Time Time

A 4

Space
Space

J( v

(a) Advection (b) Diffusion
Figure 2.5: The transport of a dye patch in space and time via (a) Advection and (b)
Diffusion [11]
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Advection results from flow that is unidirectional and does not change the identity of
the substance being transported. As in Figure 2.4 (a) advection moves matter from one
position in space to another [11].

Diffusion refers to the movement of mass due to mixing. Such transport causes the
dye patch depicted in Figure 2.4 (b) to spread out and dilute over time with negligible
not movement of its center of mass. Diffusion is the movement molecules from an
area of higher concentration to one lower concentration [11].

Dispersion is a related process that also causes pollution to spread. Dispersion is the
result of velocity differences in space [11].

Dispersion model (Advection-Diffusion equation)

Advection-Diffusion equation is-a-combination.of the diffusion and advection equation,
and describes physical -phenomena where particles, energy, or other physical
quantities are transferred inside a physical system due to two processes [11].

2.3.1 A one dimensional air pollutant dispersion model with insided air
pollutant source
Mathematical model describing the pollutant concentration in the domain of
one dimensional an urban street canyon. The concentration of a pollutant can be
described by the advection-diffusion equation
pell B/ NG
S +u5x— =) o
where c(x,t) is the laterally averaged air pollutant concentration at the point x at

+0, (2.6)

time ¢, u is a wind speed in the x direction, D is the diffusion coefficient of the
considered -air. pollutant matter in x direction; Q(x,t) is the rate of change of

concentration at point source or sink-which are released. or absorbed along the street

canyon per unit of time. [1]

2.3.2 A two dimensional form (xz) air pollutant dispersion model with
insided air pollutant source

The distributed air pollutant process satisfies a mass transfer equation, which
include transportation and diffusion. Averaging the equation over the lateral, we get
the advection-diffusion equation

2 2

%E+u%:£)ﬂ(2—x§+%}+g, (2.7)
where ¢(x,z,t) is the laterally averaged air pollutant concentration at the point {2
attime 7, u is a constant wind speed in the x direction, D__ is the diffusion coefficient

of the considered air pollutant matter in x and z direction, Q(x,z,t) is the rate of



10

change of concentration at point source or sink which are released or absorbed along

the street canyon per unit of time. [9]

2.3.3 A two dimensional form (xy) air pollutant dispersion model with
insided air pollutant source

The distributed air pollutant process satisfies a mass transfer equation, which
include transportation and diffusion. Averaging the equation over the lateral, we get
the advection-diffusion equation
-a—c+zﬁc-+v@:9‘_\(a'f+izij+g, (2.8)
Tloxt oy

where c(x, y,t) is the laterally averaged air pollutant concentration at the point

(x,y) at time ¢, w is'a constant wind speed in the x.direction, v is a constant wind
speed in the y-direction; D, is the diffusion coefficient of the considered air pollutant
matter in x and y direction, O(x,y,t) is the rate of change of concentration at point

source orsink which are released or absorbed along the street canyon per unit of time.

[9]



Chapter 3
Numerical Methods to a One Dimensional Air

Pollution Measurement Models in Street Canyons

In this section, numerical methods are used to solve the governing equation of
mathematical models, we use explicit finite different methods for solving advection-
diffusion equation. In the final part of this section, the examples used to calculate air

pollutant concentration in street canyon.

3.1 Numerical method to a one dimensional air pollutant dispersion
model with insided air pollutant source

We use the forward differenced in time and central difference in space in
advection diffusion equation. We can approximate ¢ are the values difference
approximation of at point X =7Ax and ¢ = nAt where 0<i<L and 0<n< N . Using
the forward time- center space method to £q.(2.6), the following finite difference

equation can be obtained

c=cl, (3.1)
n+1 N
4 = C'——C— (3.2)
ot At
% e Civl Gl , (3.3)
ox 2Ax
b no_ n n
_‘?_; ~ St 2¢] :’CH , (3.4)
a8 (&)
Q=0 (3.5)
Substituting Eq. (3.1-3.5).into Egy (2.6), we have,
n+l n Ty, 7 Hemmss n n
Ci Ci +u CH—I Ci*] :D &:lz("{# +Qin (36)
At 2Ax (Ax)
we can obtain an explicit form of finite difference equation as follows of Eq. (3.6)
1 1
& =§(2a +B)ey+(1-2a)c! +E(2a -pB)ct, +Or (3.7)
where
a=D2_ (3.8)
(Ax)
= M—A—t (3.9)
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If ¢! are lied on the boundary of the domain, we will approximate by using the
boundary conditions and employing the forward different scheme,

oc ¢, —c
s . . 1 (3.10)

ox Ax

n n n
i G Cin

1

Figure 3.1: The stencil diagram-of one - dimensional dispersion model

3.2 Numerical simulation to a one dimensional air pollutant dispersion

model with insided air pollutant source
In ‘this section, we show example to' find the pollutant concentration is
calculated by dispersion model in one dimensional.

Example 3.2.1. To find the pollutant concentration in street canyon, at boundary of

street canyon that has the equal of pollutant concentration with inflow c=c¢,, and

oc
rate of change ‘of pollutant concentration with respect to x at the exit gate o =¢
X

domain Q= (0,1)x(0,T). in Figure (3.2) with step size. Ax = 0.25, At = 0.01, diffusion
coefficient D'=0.05, there is no interior source’ Q =0, and average air flow velocity

w=().25,

—P

v
=

(0,0) (1,0)

Figure 3.2: Generating grid points of example 3.2.1
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The potential air pollutant concentration at initial time can be used to assume the
initial condition of Eq. (2.6) as
¢(x,0) =x(1—x)+c0,
the boundary conditions can be assumed by
gl ) =u =1,
HIR
define c(x,t)=c' with Ax=0.25 At=0.01, D =0.05, 4 = 0.25, and O =0.

approximate differential boundary condition,

c.’l
¢, (Lt)=¢ or =L =¢,
ox
using forward difference,
@ —c;
Ax
Cs =g A+, i=4 @11

=Cl

solving problem by-finite difference method £q. (2.6)
1
g :%(2(2 +,6’)q"_l +(1 —2a)c] +—2-(2a ~pB)et + 0"

oo D)a Y/
(Ax) (0.25)

1 2L 4 X L
Ax 0.25

¢/ =0.013¢!", +0.984c" +0.003c", 1=1,2,3,4 (3.12)

=10.008,

n=0, i=1 ¢ =0.013¢ +0.984c +0.003c? =1.18524
[=2" e =0.013c’ +0.984c) +0.003c>= 1.249
i=3  =0.013c) +0.984¢! +0.003¢? =1.187750
¢y =0.013¢)+0.984¢? +0.003c?

N

-
and apply boundary condition ¢ = ¢ Ax+c?
c; =0.013¢] +0.984c; +0.003(c,Ax +c! )

¢ =0.013¢, +0.984c! +0.003¢! =1.183033
¢; =0.013¢ +0.984c} +0.003c) =1.247988
c; =0.013¢; +0.984c; +0.003¢, =1.187990
¢; =0.013c} +0.984¢} +0.003¢!

1
2

[
;
i=3
i=4
and apply boundary condition ¢} =¢,Ax+c}

ci =0.013¢} +0.984c} +0.003(c,Ax +c} )
n=2, i=1 ¢ =0.013c +0.984c +0.003c =1,180848



i=2 ¢ =0.013¢" +0.984c? +0.003c? =1.246963
i=3 ¢ =0.013¢; +0.984c? +0.003¢2 =1.188221
I=4 ¢ =0.013c] +0.984c] +0.003c;
and apply boundary condition ¢ =¢,Ax+¢?

¢; =0.013¢] +0.984c] +0.003 (¢, Ax +c7 )

Table 3.1 The calculated pollutant concentration of example 3.2.1 with the
absorbance boundary (¢, =—0.1), non-slipping boundary (¢, =0) or

releasing boundary (¢, =0.1) at the exit

Point Pollutant concentration
o=, B 0 ¢, =0.1
c 1.000000 1.000000 1.000000
c’ 1.187500 1.187500 1.187500
) 1.250000 1.250000 1.250000
c! 1.187500 1187500 1.187500
G 1.000000 1.000000 1.000000
cy 1.000000 1.000000 1.000000
¢l 1.185250 1.185250 1.185250
c 1.249000 1.249000 1.249000
z 1.187750 1:187750 1.187750
oy 1.002363 1.002438 1.002513
c 1000000 1.000000 1.000000
c 1183033 1.183033 1.183033
c 1.247988 1.247988 1.247988
o 1.187990 1:187990 1.187991
o 1.004698 1.004847 1.004996
c 1.000000 1.000000 1.000000
c 1.180848 1.180848 1.180848
c 1.246963 1.246963 1.246963
& 1.188220 1.188221 1.188222

e 1.007005 1.007227 1.007450
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Example 3.2.2. To find the pollutant concentration in street canyon, at boundary of

street canyon that has the equal of pollutant concentration with inflow ¢=c¢,, and

oc
rate of change of pollutant concentration with respect to x at the exit gate Fw =¢
X

domain Q=(0,1)x(0,T) in Figure (3.3) with step size Ax=0.1, At = 0.01, diffusion
coefficient D=0.05, there is no interior source 0=0, and average air flow velocity
u =025,

5

(0.0) (1.0)

Figure 3.3: Generating grid points of example 3.2.2

The potential air poltutant concentration at initial time can be used to assume the
initial condition of Eq. (2.6) as
e(x,0)=x(1-x)+c,,
the boundary conditions can be assumed by
(B ¢ ho =Y,
A (Pr)=c.
define c(x,t) =¢; with Ax=0.1, At=0.01, D=0.05, u = 0.23=aptf0 = 0.

125,

Figure 3.4: The

approximated air pollutant

[N

|

T
-
o

concentration c(x,t) for

P
a

¢, =—0.1 of example 3.2.2

o
@

Air pollutant concentration c(x,t)

o
S =

0<=t<=T



Figure 3.5: The
approximated air pollutant

concentration ¢(x,t) for

¢, =0 of example 3.2.2

Air pollutant concentration c(x,t)

O<=t<=T

Figure 3.6: The
approximated air pollutant

coneentration ¢ (x,t) for

Air pollutant concentration c(x,t)

¢;=0.1 ofexample 3.2.2

2
B8=t<=T 0<=x<=1
1.3 T T T T T — 1.3 — — — —
—— o5 ——gy =0
125k 8,204 1,25 c;mk
- 1
12 N 12k
@ 1,15 — - z 115 B =
g M : =
=
110 1.1} =
y
1.05 - 105 #
0 20 30 4 S 60 70 8 90 100 0 20 30 40 50 60 70 80 80 100
O<=t<=T De=1<=T
(a) (b)

Figure 3.7: The approximated air pollutant concentration at =100 sec (a) c(O.S,Z)
and (b) c(l,t) of example 3.2.2
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Example 3.2.3. To find the pollutant concentration in street canyon, at boundary of

street canyon that has the equal of pollutant concentration with inflow ¢ = ¢,, and

0
rate of change of pollutant concentration with respect to x at the exit gate 8_c =¢
X

domain Q =(0,1)x(0,T) in Figure (3.8) with step size Ax =0.25, At = 0.01, diffusion
coefficient D =0.05, average air pollutant source are added Q=0.0001, and average

air flow velocity u =0.25.

v
4]

(0.0) (10)
Figure 3.8: Generating grid-points of example 3.2.3

The potential air pollutant concentration at initial time can be used to assume the
initial condition-of Eqg. (2.6) as
¢(x,0)= x(l—x)+c0,
the boundary conditions can be assumed by
C(O,t) %=1
% (l,t) =c.
define c(x,t) =¢/" with Ar=0.25, Ar=0.01, D =0.05,u4=0.25, and O =0.0001,

approximate differential boundary. condition,

n

g, (1,t)=6 or %:cl,

using forward difference,

cs =¢qAx+c) i=4 (3.13)
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solving problem by finite difference method Eq.(2.6)
1
g = 5(2a+ﬂ)c,-"_1 +(1-2a)c! +%(2a -pB)c, +O!

1

a=D-2__005s-%0L _0 008,

(ax) T (025)
H= uﬁ = 0.25-‘{ﬂ =001
Ax 0.25

¢ =0.013¢], +0.984c!" +0.003c],, +0.0001 i=12,3,4 (3.14)

i+l

1l

I
B W oo =

¢, =0.013¢) +0.984¢ +0.003¢? +0.0001 =1.185350
¢, =0.013¢] +0.984¢? +0.003¢? +0.0001 =1.249100
¢; =0.013¢ +0.984¢? +0.003¢ +0.0001 = 1.187850
¢y =0.013¢] +0.984c +0.003c + Q°

and apply boundary condition ¢f = ¢,Ax +¢?

¢y =0.013¢;+0,984c] +0.003(c, Ax + i)+ 0)

n=0. 7

Il

[

1=

L= 0.013¢) +0.984¢! +0.003¢ +0.0001 = 1.183232

2 ¢ =0.013c! +0.984c) +0.003¢! +0.0001 = 1.248188

[=3_ ¢ =0.013c) +0.984c} +0.003¢) +0.0001 =1.188190
4 ¢{=0.013¢, +0.984c} +0.003¢. + O}

and apply. boundary condition ¢} = ¢, Ax + ¢}

¢i = 0.013¢;+0.984¢; +0.003 (¢ Av+c) ) + O}

n=2, 1=l ¢ =0.013c; +0.984¢’ +0.003¢; +0.0001 = 1.096353
3 =0.013¢] +0.984¢ +0.003¢2 +0.0001 = 1,247263
[=3" ¢ =0.013c] +0.984¢2 +0.003¢2 +0.0001 = 1.188521
c; =0.013¢] +0.984c] +0.0038] + O]

o

1=

Y

§=
and apply boundary condition ¢} =¢,Ax+c?
ci =0.013¢; +0.984¢; +0.003(c,Ax +c} )+ O



Table 3.2 The calculated pollutant concentration of example 3.2.3 with the
absorbance boundary (¢, =-0.1), non-slipping boundary (¢, =0) or

releasing boundary (¢, =0.1) at the exit

Point Pollutant concentration
¢ =-0.1 ¢ =0 ¢ =0.1
cl 1.000000 1.000000 1.000000
oy 1.187500 1.187500 1.187500
¢ 1.250000 1.250000 1.250000
& 1.187500 1.187500 1.187500
A 1.000000 1.000000 1.000000
c 1.000000 1.000000 1.000000
o 1.185350 1.185350 1.185350
g 1.249100 1.249100 1.249100
e 1.187850 1.187850 1.187850
e 1.002463 1.002538 1.002613
¢ 1.000000 1.000000 1.000000
o 1,183232 1.183232 1.183232
c? 1.248188 1.248188 1.248188
c; 1.188190 1.188190 1.188191
a 1.004899 1,005047 1.005196
e 1.000000 1.000000 1.000000
)\ 1.181145 1.181145 1.181145
c 1.247263 1.247263 1.247263
c 1:188520 1.188521 1.188522

& 1.007305 1.007527 1.007550
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Example 3.2.4. To find the pollutant concentration in street canyon, at boundary of
street canyon that has the equal of pollutant concentration with inflow ¢ =¢,, and
oc

rate of change of pollutant concentration with respect to x at the exit cate r =¢
X

domain Q=(0,1)x(0,T) in Figure (3.9) with step size Ax=0.1, Af= 0.01, diffusion
coefficient D =0.05, average air pollutant source are added 0=0.0001, and average

air flow velocity u =0.25.

=AM .,
(0,0) (1,0)

Figure 3.9: Generating grid points of example 3.2.4

The potential air pollutant concentration at initial time can-be used to assume the
initial condition of Eq. (2.6) as
c(x,0)=x(1=x)+e,
the boundary conditions.can be assumed by
% (@¢)=cp €Y,
e 0D c,.
define c(x,t) =¢ with' Ax=0.05,At = 0.01, D=0.05, u = 0.25, and 0 =0.0001.

Figure 3.10: The
approximated air pollutant
concentration c(x,t) for

¢, ==0.1 of example 3.2.4

Air pollutant concentration c(x,t)

O<=t<=T



Air pollutant concentration c(x,t)

O<=t<=T

Air pollutant concentration c(x,t)

2
O<=t<=T
13 T T T T T L—— e
¢, =01
——¢,=0
1.25 =
{ |_ i €, =01
1.2
3115" 7“‘-,‘_:
o
11
1.05-
B . .
0 10 20 30 40 5 60 70 8 S0 100

Oe=te=T

(a)
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Figure 3.11: The
approximated air pollutant

concentration ¢(x,t) for

¢, =0 of example 3.2.4

Figure 3.12: The
approximated air pollutant

concentration c(x,t) for

¢, =0.1 of example 3.2.4

O<=te=T

(b)
Figure 3.13: The approximated air pollutant concentration at =100 sec (a) c(0.5,t)

and (b) ¢(1,¢) of example 3.2.4
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Example 3.2.5. To find the pollutant concentration in street canyon, at boundary of

street canyon that has the equal of pollutant concentration with inflow ¢ =¢,, and

. O
rate of change of pollutant concentration with respect to x at the exit gate a—C:cl
X

domain Q = (O,l) X(O,T) in Figure (3.14) with step size Ax = 0.25, At = 0.01, diffusion
coefficient D =0.05, interpolated air pollutant source are added Q =1+[sin x|, and

average air flow velocity u =0.25.

NI
N T

>

(0.0) (L0)

Figure 3.14: Generating grid points of example 3.2.5

The potential air pollutant . concentration at initial time can be used to assume the
initial condition of Eq. (2.6) as
¢(x,0)=x(1-x)+¢;,
the boundary conditions can be assumed hy
k()=
& (l,t) =c.
define ¢(x,/)=¢] ‘with Av=0.25,Ar=0.01, D =0.05,14=0.25, and Q =1+|sin x|

approximate differential. boundary condition,

n
Ci

c.(Lt)=¢ or =ep

using forward difference,
d-g
A
¢ =qAx+c] i=4 (3.15)

solving problem by finite difference method Eq.(3.7)
1 1
i=1 g =5(2oc+)8)c;’_l +(1-2a)c! +§(2a—,8)c;'+] +0
At 0.01

a :D——z— = 005—"—-2* = 0008,
(&) (025)
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fewL 02529 53,
Ax 0.25

Q' =1+[sinx| =1+sin (0.25)| = 1.247404
¢! =0.013¢], +0.984c! +0.003c”, +1.247404 (3.16)

i+l

iz oo ; (2a+,3)c ” +(1 2a)(," i (26! ﬂ)C;il 5 24
At 0.01

a=D——==0.05——— =0.008,
(Ax) (0.25)
L= .—_025ﬁ=01
Ax 0.25
O =1+[sinx|=1+[sin (0.5) =1.479426
¢/ =0.013¢, +0.984¢" +0. oozc;;, +1.479426 (3.17)
i=3 "= ;(2a+ﬂ) (I—2a)c"+ (2a =f)ct 40!
Fale =0.osﬂ-,-=o.oos,
(Ax)” (0.25)°
< ué—rﬁozso—ol—m
Ax 0.25
O = 1+[sin x| =1+[sin(0.75)| =1.681639
"' =0.013¢t, +0.984c” +0.003¢" +1.681639 (3.18)
i=4 c;”"zé(zmﬁ)c, F(142a) A= (2a L@ reti ol
a:D-i:O.os—Q&:o.oo&
(axy " (025)
3 = u—_ozsgﬂwl
Ax 0.05

Q' =1+ [sin x| =1+sin (0.75)] = 1.841471
"' =0.013¢, +0.984c” +0.003¢" . +1.841471 (3.19)

i+l
n=0, i=1 ¢ =0.013c+0.98%c" 0.003c; +1.247404
¢, =0.013¢ +0.984c? +0.003c” +1.479426
1=3 ¢ =0.013c) +0.984c? +0.003c) +1.681639
c; =0.013¢] +0.984c? +0.003c? +1.841471

[y}

I=

I

i=
and apply boundary condition ¢? = ¢, Ax+c?

¢; =0.013¢) +0.984c + 0.003(c,Ax+cf ) +1.841471
¢ =0.013¢; +0.984¢! +0.003¢. +1.247404

c; =0.013¢ +0.984c! +0.003c! +1.479426

¢; =0.013¢; +0.984c} +0.003¢! +1.681639

c; =0.013c; +0.984c! +0.003¢; +1.841471

1
R S

Il



and apply boundary condition ¢} = Ax+c¢)
c; =0.013c; +0.984c; +0.003(c,Ax +c} ) +1.841471

Il

I & =0.013¢; +0.984¢] +0.003¢ +1.247404
2 ¢} =0.013¢] +0.984¢? +0.003¢2 +1.479426

3 ¢ =0.013¢2 +0.984¢2 +0.003¢ +1.681639
=4 ¢} =0.013¢] +0.984¢] +0.003¢c2 +1.841471

[
I
I
i
and apply boundary condition ¢ =¢,Ax +¢?

¢; =0.013¢; +0.984¢] +0.003(c,Ax +c ) +1.841471

Table 3.3 The calculated pollutant concentration of example 3.2.5 with the
absorbance bourdary (¢, = —0.1),-non-slipping boundary (6, =0) or

releasing boundary (¢, =0.1) at the exit

Point Pollutant concentration

6, =001 ¢, =0 ¢, =0.01
o 1.000000 1.000000 1.000000
e 1.187500 1.187500 1.187500
el 1.250000 1.250000 1.250000
¢ 1.187500 1,187500 1.187500
¢ 1:000000 1.000000 1.000000
el 1.000000 1.000000 1.000000
c! 2.432654 2.432654 2.432654
cl 2.728426 2.728426 2.728426
¢! 2.869389 2.869389 2.869389
A 2.843834 2843909 2.843984
c 1.000000 1.000000 1.000000
c 3.662321 3.662321 3.662321
& 4.204430 4.204430 4.204430
g 4.549119 4.549119 4.549119
c2 4.685562 4.685711 4.685860
c 1.000000 1.000000 1.000000
& 4.876741 4.876741 4.876741
c 5.677843 5677843 5.677843
¢ 6.226686 6.226687 6.226688

7 6.525184 6.525406 6.525628
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Example 3.2.6. To find the pollutant concentration in street canyon, at boundary of

street canyon that has the equal of pollutant concentration with inflow ¢ =¢,, and

rate of change of pollutant concentration with respect to x at the exit gate ? =¢
ox

domain Q= (O,I)x (O,T) in Figure (3.15) with step size Ax=0.1, Az = 0.01, diffusion

coefficient D =0.05, interpolated air pollutant source are added Q= l+|sinx', and

average air flow velocity u =0.25.

(0,0) (10)
Figure 3.15 Generating grid points-of example 3.2.6

The potentiat air pollutant ‘concentration at initial time can be used to assume the
initial condition of Eq. (2.6) as
¢(x,0) =x(1—x)+c{,,
the boundary eonditions can be assumed by
C(O,t) =¢, =,
A5 c.
define c(x,¢)=c' with Ax=0.1, At=0.01, D=0.05, u =0.25, arid Q =1+]sinx|.

Figure 3.16: The
approximated air pollutant

o
o

concentration ¢(x,t) for

50

¢ =—0.1 of example 3.2.6

Air pollutant concentration c(x,t)

o

O<=t<=T



Air pollutant concentration c(x,t)

Air pollutnat concentration cfx,t)

200~[
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100 +

50 |

100

O<=t<=T
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100 (-
S
5
8o B
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40t 3
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Figure 3.17: The
approximated air pollutant

concentration c(x,t) for

¢, =0 of example 3.2.6

Figure 3.18: The
approximated air pollutant

concentration ¢(x,?) for

¢, =0.1 of example 3.2.6

Figure 3.19: The approximated air pollutant concentration at £ =100 sec (a) c(0.5,1)

and (b) ¢(1,¢) of example 3.2.6
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Example 3.2.7. To find the pollutant concentration in street canyon, at boundary of
street canyon that has the equal of pollutant concentration with inflow ¢ = ¢,, and

. , 0
rate of change of pollutant concentration with respect to x at the open gate 6_C =¢
X

domain Q= (O,I)X(O, T) in Figure (3.20) with step size Ax =0.25, Ar=0.01diffusion

coefficient D =0.05, there is no interior source @ =0, and air flow velocity is

reduced u(x)=0.1 i
100

Promy:
(0.0) (1)
Figure 3.20: Generating grid points of example 3.2.7

The potential air pollutant concentration at initial time can be used to assume the
initial condition of Eq. (2.6) as

c(x,O):x(I—x)+co,
the boundary conditions can be assumed by

N8 = ¢, =%

AN\A& ¢

define ¢(x,t)=¢" with Ax=0.25, AI:0.0I,D=1,u(x):O.1—&, and 0=0.,

approximate differential boundary condition,

n

(8
¢, (Lt)=¢ or —+=¢,
x( ) 1 ax 1
using forward difference,
e
e =g+ i=4 (3.20)

solving problem by finite difference method Eq.(3.7)
=1

1 1 Ji
= 5(2a+,8)c3 +(1-2a)c! +§(2a—ﬁ)c§ +0,



At 0.01

o=D—10=0.05—_~0.008
(Ax) (0.25)
ﬂ=u(X)£=(0.l——J = (0.1- (1)(0‘25)J 001 _ 0.0039
Ax 100 100 )0.25
¢/ =0.00995¢; +0.984c] +0.00605c"
fet
' = (2a+ )i +(1-2a)c] +=(2a-p)e+0;
a=D-2__005-%91__ 0008
(Ax)’ (0.25)°
g= M(X)ﬂ =(0.1—~—J = (0.1— (2)(0'25)J L 0.0038
Ax 100 ) Ax 100 )0.25
™ =0, 0099¢ +0.984c¢] +0. 0061cy
i=3
e = ;(Za-i-ﬁ)c +(1-2a)d +%(2a-—ﬁ)c§ +O
# - p o BY, ox 128 [yong
(Ax)” (0.25)°
p=u(x)2L [o 1——-}3 [0.1—(3)(0'25)} 00T _ (.6037
Ax 100 100 025
c§*! =0.00985¢; +0.984c] +0.00615¢"
i=4
e ;(2a+,6’)c;’ HI=2a)e] +2 (22— ) +
=D 0052000 50s
(A} . {025)
B=u(x)2L L (0 1——J Al [0.1— (4)(0'25)J 00L_ ) 0036
Ax 100 100 025

ci™ = 0.0098¢; +0.984¢) +0.0062¢!

n=0, i=1 ¢ =0.00995c] +0.984c’ +0.00605c.

i=2 ¢} =0.0099¢c +0.984c? +0.0061c?

=3 ¢ =0.00985c) +0.984c +0.00615¢!
¢y = 0.0098¢; +0.984c! +0.00620

and apply boundary condition ¢ = ¢ Ax+c!

¢y =0.0098¢; +0.984c{ +0.0062(c,Ax +c )

n=1 i=1 ¢ =0.00995c; +0.984c! +0.00605c]
¢; =0.0099¢; +0.984c) +0.0061c!
¢; =0.00985¢; +0.984c} +0.00615¢!

o

=

|| [I
W
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(3.21)

(3.22)

(3.23)

(3.24)



i=4 ¢} =0.0098c; +0.984c) +0.0062c)
and apply boundary condition ¢} =c,Ax+c!
c; =0.0098¢; +0.984c, +0.0062(c,Ax +c})

n=2, i=1 ¢ =0.00995¢] +0.984c> +0.00605c>
2 €] =0.0099¢] +0.984c2 +0.0061c?
c; =0.00985¢; +0.984¢2 +0.00615¢

3
=4 ¢} =0.0098¢c] +0.984¢2 +0.0062¢>

;
l
i
[
and apply boundary condition ¢? = ¢,Ax+c?

c; =0.0098¢; +0.984¢; +0.0062(c,Ax +c} )

Table 3.4 The calculated pollutant concentration of example 3.2.7 with the
absorbance boundary (¢, = ~0.1), non-slipping boundary (¢, =0) or

releasing boundary (¢, =0.1) at the exit

Point Pollutant concentration
¢ =~01 ¢ =0 ¢ =0.1
cy 1.000000 1.000000 1.000000
% 1.187500 1.187500 1.187500
t5 1.250000 1.250000 1.250000
c? 1.187500 1.187500 1.187500
¢ 1.000000 1.000000 1.000000
o 1.000000 1.000000 1.000000
¢ 1.186013 1.186013 1.186013
¢ 1.249000 1.249000 1.249000
& 1.186963 1.186963 1.186963
a, 1.001683 1.001838 1.001993
¢’ 1.000000 1.000000 1.000000
e’ 1.184543 1.184543 1.184543
5 1.247998 1.247998 1.247998
c: 1.186434 1.186435 1.186436
¢y 1.003343 1.003652 1.003960
c 1.000000 1.000000 1.000000
c 1.183090 1.183090 1.183090
e 1.246994 1.246994 1.246994
c 1.185914 1.185917 1.185920

e 1.005983 1.005443 1.005903




30

Example 3.2.8. To find the pollutant concentration in street canyon, at boundary of
street canyon that has the equal of pollutant concentration with inflow ¢ = ¢y, and

rate of change of pollutant concentration with respect to x at the open gate 8_C =¢
X

domain Q= (O,I)X(O,T) in Figure (3.21) with step size Ax=0.1, Af=0.01 diffusion

coefficient D=0.05, there is no interior source 0 =0, and air flow velocity is

reduced u(x)=().1—i.
100

(0.0) (1.0)
Figure 3.21: Generating grid points of exarmnple 3.2.8

The potential air pollutant concentration at injtial time can be used to assume the
initial condition of Eq,. (2.6) as

c(x,O) =x(l=x)+cy;
the boundary conditions can be assumed by

c(0,¢) = E’: =1,

¢, (Lt)=q,.

define c(x,¢)=cf with Ax=0.1, Ar=0.01, D=1, u(x)::O.lﬂ—% and Q0 =0.

Figure 3.22:
The approximated air

-
(4]

pollutant concentration
c(x,1) for ¢, =—0.1 of

-

o
&

Air pollutant concentration c(x.t)

example 3.2.8

-

100

O<=t<=T



Air pallutant concentration c(x,t)

Q<=t<=T

Air pollutant concentration c(x,t)

O<=t<=T

: =T T T =
c,=-0.1
. ¢, =0
125'[ = ¢ =01

9 115
T
11F
1.05
b
10 20 30 40 50 &0
Oe=te=T
(a)

Figure 3.23:

The approximated air
pollutant concentration
¢(x,2) for ¢, =0 of
example 3.2.8

Figure 3.24:

The approximated air
pollutant concentration
c(xit) fore, =0.1 of

example 3.2.8

2,

Figure 3.25: The approximated air pollutant concentration at =100 sec (a) c(0.5,1)

and (b) ¢(1,t) of example 3.2.8
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Example 3.2.9. To find the pollutant concentration in street canyon, at boundary of

street canyon that has the equal of pollutant concentration with inflow ¢ = ¢y, and

rate of change of pollutant concentration with respect to x at the open gate %: é

, domain Q =(0,1)x(0,T) in Figure (3.26) with step size Ax = 0.25, Ar=0.01,

X

diffusion coefficient D =0.05, average air pollutant source are added 0 =0.0001,

and air flow velocity is reduced u(x) =0.1~£6.

. ALk

(0,0) (1,0) ]

Figure 3.26: Generating grid points of example 3.2.9

The potential air pollutant concentration at initial time can be used to assume the

initial condition of g, (2:6) as
c(x,O):x(l——x)+cG,

the boundary conditions can be assumed by
0 = ¢, =%
X\ J&¢.

define c(x,1)=¢" with Ax=0.25, At=0.Ol,D:1,u(x)=0.1—£6- and

0 =0.0001.

approximate differential boundary condition,

¢ (L,t)=¢ or ~—’=CI,
x( ) 6x
using forward difference,
n n
Cs —C,
SAx 4 :Cl
¢ =qAx+cy i=4

solving problem by finite difference method Eq.(3.7)
i=1

™ =%(2a+ﬁ)c{)’ +(1-2a)c +%(2cx—ﬁ)c§ +0.0001

(3.25)



At 0.01

a=D———=0.05 _=0.008
(Ax) (0.25)
ﬂ=u(x)é£=[o.1—~—x—)-A—r:(o.1— (1)(0‘25)J 001 _ 0.0039
Ax 100 ) Ax 100 )0.25
¢ =0.00995¢] +0.984c! +0.00605¢; +0.0001
i=2
ot = %(2a+ﬂ)cl” +(1-2a)c; +%(2a—[5’)c§ +O
a=D-2L__005-29 _ 0008
(Ax)’ (0.25)’
2)(0.2
ﬁ’=u(x)ér—:(0.1—i)£=(o.1—( IC 5)] 091 _ 0.0038
Ax 100 ) Ax 100 /0.25
;"' =0.0099¢]" + 0.984c¢! +0.0061c] +0.0001
=3
o e %(2{:{+,8)c;r +(1=2a)c} +-;—(2a—ﬂ)c§ +0O;
a=D=2"_ 00522 L6008
(Ax)” (0.25)
=
p=u(x) 2L :[0.1——”5—]ﬁ =(0.1—(3)(0'“5)J 001 £ 0.0037
Ax 100 ) Ax 100 /025
€41 =0.00985¢; +0.984c; +0.00615¢ +0.0001
=4
e =%(2a+ﬁ)c§’ +(1-2a)c} +%(2a—ﬁ)c§' +Q!
o AN D3N Y =g pom
(Ax)” (0.25)°
f=u(x) L =(0.1——5—J£=(0.1~(4)(0‘25)] B aaTE
Ax 100 ) Ax 100 )0.25

¢;"! =0.0098c] +0.984c] +0.0062¢] +0.0001

I ¢ =0.00995¢; +0.984c’ +0.00605¢° +0.0001=1.186113
2 ¢; =0.0099¢] +0.984c +0.0061c? +0.0001 = 1.249100
1=3  ¢;=0.00985c] +0.984c! +0.00615c° +0.0001 = 1.187063
4 ¢, =0.0098¢] +0.984c. +0.0062c? +0.0001 = 1.187063
and apply boundary condition ¢} = ¢ Ax+c!
¢y =0.0098¢; +0.984c; +0.0062( ¢, Ax +cf ) +0.0001
n=1, i=1 ¢ =0.00995c} +0.984c! +0.00605¢. +0.0001=1.184742
1=2 ¢ =0.0099 +0.984c] +0.0061c! +0.0001 =1.248198
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(3.26)

(3.27)

(3.28)

(3.29)



i=3
i=4

c; =0.00985c} +0.984c] +0.00615¢. +0.0001=1.186635
c; =0.0098c} +0.984c} +0.0062¢! +0.0001

and apply boundary condition ¢} =¢,Ax+c]

R

Il
Mo
Il

¢; =0.0098¢; +0.984c} +0.0062(c,Ax +c! )+0.0001

¢ =0.00995¢; +0.984¢? +0.00605¢2 +0.0001 = 1.183387
c; =0.0099¢] +0.984¢2 +0.0061c2 +0.0001 = 1.247294

¢; =0.00985¢; +0.984¢? +0.00615¢> +0.0001=1.186217
c; =0.0098¢; +0.984¢? +0.0062¢2 +0.0001

and apply boundary condition ¢ = ¢,Ax+c?

¢; =0.0098¢; +0.984¢; +0.0062 (¢, Ax + )+0.0001

34

Table 3.5 The calculated pollutant concentration of example 3.2.9 with the
absorbance boundary (¢, =~0.1), non-slipping boundary Ly =0 Br
releasing boundary (¢, = 0.1) at the exit

Point Pollutant concentration
¢, =-0.1 r—c ¢ =]
& 1.000000 1.000000 1.000000
o 1.187500 1.187500 1.187500
¢ 1.250000 1.250000 1.250000
cy 1.187500 1.187500 1187500
z 1.000000 1.000000 1.000000
c 1.000000 1.000000 1.000000
¢ 1.186113 1.186113 1.186113
&, 1.249100 1.249100 1.249100
c) 1.187063 1.187063 1.187063
A 1.001783 1.001938 1.002093
% 1.000000 1.000000 1.000000
& 1.184742 1.184742 1.184742
c? 1.248198 1.248198 1.248198
¢ 1.186634 1.186635 1.186636
(o 1.003543 1.003851 1.004160
c 1.000000 1.000000 1.000000
g 1.183387 1.183387 1.183387
& 1.247294 1.247294 1.247294
e 1.186214 1.186217 1.186220
e 1.005283 1.005743 1.006203
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Example 3.2.10. To find the pollutant concentration in street canyon, at boundary of
street canyon that has the equal of pollutant concentration with inflow ¢ = ¢y, and

0
rate of change of pollutant concentration with respect to x at the open gate 55 =¢
X

,domain Q= (0,1)x(0,T) in Figure (3.27) with step size Av=0.1, Ar=0.01,
diffusion coefficient D = 0.05, average air pollutant source are added 0 =0.0001,

and air flow velocity is reduced u(x)=0.l—i-())c—0.

¢
4
=
(0.0) (1.0)

Figure 3.27: Generating grid points of example 3.2.10

The potentiat air pollutant concentration at initial time can be Used to assume the
initial condition of Eg. (2.6) as

c(x,O):x(l~x)+cu,
the boundary conditions can be assumed by

c(O,t) =%

AN F<c.

define ¢(x,2)= ¢ with Ax=0.1,A¢=0.01, D=1, u(x)=0.1—1—(% and 0 =0.0001

Figure 3.28:

The approximated air
pollutant concentration
c(x,t) for ¢, =—0.1 of

Air pollutant concentration ¢(x, t)

example 3.2.10

40

O0<=t<=T
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Figure 3.29:

The approximated air
pollutant concentration
c(x,t) for ¢, =0 of

Air pollutant concentration c(x,t)

example 3.2.10

0<=t<=T

Figure 3.30:

The approximated air
pollutant concentration
¢(x,t)forc, =0.1 of

Air pollutant concentration c(x.t)

example 3,2.10

O<=t<=T

1.3 T T T T T T T L3—raT T T T T T L T
[ ¢ =-01 [ [ =-01
125k [ S {
1.2 — 4
‘—_-‘_ —
= ‘-—-—*—_
g 115 ,
3
1.1
1.05
1 —
10 20 30 40 50 60 70 80 80 100
O<=t<=T O<=te=T
(a) (b)

Figure 3.31: The approximated air pollutant concentration at # =100 sec (a) c(O.S,t)
and (b) ¢(1,7) of example 3.2.10
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Example 3.2.11. To find the pollutant concentration in street canyon, at boundary of

street canyon that has the equal of pollutant concentration with inflow ¢ = Cys @nd

. 0
rate of change of pollutant concentration with respect to x at the open gate a—c =
X

domain Q=(0,1)x(0,7) in Figure (3.32) with step size Ax=0.25, Ar=0.01,
diffusion coefficient D =0.05, interpolated air pollutant source are added

U= I+|sin xl, and air flow velocity is reduced u(x) =0.1—1—g—0.

A

(0,0) (1,0)

Figure 3.32: Generating grid points of example 3.2.11

e

The potential air pollutant concentration at initial time can be Used to assume the
initial condition of Eq. (2.6) as

c(x,0)=x(I-x)+c,,
the boundary conditions can be assumed by

c(0,t)=c, =1,

¢, (NMZeye

define ¢(x,f) =g} with’ Ax = 0.25, At =0.01,.D =1, u(x)=0.1 ~—% and
0 =1+]sin .

approximate differential boundary condition,

n

¢, (Lt)=¢ or §=C,,

using forward difference,
&4
A
¢ =cAx+c) i=4 (3.30)




solving problem by finite difference method Eq.(3.7)

]
”“—;(Za-{-ﬂ)c +(1-2a)c] +-—(2a B)cs +
a=D-2"__00s 0‘011=o.008
(Ax) (0.25)°

ﬂ:u(x)ﬂ{o.l )A’ 0_1_(1)(0'25) 001 _ 0.0039
Ax 100 100 /0.25

Q' =1+[sin(0.25)| =1.247404

¢! =0.00995c; +0.984¢! +0.00605¢” +1.247404

j=2
gt = ; (2a+ﬁ)c" F(t=—2g)¢; +%(2(x—ﬁ)c§’ +0,
£/ D L= 200008 70 e
(Axf T (0257

ﬂ:u(x)%:(o 1——~Jéﬁ (0.1—(2)(0‘25)J 08 ep\d

100 ) Ax 100 0.25

0y =1+[sin(0.5)] =1.479426
c5" = 0.0099¢] +0.984c! + 0.0061cy +1.479426

j=3
;(2a+ﬂ)c F{1=2a) i s %(2a—ﬁ)c§[+Q
o = NN 05 By DL
(Ax)’ (0.25)
ﬁ=u(x)£=(0.1 }A’ (0.1—(3)(0'25)J0'01:0.0037
Ax 100 ) Ax 100 0.25

0} =1+[sin(0.75)| =1.681639

g =i, 00985¢; +0.984c¢] +0.00615¢; +1.681639

38

(2.31)

(3:32)

(3.33)
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i=4
2 =%(2a+ﬂ)c§' +(1-2a)e; +—;~(2a—ﬂ)c},’ +0y
a=D=__005_%% _ 0008
(axy (0257
B=u(x)2L - (&1——’“—]55 _[01-029)1001 ;500
Ax 100 ) Ax 100 )0.25
} =1+[sin(1)|=1.841471
¢ =0.0098c; +0.984c] +0.0062¢! +1.841471 (3.34)
n=0, i=1 ¢ =0.00995c5 +0.984c +0.00605c° +1.247404

1

2 ¢} =0.0099¢” +0.984c? +0.0061c? +1.479426

3 € =0.00985¢) +0.984c0 +0.00615¢° +1.681639
=4 c; =0.0098c] +0.984c) +0.0062¢0 +1.841471

;
l
i
;

and apply boundary condition '¢{ = ¢Ax+ ¢
¢y = 0.0098¢) +0.984¢] + 0.0062 (¢, Ax+¢f ) +1.841471

n=»,

..,
I

e} =0.00995¢; +0.984¢! +0.00605¢} +1.247404
¢y =0.0099¢{ +0.984c] +0.0061c! +1.479426
¢; =0.00985c; +0.984c! +0.00615¢! +1.681639
¢y =0.0098¢; +0.984c} +0.0062¢! +1.841471

I

Il
Lo S

]
"=
and apply boundary condition ¢} =¢,Ax+c!

c; =0.0098¢} +0.984c¢) +0.0062(clm+c;)+1.841471

3
Il
)
1l

¢ =0.00995¢; +0.984¢] +0.00605¢2 +1.247404
3 =0.0099¢ +0.984¢2 +0.0061¢2 +1.479426
¢; =0.00985¢; +0.984¢2 +0.00615¢ +1.681639
¢; =0.0098¢; +0.984c +0.0062¢2 +1.841471

~,
I

I

Il
N

i
and apply boundary condition ¢ = ¢,Ax+c?
¢; =0.0098¢; +0.984¢; +0.0062 (c,Ax +c? ) +1.841471



Table 3.6 The calculated pollutant concentration of example 3.2.11 with the
absorbance boundary (¢, =—0.1), non-slipping boundary (¢, =0) or

releasing boundary (¢, =0.1) at the exit

40

Point Pollutant concentration

¢, =—0.01 ¢ =0 ¢, =0.01
ct 1.000000 1.000000 1.000000
e 1.187500 1.187500 1.187500
el 1.250000 1.250000 1.250000
e 1.187500 1.187500 1.187500
6 1.000000 1.000000 1.000000
c 1.000000 1.000000 1.000000
c! 2.433417 2.433417 2.433417
c) 2.728426 2.728426 2.728426
cl 2:868602 2.868602 2.868602
e, 2.843154 2.843309 2.843464
& 1.000000 1.000000 1.000000
¢ 3.668343 3.668343 3.668343
c? 4,205787 4.205787 4.205787
g7 4.548703 4.548704 4.548705
" 4.684719 4.685027 4.685336
c 1.000000 1.000000 1.000000
¢ 4.8924438 4.892448 4.892448
a 5.681984 5.681984 5.681984
c 6.227801 6.227804 6.227807
€ 6.524702 6525162 6.525623

Example 3.2.12. To find the pollutant concentration in street canyon, at boundary of
street canyon that has the equal of pollutant concentration with inflow ¢ = Cpo Aric

rate of change of pollutant concentration with respect to x at the open gate 5€ =

X

domain Q = (O,I)X(O,T) in Figure (3.33) with step size Ax=0.1, At =0.01, diffusion

coefficient D =0.05, interpolated air pollutant source are added Q =1+]sin xl, and

air flow velocity is reduced u(x) :O.I—ﬁ.



X (1,0)
Figure 3.33: Generating grid points of example 3.2.12

The potential air pollutant concentration at initial time can be used to assume the
initial condition of Eq. (2.6) as

¢(x,0)=x(1=x)+c,,
the boundary conditions-can be assumed by

C(O,t) =¢g3 1y

g (1,59=c,.

define/ c(,1) = ¢! with Ax=0,05, At=0.0l,D:1,u(x)=0.l—%, and

O =1+]sin x[.

Figure 3.34:
The approximated air
o pollutant concentration

c(x,1) for ¢, =—0.1 of

o
o

Air pollutant concentration c(x,t)

example 3.2.12

o

100

O<=t<=T

41
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Figure 3.35:

The approximated air
pollutant concentration
c(x,t) for ¢, =0 of

Air pollutant concentration c(x,t)

example 3.2.12

O<=t<=T

Figure 3.36:

The approximated air
poltutant concentration
c(x,t)for ¢, =0.1 of

Air pollutant concentration c(x,t)

example 3.2.12

2
<=t<=
OSFty=T D==x<=1
zoor < T < v v T < v B W
180 - 180
o
160 160~ -
140 - 40 - ~ 4
120 s 120 e
~ i rd
g 10of- il
= 7
80 . 4 8-
60 - 60 A E
5
40} 404 P ¢, =-01
. e ——,=0
20 g 0 -
# ¢, =01
ok - . 0 s L I : . £ T

(@ (b)
Figure 3.37: The approximated air pollutant concentration at # =100 sec (a) c(O.S,r)

and (b) ¢(1,¢) of example 3.2.12



Table 3.7 Simulation of example for one dimensional in space (along x-axis)

43

Simulations u Q s

-0.1 0 0.1
3.2.1 K K v 4 v
3.2.2 K K v v 4
3.2.3 K K v v v
3.2.4 K K v v v
325 K T v v v
3.2.6 K Jo v 4 v
207 £, K v v 4
3.2.8 L v v v
3.2.9 i v v v
3.2.10 b K v v v
3.211 7 fo v v v
oAA12 h > o v v v

where

£, = function of interpolated air pollutant sources
Jp = function of interpolated air flow velocity

K = constant

To conclude, we can see that the changing rate of air pollutant concentration will be

decreased when..¢;=—0.1 and there is not changing rate of air pollutant

concentration when ¢, =0 and the changing rate of air pollutant concentration will

be increased when ¢, =0.1



Chapter 4
Numerical Methods to a Two Dimensional Air
Pollution Measurement Models in Street Canyons

In this section, numerical methods are used to solve the governing equation of
mathematical models, we use explicit finite different methods for solving advection-
diffusion equation. In the final part of this section, the examples used to calculate air

pollutant concentration in street canyon.

4.1 Numerical method to a two-dimensional form (xz) air pollutant
dispersion model with insided air pollutant source

We use’the forward differenced in time and central difference in space in
advection’ diffusion ,equation.. We ‘can approximate ¢;; are the values difference
approximation of at point x =iAx, z = jAz and-t=nAf where 0<i<L,0<j<H
and 0 £n<N . Using the forward time center space method te Eq. (2.7), the following

finite difference equation can be obtained

e of) (4.1)
n+l n
€. bl
% ; i,/ Ly \ (4.2)
ot At
ef . &'y
ac ~ i+, i=l,j ’ (43)
Ox 2Ax
e T, =2 Rl
a_f_ P i+l,j 1.,12 Iy5sd : (44)
ox (Ax)
i(z.‘ & ci'j_j-}—l & 2C;j,f2+ €l (4.5)
0z (Az)
0=0, 6
Substituting Eq. (4.1-4.6) into Eq. (2.7), we have
L7 =l |y Sorg =
At 2Ax
4.7)

+@;

ZD{ﬂmﬂ%ﬂﬁde4%+%q
Xz 2 2

(Ax) (42)
We can obtain a simply form of Eq. (4.7)

n+ 1 n n n n 1 n H
"= 5(205 7] [APE T +(1-22-2y)c, +yc,, +—2-(2a—ﬁ)c,-+1,j+Q,-J

iJ

(4.8)
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where
i =Bl (@.9)
(Ax)
At
=u—, 4.10)
p e (
J’=Dx_—ﬁ;- (4.11)
(Az)

If ¢!, are lied on the boundary of the domain, we will approximate by using the

boundary conditions and employing the forward and backward different scheme,

n n

%i‘“ CHIU:A; Cij , (4.12)
gz_ I ,-1; Ci; ’ (4.13)
a_f W Z\ZCE‘_I.,- : (4.19)
2; ., S ;j.'f-l _ (4.15)

n+l

n

€ & O ”
g Gl

n
('i, =1

Figure 4.1: The stencil diagram of two-dimensional dispersion model (xz)

we will transform Eq. (2.7) into non-dimensional form below,

2 2
ST LA (4.16)
stoT — oX ox® oz
for all (X,Z,T)e[0,1]x[0, /L] x[0,T].

where
St =ty | Lyl =max {L,H},U =u/u,, D= D, /PePe=uy, L/D_,

X=x/LZ=z/LC=clcy,S=0(lfc ttn ), T=t/t,,
we now discretize Eq. (4.16) by dividing the interval [0,1] into M subintervals such
that MAX =1 and interval [O,T] into N subintervals such that NAT =T, and
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similarly defined for[O,H/L]. We can then approximate C(XE,ZJ.,I';) by C7; value
of the difference approximation of C(X,Z,T) at point X =iAX,Z = jAZ and
T'=nAT, where 0<i<M,0<j<P and 0<n<N. The grid point (X,,Z,,T,) is
defined by X, =iAX forall i=0,1,2,...,M and Z, = jAZ foral j=0,12,..,P
and T, =nAT for all n=0,1,2,...,N in which M,P and N are positive integers.

Using the forward time center space method to Eq. (4.16), the following finite

difference equation can be obtained:

c=cr, (4.17)
n+l =

ac G =y , (4.18)
or AT
oc G, —Cig (4.19)
ox - AN
e 4 Cin,; —2C5+ Gy (4.20)
X (Ax) ’ |
IC G2+ G

= = JH ,12 of 71 : (421)
oZ (AZ)
§= S,.f’j (4.22)

Substituting Eq. (4.17-4.22) into Eq. (4.16), we can obtain an explicit form of finite

difference equation as follows,

a' A [N B A Al T A s @23
Where 4=D ATZ +U 2 A (4.24)
(a0y 2%
AT
AN (4.25)
(Az)
A, =1-24) AT2w2D ATz, (4.26)
(Ax) (a2)
A =D AT2 -l £f : (4.27)
(axy " 28X
AT
=1 . (4.28)
AS (AZ)2

If C7; are lied on the boundary of the domain, we will approximate by using the

boundary conditions and employing the forward and backward different scheme,

oc G, -G, (4.29)
ox AX
o€ Cim=Cy (4.30)

H

oX AX
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o GGy (4.31)
oz AZ '
oc C=Ci 4.32)
oz AZ

n
¥

AR
Figure 4.2: The stencil diagram of non-dimensional dispersion model

4.2 Numerical simulation to a two-dimensional form (xz) air pollutant

dispersion model with insided air pollutant source
Inthis section, we show example to find the pollutant concentration at any

point is calculated by dispersion model in two dimensional.

Example 4.2.1.To find the pollutant concentration|in street .canyon, at boundary of

street canyon that has the equal of pollutant concentration with inflow ¢ = ¢y, domain
Q=(0,1)x(0;1) in Figure (4.3) with step size Ax=Az =025,  Ar=0.01 diffusion
coefficient D = 0.1, there is no interior. O = 0, average air pollutant source are added

©Q =10.0001, and average air flow velocity u =0.1.

(0,1) (11)

z

L.
(0.0 (10)

Figure 4.3: Generating grid points of example 4.2.1
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The potential air pollutant concentration at initial time can be used to assume the
initial condition of Eq. (2.7) as
c(x,z,O)=x(1—x)z(l—z)+cﬂ,
the boundary conditions can be assumed by
stOzil=g, =0,
define c(x,2,¢) =¢/, with Ax=Az=0.25, At=0.01, D=0.1, and u =0.1.
solving problem by finite difference method Eq.(4.8)

c = (2“"’5);1; yeia+(1-2e-2y)c, +}’cu+1+ (20‘ B+,

a=D, At, =81 0'01, =0.016,
7 (Ax) (0.25)°

B=u At—mm_oooz;
Ax 0.25

¥ =44 At, =0:1 0‘01, =0.016.
“(Az) (0.25)

¢t = 0018, +0.016¢],; +0.936¢, +0.016¢!,,, +0.014c), ,+0,
n=0ab2l( ., Lii=12:3. A%12 3 (4.33)

J=L i=17q, =0.018¢), +0.016¢], +0.936¢], +0.016¢, +0.014c2, + O,
€2,= 0.018¢], +0.016¢), +0.936¢),+0.016¢?, + 0.014¢5,+ 05
c5; = 0.018¢] +0.016¢], +0.936¢2, +0.0160,+ 0.014c; ,+0;,

. ~,
] 1]
w N

J=2, =1 ¢, =0.018¢, +0.016c], +0.936¢, +0.016¢, +0. 014c),+0’,

i=2 65 =0.018¢/,+0.016c,, +0.936¢), +0.016¢, + 0.014¢3,+0;,
i=3" ¢, =0.018c), +0.016¢5, +0.936¢?, +0.016¢, +0.014¢3,+ 0",
J=3, i=1 ¢, =0.018¢,;+0.016¢/,+0:936¢’, +0.016¢’, +0.014¢5 .+ 0,
=2 ¢,;=0018¢,+0.016c}, +0.936¢., +0.016¢., + 0.014c¢3,+0,,
=3 ¢, =0.018¢;+0.016c], +0.936¢, +0.016¢, + 0.014¢3,+ 0},



Table 4.1 The calculated pollutant concentration at time ¢ =0.02 of
example 4.2.1
Point Pollutant concentration
0=0 0 =0.0001
ot 0.000000 0.000000
G 0.000000 0.000000
ey 0.000000 0.000000
B 0.000000 0.000000
o 0.000000 0.000000
&, 0.000000 0.000000
B 0.033494 0.033691
! 0.045141 0.045339
ot 0.033858 0.034055
e 0.000000 0.000000
of, 0.000000 0.000000
B 0.044898 0.045096
o 0.060507 0.060707
%} 5 0.045383 0.045582
b 0.000000 0.000000
g 0.000000 0.000000
&, 0.033494 0.033691
2 0.045141 0.045339
X 0033858 0.034055
P ) 0,000000 0.000000
(o 0.000000 0.000000
a, 0.000000 0.000000
By 0.000000 0.000000
Cis 0.000000 0.000000
€ 0.000000 0.000000

49
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Example 4.2.2. To find the pollutant concentration in street canyon, at boundary of

street canyon that has the equal of pollutant concentration with inflow ¢ = ¢,, domain
Q=(0,1)x(0,1) in Figure (4.4) with step size Ax=Az=0.1, Ar=0.01 diffusion
coefficient D =0.1, there is no interior Q =0, average air pollutant source are added

Q=0.0001, and average air flow velocity u=0.1.

(0,1) (L1)

Z

L.,

(0,0) (1,0)
Figure 4.4; Domain of example 4.2.2

The potential air pollutant concentration at initial time can be used to assume the
initial condition of Eq. (2.7) as

¢(x,2,0)=x(1-x)z(1-2)+¢,
the boundary conditions can be assumed by

c(O,z,t):co =,

define c(x,z,t):c.” With A Az, Loke= 0D @@= 0.1, and £4=0.1.

isj

0.03

0.025 - . - Figure 4.5: The

B approximated air pollutant

0.015 v
concentration for Q=0 and

0.01
0<7=60 sec of example

422

Air pollutant concentration c(x,t)




Air pollutant concentration c(x,t)

Air pollutant concentration c(x,t)

Air pollutant concentration c(x,t)

0.03 -,

0.025 -

0.02

0.015 4

0.03 5

0.025

0.03

0.025 -

0.02 4

0.015 4

0<=t<=T

51

Figure 4.6: The
approximated air pollutant
concentration for @=0 and
0=<7¢=120 sec of example
4.2.2

Figure 4.7: The
approximated air pollutant
concentration for

@ =0.0001 and 0<¢>60
sec of example 4.2.2

Figure 4.8: The
approximated air pollutant
concentration for

0 =0.0001 and 0<2>120

sec of example 4.2.2



52

Example 4.2.3. To find the pollutant concentration in street canyon, at boundary of

street canyon that has the equal of pollutant concentration with inflow ¢=¢,, and

. . , oc
rate of change of pollutant concentration with respect to x at the exit gate —a—zc1
24

domain Q=(0,1)x(0,1) in Figure (4.9) with step size Ax=Az=0.25, Az=0.01
diffusion coefficient D,. =0.1, there is no interior 0 =0, average air pollutant source

are added Q=0.0001, and average air flow velocity u=0.1.

(0.1) (L1)
|11
NS NS
FanY Fan Y
A NS
J Z

T<>T\>I
X

(0.0 (1.0)
Figure 4.9: Generating grid points of example 4.2.3

The potential air pollutant concentration at initial time can be used to assume the
initial condition of Eq.(2.7) as
e(x,2,0)=x(1-x)z(1-2)+¢,,
the boundary conditions can be assumed by
AB21) =, 0,
c(Lzt)=c =0
define ¢(x,2,¢)=¢, with Ax=Az=025, At=0,01,D =01, and u=0.1.

approximate differential boundary condition,

n

oc; B 0.
ox

. (l,z,t‘) =0 or

using forward difference,
c;'d. —c:‘j

Ax
o= c;’_j §=1.2.3 (4.34)

=0

solving problem by finite difference method Eq.(4.8)

n

1 |
"= 5(2a+ﬁ)c;’_ld. +yc! +(1—20:—2;/)cjfj +ye,y +5(2a—/5')cf+l’j+Qf‘j

i i,/-1
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= x:izz .—O—'O—l—2=0.016,
0.2
ﬂ=u£=0.l—0ﬂ=0.004,
Ax 0.25
y=D,2__01-29__001s.

“(az) T (0.25)
¢} =0.018¢., , +0.016¢], , +0.936¢/, +0.016¢],, +0.014c),, +0/,
i=1,2,3,4, j=1,23 (4.35)

J=1 i=1 ¢;=0.018¢, +0.016¢, +0.936¢], +0.016¢’, +0.014c2, + oy
2 ¢, =0.018¢;+0.016¢5,+0.936c;, +0.016¢, +0.014¢3, + QF,

i=3 ¢, =0.018c;, +0.016c;, +0.936¢), +0.016¢., +0.014c° + oL
4. ¢, =0.018¢], +0.016¢;, +0.936¢;, +0.016¢’, +0.014c¢S + 0,

and apply boundary condition ¢, = ¢j,

c;; =0.018¢3, +0.016¢], +0.95¢], +0.016¢], +OF,

J=2 i=1.6;=0018¢, +0.016¢], +0.936c, +0.016¢, +0.014¢,+ O,
2 6, =0.018¢), +0,016¢;, +0.936¢;,+0.016¢), +0.014¢2,+ 07,

=3 ¢, =0018c],+0.016¢], +0.936¢, +0.016¢),+0.014¢? ,+ OF,
4 ¢, =0.018¢c], +0.016¢], +0.936¢], +0.016¢], +0.014c?,+ 07,

and.apply boundary condition’ ¢, =}

¢y, =0.018¢, +0.016¢), +0.95¢°, +0.016c%;+ 0,

J=3, i=1" q5=0.018¢,, +0.016¢, +0.936c/, +0.016¢/; +0.014¢2 ,+ O’
i=2 ¢;=0018¢, +0.016c;, +0.936¢, +0.016¢) , +0.014c,+ 07,
=3 ¢, =0.018¢,, +0.016¢], +0.936¢)5+0.016¢;, +0.014¢%,+ 07,
i=4  ¢,;=0.018¢], +0.016¢], +0.936c], +0.016¢{, +0.014c2,+ 0?,

and apply boundary condition ¢;, =cj,
¢;5 =0.018¢y +0.016¢;, +0.95¢;, +0.016¢] , + Q2



Table 4.2 The calculated pollutant concentration at time ¢t =0.02 of
example 4.2.3
Point Pollutant concentration
0=0 0=0.0001
By 0.000000 0.000000
i 0.000000 0.000000
By 0.000000 0.000000
£y 0.000000 0.000000
Cya 0.000000 0.000000
& 0.000000 0.000000
B 0.033494 0.033702
i 0.045141 0.045353
gk 0.033867 0.034076
o, 0.001236 0.001434
Lo 0.000000 0.000000
i) 0.044898 0.045096
Cyg 0.060507 0.060708
& s 0.045395 0.045596
Cia 0.001652 0.001852
% 0.000000 0.000000
& 0.033494 0.033702
oA 0.085141 0.045353
X, 0.033867 0.034076
N 0.001236 0.001434
&g 0.000000 0.000000
& 0.000000 0.000000
g 0.000000 0.000000
By 0.000000 0.000000
1 0.000000 0.000000
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Example 4.2.4. To find the pollutant concentration in street canyon, at boundary of

street canyon that has the equal of pollutant concentration with inflow =gy and

\ : , oc
rate of change of pollutant concentration with respect to x at the exit gate = =c
X

domain Q=(O,1)x(0,1) in Figure (4.10) with step size Ax=Az=0.1, Af=0.01
diffusion coefficient D,. =0.1, there is no interior 0 =0, average air pollutant source

are added @ =0.0001, and average air flow velocity u =0.1.

(0,1) (L1)

z

(0,0) (1,0) '

Figure 4.10: Domain of example 4.2.4

The potential air pollutant concentration at initial time can be used to assume the
initial condition of Eq. (2.7) as
c(x,z,O) :x(l—x)z(l—z)+co,
the boundary conditions can be assumed by
C(O,z,r) =0
o, (l,z,t):cl
define ¢(x,2,t)= ¢ with Ax=Az=0.1, At=0,01,D=0.1;'and 1 =0.1
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Table 4.3 The approximated air pollutant concentration at 0<¢> 60 sec of
example 4.2.4 with the absorbance boundary (¢, ==0.1), non-slipping
boundary (¢, =0) or releasing boundary (¢, =0.1) at the exit

(e 0=0 0 =0.0001

i :
5 o H
8 §
H 1
3 z
: :
é <
10 —
— 10
Oc=zesq B a Oemxe=t
0
¥a
; £
g 8
2 2
o 2
0.

Air pallutant concentration c(x,z,1)
Air pollutant concentration c(x.z.1)
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Table 4.4 The approximated air pollutant concentration at #=120 sec of
example 4.2.4 with the absorbance boundary (¢, =—0.1), non-slipping
boundary (¢, = 0) or releasing boundary (¢, = 0.1) at the exit

& O =1 0 =0.0001

0.05

o 2 o o
R 8 8

Air pallutant concentration cix,2.1)
o
e 2

Air poilulant concentration c(x,z.1)

s &
g 2

i 5

2 X0

& &

5 B

3 €

£ §

; 5o

g H

3 3

S 3 A

< <
0.05 005

o 004 004

S 5

g 0.03 é

g 002 %

& o0 g 001

50 E o

2 ]

g 001 g 001

< g0 2 00

Example 4.2.5. To find the pollutant concentration in street canyon, at boundary of
street canyon that has the equal of pollutant concentration with inflow ¢ = c,; rate

oc
of change of pollutant concentration with respect to x at the exit gate P =¢, and
X

. : dc
rate of change of pollutant concentration with respect to z at the top gate 5 =c,
A

domain Q=(0,1)x(0,1) in Figure (4.11) with step size Ax = Az =0.25, Af=0.01
diffusion coefficient D,, =0.1, there is no interior Q =0, average air pollutant source

are added Q =0.0001, and average air flow velocity u =0.1.
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(0.0) (1.0)
Figure 4.11: Generating grid points of example 4.2.5

The potential air pollutant concentration at initial time can be used to assume the
initial condition of Eg. (2.7) as
¢(x,2,0)=x(1-x)z(1-2) + ¢,
the boundary conditions can be assumed by
fif.2,t)=¢) =0,
E. (l,z,r)zc1 =0
¢, (x A Eas B
define ¢(x,2,£) = ¢, with-Ax = Az=0.25,At=0.01, D=0.}, and u=0.1

approximate differential boundary condition,

O
¢.(Lzt)=0 or =<0,

using forward difference,

CS.j

C4)
Ax
C;j 7 C:,j .] = 19 25 39 4' (436)

i

¢, (x,1,¢)=0 er -, =0,

v

=0

using forward difference,
n n
Crw G _ 0
Az

e =cly i=1,2,3,4 (4.37)

solving problem by finite difference method Eq.(4.8)

n

n+ 1 n n n n 1 n
M = E(Za +ﬁ)c,._]‘j 1 +(1-2a -2y) AP (A 5(2a-ﬁ) G+

i
i Dy o ey

“(ax)t o (0.25)
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Bt = 1120 g,
Ax 025

D) At ~01 0.01

Xz (AZ)Z ' (025)2
¢!} =0.018¢], ,+0.016¢!, , +0.936¢!, +0.016¢] ., +0.014cl,, ,+0!,

i=l,f i j-l i i

i=1,234, j=1,2,34 (4.38)

=0.016

J=1 i=1 ¢;=0.018¢, +0.016¢, +0.936¢, +0.016¢, +0.014c3,+ O,
2 ¢, =0.018¢], +0.016¢]  +0.936¢7, +0.016¢, +0.014¢3 +0F,

i=3 ¢, =0.018c;, +0.016¢}, +0.936¢}, +0.016¢], +0.014¢%, + OF,
4 ¢, =0.018¢;, +0.016¢;, +0.936¢], +0.016¢], +0.014¢2,+ Q!

and apply boundary condition ¢f,=¢?,

¢, =0.018¢), +0.016¢) +0.95¢, +0.016¢], + 0!,

J=2,/i=1 —¢;=0.018¢), +0.016¢); +0.936c, +0.016c’, +0.014c2,+ OF,
2 6,, =0.018¢/,+0.016¢;, +0.936¢,, +0.016¢5, +0.014c2,+OF,
i=3/1c,,=0.018¢], +0,016¢;, +0:936c], +0.016¢c), +0.014c%,+ O,
4. c,; =0.018¢;, +0.016c;, +0.936¢;, +0.016¢), +0.014c,+ 07,
and apply boundary condition ¢, =¢!,

c,5 =0.018¢;, +0.016¢, +0.95¢] ,+0.016¢2; + O,

J=3, =1l ¢;=0.018¢;;+0.016¢, +0.936c); +0.016¢, +0.014¢) ,+ O,
i=20 ¢,; =0.018¢/; +0.016¢7, +0.936¢; , +0.016¢2, +0.014¢ 4+ 07,
=3 c5,=0.018¢,,+0.016¢],+0.936¢; +0.016¢y, +0.014cS,+ O,
i=4 ¢,;=0018¢,+0.016c;, +0.936¢], +0.016¢], +0.014c,+ O°,

and apply boundary condition ¢fy = c!,

¢;s =0.018¢;, +0.016¢7, +0.95¢2, +0.016¢; , + QL

j=4, i=1 ¢,=0018¢,+0.016c, +0.936c/, +0.016¢c s +0.014c? ,+ O,
and apply boundary condition ¢/s =c/,
¢4 =0.018¢), +0.016¢]; +0.952¢/, +0.014¢5 ,+ O,
i=2 ¢, =0.018c),+0.016c], +0.936c),, +0.016¢2 +0.014¢),+ 07,
and apply boundary condition ¢§ s =¢j,
¢4 =0.018¢], +0.016¢;, +0.952¢) , +0.014¢2,+ 07,
=3 ¢,=0.018c],+0.016c], +0.936¢], +0.016¢ +0.014¢% .+ 0°,



and apply boundary condition cf,s =
¢4 =0.018¢;, +0.016c3, +0.952¢], +0.014c5 ,+ 07,

€4 +Ch
i=4 cz]u. = _24i
Table 4.5 The calculated pollutant concentration at time ¢ =0.02 of
example 4.2.5
Point Pollutant concentration
0=0 0=0.0001
& 0.000000 0.000000
Chi 0.000000 0.000000
es, 0.000000 0.000000
B4 0.000000 0.000000
oy 0.000000 0.000000
fo 0.000000 0.000000
&l 0.033495 0.033702
8, 0.045141 0.045353
‘s 0.033867 0.034076
cf 0.001236 0.001434
£33 0.000000 0.000000
oo 0.044898 0.045096
a, 0.060508 0.060708
- 0.045396 0.045596
) 0.001652 0.001852
) 0.000000 0.000000
o 0.033504 0.033702
&, 0.045153 0.045353
&, 0.033876 0.034076
&y 0.001236 0.001434
B 0.000000 0.000000
A 0.001095 0.001293
i 0.001468 0.001668
By 0.001101 0.001300
o 0.000598 0.000698
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Example 4.2.6. To find the pollutant concentration in street canyon, at boundary of

street canyon that has the equal of pollutant concentration with inflow ¢ =c¢,, rate

oc
of change of pollutant concentration with respect to x at the exit gate é—:cl, and
X

. . oc
rate of change of pollutant concentration with respect to z at the top gate —=¢,

-

domain Q=(0,1)x(0,1) in Figure (4.12) with step size Ax=Az=0.1, At=0.01
diffusion coefficient D,, =0.1, there is no interior 0 =0, average air pollutant source

are added O =0.0001, and average air flow velocity u=0.1.

(0,1) (L1)

Z

A\
(0,0) (L0)

Figure 4.12: Domain-of example 4.2.6

The potential air pollutant concentration at initial time can be used to assume the
initial condition of Eq. (2.7) as
c(x,2,0)=x(1-x)z(1-2) +¢,,
the boundary conditions can be assumed by
QR I, =0,
¢, (1,24
¢, (x,1,t) =]
define ¢(x,z,t)=c', with Ax=Az=0.1,At=0.01, D=0.1, and u=0.1.



Air pollutant concentration c(x,z,t)

Air pollutant concentration cfx,z,t)

Air pollutant concentration c¢(x,z,t)

?

5
=)
@
:

=
o
R

(=]
o
—
2

o
2

0.04 -

O<=z<=1
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Figure 4.13: The
approximated air pollutant
concentration for 0 =0 and
0<t=60 sec of example
4.2.6

Figure 4.14: The
approximated air pollutant
concentration for Q=0 and
0=<72120 sec of example
4.2.6

Figure 4.15: The
approximated air pollutant
concentration for
0=0.0001 and 07260
sec of example 4.2.6
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2
=)
i

£ Figure 4.16: The

& approximated air pollutant
8 0,02 ,

g concentration for

5 oo 0=0.0001 and 0<z>120
2

£ sec of example 4.2.6

fssx<=1

Example 4.2.7. To find the pollutant concentration in street canyon, at boundary of

street canyon that has the equal of pollutant concentration with inflow ¢ =¢,, and
: . ‘ oc

rate of change of pollutant concentration with respect to x at the exit gate a—:cl,
X

and rate of change of pollutant concentration with respect to z at the top gate

oc
— = ¢, and rate of change of pollutant concentration with respect to z at the ground
Z

@a 2
gate a—C:c3 dornain € = (0,1)x(0,1) in Figure (4,17) with step size Ax = Az =0.25,
Z

At =0.01 diffusion coefficient D, =0.1, source termi” O, and average of velocity
u = (RI\

(0.1) 3 (1,1)

L]
1]

Z

(0.0) (10 '

Figure 4.17: Generating grid points of example 4.2.7

The potential air pollutant concentration at initial time can be used to assume the
initial condition of Eq. (2.7) as
c(x,z,()) :x(l—x)z(l—z)+co,
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the boundary conditions can be assumed by
c(O,z,t) =¢, =0,
g, (12,1) =¢, =0
(%Lt} =0y=0
¢.(x,0 i )=g, =0
define ¢(x,z,t)=c/'; with Ax=Az=0.25,Ar=0.01, D=0.1, and u=0.1
approximate differential boundary condition,
ac,

W :0,

& (1,2,2)=0 or P

using forward difference,

n

CS,,

ey

Ax
o= §=0,1,2,3,4 (4.39)
oc;s

» :0
oz

4;_0

e, (x,LJIFO0 or

using forward difference,
ol —1 0
Az
e o i=1,23,4 (4.40)

ec;
¢, (x,0,6)=0 or 6‘“0 =0,
z

using backward-difference,
N n
Ci0n=Gini

=0

el =c! i=1,2,3,4 (4.41)

solving problem by finite difference method Eq.(4.8)
I]+ ]’ i
1—2(2a+ﬁ) i— 1,l+yci'j 1 (luza_zy)c +}/c[j+l+ (2a ﬂ)cﬁ-lf QI,_,"

Cij
= Bl g i

(A (023)
At 0.01

B=u—=0.1—=0.004,
Ax 025

it e i
(Az)"  (0.25)°

¢/t =0.018¢/, , +0.016¢/,_, +0.936¢!, +0.016¢]

+0.014c¢;

i, f+l i+1 j

n:0,1,2,..., i=1,2,3,4, ;=0,1,2,3,4 (4.42)



n=0,
j=0,
j=1
i1t
j=3
j=4,

=1
=2
=3
i=4
i=1
173
153
i=4
=1
7 )
=3
i=4
i=1
i=2
=3
i=4
i=1
=2
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¢l =0.018¢7,+0.016¢ , +0.936¢, +0.016¢!, +0.014¢2 \+ O,
and apply boundary condition ¢, =¢/_,

cro =0.018c5, +0.016¢, +0.936¢], +0.016¢], +0.014¢2 + ',
€30 =0.018¢], +0.016¢) , +0.936¢; , +0.016¢5, +0.014¢2,+ 07,
and apply boundary condition ¢, =cj _,

€20 =0.018¢7, +0.016¢] , +0.936¢5,, +0.016¢5, +0.014c% + O?
¢30 =0.018¢;,+0.016¢;_, +0.936¢;, +0.016¢, +0.014 ¢! + 07,
and apply boundary condition ¢;, =¢;

€30 =0.018¢;, +0.016¢3, +0.936¢, +0.016¢, +0.014¢ +Q°,

| i
1 _ G Ty,

‘W

¢y =0.018¢g, +0.016¢], +0.936¢], +0.016¢, +0.014c2 + O,
¢;, =0.018¢/, 4+0.016¢, +0.936¢), +0.016¢L +0.014¢2,+ 07,
€y = 0.018¢7 1 +0.016¢7, +0.936¢, +0.016¢),+0.014¢),+ 0",
¢;, =0.018¢], +0.016¢;, +0.936¢], +0.016¢], +0.014c? +0?,
and apply boundary condition-cf, = ¢j,

¢,y = 0.018¢],+0.016¢] . +0.936¢], +0.016¢!, +0.014c?, +0?,
¢, =0.018¢;, +0.016¢), +0.936¢), +0.016¢], +0.014¢2 ,+ Q')
¢35 =0.018¢/, +0.016¢;, +0.936¢; , +0.016¢ , +0.014c2,+ 07,
€5, 70.018¢;, +0.016¢], +0.936¢), +0.016¢7, +0.014c) ,+ 07,
¢y, =0.018¢], +0.016¢;; +0.936¢;, +0.016¢, +0.014c2,+0?,

and apply boundary condition ¢, =c,

cy» =0.018¢, +0.016¢;,+0.936¢] , +0.016¢], +0.014c?, + QF,
€,3=0.018¢;, +0.016¢!, +0.936¢/; +0:016¢,, +0.014c5 ,+ O,

¢35 =0.018¢), +0.016¢3, +0.936¢55 +0.016¢5 , +0.014¢2,+0F,
€5, =0.018¢,, +0.016¢7, +0.936¢}, +0.016¢], +0.014¢5,+ O,

6 =001 8¢y, +0.016¢,, +0.936¢,, +0.016¢], +0.014 ¢, + 0y,

and apply boundary condition ¢y, =c;,

¢i3 =0.018¢, +0.016¢7, +0.936¢]; +0.016¢], +0.014c, + O,
¢4 =0.018¢7,, +0.016¢]; +0.936¢,, +0.016¢’; +0.014¢5 ,+ O,
and apply boundary condition ¢/, =¢;,

¢ =0.018¢;, +0.016¢(; +0.936¢], +0.016¢], +0.014¢3 ,+ O,
€54 =0.018¢], +0.016¢;, +0.936¢;,, +0.016¢) ; +0.014¢5 ,+ 0!,

and apply boundary condition ¢; s =cj,



¢34 =0.018¢], +0.016¢;, +0.936¢), +0.016¢2, +0.014c2,+ 0",
=3 ¢,=0.018c,+0.016¢], +0.936c;, +0.016¢); +0.014¢),+ 0,

and apply boundary condition ¢js =c},

¢34 =0.018¢), +0.016¢5; +0.936¢],, +0.016¢2, +0.014¢5 ,+O°,

i 1

&4 +¢C
. 1 3,4 4,3
Ti= 4. 04‘4 = _2_...

Table 4.6 The calculated pollutant concentration at time ¢ =0.02 of
example 4.2.7

Point Pollutant concentration
0=0 0=0.0001
Cod 0.000000 0.000000
oy 0.001095 0.001293
csh 0.001468 0.001668
A 0.001101 0.001299
Co 0.000597 0.000696
Gio 0.000000 0.000000
R 0.033503 0.033701
£ 0.045153 0.045353
A 0.033876 0.034076
2, 0.001236 0.001434
o 0.000000 0.000000
oY 0.044898 0.045096
b 0.060507 0.060707
€3 0.045395 0.045595
P 0.001652 0.001852
Crg 0.000000 0.000000
&y 0.033504 0.033701
Oy 0.045153 0.045353
C3 0.033876 0.034076
032,4 0.006825 0.001434
By 0.000000 0.000000
o 0.001095 0.001293
€ 0.001468 0.001668
8y 0.001101 0.001299

@ 4 0.000597 0.000696
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Example 4.2.8. To find the pollutant concentration in street canyon, at boundary of

street canyon that has the equal of pollutant concentration with inflow c=c¢,, and
. . , oc

rate of change of pollutant concentration with respect to x at the exit gate —a—zcl,
he

and rate of change of pollutant concentration with respect to z at the top gate

oc
—- =¢, and rate of change of pollutant concentration with respect to z at the ground

0z
O
gate —£=c3 domain ©=(0,1)x(0,1) in Figure (4.18) with step size Ax=Az=0.1,

<

At=0.01 diffusion coefficient D_=0.1, there is no interior Q=0, average air

pollutant source are added Q =0.0001, and average air flow velocity u=0.1.

(0.1) (L1)

z

(0.0) (1,0) )

Figure 4.18: Domain of example 4.2.8

The potential air pollutant concentration at initial time ean be used to assume the
initial condition of Eq. (2.7) as

c(x,z,O):x(l—x)z(l—z)+c0,
the boundary conditions can be assumed by

C(O,z,t)zgn-:(),

c_‘,(l,z,t):c_'-,:()
c_,(x,l,r)zgzo
Cz (x,O,t) =g'

define c(x,z,t):c,.'fj with Ax=Az=0.1,At=0.01, D=0.1, and u=0.1
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Table 4.7 The approximated air pollutant concentration at 0<¢> 60 sec of
example 4.2.8 with the absorbance boundary (¢, =-0.1), non-slipping
boundary (¢; =0) or releasing boundary (¢, = 0.1) on the ground

& Q=1 0 =0.0001

Air pollutant concentration c(xz.1)
Air poliutant concentration c(x,z,1)

0
£/ g
5 g
2 g
< g, <

0<zz<=1 D<=x<=1

0.1
5 g
g X g 0.04
5 5 o
§ :
5 5
i 2
< o
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Table 4.8 The approximated air pollutant concentration at 0 <¢>120 sec of
example 4.2.8 with the absorbance boundary (¢, =—0.1), non-slipping
boundary (¢, =0) or releasing boundary (¢, =0.1) on the ground

2; 0=0 0 =0.0001

g

=
b

8

Air pollutant concentration c(x.z.1)
Air pollutant concentration c{x,2.t)

2 2
ymzset [

0

s 4 E

§ §

B g

z ]

§ ¥

B 3

E 3
0.1

Air poliutant concentration ¢(x.z.1}
Air poliutant concentration c{x.z 1}
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Example 4.2.9. To find the pollutant concentration in street canyon, at boundary of
street canyon that has rate of change of pollutant concentration with respect to x at

oc . :
the entrance gate —a—:co, rate of change of pollutant concentration with respect to
X
, oc : .
X at the exit gate e =¢, rate of change of pollutant concentration with respect to
X

oc . :
Z at the top gate 6_ =¢,, and rate of change of pollutant concentration with respect

4

o
to z at the ground gate 5(2:03, domain Q =(0,1)x(0,1) in Figure (4.19) with step
Z

size Ax=Az=0.25, Ar=0.01 diffusion coefficient D, =0.1, there is no interior
Q =0, average air pollutant source are added Q=0.0001, and average air flow

velocity u =0.1.

(0.1) (L1)

Z

(00 (10) i

Figure 4.19: Generating grid points of example 4.2,9

The potential air pollutant concentration at initial time can be used to assume the
initial condition of Eq. (2.7)as
¢(x,250) =x(1—x)z(l—z)+c0,
the boundary conditions.can be assumed by
2. (0,2,1) =¢, =0,
g 115, f=i =i,
& (21,8 ==
e [201)=¢ =0,
define c(x,z,¢)=c, with Ax=Az=0.25, At=0.01, D=0.1, and u =0.1



approximate differential boundary condition,

n

ac ;
¢, (0,2,2) =0 or ao‘; =
X

3

using backward difference,
n n
S0 7% _p
Ax

n

co; =¢; F=01234

acﬂ.
2, [1,2,6) =0 or ai‘" =1,

using forward difference,

861 7=0,1,2,3.4

oe;
c.(x,1,6)=0 or a"s =)
z

using forward difference,

n n
CisTCiy

‘ =0
Az
Gs=cy I k2, 3.4
Ocr
c.(x,0,¢)=0 or a"o =T\
Z

using backward difference,

"

n
Cip ~ gy 0
Az
n n S
CLO :Ci.*l i :0519293:4

it

(4.43)

(4.40)

(4.45)

(4.46)
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solving problem by finite difference method Eq.(4.8)

2

1
™= (2a+ﬁ)cf‘ +yc' .+ (1 ~ 2 —-27)0;.’"} EHE +%(2a ~ e, 0

i ‘_5 i1, j i j-1 7}
a=D, -2 _-01-%9 _o 01
(Ax) (0.25)
01
p=uL = 019906004,
Ax 025
=D, 2 —01- 2% __ 401

= fer
(Az) " (025)

c,ff;' =0.018¢;, , + 0.016¢], , + 0.936¢;, +0.016¢,, +0.014c¢] i3 "

[+l.f

i=0,1,2,3,4, j=0,1,2,3,4 (4.47)

CII‘U + C(I),I
2
(£ cll‘o =0.01 8(‘3,0 +0.01 661(?_l +0-9366ﬁ0 +0.016€ﬁ| +0.014cg‘0+ 1(‘)0

i=0, izl ¢, =

and apply boundary condition ¢, = ¢,

¢, =0.018¢5, +0.016¢", + 0.936¢;}; +0.016¢, +0.014c2 + Q7
1=2 ¢, =0.018¢], +0.016¢] | + 0.936¢, +0.016cy, +0.014¢), + Q7

and apply boundary condition ¢ =¢?,

¢ 4= 0.018¢); +0.016¢2, + 0.936¢;+0.016¢;, +0.014¢) + O,
1S3 ¢p=0.018c], +0.016¢ +0.936¢;,;+0.016¢3, +0.014¢)  + 07,

and apply beundary condition ¢y, =¢?,

69 =0.018¢), +0.016¢0, +0.936¢0+ 0.016¢3; +0.014 ¢+ 0P,

1 1
S,
. 3,0 4,1
l=4 cri(}:__—
' 2

J=L i=0 ¢, =0.018" +0.016c),+0.936¢, +0.016c, +0.014¢?,+ 07,
and apply boundary condition ¢j, =¢’,,
¢y, = 0.018c5, +0.016¢7, +0.936¢), +0.016¢0, +0.014¢" + o,
i=1 ¢, =0.018¢), +0.016¢, +0.936¢], +0.016¢), +0.014¢?, + o

i=2 ¢,=0.018c +0.016c, + 0.936¢;, +0.016¢, , +0.014¢?,+0?,
i=3 ¢, =0.018¢), +0.016¢!, +0.936¢’, +0.016¢, +0.014 ¢, + 0,
i=4 ¢, =0.018c, +0.016¢), + 0.936¢,, +0.016¢;, +0.014¢?,+ 07,

and apply boundary condition ¢f, =c¢?,
¢y =0.018¢;, +0.016¢, +0.936¢;, +0.016¢;, +0.014c?, + 00,



J=2,
F=3
J=4

i=0
i=1
=2
=3
i=4
=0
=1
&l
=3
=4
=)
§ =),
=2
=3
i=4

€2 =0.018¢”,, +0.016¢7, +0.936¢, +0.016¢] +0.014¢;,+0F,
and apply boundary condition ¢j, = ¢’ ,

¢, =0.018¢;, +0.016¢f, +0.936¢], +0.016¢!, +0.014¢),+ 0,
¢, =0.018¢, +0.016¢), + 0.936¢3, +0.016¢, +0.014c3 ,+ 07,
¢3, =0.018¢5, +0.016¢7, +0.936¢2, +0.01 6cy, +0.014¢,+ 07,
¢;, =0.018¢;, +0.016¢], +0.936¢., + 0.016¢;, +0.014¢),+QF,
and apply boundary condition ¢, = ¢,

¢i2 =0.018¢, +0.016¢], +0.936¢, + 0.016¢;, +0.014c, + 0},

Co3 =0.018¢", , +0.016¢) , +0.936¢, +0.01 6cy, +0.014c),+ 00,
and apply boundary condition-¢y, = ¢’ ,

Co3 =0.018¢;, +0.016¢;, +0.936¢2 +0.016c., +0.014¢;,+ 0y,
¢,; = 0:018¢7, +0.016¢); +0.936¢", + 0.016¢,, +0.014c),+ 0O/,
¢35 =0.018¢], +0.016¢7, +0.936¢, +0.016¢5,+0.014¢),+ 0F,
¢35 = 0.018¢5,+0.016¢) , +0.936¢], +0.016¢., +0.014c?, + E
C;5 =0.018c35+0.016¢ ; +0.936¢]; +0.016¢%, + 0.014¢?,+ 0},
and apply boundary condition ¢f, =c,

¢y 3 =0.018¢;, +0.016¢;, +0.936¢", +0.01 6c,, +0.014c;, +0),

I I
LG Ty

2 2

¢4 =0.018¢, +0.016¢), +0.936¢, +0.016¢/; +0.014c) ,+ 0!,

and apply boundary condition ¢/; =c?,

6y =0.018¢5, +0.016c], +0.936c], +0.016¢l; +0.014¢?,+ 07,

€5 =0.018¢], +0.016¢7, +0.936¢!, +0.016¢¢, + 0.014¢;,+0;,

and apply boundary condition-¢y,=c?!,

¢34 =0.018¢], +0.016¢7, +0.936¢), +0.016¢¢, +0.014¢., + o

¢34 =0.018¢], +0.016¢}; +0.936¢?, +0.016¢, + 0.014¢; ,+ 05,

and apply boundary condition ¢;5 =c},

€54 =0.018¢], +0.016¢5; +0.936¢%, +0.016¢%, +0.014¢% .+ 0°,
| _ Gt

Cis
’ 2

73



Table 4.9 The calculated pollutant concentration at time 7=0.02 of
example 4.2.9
Point Pollutant concentration
0=0 0=0.0001
iy 0.000527 0.000627
ol 0.001095 0.001294
P 0.001468 0.001668
£ 0.001101 0.001299
%44 0.000598 0.000696
6y 0.000960 0.001159
€ 0.033512 0.033712
s 0.045153 0.045353
a 0.033876 0.034076
of, 0.001236 0.001434
I 0.001284 0.001484
&, 0,044910 0.045100
Gy s 0.060507 0.060707
e, 0.045396 0.045595
el 0.001652 0.001852
) 0.000960 0.001159
i 0.033512 0.033712
&2, 0.045153 0.045353
i 0.033876 0.034076
b 0,001236 0.001434
2 0.000527 0.000627
iy 0.001095 0.001294
a5 0.001468 0.001668
s 0.001101 0.001299
B 0.000598 0.000696
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Example 4.2.10. To find the pollutant concentration in street canyon, at boundary of
street canyon that has the rate of change of pollutant concentration with respect to

Oc . ,
x at the entrance gate — =¢,, rate of change of pollutant concentration with respect
Ox
, oc . .
to x at the exit cate o =¢, rate of change of pollutant concentration with respect
21

oc
to z at the top gate —=¢,, and rate of change of pollutant concentration with
/4

0

respect to z at the ground gate a—c=c3, domain Q=(0,1)x(0,1) in Figure (4.20)
74

with step size Ax=Az=0.1, Ar=0.01 diffusion coefficient D_=0.1, there is no

interior O =0, average air pollutant source are added 0 =0.0001, and average air

flow velocity u=0.1.

(0.1) (L1)

z

| ||

(0,0) (1,0)
Figure 4.20: Domain of example 4.2.10

The potential air pollutant concentration at initial time can be used to assume the
initial condition of Eq. (2.7) as

c(x,2,0)= X(1-x)z(1-2) +c,,
the boundary conditions.can be assumed by

e, (B2t f=, =0,

- (1,2,1‘)= =0,
g, (2.L1) =g =0,
e(5.0,)=0 =0,

define ¢(x,z,t)=c/, with Ax=Az=0.1,Ar=0.01, D=0.1, and u =0.1



Air pollutant concentation ¢(x,z,t)

Air pollutant concentration cx,z,t}

" Air pollutant concentration c(x,z,t)

2
i

0.035 -

0.0Sl

0.025 .

L=
o
N}

O<=z<=1

O<=z<=1

6

O<=x<=1
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Figure 4.21: The
approximated air pollutant
concentration for Q=0 and
0<7<60 sec of example
4.2.10

Figure 4.22: The
approximated air pollutant
concentration for 0 =0 and
0<7<120 sec of example
4.2.10

Figure 4.23: The
approximated air pollutant
concentration for
©=0.0001 and 0<¢<60
sec of example 4.2.10



T

0.04

0.035 4

Figure 4.24: The

0.03 approximated air pollutant

0.025 .
concentration for

0=0.0001 and 0<¢<120

sec of example 4.2.10

=
o
R
)

0.015 4

Air pollutant concentration ¢(x,z,t)

e
=
=

Example 4.2.11: To find the pollutant concentration in street canyon, at boundary of

street canyon that has the equal of pollutant concentration with inflow ¢ = ¢,, and

oc
rate of change of pollutant concentration with respect to x at the exit gate —a—=cl,
X

and rate of change of pollutant concentration with respect to z at the top eate

dc
—~ = ¢, andrate of change of pollutant concentration with respect to z at the ground
'z

0
cate 6_C = ¢, ~domain Q=(0,1)x(0,1) in Figure (4.25) with step size Ax = Az =0.25,
z

At =0.01_diffusion  coefficient D, =0.1, there is no interior | Q =0, average air

pollutant seurce are added O =0.0001, and average air flow.velocity u =0.1.

(0.1) (L)

(0.0) (1.0)

Figure 4.25: The classification of averaged air pollutant sources over the ground of
example 4.2.11
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The potential air pollutant concentration at initial time can be used to assume the
initial condition of Eq. (2.7) as
c(x,z,O)=x(1—x)z(1—z)+co,
the boundary conditions can be assumed by
e(02.0)=g=0,
6, (L&t )= =0
A EAE
& (50,1)=¢

c,=0

define ¢(x,z,t)=c/; with Av=Az=025,At=0.01, D=0.1,u=0.1,0, =0.0001 and
Qz :Qg :Q4 =0

approximate differential boundary condition,

acll :
g (l,z,t) =08 =,
' ox
using forward difference,
5 8k ),
Ax
Gy, J£02,3,4 (4.48)
o,

C: (‘x'»'I?t):O or -_a_u__os
Z

using forward- difference;
n n
¢ s &

14 ny 0
Cis = Cia i=1,2,34 (4.49)

n

e (x.0,tj=8 or %=ca,

using forward difference,
10 —Cint
A O
c =¢y—Az i=1,2,3,4 (4.50)

i i,

G
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Solving problem by finite difference method Eq.(4.8)
n+ 1 n n " n 1 n Ji
Cr,‘;'l =E(2a+ﬁ)cf-1,j +YC +(1_2a—2?’)cf.j +YC in +E(2a_13)ci+].j+Qi,j
Dy S e
(Ax) (0.25)
Y?) =u£ :0.1&0—1 =0.004,
Ax 0.25

yop N 001 _ o6,

el
() (029)

c,.'ff:O.OISC.” ;+0.016¢],, +0.936¢, +0.016¢" ., +0.014¢!, +Q’.

i-1,j i, j+1 i+l,j b

i=123,4, ;=0,1,2,3,4 (4.51)
n=0,
j=0, i=1 ¢ =0018c;, +0.016¢),+0.936¢c;+0.016¢, +0.014¢ +0.0001
and apply boundary condition cﬁ_] :cf(, — A%
€10 = 0.018¢5, +0.016 (¢ —c;Az)+0.936¢!, +0.016¢,
+0.014¢),+0.0001
=2 ¢ =0.018¢, +0.016c; ;+0.936¢5,+0.016¢], +0.014c,+0.0001
and apply boundary condition ¢, =620,0 =TeNi v
€0 =0:018¢], +0.016(c}, ~c,Az)+0.936¢], +0.016¢",
+0.014¢5 ,+0.0001
i=3 €y =0.018cy, +0.016¢; , +0.936¢5, +0:016¢], +0.014cC ,+0.0001
and apply boundary condition ¢ 4 =¢;, —¢;Az
Cyp = 0.018c, +0.016(cf, ~¢;Az)+0.936¢), +0.016¢!,
+0.014¢?,+0.0001

1 |

: | C39 TCy,

=4 ¢ 5=
2

j=1, i=1  ¢;=0.018¢,+0.016¢, +0.936c], +0.016c’, +0.014¢) + O,
i=2 ¢, =0.018),+0.016c), +0.936c), +0.016¢¢, +0.014c2 +Q?,
i=3 ¢, =0.018¢;, +0.016¢;, +0.936¢5, +0.016¢!, +0.014c’,+ 0",
i=4 ¢,;=0.018c,+0.016¢, +0.936¢], +0.016¢, +0.014c,+ 0!,

and apply boundary condition C;]‘l = cf’]
cfu = 0.0180251 +0.016cf’0 +O.936cf_] + 0.()1603,2 +C!.014c§‘1 +Qf,1



i=4

¢, =0.018¢], +0.016¢, + 0.936¢), +0.016¢;, +0.014¢5,+ 0,
¢, =0.018¢], +0.016¢], +0.936¢, +0.016¢}, +0.014¢3,+ 0},
&, =0.018¢;, +0.016¢, + 0.936¢5, +0.016¢], +0.014¢?, +Q°,
¢, =0.018¢], +0.016¢, + 0.936¢,, +0.016¢{, +0.014¢,+ 0,

and apply boundary condition 650'2 = ng
€2 =0.018¢;, +0.016¢!, +0.936¢., +0.016¢,, +0.014c], + 07,

65 =0.018c), +0.016¢?, +0.936¢); +0.016¢), +0.014c2 .+ QP
€5 =0.018¢), +0.016¢],+0.936¢!, +0.016¢;, +0.014¢,+ 0",
¢5=0.018¢;, +0.016¢!, + 0.936e55 +0.016¢5, +0.014¢? , +Of,
¢,; =0.018¢), +0.016¢, + 0.936¢;, +0.016c; , +0.014c2,+ 0,
and apply boundary condition 023 =C£.3

€45 =0.018c], +0.016¢!, +0.936¢,;+.0.016¢;, +0.014c?, + 07,

¢u =0.018¢y, +0.016¢, +0.936¢!, +0.016¢; +0.014¢),+ 0,
and apply boundary condition "1?5 =034

Clo=0.018¢, +0.016¢], +0.936¢, +0.016¢", +0.0 l4c;,+0),
¢4 =0.018¢, +0.016¢, +0.936¢¢ , + 0.016¢)5 +0.014¢),+ 0!,
and apply boundary condition c;),s = 024

¢4 =0.018¢, +0.016¢;, +0.936¢, +0.016¢,, +0.014¢],+ 0!,
¢y =0.018¢), +0.016¢%; +0.936¢! , + 0:016¢55+0.014¢5 ,+ 0",
and-apply boundary condition 635 = 030,4

€54 =0.018¢];+0.016¢]; +0.936¢”, +0.016¢", +0.014 Cost 0L,
€4+,

2

I
L e

80
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Table 4.10 The calculated pollutant concentration at time 7= 0.02 of
example 4.2.11
Point Pollutant concentration
¢; =-0.1 ¢, =0 ¢;=0.1
b0 0.000000 0.000000 0.000000
o 0.000505 0.001292 0.002078
Ehs 0.000873 0.001666 0.002460
€y 0.000510 0.001298 0.002086
Cos 0.000448 0.000648 0.000848
i 0.000000 0.000000 0.000000
8, 0.033499 0:033505 0.033512
& 0.045148 0.045154 0.045161
o, 0.033871 0.033877 0.033884
b 0.001236 0.001236 0.001236
s 0:000000 0.000000 0.000000
d, 0.044898 0.044898 0.044898
5 0,060707 0.060707 0.060707
2% 0.045396 0.045396 0.045396
z 0.001652 0.001652 0.001652
Ohe 0.000000 0.000000 0.000000
G, 0.033504 0.033504 0.033504
) 0.045153 0.045153 0.045153
¢, 0,033876 0.033876 0.033876
e, 0.001236 0.001236 0.001236
g 0.000000 0.000000 0.000000
& 0.001095 0.001095 0.001095
f, 0.001468 0.001468 0.001468
e 0.001101 0.001101 0.001101
. 0.000598 0.000598 0.000598
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Example 4.2.12. To find the pollutant concentration in street canyon, at boundary of

street canyon that has the equal of pollutant concentration with inflow ¢ = ¢y, and

rate of change of pollutant concentration with respect to x at the exit gate gfzc_l,
x

and rate of change of pollutant concentration with respect to z at the top gate ?-: E-;
iz

and rate of change of pollutant concentration with respect to z at the ground cate

a _

oz

At=0.01 diffusion coefficient D_r:=0-1, average air pollutant source are added

¢, domain Q=(0,1)x(0,1) in Figure (4.26) with step size Ax=Az=0.1,

©Q=0.0001, and average air flow velocity u =0.1.

(0,1) (L1)

(0.0} (10)

Figure 4.26: The classification of averaged air pollutant sources aver the ground
example 4.2.12

The potential air pollutant concentration at initial time can'be used to assume the
initial condition of Eq. (2.7) as
c(%,2,0)= x(1-x)z{1=2) +¢,,

the boundary conditions can be assumed by

c(O,z,z‘):c0 <0
cx(l,z,t):c] =
g {mlid) =0 =0
Efa0.F) =,

define c(x,z,t)zc,.’fj with Ax=Az=0.1, At=0.01, D=0.1,2=0.1,0, =0.0001 and
0, :Q3 =0,=0



Table 4.11 The approximated air pollutant concentration at 0<¢ <60 sec and
0<¢<120 sec of example 4.2.12 with the absorbance boundary
(c; ==0.1), non-slipping boundary (c; =0) or releasing boundary

(¢; =0.1) on the ground

¢ t=060 =120

—0.1

0.05

Alr pollutant concentration ¢(x,z,1)
Air poliutant concentration cix,z.1)

0

: g0

i Z

5 ]

L}
O<=z<=1 i De=x<=q

0.1

< o0 <
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Figure 4.27: The approximated air pollutant concentration C(O.S, z,r) at (@) 0<£<60
sec and (b) 0<¢<120 sec of example 4.2.12

g . . ——
< =01
0.05 0.05 ———g=0
-
- 6y = 01
0.04 - - 0.04 - -
=
Y.
0.03f >4 ° - 003fF o
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L —~
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¥
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0.01 : — : : Py u— '
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O<=z<=1 D<=z<=1
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Figure 4.28: The approximated air pollutant concentration C(l,Z,t) at (a) 0<t<60
sec and(b) 0<7 <120 sec of example 4.2.12

4.3 Numerical simulation to a two-dimensional using non-dimensional

form of the governing equation
In this section, we show example to find the pollutant concentration at any

point is calculated by dispersion model in non-dimensional.

Example 4.2.13. To find the pollutant concentration in street canyon, at boundary of

street canyon that has the equal of pollutant concentration with inflow C =¢,, and
: . . oC

rate of change of pollutant concentration with respect to x at the exit gate 6_ =q,
X

and rate of change of pollutant concentration with respect to z at the top gate

oC

8_: »» and rate of change of pollutant concentration with respect to z at the
X
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0
ground gate —q:q domain Q=(0,H)X(0,L) in Figure (4.29) with step size

7
L

AX = AZ =0.005,AT =0.0001, diffusion coefficient D =0.0005, there is no interior

source § =0, and average air flow velocity U =1.

(0,0.075) (1,0.075)

(&)

(0,0) (0,1)
Figure 4.29: Domain of example.4:2.13

The potential air pollutant concentration at initial time can be used to assume the
initial condition of Eq. (4.16) as

C(X,Z,O)=X(1—X)Z(1+Z)+c0
the boundary conditions can be assumed by

C(O,Z,T)zc0 =0,

Ci(L &P ¢ =t

G (AT a6,
C.(X,0,I)=c, =0,
define C(X,Z,T):Cl.’fjwith AX = AZ =0.005,AT = 0.0001,
D =0.0005,U0=1,s¢=1, and” S'=0

Figure 4.30: The
approximated air pollutant
concentration
C(X,Z,0.0l) of example
4.2.13

Air pollutant concentration C(X,2,T)

0<=Z<=0.075

D<=X<=1



Air pollutant concentration C(X,Z,T) Air pallutant concentration C(X,Z,T)

Air pallutant concentration C(X,Z,T)

0.02 -

0.015 4

o
2
;

0.005

o

15

0<=Z<=0.075

0<=2<=0.075

0<=Z<=0.075

D<=X<=1

200
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Figure 4.31: The
approximated air pollutant

concentration
C(X,Z,0.05) of example

4.2.13

Figure 4.32: The
approximated air pollutant
concentration C(X,Z,0.1)

of example 4.2.13

Figure 4.33: The
approximated air pollutant
concentration C(X,Z,O.S)

of example 4.2.13
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Example 4.2.14. To find the pollutant concentration in street canyon, at boundary of

street canyon that has the equal of pollutant concentration with inflow C =¢,, and
oC

rate of change of pollutant concentration with respect to x at the exit gate E)_ =q,
X

and rate of change of pollutant concentration with respect to z at the top gate

oC
—— =¢,, and rate of change of pollutant concentration with respect to z at the

ox

ground gate g?:q domain Q=(0,H)X(0,L) in Figure (4.34) with step size

AX =AZ =0.005,AT =0.0001, diffusion coefficient D =0.0005, averages air

pollutant source are added S, and average air flow velocity U =1.

(0,0.075) (1,0.075)

S/ 7=\

z
L..
(0,0) (0,1)

Figure 4.34: The classification of averaged air pollutant sources over the ground of

example 4.2.14

The potential-air pollutant concentration at initial time can be used to assume the
initial condition of Eq:(4.16) as

C(X,%,0) =X (1-X)Z(1~Z)*¢,
the boundary conditions can be assumed by

C(O,Z,T) =¢, =0,

C, (l,Z,T) ey w2

C'_,()(,I,T)zc2 =0,

G, (X,O,T) =c, =0,
define C(X,Z,T)=C}; with AX = AZ =0.005,AT =0.0001, D = 0.0005,
U=lst=1and § =0.000LS,=S,=5,=0
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_ 05
gj 0_47 Figure 4.35: The

5 03 approximated air pollutant
g 0.2 concentration

B o C(X,Z,0.01) of example
é 0 4.2.14

0<=Z<=0.075

Figure 4.36: The
approximated air pollutant
concentration

C(Xx, Z,0.05) of example
4.2.14

Air pollutant concentration C(X,Z,T)

0<=2<=0.075 o<kl

Figure 4.37: The
approximated air pollutant
concentration C(X,Z,0.1)

of example 4.2.14

Air pollutant concentration C(X,Z,T)

0<=Z<=0.075

O<=X<=1
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=
n
’

o
n

Figure 4.38: The
approximated air pollutant
concentration C(X,Z,0.5)

0
w
L

o
N
’

o
’

of example 4.2.14

Air pollutant concentration C(X,Z,T)

o
[

15
200

100
50

0<=2<=0.075 ——

Example 4.2.15. To find the pollutant concentration in street canyon, at boundary of

street canyon that has the equal of pollutant concentration with inflow C =¢,, and
; : : , oC

rate of change of pollutant concentration with respectto. x at the exit gate —a— =c,
x

and rate of change of pollutant concentration with respect to z at the top gate

oC
6—= »» and rate of change of pollutant concentration with respect to z at the
X

ground "gate %f:ca domain Q=(0,H)X(O,L) in Figure (4.39) with step size

o

AX = AZ=0.005,AT =0.0001, diffusion coefficient D= 0.0005, interpolated air

pollutant source are added .S, and average air flow velocity U =1.

(0,0.075) (1,0.075)

NTEs

(0,0) (0,1)

Figure 4.39: The classification of averaged air pollutant sources over the ground of

example 4.2.15



The potential air pollutant concentration at initial time can be used to assume the

initial condition of Eq. (4.16) as
C(X,Z2,0)=X(1-X)Z(1-Z)+c,

the boundary conditions can be assumed by
CO.Z,T Y=, =T;

G (1,2, T) =0, =0,

C{X1T)

CAXO.T =g =0,
define C(X,Z,T)=C;, with

¢, =0,

AX = AZ =0.005,AT = 0.0001,D0.=0.0005, st =1,U =1, and
8 :(0.2133x10“‘)x3+(0.2z><104)x2—(0.3633><10-4)x+(1.2041x10*‘),

S, =8,=5, 4

= =7 2
w R o
=

=4
o
2

Air pollutant concentration C(X,Z,T)
o
L

0<=Z<=0.075 0<=X<=1

0.5 I

0.4

0.3 4

Air pollutant concentration C(X,Z,T)

0<=7<=0.075

0<=X<=1

Figure 4.40: The
approximated air pollutant
concentration

C(X,Z,0.01) of example
4.2.1%

Figure 4.41: The
approximated air pollutant
concentration

C(X,Z,0.05) of example
4.2.15

90



91

o
2y
]

E
i;f G4y Figure 4.42: The
g 0.3+ approximated air pollutant
g By concentration C(X,Z,0.1)
0 of example 4.2.15
% 0

“ o 200

0<=Z<=0.075 D<=X<=1

2 Figure 4.43: The
;% approximated air pollutant
E concentration C(X,Z,0.5)
=§ of example 4.2.15
<

0<=7<=0,075

Example 4.2.16. To find the pollutant concentration in street canyon, at boundary of

street canyon that has the equal of pollutant concentration with inflow C=c¢,, and

oC
rate of change of pollutant concentration with respect to x at the exit gate . =q,
X

and rate of change of pollutant concentration with respect to z at the top gate
oC
—a—=cz, and rate of change of pollutant concentration with respect to z at the

X

ground gate %C-:g domain Q=(0,H)><(0,L) in Figure (4.44) with step size
z

AX =AZ =0.005,AT =0.0001, diffusion coefficient D =0.0005, interpolated air

pollutant source are added S, and interpolated air flow velocity U/ =100z +%—.
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(0,0.075) (1,0.075)

(0,0) (0.1)

Figure 4.44: The classification of averaged air pollutant sources over the ground of

example 4.2.15

The potential air-pollutant concentration at initial time cantbe used to assume the
initial condition of Eqg. (4.16) as

C(X,2,0)=X(1=X)Z(1-Z)+¢,
the boundary conditions can be assumed by

IC(0, Zp0 Yz 3

LT =0,

¢q (R LIS ELEN,

CAX,0,T) =0, =0,
define C(X,Z,T) =C,; with

AX =AZ =0.005,AT =0.0001, D = 0.0005, st =1 U =100z> +i%, and

S, =(0.2133x10).x° +(0.22x10%) 2 ~(0.3633x10 ) x+(1 2041x107™),
S,=8,=8,=0



Air pollutant concentration C(X,Z,T) Air pollutant concentration C(X,Z,T)

Air pollutant concentration C(X,Z,T)

=
w

s e
ES 3
LI P S

=
¥

o

0.5

0.4+

0.3+

o

0<=7<=0.075

0<=Z<=0.075

0<=2Z<=0.075

O<=X<=1
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Figure 4.45: The
approximated air pollutant
concentration
C(X,Z,0.01) of example
4.2.16

Figure-4.46: The
approximated air pollutant
concentration
C(X,Z,0.05) of example
4.2.16

Figure 4.47: The
approximated air pollutant
concentration C(X,Z,0.1)

of example 4.2.16
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=
[
/

g oy Figure 4.48: The

§ e approximated air pollutant
% i concentration C(X,Z,0.5)
< 0.

of example 4.2.16

15

0<=Z<=0.075 Oe=Xe=1

4.4 Numerical method to a two-dimensional form (xy) air pollutant
dispersion model with insided air pollutant source

We use the forward differenced in time and central difference in space in
advectiondiffusion equation. We' can approximate ¢ are the values difference
approximation of at point x =iAx, y = jAy and t =#Af whére 0<i<L,0<,j<H
and 0<n< N . Using the forward time center space method to Eq. (2.8), the following

finite difference equation can be obtained

oz, (4.52)
n+l n

G ~Gi (4.53)

NG

0\ Gy S Gy (a.54)

o~ NNAx

0e €l NG : (4.55)

ox 2Ay

S Gy =245+, (4.56)

e ()
&e = Crm—2¢,+¢, (4.57)
o’ (ay)’

0=0". (4.58)



substituting Eq. (4.52-4.58) into Eq. (2.8), we have

n+l n n n n n
G "G Ty Cinj ~Cin,j e C jel ™ Cr
At 2Ax 2Ay

n —_—

-D Cr'n+|,j_zcirjj+cin—l,j+ci.j+l zcl'f.rj-i_c;:j—l o
L) (o)

We can obtain a simply form of Eq. (4.59)

s

C.Hjl = Blc;il,j + Bzc:,f-l +B3C;jj i B4C;,'j+1 +B; C:'?+1,j+ Qr",tj
where
B =D, Ar7+u Al ,
( )” 2Ax
B,=D_ = . +vﬂ,
i (Ay) 2Ay
B3=1_2D.\11J_At_2m D.\jj Azl2’
(Ax) (A7)
o Ea-B
4 Xy (Ay)l ZAJ’ L]
B, ZD‘Ti’_uAI__
(AP 2A%
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(4.59)

(4.60)

(4.61)

(4.62)

(4.63)

(4.64)

(4.65)

If ¢; are lied on the boundary of the domain, we will approximate by using the

boundary conditions and employing the forward and backward different scheme,

n n

8(,' 23 Ci+l,j _Ci,j
I~ )
Ox Ax
~ ¥, _
OG5 Ci)
p —'_-_3
ox Ax
n n
ﬁ - G Ry
e 3
dy Ay

(4.66)

(4.67)

(4.68)

(4.69)
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Figure 4.49: The stencil diagram of two =-dimensional dispersion model (xy)

4.5 Numerical simulation to a two-dimensional form (xy) air pollutant

dispersion model with insided air pollutant source
In this section, we show example to find the pollutant concentration at any

point is calculated by dispersion model intwo dimensional.

Example 4.5:1.To find the pollutant concentration in street canyon, at boundary of

street canyon that has the equal of pollutant concentration with inflow C=cy,
domain Q= (0,1)x(0,1) in Figure (4.50) with step size Ax=Ay=0.25, Atr=0.01
diffusion coefficient D\y = 0.1, there is no interior 0 =0, average air pollutant source

are added @ =0.0001, average air flow velocity in x-direction u =0.1, and average air

flow velocity.in y-directionv =0.1.

(0,1) (L1)

y
L’ x
(0.0) (10)

Figure 4.50: Generating grid points of example 4.5.1
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The potential air pollutant concentration at initial time can be used to assume the

initial condition of Eq. (2.8) as
¢(x,,0)=x(1-x)y(1 -y)+¢,,

the boundary conditions can be assumed by
g(0at)=5 =0,

define ¢(x,),¢)=¢/; with Ax=Ay=0.25, At=0.01, D=0.1, and u=v=0.1.

solving problem by finite difference method Eq.(4.60)

n+l

=Bc,

+ B¢

+ B, c” +B.c . +B.c., +0

1¥i-1,j 2%i,j-1 4-1, j+l SH—IJ’ =i,
B,:D‘_l‘—A—[,—%uﬂ:(O.l) 0'011+(0.1) 0.01 =0.018,
Y (ax) _2mx (0.25)° 2(0.25)
At At 0.01 0.01
B, = +v—=(0. +(0.1 =0.018,
P (y) 2y ( )(0_25)2 ( )2(0.25)
Bfl-20 025 $any=20 S &ardi =0 A\ _00L
(4x) (Ay) (0.25) (0. 5)
=0.936
B, = L =S AR N IOE DN o 1A .0
Py 2y (0.25) 2(0:25)
2_{ At 0.01 PO - )5 ou

S

e s —t—=(0.1 (0.1
S BHTL_347 ( )(0.25)" ( )2(0.25)
¢/ =0.018¢, , +0.018¢ ., +0.936¢], +0.014¢!

+0.014¢, +0"

i, ]+l

my 0N . 7 1602,3, (I=¥T3 (4.70)

¢y =0.018¢5,+0.018¢/, +0.936¢], +0.014¢’, 4 0.014¢2,+ 0,

¢, =0.018¢[;+0.018¢) +0.936¢5, +0:014c), +0.014¢?, + 0",
¢;, =0.018¢;, +0.018c], +0.936¢], +0.014c?, +0.014¢%,+ 0,
G, =0.018¢;, +0.018¢], +0.936¢], +0.014c; +0.014¢5, + 0,
¢, =0.018¢], +0.018¢;, +0.936¢;, +0.014cy, +0.014¢?,+ 0,
¢, =0.018¢;, +0.018c5, +0.936¢5, +0.014c], +0.014¢l,+ 0,
G5 =0.018¢j, +0.018¢, +0.936¢); +0.014c], +0.014¢5,+ 0",
¢35 =0.018¢; +0.018¢;, +0.936¢, +0.014c), +0.014¢!, + 0°,
¢35 =0.018¢); +0.018¢3, +0.936¢y, +0.014c, +0.014¢S, + 0L,



Table 4.12  The calculated pollutant concentration at time ¢ =0.02 of
example 4.5.1
Point Pollutant concentration
0=0 0 =0.0001

ey 0.000000 0.000000
¢ 0.000000 0.000000
¢, 0.000000 0.000000
i 0.000000 0.000000
& 0.000000 0.000000
2 0.000000 0.000000
By 0.033313 0.033510
cf 0.044898 0.045096
d, 0.033676 0033873
Gor 0000000 0.000000
rt 0.000000 0.000000
3, 0.044898 0.045096
6 0.060507 0.060707
& 0.045384 0.045582
e 0.000000 0.000000
¢\ 0.000000 0.000000
& 0.033676 0.033873
& 0.045384 0.045582
i 0.034040 0.034237
G, 0.000000 0.000000
s 0.000000 0.000000
& 0.000000 0.000000
&, 0.000000 0.000000
s 0.000000 0.000000

) 0.000000 0.000000
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Example 4.5.2. To find the pollutant concentration in street canyon, at boundary of

street canyon that has the equal of pollutant concentration with inflow C=¢y,
domain Qz(O,I)X(O,l) in Figure (4.51) with step size Ax=Ay=0.1, Af=0.01
diffusion coefficient D_U. =0.1, there is no interior 0O =0, average air pollutant source

are added 9 =0.0001, average air flow velocity in x-direction « =0.1, and average air

flow velocity in y-direction v=0.1.

(0,1) (L1)

W
N

Figure 4.51: Domain of example 4.5.2

(0.0) (L0)

The potential air pollutant concentration at initial time can be used to assume the
initial condition of Eq. (2.8) as

c(x,,0)=x(1=x)y(1=y)+c,,
the boundary conditions can be assumed by

C(O,y,t) =cg=1),

define c(x,y,t)=c,.’fj with Ax=Ay=0.1,At=0.01, D=0.1,and u =v=0.1.

0.025
]

0.02 -

Figure 4.52: The
0.015 approximated air pollutant

G concentration for 0 =0 and
0<1<60 sec of example

4.5.2

Air pollutant concentration cx,y.t)




Air pollutant concentration ¢(x,y,t)

Air pollutant concentration c(x,y,t)

0.025
I
0.02 -

0.015

Air pollutant concentration c(x,y,t)

100

Figure 4.53: The
approximated air pollutant
concentration for 9 =0 and
0<#<120 sec of example
452

Figure 4.54: The
approximated air pollutant
concentration for

0 =0.0001 and 0<7<60

sec of example 4.5.2

Figure 4.55: The
approximated air pollutant
concentration for

0 =0.0001 and 0<7<120

sec of example 4.5.2
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Example 4.5.3. To find the pollutant concentration in street canyon, at boundary of

street canyon that has the equal of pollutant concentration with inflow ¢ =¢,, and

rate of change of pollutant concentration with respect to X at the exit gate ? =8
X

domain Z(O,I)X(O,l) in Figure (4.56) with step size Ax=Ay=0.25 Ar=0.01
diffusion coefficient D, =0.1, there is no interior 0 =0, average air pollutant source

are added Q=0.0001, average air flow velocity in x-direction u = 0.1, and average air

flow velocity in y-direction v=0.1.

(0.1) (L1)

¥

(0, (1.0) \

Figure 4.56: Generating grid points of example 4.5.3

——O—O—O——
)

=
—(L—()——()—

The potential air pollutant concentration at initial time can be used to assume the
initial condition of Eq. (2.8) as
¢(x,,0)=x(1=x)y(1=y)+¢;
the boundary conditions can be assumed by
c(0,,0)=¢, =0,
¢, (LYNNGES
define C(X,y,f) =ij withAx = Ay = 0.25, At =0.01,D=0.1, and u=v=0.1.

approximate differential boundary condition,

n

oc”
¢, (1y,1)=0 or%;—j-:o,

using forward difference,

C;J' _c‘?d - 0
Ax
Cs; =0y, #1253 @.71)

solving problem by finite difference method Eq.(4.60)



nHl
C[.’j =

o+l
Cp =
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n n hn n n n
Bl + By, + B!, + B!, +Bsc! +0,

i-1,f 2%, j-1 i j+l 5 Vit j
B=D, sl 0)-2 L0120 _oorg
"(Ax) 2Ax (0.25) 2(0.25)

At At 0.01 0.01
B,=D  ——+v—=(0. +(0. =0.018,

R (1) (0.25)° L) 2(0.25)
" (Ax) " (Ay) (0.25) (0.25)
=0.936,
Bi=D, oy iy O gy OO o
(av)" 24y (0.25)° 2(0.25)
B, =D,y Syl 1y OOl _ 0,
" (Ax)’ _2Ax (0.25)° 2(0.25)
0.018¢], ;+0.018¢,  +0.936¢/, +0.014c],,, +0.014c,, +0",

i =128 A,—7=1,2,3 (4.72)

i=1-"¢, =0.018¢;, +0.018¢], +0.936¢’, + 0.014c’,+0.014¢3, + O,

i=2 ¢, =0.018c, +0.018¢), +0.936c), +0.014c", +0.014¢) + 0",
i=3 | 6, =0.018¢;, +0.018¢;, +0.936¢], +0.014c!, +0.014¢%,+ 0!,
i=4 ¢y =0.018¢];+0.018¢;, +0.936¢;, +0.014c], +0.014¢., + o

and apply boundary condition c;l = cf‘,

Cia =0.018¢}; +0.018c3, 0.936¢0, +0.014c?, +0.014c?, +0),

. i=1 6, =0.018c, +0.018¢), +0.936¢],+0:014ct; +0.014¢, + 0,

=26, =0018c), +0.018¢, +0.936¢), +0.014c; +0.014¢),+ 0",
i=3 ¢, =0.018¢),+0.018¢;; +0.936¢], +0.014c?, +0.014c0,+ 0,
i=4 c;;=0018c;,+0.018¢,+0.936c], +0.014c), +0.014¢),+ 0y,

and apply boundary condition 032 =Cf‘3

¢;2 =0.018¢], +0.018c}, +0.936¢¢, +0.014c?, + 0.014¢,, +0,,

. i=1 ¢y =0.018c); +0.018¢), +0.936¢], +0.014c!, +0.014¢, + 0!,

=2 €y;=0018c) +0.018¢), +0.936c), +0.014c?, +0.014c?,+ 0L,
i=3 ¢, =0.018c), +0.018¢], +0.936¢], +0.014c!, +0.014c!, + 0,
i=4 c,;=0.018c,+0.018¢c, +0.936c), +0.014c!, +0.014¢),+ 0,



and apply boundary condition 623 :cfj

¢,3 =0.018¢), + 0.018¢;, +0.936¢; , + 0.014c}, +0.014¢], + 0y,

Table 4.13  The calculated pollutant concentration at time ¢ =0.02 of

example 4.5.3

103

Point Pollutant concentration
0=0 0 =0.0001

i 0.000000 0.000000
&, 0.000000 0.000000
& 0.000000 0.000000
B 0.000000 0.000000
Giia 0.000000 0.000000
& 0.000000 0.000000
4 0.033313 0.033510
f 0.044898 0.045096
o 0.033685 0.033883
) 0.001232 0.001430
B 0.000000 0.000000
i 0.044898 0.045096
7 0.060507 0060707
e 0.045395 0.045595
&) 0.001652 0.001852
BYa 0.000000 0.000000
B 0.033676 0.033873
s, 0.045384 0.045582
&, 0.034049 0.034248
B 0.001239 0.001438
By 0.000000 0.000000
g, 0.000000 0.000000
€ s 0.000000 0.000000
e, 0.000000 0.000000
: 0.000000 0.000000
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Example 4.5.4. To find the pollutant concentration in street canyon, at boundary of

street canyon that has the equal of pollutant concentration with inflow ¢ = Cy» and

rate of change of pollutant concentration with respect to x, at the exit gate —a£=c|

Ox

domain Q=(0,1)><(0,1) in Figure (4.57) with step size Ax=Ay=0.1, Ar=0.01
diffusion coefficient ny =0.1, there is no interior 0O =0, average air pollutant source

are added Q=0.0001, average air flow velocity in x-direction u =0.1, and average air

flow velocity in y-direction v=0.1.

(0.1) (L1)

¥

(0,0) (1,0) \

Figure 4.57: Domain of example 4.5.4

The potential air pollutant concentration at initial time can be used to assume the
initial condition-of Eq. (4.16) as

¢(x,0)=x(1=x)y(1=p)+¢e;;

the boundary conditions can be assumed by
C(O,y,t) =¢, =0,
¢, (L, NN

define c(x,y,t)=cﬂj with-Ax = Ay = 0.1, Ar =0.01, D=0.1, and u=v=0.1.



Air pollutant concentration c(x,y,t)

Air pollutant concentration c(x,y,t)

Air pollutant concentration c(x,y,t)

0.02

0.01 4

(=1
e e

0‘041

0.03 -
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Figure 4.58: The
approximated air pollutant
concentration for 9 =0 and
0<t<60 sec of example
4.5.4

Figure 4.59: The
approximated air pollutant
concentration for 0 =0 and
0<t<120 sec of example
4.5.4

Figure 4.60: The
approximated air pollutant
concentration for

0 =0.0001 and 0<7<60

sec of example 4.5.4
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. 0.04 -

L G Figure 4.61: The

- approximated air pollutant
s concentration for

£ 0.014

g 0 =0.0001 and 0<¢<120
£ o

sec of example 4.5.4

0<=x<=1

Example 4.5.5:To find the pollutant concentration-in street canyon, at boundary of

street canyon that has the equal of pollutant concentration with inflow ¢ =c,, rate

~

of change of pollutant concentration with respect to x at the exit gate gch and
X

dc
rate of change of pollutant-concentration with respect to ¥ at the top gate — =¢,

oy

domain Q=(O,1)><(0,1) in Figure (4.62) with step size Ax=Ap=0.25, At=0.01
diffusion coefficient D, =0.1, there is no interior @ =0, average air pollutant source

are added-Q =0.0001, average air flow velocity in-x-direction-«# =0.1, and average air

flow velacity in y-direction v =0.1.

(0.1) (L1)

(0.0) (10)
Figure 4.62: Generating grid points of example 4.5.5

The potential air pollutant concentration at initial time can be used to assume the
initial condition of Eq. (2.8) as
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¢(x2,0)=x(1-2)y(1-y) +c,
the boundary conditions can be assumed by
C(O,y,t) =c, =0,
ellpt)=a=0
g (1 t)=e,=0
define ¢(x,y,¢)=c/; with Ax=Ay=0.25, At=0.01,, D=0.1, and u=v=0.1.

approximate differential boundary condition,

n

oc; .
C'x(l,y,t)=0 or —;;—’j:(),

using forward difference,

C;'w'l _C:af = 0
Ax
€5, =y Jj=1,2,34 (4.73)
a n
c}_(x,l,t) 0 o= Lis (),
using forward difference,
Fs paL
Ay
Crs =€y i=1,2,3,4 (4.74)
solving problem by-finite difference method Eq(4.60)
gt =Bl + B+ B +Bcl,, 4B, e F O
zz:aw—éinup——r( l)— 4 00—9£1—=&0m,
“qax)’ (0.25) 2(0.25)
B, = Dyl iy AL (o) OO [ 1) QOLZA 01g.
’ (AyY'. 24y (0.25) 2(025)
B=1-2D, o etz o1y 00U _5(0) 001
(ax) T () (0 5) (025)°
=0.936
At At 0.01 0.01
B, =D ———-—v—=(0.1 —(0.1)—/——=0.014,
B — At At 0 0.01 0.01 ~0014.

-, &A1) 00l o001
T ey 2 ( %azﬂz ( )HFQQ
;j =0.018¢, ; +0.018¢], , +0.936c], +0.014c],,, +0.014c), +0,

i~lj

i=1,2,3,4, j=1273.4 (4.75)



6, =0.018¢5, +0.018¢c/, +0.936¢], +0.014c”, +0.014¢2,+ O,
¢, =0.018¢], +0.018¢5, +0.936¢, +0.014c?, +0.014¢3,+ 0},
¢, =0.018¢y, +0.018¢), +0.936¢7, +0.014c, +0.014¢5 + 0},
¢y, =0.018¢], +0.018¢], +0.936¢¢, +0.014c?, +0.014¢!,+ 0!,
and apply boundary condition 6’2’] = Cil

Ciy =0.018¢;, +0.018¢}, +0.936¢], +0.014c?, +0.014¢], + 0!,
ci2 =0.018cq, +0.018¢], +0.936¢, +0.014c?, +0.014¢2,+ ',
¢, =0.018¢]’, +0.018¢;, +0.936¢], +0.014¢?, +0.014¢? + 2
€5 = 0.018¢5,+0.018¢], +0:936¢3, +0.014c?, +0.014¢?,+ 07,
¢y, =0.018¢], +0.018¢], +0.936¢] , +0.014c], +0.014¢%,+ 0!,
and apply boundary condition C_:; :cf‘l

Cyr=0.018¢], +0.018¢], +0.936¢, +0.014¢, +0.014c,, + 0},
Gy3 =0.018¢55 +0.018¢], +0.936¢; +0.014¢], +0.014¢%,+ 0,
¢, =0.018¢, +0.018¢}, +0.936¢), +0.014c", + 0.014¢7,+ 0y,
65 =0.018¢); +0.018c}, +0.936¢); +0.014c!, +0.014¢., + o
Cya = 00185 +0.018c], +0.936¢], +0.014c?, +0.014¢0, + 0
and apply boundary condition c;’j = 03’3

¢,y =0.018¢5, +0.018¢,,+0.936¢), +0.014c! , +0.014¢’, + 0,
Gy = 0.018¢,, +0.018¢); +0.936¢’, +0.014c; +0.014¢2,+ @
and apply boundary condition CEJ- = CIO,4

G4 =0:018¢q, +:0.018c!;, +0.936¢/, +0.014c”, +0.014¢2,+ o
€4 =0.018¢], +0.018¢5, +0.936¢;, +0.014c] ; +0.014¢? ,+ 0,
and apply boundary condition ng =c§"4

€4 =0.018¢], +0.018¢; +0.936¢5 , +0.014c?, +0.014c° .+ 0!,
€54 =0.018¢;, +0.018¢;; +0.936¢], +0.014c! +0.014¢! ,+ 0",
and apply boundary condition Cf,s :CL

¢4 =0.018¢], +0.018c}, +0.936¢}, +0.014c!, +0.014¢; ,+ 0},

| 1
I GatCy

'y
4,4
2
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Table 4.14  The calculated pollutant concentration at time #=0.02 of
example 4.5.5
Point Pollutant concentration
0=0 O =0.0001
Gy o 0.000000 0.000000
% 0.000000 0.000000
€y 0.000000 0.000000
Cos 0.000000 0.000000
Eou 0.000000 0.000000
& 0.000000 0.000000
G 0.033313 0.033510
¢, 0.044898 0.045096
V4 0.033685 0.033883
'] 0,001232 0.001430
0% 0.000000 0.000000
'y 0.044898 0.045096
g, , 0.060507 0.060707
O 0.045395 0.045595
) 0.001652 0.001852
2% 0.000000 0.000000
) 0.033684 0.033882
o, 0.045395 0.045595
£ 0.034058 0.034258
A 0.001239 0.001438
i 0.000000 0.000000
oA 0.001232 0.001430
o 0.001652 0.001852
Gy 0.001239 0.001438
. 0.000633 0.000733
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Example 4.5.6. To find the pollutant concentration in street canyon, at boundary of

street canyon that has the equal of pollutant concentration with inflow ¢ =c¢,, rate

of change of pollutant concentration with respect to x at the exit gate ’2—c=‘~’|= and
X

rate of change of pollutant concentration with respect to y at the top gate 25:5'2

domain Q:(O,I)X(O,l) in Figure (4.63) with step size Ax=Ap=0.25 Ar=0.01
diffusion coefficient D“ =0.1, there is no interior 0 =0, average air pollutant source

are added ©=0.0001, average air flow velocity in x-direction u =0.1, and average air

flow velocity in y-direction v=0.1.

(0.1) (1.1)

e

d o)

Figure 4.63: Domain of example 4.5.6

(0,0) T (o)

The potential air pollutant concentration at initial time can be used to assume the
initial condition of Eq. (2.8) as

c(x,y,O):x(l—x)y(l—y)+co,
the boundary conditions can be assumed by
(0,1 )N 0
é, (l,y,r) ¢ =0
g (%lt)=¢ =0

Il

define c(x,y,t)zc{’fj with Ax =Ay =0.25 Ar=0.01, D=0.1, and u=v=0.1.
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o
R

Figure 4.64: The

j=}
[=1
w
]

. approximated air pollutant

concentration for 9 =0 and

Air pollutant concentration c(x,y,t)

0<1<60 sec of example
4.5.6

0.04

0.03

Figure 4.65: The

¥ i approximated air pollutant

0.01- concentration for 0 =0 and

Air pollutant concentration c(x,y,t)

0<7<120 sec of example
456

Figure 4.66: The
approximated air pollutant
concentration for

0 =0.0001 and 0<7<60

Air pollutant concentration ¢(x,y,t)

sec of example 4.5.6
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-

0.02 4

Figure 4.67: The

b=g
o
@
'

approximated air pollutant
concentration for

©=0.0001 and 0<¢<120

Air pollutant concentration c(x,y,t)

sec of example 4.5.6

Example 4.5.7. To find-the pollutant concentrationin street canyon, at boundary of
street canyon that has the equal.of pollutant concentration with inflow ¢ =c¢,, and

rate of change of pollutant concentration with-respect to x-at the exit gate ngc

2
Ox

5
and rate of change of pollutant concentration with respect to y at the top gate —=¢,

oy

and rate ‘of change of pollutant concentration with respect to yat the ground gate
oc
oy

At =0.01 diffusion coefficient Dn =0.1, there is no interior O =0, average air pollutant

=¢; domain Q=(0,1)><(0,1) InFigure (4.68) with step size Ax=Ay=0.25,

source are added O =0.0001; average air flow velocity in x-direction u=0.1, and

average air flow velocity in y-direction v=0.1.

(0.1) (L1

¥

) L.,

(0,0) (1,0)

Figure 4.68: Generating grid points of example 4.5.7
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The potential air pollutant concentration at initial time can be used to assume the
initial condition of Eq. (2.8) as
c(x,0,0)=x(1-x)y(1-y)+c,,
the boundary conditions can be assumed by
e{0t)=6, =1,
£ (l,y,t)
il (x,l,t)
¢, (x,0,7)

Il
I

c

Il

1
G,

0
0
0

c3
define ¢(x,»,¢)= ¢, With Ax=Ap=0.25, Ar=0.01, D=0.1, and u=v=0.1.
approximate differential boundary condition,
acs

& (l,y,l‘) =1 or a—x'=0,
using forward difference,

£ =

Ax
¢, =%, 7201234 (4.76)

=B

oc’
ci.S ___0’
0y

c, (x,l,t) =0 or

using forward difference,

n n

Cis=Ciy

i =O
Ay

n

€x > Cig i =1\%2 (4.77)

1

C‘,(X,O,Z‘)=O or %=0,
E, ay

using backward difference,

n n
Cio—C

f i,—1 o 0

Cio =61 i=1,2,34 (4.78)
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solving problem by finite difference method £q.(4.60)
n+l n n n n n n
Cij =B, ;+Byc] +B3Ci.j +B4C.",j+l + B, Ci+l,j+Qi,j

i-1,/ i,j-1
Bl ZD\;"_‘At_z“{-ug_:(O' ) = 2 +( ) ) el =0'018’
(Ax)"  2Ax (0.25) 2(0.25)
At At 0.01 0.01
B,=D ——+v— =(0.1)———+(0.1 =0.018,
B=1-20, 2L op Ay p001) 20 _2(0n) 20L
(Ax) () (0.25) (0.25)
=0.936,
B=b, o )20 gy OO
(Ay) 2Ay (0.25) 2(0.25)
B, =D, —?r — (0.1)—— o014,
(Ax)  2Ax (0.25) 2(0.25)
¢/ =0.018¢% +0.018¢] +0.936¢;/+0.014c; , +0.014¢{, N+ O,
i< e A —0,1,2,3,4 (4.79)

n=0,
i=q [isy (g, EoN 3 +0.018¢; +0.936¢,, +0.014¢, +0.014¢5,+ 0,
and apply boundary condition C&, '—'Cg_,
0, > 0.01808.0 +0-018010,0 A 0.936010'0 + 0.014cﬁ, + 0-01402,0 - an
i=2 6y =0.018¢, +0.018c)_ +0.936¢;5+0.014c), +0.014¢] + O,
and apply boundary condition Cg,o = Czo__l
€0 = 0.018¢(, +0.018¢5 ,+0.936¢;, +0.014cy, +0.014cS  + 0F
=36, =0.018c);+0.018¢]_ +0.936c;, +0.014c], +0.014c) ,+ O,
and apply boundary condition C‘io :C;)H
¢ = 0.018¢)540.018¢;; +0.936¢;, +0.014cy, +0.014¢5  + 0,

| 1
. 1G0T Cy
i=4 Cp=—7—"
2

j=1, i=1 ¢, =0.018¢) +0.018¢),+0.936¢, +0.014c’, +0.014c},+ Q)
i=2 ¢, =0.018¢,+0.018¢c;, +0.936c;, +0.014cy, +0.014¢%, + O},
i=3 ¢, =0.018c), +0.018c], +0.936c), +0.014c;, +0.014¢),+0?,
i=4 ¢, =0018c,+0.018c;, +0.936¢;, +0.014c], +0.014¢ + 0},



Jj=2,
Jj=3,
j=4,

=1

=2
i=3
i=4
=

i=2
i=3
i=4
i=1

i=2
i=3
i=4

and apply boundary condition CQJ =Cf_]

¢y, =0.018¢5, +0.018¢;, +0.936¢], +0.014c], +0.014c?, + 0},

¢, =0.018¢), +0.018¢), +0.936¢/, +0.014c’, +0.014c5,+ 0’
¢y, =0.018¢/, +0.018¢;, +0.936¢7, +0.014c), +0.014¢,+ 02,
¢, =0.018¢5, +0.018¢;, +0.936¢;, +0.014cy, +0.014c5,+ 0,
¢y, =0.018¢5, +0.018¢;, +0.936¢;, +0.014c , +0.014c}, + Oy,

and apply boundary condition 6’22 = cf‘z

¢y, =0.018¢), +0.018¢], +0.936¢;, +0.014c?, +0.014c), + 0,

¢13=0.018¢; +0.018¢/, +0.936¢/, +0.014¢, +0.014¢),+ 0/,
¢35 =0.018¢5+0.018¢), +0.936¢), +0.014c), +0.014c2,+ O},
¢35 =0.018¢;, +0.018c;, +0.936¢;, +0.014¢], +0.014¢] ,+ 0L,
¢ys =0.0186;,+0.018¢], +0.936¢;, +0.014cy, +0.014¢?,+ 0!,

and apply boundary condition 02_3 - cf,s

¢}, =0.018c +0.018¢!, +0.936¢0, +0.014¢", +0.014¢, + 0!,

¢4 = 0.018¢;, +0.018¢]; +0.936¢], +0.014¢); +0.014¢] ,+ 0,
and apply boundary condition cﬁs = Cf4

¢, =0.018¢;, +0.018¢/, +0.936¢/, 4 0.014¢c’,+0.014 ¢} ,+ 0,
¢34=0.018¢,+0.018¢), +0.936¢) , +0.014cy, +0.014¢),+ 0F,
and apply boundary condition CS.S =C20_4

¢y4 = 0.018¢);+0.018¢;; +0.936¢, ,+0.014c) , +0.014¢] .+ 07,
¢34 =0.018¢;, +0.018¢, +0.936¢], +0.014c) s +0.014¢] ,+ 0",
and apply boundary condition 6’30‘5 :cf'4

C34 =0.018¢),, +0.018¢;, +0.936¢; , +0.014c], +0.014¢,+ 0y,

1 I
I CaTCys

G
4.4
2
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Table 4.15  The calculated pollutant concentration at time ¢#=0.02 of
example 4.5.7
Point Pollutant concentration
0=0 0 =0.0001
Coo 0.000000 0.000000
o 0.000958 0.001156
£ 0.001284 0.001484
&, 0.000963 0.001162
&, 0.000563 0.000663
) 0.000000 0.000000
g 0.033322 0.033520
&y 0.044909 0.045109
7 4 0.033693 0.033893
4 0.001232 0001430
e 0.000000 0.000000
& 0.044898 0.045096
e, , 0.060507 0.060707
£ 0.045395 0,045595
el 0.001652 0.001852
2 0.000000 0.000000
A\ 0.033684 0.033882
25 0.045395 0.045595
e 0.034058 0.034258
o 0.001239 0.001438
B 0.000000 0.000000
i 0.001232 0.001430
s 0.001652 0.001852
o 0.001239 0.001438
. 0.000633 0.000733
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Example 4.5.8. To find the pollutant concentration in street canyon, at boundary of

street canyon that has the equal of pollutant concentration with inflow ¢ = Cy» and
rate of change of pollutant concentration with respect to x at the exit gate %:q,
and rate of change of pollutant concentration with respectto y atthe top gate X &)
and rate of change of pollutant concentration with respect to y at the ground gate
oc

EJ;:CB domain Q=(0,1)><(0,1) in Figure (4.69) with step size Ax=Ay=0.1, Af=0.01

diffusion coefficient Dn =0.1, there is no interior 0 =0, average air pollutant source

are added O =0.0001, average air flow velocity in x-direction u = 0. 1, and average air

flow velocity in y-directionv=0.1.

(0.1) (1)

S

(0,0) (1,0) §

Figure 4.69: Generating grid points of example 4:5.8

The potential air pollutant-concentration at initial timé can be-used to assume the
initial condition of Eq. (2.8) as

¢(x,2,0)=x(1=%)p(1-y)+c,,
the boundary conditions can be assumed by
{0, 3,1} =g, =0,

&, (l,y,t)
€, (x,l,t)
&, (%, 0,¢)

1
Il

0
0
0

g
C,
G

define ¢(X,3,¢)=¢/; with Ax=Ay=0.1, Ar=0.01, D=0.1, and u=v=0.1,



Air pollutant concentration c(x,y,t)

Air pollutant concentration c(x,y,t)

Air pollutant concentration c(x,y,t)

o
2

=
=]
@
.

o
o
~
’

f=1
o
=
2
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Figure 4.70: The
approximated air pollutant
concentration for =0 and
0<1<60 sec of example
4.5.8

Figure 4.71: The
approximated air pollutant
concentration for 0=0 and
0<¢#<120 sec of example
4.5.8

Figure 4.72: The
approximated air pollutant
concentration for
©=0.0001 and 0<r<60

sec of example 4.5.8
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o
®
: !

% oo Figure 4.73: The

% o approximated air pollutant
LE concentration for

S 0014

] ©0=0.0001 and 0<7<120
< ol

ks sec of example 4.5.8

Example 4.5.9. To find the pollutant concentration in street canyon, at boundary of

street canyon that has rate of change of pollutant concentration with respect to x at

the entrance gate ?:q,, rate of change of pellutant concentration with respect to
X

x at the exit cate SEZ ¢;, rate of change of pollutant concentration with respect to y
X

at the top gate gﬁ =¢,, and rate of change of pollutant concentration with respect to
V

y at the ground gate %:Q, domain Qz(O,l)X(O,I) in-Figure{4.74) with step size

Ax = Az =0.25, Ar=0.01 diffusion coefficient D_w =0.1, there is no interior Q=0
average air pollutant source are added @ =0.0001, average air flow velocity in x-

direction u =0.1, ‘and average air flow velocity.in y-direction v=0.1.

(0,1) (L1)
O C
)
O ) A
O l I l O T_’ x
(0,0) (10)

Figure 4.74: Generating grid points of example 4.5.9
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The potential air pollutant concentration at initial time can be used to assume the
initial condition of Eq. (2.8) as

¢(x,2,0)=x(1-x)y(1-y)+c,,
the boundary conditions can be assumed by

e, (B Y=rey =1l

define C(X,y,l‘)=0,-"'j with Ax=Ay =0.25,At=0.01, D=0.1, and u=v=0.1.

approximate differential boundary. condition,

n

oes 4
c, (O,y,t)zo or ;i" =0,

using backward difference,

7=0,1,2,3.4 (4.80)

0% 7
C'\.(l,z,f)=0 or %:O:

using forward difference,
n n
Cs; ~Cay —0
Ax

o

& =cp; J=0,1,2.3,4 (4.81)

acl's %
oy

using forward difference,

¢, (x,l,t):() or 0,

n n
Cis —Cis
Ay

=0

Cf‘5 = Cf.4 = 05 19 23 354 {482)
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CV()C,OJ) 0 or 5;‘:'0 =1,
) a4

using backward difference,

n n

Cio—Ci-1 _
Cip =€ 1=0,1,2,3,4 (4.83)

solving problem by finite difference method Eq.(4.60)

¢ =Bely, + Bl + B, + Bl +Bich, 4O,
B,=D, 2= (0.1) (o=l _g.018,
 (ax)” 2Ax (0.25) 2(0:25)
B, AT A2 ety PO 01,
Y (ay) 28y (0.25) 2(0.25)
At At 0.01 0.01
B, =1-2D ——— 2D ———==1-2(0.1)———-2(0.1 -
=0.936,
At At 0.01 0.01
B, =D, ——=-v—=(0.1 -—(0.1 =0.014,
At At 0.01 0.01
L DOz R Ot ~(0 =0.014.
¢/l =0018¢!, , +0.018¢!,, +0.936¢/+0.014c/,, +0.014c], +0,
D=, 23 j=0,1 434 (4.84)
n=0,
¢ otC
i |
j=0, i=0 Cé.\o: 102 :
i=1 ¢,=0018¢,+0.018¢_, +0.936¢), +0.014c], +0.014c} + 0,

and apply boundary condition CJ'O = cl‘_I

¢15 = 0.018¢;, +0.018¢]; +0.936¢), +0.014c, +0.014¢) + O,
i=2 € =0018¢), +0.018¢c)_, +0.936c;,+0.014c;, +0.014c) ,+OF,

and apply boundary condition C;_l :C;g

¢y =0.018¢], +0.018c;, +0.936c5, +0.014c), +0.014c5 +0),



=3
i=4
i=0
i =i
i=2
1=2
=1
i=0
=Y
ix%
1=3
i=4

C;0 = 0.018¢5, +0.018¢;_, +0.936¢y, +0.014c], +0.014¢] ,+ 0!

and apply boundary condition €;_; = ¢},

ey =0.018¢], +0.018c], +0.936¢!, +0.014c?, +0.014¢,+ 0,

1 1
1 Gty

4,0
2

cpy =0.018¢’,, +0.018¢, , +0.936¢), +0.014cy, +0.014¢],+ 0,
and apply boundary condition 08'1 = C’?“

Coy =0.018¢;, +0.018¢), +0.936¢5, +0.014cy, +0.014¢) + O,
¢, =0.018¢), +0:018¢), +0.936¢), +0.014c}, +0.014¢) + O,
¢y, =0.018¢), +0.018¢;, +0.936¢;, +0.014¢), +0.014 ¢} + 05,
¢y, = 0.018¢y, +0.018c;, +0.936¢;; +0.014c;, +0.014c] + ),
¢ =0.018¢;, +0.018¢}, +0.936¢; , +0.014c], +0.014¢? + 0!,

and apply boundary condition C;]_l § C‘f,l

¢y, =0.018¢5, +0.018¢, +0.936¢], +0.014c], +0.014c!, + 0},

¢y, =0.018¢%,; +0.018¢;, +0.936¢, , +0.014¢), + 0.014 ¢!, + Op
and apply boundary condition cé’.: = C?L:

¢, =0.018¢y, +0.018¢/,+0.936¢],+0.014c; +0.014¢),+ 0!,
¢y, =0.018¢], +0.018¢;,+0.936¢3, +0.014c) s +0.014c), + 0°,
¢, = 0.018¢,,+0.018¢, +0.936¢;, +0.014¢;5+0.014c],+ 0y,
¢, =0.018¢;+0.018¢c,, +0.936¢7, +0.014c; , +0.014¢!,+ 0!,

and apply boundary condition 022 =1 Cf;

¢,, =0.018¢], +0.018¢;, +0.936c;, +0.014c), +0.014cy, + 0y,



Co5 =0.018¢”,, +0.018c), +0.936¢), +0.014c) +0.014¢),+ 0y,
and apply boundary condition 63_3 = C’fm

€3 =0.018¢, +0.018¢;, +0.936¢), +0.014c), +0.014¢l, + Q'
¢5 =0.018¢), +0.018¢], +0.936¢]; +0.014c, +0.014¢%,+ 0,
€25 =0.018¢, +0.016¢3, +0.936¢}, +0.016¢5, +0.014¢2,+ 07,
€35 =0.018¢), +0.018c}, +0.936¢; +0.014c], +0.014¢S,+ 0’
¢y5 =0.018¢, +0.018¢;, +0.936¢], +0.014c], +0.014¢%,+ 0!,

and apply boundary condition C?‘g, = 02‘3

¢35 =0.018¢], +0.018¢)5+0.936¢] , +0.014¢], +0.014¢’, + 0.,

1 |
A/ Co3 T 64
61 =
2

G4 =0.018¢y,; +0.018¢; +0.936¢], +0.014c”; +0.014c2,+ 0,
and apply boundary condition Cﬁs =CIO,4

Gy =0.018¢,+0.018¢], +0.936¢], +0.014c’, +0.014¢5,+ 07,
¢4 =0.018¢,+0.018¢), + 0,936, +0.014c] + 0.014cl, + 07,
and apply boundary condition C;s £ C§|4

¢34 =0.018¢, +0.018¢;, +0.936¢], +0.014c], +0.014¢,+ 07,
¢34 = 0.018c5, +0.018¢3+0.936¢], +0.014c?, +0.014¢! .+ 0",
and apply boundary condition Cis =3 Cf',;

Gy = 0.018¢y, +0.018¢3, +0:936¢;, +0.014cy, +0.014c2,+ O,

i |
1 .Gy TG
Chs =
%



Table 4.16 ~ The calculated pollutant concentration at time £ =0.02 of

example 4.5.9
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Point Pollutant concentration
0=0 0 =0.0001
85 0.000492 0.000592
% 0.000958 0.001156
o 0.001284 0.001484
2, 0.000963 0.001162
B 0.000563 0.000663
3! 0.000958 0.001156
& 0.033331 0.033531
¢ 0.044909 0.045109
oA 0.033693 0.033893
' 0001232 0.001430
2% 0.001284 0.001484
. 0.044909 0.045109
o, 0.060507 0.060707
Co 0.045395 0.045595
o 0.001652 0.001852
7 0.000963 0.001162
) 0.033693 0.033893
e, 0.045395 0.045595
o, 0.034058 0.034258
o 0.001239 0.001438
B 0.000563 0.000663
iy 0.001232 0.001430
s 0.001652 0.001852
ey 0.001239 0.001438
¢’ 0.000633 0.000733
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Example 4.5.10. To find the pollutant concentration in street canyon, at boundary of

street canyon that has rate of change of pollutant concentration with respect to x at

the entrance gate %:co, rate of change of pollutant concentration with respect to
X

x at the exit gate %:q, rate of change of pollutant concentration with respect to y
X

at the top gate o =¢,, and rate of change of pollutant concentration with respect to

y at the ground gate -2_;:@, domain Q:(O,I)X(O,l) in Figure (4.74) with step size

Ax=Ay=0.1,At=0.01 diffusion coefficient D, =01, there is no interior O =0, average
air pollutant source are added Q=0.0001, average air flow velocity in x-direction

u=0.1, and average air flow velocity in y-direction v=0.1.

(0.1) (L1)

8,

L.,

Figure 4.75: Domain of example 4.5.10

(0.0) (10)

The potential.air pollutant concentration at initial time can be used to assume the
initial condition of Eq. (2.8) as

¢(x,,0)=x(T=x)p(1-y)+c,;
the boundary conditions can be assumed by

&, (0, y,z‘) =¢, =0,

&, (l,y,t): , =0,
gz lt)=g=0,
g (%0 = =0,

define C(X,y,f)=cfj with Ax=Ay=0.1, At=0.01, D=0.1, and u=v=0.1.



y.t)

Airr pollutant concentration c(x

Air pollutant concentration c(x,y,t)

Air pollutant concentration c(x,y,t)

0.04 -,

0.035

0.03 -

0.025
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L

0.04 ~

0.035
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£
o
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Figure 4.76: The
approximated air pollutant
concentration for 0 =0 and
0<t<60 sec of example
4510

Figure 4.77: The
approximated air pollutant
concentration for 0 =0 and
0<#<120 sec of example
4.5.10

Figure 4.78: The
approximated air pollutant
concentration for

0 =0.0001 and 0<7<60

sec of example 4.5.10
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g Figure 4.79: The

% approximated air pollutant
é concentration for

% 0 =0.0001 and 0<£<120
< 0.015

sec of example 4.5.10

Example 4.5.11:To find the pollutant concentration in street.canyon, at boundary of

street canyonthat has rate of change of pollutant concentration with respect to x at

, rate of change of pollutant concentration with respect to

the entrance gate Q(i:cn
ox

x at the exit gate -gfz qs rate of change of pollutant concentration with respect to y
S

at the top eate %:cz, and rate of change of pollutant concentration with respect to

y at the ground gate %:cl, domain Q=(0,1)><(0,1) in-Figure (4.74) with step size

Ax = Ay=0.1,Ar =0.01 diffusion coefficient D =0.1,there is no interior O = 0, average
air pollutant source are added © =0.0001, average air flow velocity in x-direction

u=0.1, and average air flow velocity in y-direction v.

(1.0
Figure 4.80: The flow velocity y-direction along the left and the right lanes and
Generating grid points of example 4.5.11
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The potential air pollutant concentration at initial time can be used to assume the

initial condition of Eq. (2.8) as
¢(x,,0)=x(1-x)y(1-y)+c,,

the boundary conditions can be assumed by
el 03, F) =gy =0,

¢ (L pt)=x =0,
& (=0 =0
g% 04)=¢ =0,

define C(X,y,f) = C;J With Ax = Ay =0.25, At =0.01, D=0.1,u = 0.1, v, =—0.1, and

v, =0.1.
approximate differential boundary condition,
acy .
c 05 o5 :0 _’j:Oa
(0.7,8) =000
using backward difference,
Co dc =4
Ax

B WAY
CG.j_Cul.j

g
CV\_(I,Z,I)=O or ;;j =0,

using forward difference,

n

n
Cs.j a7

Ax

=0

C;I:j:C:_J j=0519293;4

8c
"\‘ :O

oy

using forward difference,

c, (x,l,f) =0 or

H

7=0,1,2,3,4

i4 i=0:1:23394

(4.85)

(4.86)

(4.87)



aclﬂ'ﬂ
oy

using backward difference,

cy(x,O,t) 0 or —=0,

n

CO—cr -1

i :O
Ay

cly=ci i=0,1,2,3,4

L

solving problem by finite difference method Eq.(4.60)

¢! =Bl + By + Bl + Byl + Byl + 0O,
l=—o.1
=D, &—rf+1t%=(o.1)(ooézl)z +(O'1)2(060215) =0.018,
B, A o) 22 5 - 20NN 014,
T (Ay) - 20y (0.25) 2(0.25)
ff—1-7D, it pre AN ety 5= BT =5 (o NNO-OL
" (Ax) 7 (ay)’ (0.25) (0.25)°
=0.936,
gL ) B, SO Y Y < TN L B4
(ay) 24y (0.25)° 2(0.25)
AL g 0.01 0.01
B DeE T ¥ X (0.1 =0.014,
—~ Lk yRg) s (0.25)" ; )2(0.25)
e =0.018¢”, , +0.014c],., +0.936¢, +0.018¢! [ +0.014c], , 0
=0.1
B =D, (—Ar)7+u£;—x — (0 )(00'2051)2 (0. (060215) ~0.018,
"(Ax)’ . :
 _p ALy A ) 00U o OOU e
T(ay) 24y (0.25)’ 2(0.25)
B=1-2D, =t __op 2y o6} 000 _pppq) 20
" (Ax) " (Ay) (0.25) (0.25)°
~0.936
A A 0.01 0.01
B,=D,—= iyt =(0.1 i =0.014,
() 2y L9 (0.25)° ( )2(0.25)
B, =D, +utl(0) 22 __(o D3 OO i,
(Ax)"  2Ax (0.25)’ 2(0.25)

”” =0.018¢, ; +0.018¢;, , +0.936¢; +0.014c]

i,j+l

+0.014c),  +0),
l=0,1,2,3,4, j=051=2>3)4
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(4.88)

(4.89)

(4.90)
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Table 4.17  The calculated pollutant concentration at time #=0.02 of
example 4.5.11
Point Pollutant concentration
= O =0.0001
& g 0.000562 0.000663
& 0.001232 0.001430
ol 0.001652 0.001852
B 0.001239 0.001438
o 0.000633 0.000733
o 0.000963 0.001162
o 0.033693 0.033893
i 0.045395 0.045595
7 4 0.034058 0.034258
' 0.001239 0.001438
& 0.001284 0.001484
o 0.044913 0045113
s 0.060512 0.060711
e 0.045399 0.045599
G 0.001652 0.001852
e 0.000963 0.001162
iy 0.033693 0.033893
6o 0.045395 0.045595
&, 0.034058 0.034258
B 0.001652 0.001438
B 5 0.000563 0.000663
2 0.001232 0.001430
s 0.001652 0.001852
&'s 0.001239 0.001438
: 0.000633 0.000733
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Example 4.5.12. To find the pollutant concentration in street canyon, at boundary of

street canyon that has rate of change of pollutant concentration with respect to x at

the entrance gate -g—;-zco, rate of change of pollutant concentration with respect to
x at the exit gate %: ¢,, rate of change of pollutant concentration with respect to y
at the top gate %: ¢,, and rate of change of pollutant concentration with respect to
y at the ground gate %:cs, domain Qz(O,l)x(O,l) in Figure (4.74) with step size

Ax=Ay=0.1,At=0.01 diffusion coefficient D, =0.1, there is no interior O =0, average

air pollutant source are added -@=0.0001, average air flow velocity in x-direction

u=0.1, and average air flow velocity in y-direction-v,

(0.0 (L9)

Figure 4.81: The flow velocity y-direction along the left and the right lanes of

example 4.5.12

The potential air pollutant concentration-at initial time can be used to assume the
initial condition of Eq..(2.8) as

¢(x,,0)=x(TwJyl=y)tc,
the boundary conditions can be assumed by

& (O,y,t) =¢, =0,

define ¢(X,¥,¢)=¢]; with Ax=Ay=0.1, At=0.01, D=0.1,u=0.1,v, =—0.1, and
v, =0.1.



0.04
T

0.035

Air pollutant concentration c(x,y,t)

0.04 -

0.035 -

Air pollutant concentration c(x,y,t)

Air pollutant concentration c(x,y,t)
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Figure 4.82: The
approximated air pollutant
concentration for 0 =0 and
0<t<60 sec of example
4.5.12

Figure 4.83: The
approximated air pollutant
concentration for 0 =0 and
0<7<120 sec of example
4.5.12

Figure 4.84: The
approximated air pollutant
concentration for
Q=0.0001 and 0<£<60

sec of example 4.5.12
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= °'°41

% i Figure 4.85: The

P approximated air pollutant
E = s < | concentration for

St D s ~ 0=0.0001 and 0<7<120
< 0.015

sec of example 4.5.12

DEsye=y

Example 4.5.13. To find the pollutant concentration in street canyon, at boundary of

street canyon that has the equal of pollutant concentration with inflow ¢ =c¢;, and

rate of change of pollutant concentration-with respect to x at the exit gate ?:cl,
X

and rate of change of pollutant concentration with respect to y at the top cate

% =¢,, and rate of change of pollutant concentration with respect to y at the ground

gate %:ca, domain Q=(0,1)x(0,1) in Figure (4:69) with step size’ Ax=Ay=0.1,

At=0.01 diffusion coefficient D, = 0.1, interpolated air pollutant source are added Q,
interpolated air flow velacity in x-direction # = (2—x2)+(2 - yz), and average air flow

velocity in y-direction v="0.1.

(0.1) (L1)

Y

(0.0 (10) )

Figure 4.86: Domain of example 4.5.13
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The potential air pollutant concentration at initial time can be used to assume the
initial condition of Eq. (2.8) as

c(x,y,O) =x(1—x)y(l—y)+co,
the boundary conditions can be assumed by

#0351 ) =8, =0,

& (Lntl=6=0,
i {E1L ) =6,=0,
g, (x,0,2)=¢ =0,

L

define ¢(X,¥,¢)=c/; with Ax=Ay=0.1, At =0.01, D, =0.Lu=(2-x")+(2-»%)

0=(0.2133x10"" )x* +(0.22x10* ) s —(0:3633x107 ) x+(1.2041x10™) and

v=0.1.

. 0.01 4

%’ 0.008 -

£ Fisure 4.87: The

B 0.006+

8 approximated air pollutant
S 0.004-

z concentration for 0<¢ <60
3 0.002

> sec of example 4.5.13

< 0

0.008 -

Figure 4.88: The
approximated air pollutant

concentration for 0<7<120

Air pollutant concentration ¢(x,y,1)

sec of example 4.5.13




135

Example 4.5.14. To find the pollutant concentration in street canyon, at boundary of

street canyon that has rate of change of pollutant concentration with respect to x at

the entrance gate —2—5‘:60, rate of change of pollutant concentration with respect to
X

x at the exit gate %:q, rate of change of pollutant concentration with respect to y
X

at the top gate L =¢,, and rate of change of pollutant concentration with respect to

oc

y at the ground gate 5=c domain Q= (O,I)X(O,I) in Figure (4.74) with step size

3

Ax=Ay=0.1,Ar=0.01 diffusion coefficient interpolated air pollutant source are added
Q, interpolated air flow velocity in-x-direction u = (2 ~x3)+(2—y2), and average air

flow velocity in y-direction v=0.1.

(0.1) (1L1)

f
!
\
L
]
]

J)

| L
|
: b
(0.0) (19)
Figure 4.89: Domain of example 4.5.10

The potential air pollutant concentration-at initial time can be used to assume the
initial condition of Eqg: (2.8) as

c(x,y,O)=x(1—x)y(l—y)-i—c0,
the boundary conditions can be-assumed by

e [Gd) ==,

define ¢(X,y,1)=c; with Ax=Ay=0.1, At=0.01, D=0.Lu=(2-x*)+(2-»?)
0=(0.2133x107*)x*+(0.22x10 ) x* —(0.3633x10™* ) x +(1.2041x10™ ) and
y=01,
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EPTH
S 8. Figure 4.90: The
g :; : approximated air pollutant
E 454 concentration for 0<1 <60
8 4.4
% n sec of example 4.5.14
é
. ().0115I
g 0 Figure 4.91: The
% 0.0113
T ool approximated air pollutant
S 0.0111 concentration for 0<¢<120
2 sec of example 4.5.14
2 001004
O<=y=<=1 0<=x<=1
Table 4.18  Simulation of example for two dimensional in space
(Along xz-axis and xy-axis)
' . BCs
Simulation i Xy u 1% 0
LHS | RHS | LOWER | TOP
4.2.1 v = L | & C C | K| - K
422 v - | & | & C E B - K
423 4 = | €| @ C SR LT K
424 4 - e | B ¢ c | K| - K
425 4 - |8l @ C g | K| = K
4.2.6 v - 3 0 £ o) K| = K
4.2.7 v s || O 0 o | K| - K
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4.2.8
4.29
4.2.10
4.2.11
4212
4.2.13
4.2.14
4.2.15
4.2.16
4.4.1 -
4.4.2 -
443 7
444 .
4.4.5 -
4.4.6 >
a.4.7 -
44.8 o
4.4.9 5
4.4.10 3
4.4.11 3
4.4.12 £
4.4.13 3
4.4.14 -
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OﬁOOOOﬁﬁﬂﬂﬂﬂﬁﬁﬁﬁﬁﬁﬁﬁOOﬂ

nt [T EHAR A O A | 2SS = [ < | = | x | =

=~ | =
o

where
C = The street canyon is fully - closed
O = The street canyon is fully - open
K = Constant
/., = function of interpolated air pollutant sources
Jo = function of interpolated air flow velocity

Z, = The classification of averaged air pollutant sources (Along z-axis)

Z, = The flow velocity y-direction along the left and the right lanes



Chapter 5

Conclusion

5.1 Conclusions

We have presented how to the concentration of the pollutant in the street
canyon can be calculated. However, this calculation of numerical simulation model
base on the data of the flow of the pollutant which varies due to shape and location
of the street canyon. In this research presents the air pollutant within the street canyon
different pollution source configuration. The numerical experiments are presented with
the initial mean concentration of Street canyon. Both of two cases, one dimensional
and two dimensional. Considered spaces xt, xzt, and xyt are respective

The finite difference scheme is used to solve a laterally averaged air pollution
model in a street canyon. The one dimensional advection-diffusion equation is solved
by using the forward time center space scheme and employing the for forward space
method to their near the right of a laterally average air pollution model in street
canyon as the boundary condition.

The two dimensional. advection-diffusion equation «is solved by using the
forward time center space scheme and employing the forward space method and
backward space method to their near the left; right, ¢eround and top of a laterally
average air pollution.model in street canyon as the boundary conditions. The proposed
numerical techniques give a reasonable approximation air pollutant concentrations at

each point for-each times.

5.2 Future works
This research can.beapplied in three dimensions for virtual reality. The three

dimensional Navier-Stokes equation should be introduced to the advanced model. It

can be used to obtain the air flow behavior.
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NUMERICAL SIMULATION OF A
TWO-DIMENSIONAL AIR POLLUTION
MODEL IN AN URBAN STREET CANYON
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Abstract

Permenbility and building density are important parameters for pre-
clsely mmodeling urban air pollution and influencing regulatory require-
ments for building planning. An_ air pallution made) is proposed te in-
vestigate the dispersion of air pollution in an urban street canyon. To
investigate the level of air pollution in an urban streel canyon, the spa-
tial distribution of pollutanl concentration level is modeled using & two-
dimensional advection-diffusion equation. The proposed mode!l can be
use lo represent-a laterally averaged air pollution anodel in an urban
streel canyon, The numerical resulls ave caleulated by usiug an explicit
finite difference scheme with the uniform air flow velocity ficlds. The nu-
merical can be use in several boundary conditions and interpolated wind
velocity functions.

1 Introduction

Air contamination has been a critical natural and wellbeing sympathy toward
hundreds of years. This presentation is across the board and vital for all pop-
ulates since it is upavoidable. The Global Burden of Discase 2010 assessed
that 3.1. 8.5, and 0.2 million passings happened cvery year as an aftereflect

Key words: air pollution, urban street canyon, dispersion model, advection-diffusion equa-
tion, explicit method
(2010) Mathemaltics Subject Classification: 65MO06G; 36K57
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146 Numerical Simulation of a Two-Dimensional Air Pollution Model . ..

of exposures to encompassing particulate matter, family strong energizes and
swrrounding ozone contamination, separately. With fast urbanization of the
total populace, air quality is expected to be on the decay as wellsprings of
contamination total. In profoundly pepulated urban areas, vitality utilization
and human excrcises (e.g. control era and vehicle utilize) must ascent to stay
aware of the requests of developing areas.

Urban air pollution was originally considered as a local problem mainly
associated with domestic heating and industrial emissions. which are now con-
trollable to a great extent.

The primary activity related poisons are CO, NOx, hydrocarbons, and par-
ticles, CO is a defective fuel ignition item. Burning additionally delivers a blend
of NO2 and NO, of which more than 90% is as NO. An extensive variety of
unburned and artificially changed hydrocarbons (e.g. benzene, toluene, ethane,
ethylene, pentane, and so forth.) is discharged by engine vehicles throngh var-
ious diverse procedures (e.g. dissipation, fuel tank removal, oil leak. and so
on.). At last, particles of dense carbonaceous malerial are transmitted for the
most part by diesel and inadequately kept up petrol vehicles.

In (2], [3] and [6], the air pellution prablem in three dimensional spaces witl
multiple sources are presented. The initial conditions in the domains are as-
sumed to be zero everywhere without obstacles. Tn [4] and [5]. the air pollution
in two dimensional spaces with obstacles domain are also studied.

In urban situations and partieularly in those zones where populace and ac-
tivity thickness are moderately high, human introduction to unsafe substances
is relied upon to be altogether expanded. This is regulacly the case close
bustling activity pivot in dewntown areas, where urban geology and micro-
climate may add to the production of poor air scattering conditions offering
ascend to defilement hotspots. High contamination levels have been seen in
road gorge, which is a teri habitually utilized [or urban houlevards Hanked
by structures on both sides. Inside these boulevards, walkers, cyelists, drivers
and inhabitants are probably going to be exposed to pollutant concentrations
exceeding current air quality standards.

2 Governing Equations

2.1 A laterally averaged air pollution model in an urban
street canyon
The distributed air pollutant process satisfies a mass transfer equation, which

include transportation and diffusion. Averaging the equation over the lateral,
we get the advection-diffusion equation

de de¢ P d%e .
—3;1»:155 = Dy, (E"r@)'fsy (2.1)
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for all (x,2,t) € [0,L] x [0, H] x [0.7], where L is the length of the consid-
cred street canyon, H is the n\('mgvd building hight along the street. 7 is the
stationary of a simulation time, ¢(x, z,t) (kg/m®) is the laterally averaged air
pollutant concentration at point (. ’) (m,m) and at time ¢ (sec), D (m?/sec)
is the diffusion coefficient of the considered air pollutant matter and S(z, z,¢)
is the rate of change of concentration at point source or sink were released or
absorbed along the street canyon per unit of time (kg/m® sec™), respectively,
The initial condition is assumed by a cold start technique c(x, 2,0} = e, where
cp 8 a given nonnegative constant, The buuru.lmy conditions are assumed by
e{0,2,1) = ¢y, on the left of the street (-rmyon d = 0 on the top of the canyon,
¢ — 0 on the ground of the canyon, and 5% iz = cz on the right of the canyoun,

dz
where ¢; and ¢y are given constants.

2.2 A non-dimensional form of a laterally averaged air
pollution model

We will transform Eq.(2.1) into & non-dimensional form as below,

Lac oo Xe W oid
U5 X D(}W )+Q (2.2)

where-at-=-tn s (L= ma (Lol ) )\ U= ufrmg
D= Dzf Pe, | D=l D/ \X =a /L, Z=g/L,
C= C/"nmx- Q == ‘g{fl].lilx /cmux) and, T'= jh,{‘tum}u
for.all (X, 2T) € 0,1]  [0. H/L} % [0.7].

3 Numerical Techniques

We now discretize Bq.(2.2) by dividing the interval [0, 1] into Af subintervals
such that ATAX = 1 and the interval [0,7] into N subintervals such that
NAT = T, and simi]arly defined for [0,IT/L}. We can then approximate
C(Xi Z;, T,,) by C7;, value of the difference approximation of C(X, 2, T) at
point X = iAX,Z = jAZ and T = nAT, where 0 < ¢+ < M0 < j < P
and () < n < N. The grid point (X Z;,T,,) is defined by X; = iAX for all
i=0,12,....Mand Z; = jAZ for all j = 0,1,2,...«P and T, = nAT for
all n =0,1,2.0.., N in which M. P and N are positive integers. Using the
forward time center space method (1] to Eq.(2.2), the [ollowing {inite difference
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equation can be obtained:

c o= (3.1)
P cnt 1 _ cn
‘jﬁc -t — L X AT L (3.2)
ac Cvr.»l.j e C;I‘.],J‘ '
el - i (3.3)
RGN\ L\ | Fihos 7 207 + 0y ik
axa\ (AX)? (3.4)
ﬂ ny CI'EJ+1—2('J+(‘J 1 3.5
T v ATE— (3.5)

Substituting Eqs(3.1-3.5) into Eq.(2.2), we can-obtain an explicit form of finite
diflerence equation as follows,

DAT UAT 2DAT 2DAT
rl+| e s 1) AT T i B ™ 4]
PR, = o 7o T ST oA 59
DAT | UATN o PAT ooy DAT
(AXE ~ BAX 2+ F @mp St Az G

forall 1 <i<M~-1,2<)<P-land0<n<N-1. Forthe right
boundary, where i = M, substituting the approximate unknown value of the
right boundsary by the forward difference approximation to 3—% e, we can let
Chy,; = C2AX +CFy . ;. For the bottom boundary, where j = 0, bulhtltutlug
the approximate uukuown value of the hmtnm boundary by the forward differ-
ence appwmmanuu to 3 3— =0, we can let €7, = C7'|. For the top boundary,
where § = P. substituting the approximate unknown vnhm of the top boundary
by the forward difference approximation to % =0, we can let Cfp = 07, .

4  Application to an Urban Street Canyon Air
Pollution Assessment Problem

Suppese that the measurcment of air pollutant concentration ¢ in a uniform
air flow street canyon w = 0.10 (m/8) is considered. A street canyon is aligned
with longitudinal distance, 200 {(m) long and 15 (m} high. There is an entrance
which discharges waste water into the canyon and the pollutant concentration
at the leftended is ¢(0,2,t) = ¢ = 1 (kg/m?®) at &= 0 for all ¢ > 0, there
is no rale of chiange of air pollutant level at the right ended exit 2 5; =0 at
=200 m. for all > 0, there iy no rate of change of air pollutant level along
the top € = 0on 2 = 15 m for all ¢ > 0, there is no rate of change of air
pollutant level along the ground ‘:’J‘i =0onz=0m for all ¢ > 0, and there is
the interpolated initial air pollutant C(z,2,0) = z(1 — 2)z(1 — 2) (kg/m®) a

145



HASAKARN THONGZUNHOR AND NOPPARAT POCHAT 149

t = 0. The physical parameters of the considered air pollutant matters are a
diffusion coefficient D = 0.1 (n?/s) and an averaged vehicle air pollutant rising
rate S = 0.5x107% (kg/m®). In the analysis conducted in this study, meshing
the eanyon into 200 elements in x-direction with Az = 1 m and 15 clements
in z-direction with Az = 1 m, and the time increment is At = 20 (s). The
non-dimensional form of governing equation with the proposed FTCS method
can be use to obtain the approximated pollutant concentrations e(w, z,1) as
shown in Table 1 and Figure 1.

Table 1: The approximated air pollutant concentration G(x, . 0.01) (kg/m*)

z/x (m) 0 25 50 75 100 125 150 175 200
0 1.0000 0. 6004 0.6000 0. 6000 0,600 0. 6000 0.6000 0, 6000 0,5996
5 1.0000 06230 (GO 0,6000 DLEOD0 0.60M) U.E0D 0.6000 05999
10 1.0000 0.9289 06074 L6000 06000 0. 6O00 LR ATV 0.6000 0).6000
15 L0000 ~1.2430 —0.7607  0.6000 . 0.GOOD . 0.6000 0.GODD  0.600D . 0.6000

=}
™
z

o
o

e

Airpollutant concentation C(x z,1) (Kgim™)

no
an

O%az<x15m 0<=x<=200m

Figure 1: The approximated air pollutant concentration C'(z, z.1) (kg/m?) at
1=100s
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5 Discussion and Conclusions

In this paper, the finite difference scheme is used to solved a a laterally averaged
air pollution model in a street canyon. The one-dimensional advection-dillusion
equation in a uniform air flow in the street canyan is solved by using the forward
time center space scheme and employing the forward space method to their near
the right, ground and top of a laterally averaged air pollution model in a street
canyon as the boundary conditions, The proposed numerical techniques give
a good agreement approximated air pollintant concentrations at each point for
each times.
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