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Mechanisms of atmospheric aerosols using
mathematical modelling
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Abstract

The mechanism of atmospheric aerosols are investigated using mathematical modelling of dispersion. Various
analytical approaches are discussed briefly to study the aerosol mechanisms. Also a typical example of
dispersion of aerosols with and without chemical reaction is studied using Taylor's model and the effect of
electric field and magnetic field on skin friction are computed.The results obtained from the analytical method

are depicted graphically.
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1. Introduction

The Earth’s atmosphere can be considered as a diluted
complex aerosol system and such the impact of atmospheric
aerosols is felt in all aspects of our life. The aerosols have
potential to warm or cool the earth’s atmosphere system

depending upon their absorptivity and cloud albedo.

Atmospheric aerosols are complex mixtures of different
chemical species. In the upper atmosphere, the presence of
aerosols can significantly decrease the temperature, thus
contributing to the overall greenhouse effect and global
climate. The size of the atmospheric aerosol particles can
range from 1 nanometer(nm) to 100 micrometers(im) in
diameter. Several reports are available for the dynamics of
aerosols over the globe as studied in [10,11,12,13].

They can be emitted directly to the atmosphere (primary
particles) or arise by gas-to-particle formation from precursor
gases (secondary particles). The coarse fraction particles are
mostly injected directly to the atmosphere by mechanical

processes or from natural sources.The fine fraction contains
mainly particles, which arise from gas-to-particle conversion.
It can affect the climate in different ways.

1.1 Importance of the study of dispersion of aerosols

Pollutant transport resulting from municipal, industrial
and agricultural wastes polluting atmosphere where control
of pollutants is desired. The aerosols which are gradually
choking people to death, where an understanding of the
spreading of aerosols is required.

In view of above theoretical study on the effect of
chemical reaction,size of aerosols and deformation of
aerosols on dispersion is needed.Many mathematical models
are developed on primary and secondary aerosols in the
atmosphere as studied in [14,16,17]. The objective of this
paper is to present the mechanisms of dispersion of aerosols
in the atmosphere with and without chemical reaction under
the effect of electric and magnetic field with a typical
example.

1.2 Literature survey

The work on dispersion phenomena is fairly well known as in
[1,8,9] and others were mainly valid for large time after
injecting a slug into the fluid. Later, dispersion was
generalized it to cover transient phenomena, called a
generalized dispersion model given in [6].

1.3 Dispersion models

The following analytical approaches are used to study the
dispersion models with and without chemical reaction.

1.3.1 Analytical Approaches

1. Taylor dispersion model
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A simple method for the calculation of contaminant dispersion
in bounded shear flow at long interval of time after injection
is studied in [9]. He noted that solute is much more slowly
dispersed by molecular diffusion across a velocity shear.
2.Aris Approach

The moment approach to generalize Taylor’s result to include
the effect of axial molecular diffusion Aris calculated the first
few integral moments of a solute as it disperses in [1]. He
obtained from the second moment,the dispersion coefficient
for a solute with molecular diffusivity injected into a tube of
radius a containing fluid in a laminar flow with mean speed u.
3.Generalised dispersion model

The generalised dispersion model was developed and later the
dispersion in a clear fluid was studied in [2,3] and this model
was developed to study dispersion in porous media which is
valid for all time as in [8].

4 Lighthill Approach

An analytical solution for the unsteady convective diffusion
equation using an asymptotic expansion was investigated as
in [7]. Later Lighthill’s results was extended in [4] following
the approach in [15].

5.Randomwalk approach

In the randomwalk approach, the tracer particles are
represented by a large number of marked particles, whose
paths are traced as they move through the fluid. In the next
section one example dealing with dispersion of aerosols in
the atmosphere using [9] is discussed.

2. Typical example

A mathematical model is developed to study the dispersion
of aerosols with and without chemical reaction in the presence
of electric and magnetic field using [9].

2.1 Mathematical Formulation

Consider the laminar flow through a horizontal parallel plates
embedded with electrodes located at y=0 and y=h with an
applied magnetic field B,.
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Figure 1. Physical Configuration

The momentum and concentration equations are given by,
d2
e — MPu=Wep,E.+P 2.1
dy

where u is the velocity, We is the electric number, P is the

pressure.

aC aC 2%C
= T :D&—yz—KC (2.2)
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where P = %, u is the Coefficient of viscosity .
The solution of equation(2.1) satisfying the conditions u = 0
aty=0,11is

W,ape™* P

u :AcoshMy+351nhMy+ m — W (23)
where « is the volumetric coefficient for conductivity.
_ Wexpo2.4 P Weage™ %,
where ag = 755 5A = 55 — (aZO—MZ) ;
ey
B= SinLM(%(l —coshM) — ‘Z;Z"sz) (e=*—coshM));
From equation(2.3) the average velocity is,
~ /1 AsinhM  BcoshM — 1
U= | udy= -
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Since considering advection across a plane moving with the
mean speed of flow, the fluid velocity relative to this plane is
given by

) W,ape &
where f = —ASij“‘/IhM — BCOS},IM’I + a(;‘;ef(z)wh (e=*—1) using

equation(2.5) and the non-dimensional quantities
* * * — i 2
Y = C = Sirt = ke = p = K
and following Taylor(1953),assuming partial equilibrium
equation(2.2) takes the form

c

57 B*C =0V (2.6)

where Q = g—zL g—g and f the reaction rate parameter.

We consider two cases. In case 1 in the presence of chemical
reaction and the case 2 without chemical reaction.

Case 1: With Chemical reaction(f # 0)

The solution of equation(2.6), using (2.5) and the conditions
‘3—5 =0ary=0

and C=laty=11is
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T B2 T B2
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Case 2: Without chemical reaction( = 0)
when 8 = 0, equation(2.6) becomes
9°Cy
0y?

where Cy is the concentration of aerosols without chemical

=0V (2.8)

reaction and Qp = g—i %—Cé’ The solution of equation (2.8) using
(2.5)is
Cn e Q(A coshMy  BsinhMy W,ape~™*
0= M2 M2 oZ(a2 —M2)

2
IV e p,

where f1 and f2 are constants to be determined using the entry
condition.

2.2 Taylor’s Diffusion co-efficient

The volumetric rate at which the solute is transported across a
section of the channel of unit breadth is

1
M = / CVdy (2.9)
0
1
M2 = /C()de (2.]0)
0

using equations(2.7)and(2.5) performing the integration and
after simplification we get,

M, = l’;—; 1832’" @2.11)
My = Z—BL 28;5’” (2.12)
h3
whereD* = fEGl (2.13)
h3
D= —EGQ (2.14)

The fact that no material is lost in the process is expressed by
the continuity equation for C,, namely

oM 2 9Cp,

" Lo @15
equation(2.16)using (2.12) and (2.13) becomes

aC, ., 93%*Cy

= = Téz (2.16)

aC, ., 93%*Cy

o = D) 8—&2 2.17)

which is the equation governing the longitudinal dispersion.
The lengthy expression of dispersion co-efficient’s D*, D7 are
computed and the results are discussed in the next section.
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3. Skin friction

In many practical applications it is advantageous to know
the skin friction at the boundaries. It can be determined once
we know the velocity . The skin friction 7 at the walls is
defined as

T=H ( %I; ) y==+h
making this dimensionless using the scale for u used earlier
we get,

du

Here (g}) can be obtained using (2.3). The analytical
results obtained are displayed through graphs.

4. Results and Discussion

A mathematical modelling of dispersion of atmospheric
aerosols is discussed using Taylor’s model. The analytical
results are reported and are displayed graphically through
figures.
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Figure 2. Dispersion coefficient D* with Electric number We
for different values of Hartmann number M for =1
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Figure 3. Dispersion coefficient D} with Electric number We
for different values of Hartmann number for =0

3500 F
3000 ——Wa=30
== Wa=d]
2000
——Wa=3D
1500 F
1000 F

5004

——We=60

0.8 1.‘{} T
Figure 4. Skin friction coefficient T with y

for different values of Electric number We
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Figure 5. Skin friction coefficient T with y

for different values of Hartmann number M

Figure 2 reveals that the dispersion coefficient D* increases
with an increase in electric number We and decreases with
increase in Hartmann number M. Figure 3 shows that the
dispersion coefficient D1* increases with increases in electric
number We and decreases with increase in Hartmann number
M.From the figures 4 and 5,it is seen that the enhancement
of electric and magnetic field increases the skin friction. It
conclude that the presence of electric field and magnetic field
enhances the dispersion of aerosols for both with and without
chemical reaction. It suggests that the dispersion of aerosols
and skin friction would depend upon the parameters in the
atmosphere.

5. Conclusion

The Mechanisms of dispersion of atmospheric aerosols
using mathematical modelling is investigated. = Various
theoretical approaches available on dispersion are discussed.
The problem considered in this paper are representative of
aerosol mechanisms in the atmosphere. It conclude that there
is impact of electric field and magnetic field on dispersion of
aerosols for both with and without chemical reaction.
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