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ABSTRACT

Many forms of atmospheric pollution affect human health and the
environment at levels from local to global. These contaminants
are emitted from diverse sources,” and some of them react
together to form new compounds in the air. This paper presents
a three-dimensional transient equation describing the pollutant
transport in the atmosphere. We assume the atmosphere is
subjected to pollutant due to the time-dependent source con-
centration. We use the parameter-expanding method and seek
direct eigenfunctions expansion technique to obtain analytical
solution of the model. The results are presented graphically
and discussed. It is discovered from the results obtained that
increase in reaction rate and decrease in wind speed change
significantly the_atmospheric concentration of air pollutant.

1. INTRODUCTION

Air pollution occurs within the atmospheric planetary boundary layer under
the combined effects of meteorological factors, earth surface topographic features
and releases air pollutants from various sources. Meteorological factors such as
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Air pollution may be classified into two types according to the nature of for-
mation: primary pollutants which are emitted from their sources directly to the
atmosphere such as industry, traffic, domestic heating in winter season anfi sec-
ondary pollutants which results from the chemical reaction between the primary
pollutants [2] :
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pollution prediction through atmospheric dl.SPGI‘SIOI.l m 5e8 of adverse health
the exposure to ambient air pollution is assocxated‘mth a S.C s el dbsiension
effects. Indra et al. [4] considered the classification of air po b sl o o
models and found that dispersion and emission of pollutar'lts into the at nd
trolled by the prevailing meteorological conditions like “Vlndv tempera gr(; a
stability of the atmosphere. They further showed that air pOlll:Itlon mo els are
based on the theories of atmospheric physics and thermodynamics. I.{abmgal.)wa
[3]. used a two dimensional convection diffusion equation to model air pollutl?n.
He found that the pollution dispersion is influenced by the model parameters like
diffusion coefficient, drift motion and reaction coefficient. He concluded that the
drift velocity of air moves the pollutants from one region to another at the rate
which is proportional to its magnitude.

The objective of this paper is to obtain an analytical solution for predicting
atmospheric concentration of air pollutants. As in [8], we assume that initially
the atmosphere is not clean and it is subjected to pollutant due to the time-
dependent source concentration. To simulate the flow analytically, we assumed
there is no pollutant flux at the end of other boundaries.

2. MODEL FORMULATION

We consider the transport of pollutant in the atmosphere. It is assumed that
initially (i.e., at time ¢ = 0), the atmosphere is not clean (i.e., the domain is not
pollutant free). Let C;be the initial pollutant concentration in the atmosphere
described the distribution of the pollutant at all point of the flow domain. The
time dependent source concentration is assumed at the origin (i.e.,x = 0, y =
0, z =0.) of the domain. At the end of other boundaries (i.e., z = L, y =
M, =z = H), we assumed there is no pollutant flux. Let C (x,y,2,t) be the
pollutant concentration in the atmosphere at position z,y,2 and time ¢. Then,

a three-dimensional transient equation describing pollutant concentration in the
atmosphere is given as:

aC oC  aCc  ac 9 ocC 0 oC o oC
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where Ci .
sisond g(;s thf}:l conce_nt.rat‘lon of pollutant in the atmospheric air, u is the wind
S ng the z- direction, vis the wind speed along the y- direction, wis wind

spee T :
peed along the z-direction, Sis the sources and sinks of pollutant in the atmo-

sphere i.e. its emissi
cll)mm' i 1e its emission, removal from the atmosphere by dry and wet deposition,
cal reactions, kpis the eddy diffusivity along z- direction, kyis the eddy

ihffl;ls_lwty along y- direction, k; is the eddy diffusivity along z- direction.
n this research work, we assume the following:
(1) A vertical velocity component is neglected.
(2) z-axis is oriented in the direction of mean wind i.e. (u = U,v=0)
(3) No settling or deposition. (i.e., w=0)
(4) Downwind diffusion is neglected in comparison to transport due to mean
; ; ac 9 (1. 2C
wm.d ('see [10]) i.e. \Ug;\ B (km'g,;)\ .
(5) Emission source term with pollutant reaction of the constant reaction
rate.

Based on the above assumptions equation (?7) reduces to:

oc , ;¢ _ 1 0C 12
ot oz Voyr 07

with initial and boundary conditions:

(2)

C(:r:,y,z,t)=Ci, z >0, y >0, z 20, §=0
(3) C(m,y,z,t) = Co(2 — qt), C:z: = y=0, z=10, t>0

9C — ¢ — oC — = — =

& =0, e =0, -53‘-_0, g=L, y=M, 2 H, t>20

We introduce a new space variable as

o ks
(4) ; n=y+ 2,
Then equations (??) and (27) reduce to

0*C
oC UBC'

0C  y& =p—— +aC
(5) = U = o
and
C(:t:,n,t) = Cj, x>0, n >0, t-—-OO
(6) C(z,m1) = Co(2 —at), z=0 n:O, t> :
aC — 9C — = _M+H="M t2
Ta —-0, -577 -——0, T L, Ui f
where )
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3. METHOD OF SOLUTION
3.1 Non-dimcnsionalizatmn : o (??), i the

: : onali i 7%
Here, we let h = L and non—dlmenswnallzed equations (

following dimensionless variables:
! T ! n tf — _Q_t_ C’ — .—-C—-
(7) T =T "= = L2’ Co

and we obtain

2
(8) %§-+uo%§=%§+a00
together with initial and boundary conditions:
Cla,mt) = S, z>0, 120 b=
©  Cant)=Co2—a), =0 n=0, t>0 o,
%:0, %—%:, @ =1 'f]=]-: t>0
where
ug = U—DI’- =Wind speed, oo = —“—33 —=reaction rate
Let us introduce another new space variable as
(10) e=c+9
Then equations (?7) and (?7) reduce to:
(11) %% = -f}% (%—S _UQC> + aoC
C (e,t) = &, e>0, t=0
(12) g’cgs,t)=2ﬂ_qt, =0, t>0
5% =0, eE=2 t=20

32 Solution by Direct Eigenfunctions Expansion Method
This is a non-homogenous boundary value problem. To solve (??) subject to (?7?)
we have to transform the equations to homogeneous boundary. We let (g

(13) w (e, t) = a(t) +eb(t)=2—qt+¢€-0
and
(14) C (e,t) = v (e, t) + w (e, 1)

Then equations (??) and (??) transformed into

o 0% v

15 LA i, =
(15) il + agv — aogt + (200 + 9)
(16) v (g,0) = N +qt—2, v(0,t)=0, v (2,t)=0
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uppose the solution v (g, t) can be express as

(17)

v (g, t) = v (e,t) + upvy (¢,t) + h.o.t

where h.o.t read ‘hi i
d ‘higher order terms in ug‘. In our analysis we are interested only

in the first two term ituti
S. ? i
hitars Substituting (??) into (??) and (??) and processing, we

18 a’vo 32’00
(18) 5t = Bz T @ovo+ (2a0 + g — cogt)
(19) w (&, D =
0 \&, )_FO‘HR—?, vO(O’t)__'O’ voe (2,8) =0
(20) o _Cu o

5% — 92 0e oM

(21) v1 (£,0) =0, v1 (0,%) =0, v1e (2,8) =0

Using eigenfunctions expansion method (see [6] for details), we obtain the
solution of (7?) — (77?) as:

(22)
A oo+ 0) () —oor (7)) (zn ) 1) e
vo (&, T) = _ C; A
n=1 (2n l)ﬂ- (-Cf)--i—qt_dz)e t !
and

(23)

(2000 + 9) (———r—““"’ emfm“) -

00 2n 2n—1
2 ("'1) (AteA‘—2eA‘+At+2 ] ( s )
_ I . S Y -4 sin me
v (g, 1) E Gn—Dr g A ) 4
n=1 (%‘L + %t —_ 2) teAt
0

= (- (=)

where

Then, we obtain

(24) v (5,.t) = vg (g,1) + Uov1 (e,t)
and
(25) C(E,t)zv(s,t)+2—-qt

i {APLE.
The computations were done using computer symbolic package M
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Figuse 2: Varigtion of Polluant Concengation Cix, .z 7) agains ) and
¢ for dffeent valuesof Wind Speed Up

From figure 3, we can conclude that pollutant concentration decreases and along

nd decreases along the spatial direction as wind speed(up) -

the z- direction a
creases.
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Figure 3: Variation of Pollutant Concenzation Cix ). z 1) against 7and
i for different values of Wind Speed ty

From figure 4, we can conclude that

x and y -directions and decreases al
Increases.

pollutant concentration decreases along the
ong the spatial directions as wind speed(ug)
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From figure 5, we can conclude that pollutant as time
increases and along the x- direction and increases d spatial

directions as reaction rate(op) increases.
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Figure 3: Vanation of Pollutart Concentyation Clxy,z7) aganst X and
I for different values of Reaction Raeao

From figure 6, we can conclude that
increases and along the y- direct

directions as reaction rate(ayg) ir

pollutant concentration Increases as time

ion and increases along the temporal and spatia]
1Creases.
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Figure §: Vanation of Polluart Coneentration CUx 3. & 7} aganst Y and
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entration increases along the z-

From figure 7, we can conclude that pollutant conc
reaction rate(aq) increases.

direction and increases along the spatial direction as
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Conclusion
From the studies made on this paper we conclude as under.
(1) Wind speed decreases the pollutant concentration along the temporal and
spatial directions. :

(2) Reaction rate enhances the pollutant concentration along the temporal
and spatial directions.

It is noted that increase in reaction rate and decrease in wind speed change
significantly the atmospheric concentration of air pollutant. It shows that the
concentration of these chemicals strongly depend on both the mechanisms of
formation and the dynamics of transport. This has negative implication on human
health. Air pollutants damage ecosystems, weaken Earth’s stratospheric ozone
shield, and contribute to global climate change. Thus, it is crucial to track
concentrations of key chemicals in the atmosphere.
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