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ABSTRACT 
Under the effects of electric field and chemical reaction,  a 

mathematical model  has been developed to study the 

dispersion of aerosols in a couple stress fluid flowing through 

a channel which is analytically solved using Taylor dispersion 

model. The solutions for velocity, concentration distribution 

and dispersion coefficient are numerically computed and the 

results are represented graphically. It reveals that the 

dispersion coefficient increases with increase in electric 

number but decreases with increase in couple stress parameter 

and chemical reaction rate. 
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1. INTRODUCTION 

Emission of air pollutants is caused by different 

anthropogenic processes which can be categorized into the 

source groups motor traffic, industry, power-plants, trade and 

domestic fuel [1]. All liquid or solid particles suspended in air 

are defined as aerosol particles. These particles influence 

climate, cloud formation, weather, visibility, atmospheric 

chemistry as well as human health. Two groups of aerosol 

particles are distinguished: primary particles are those that 

have direct sources. Secondary particles are produced in the 

atmosphere by gas-to-particle conversion. Sometimes, the 

primary pollutants may not cause pollution of the air but 

secondary pollutants produce air borne pollutants [5]. In 

recent years, the study of a chemically reactive heavy 

admixture and its by-product has generated considerable 

attention because of its several harmful effects on human 

society and its environment. 

In the nature transition between ionosphere and atmosphere of 

the earth is a region having poorly conducting fluid in which 

the electrical forces dominate in driving the fluid [4]. Further 

the electrical forces in thunderstorm also appear to be as 

important as the fluid forces at some stages of critical forces 

[2]. Besides the various electrical phenomena, it is found that 

different chemical compositions of aerosols take place near-

earth's atmosphere [3]. Fluids with antisymmetric stress are 

known as polar fluids. Couple stress fluids are specialized 

micropolar fluid where in unlike most micropolar fluids, there 

is a match between the spin of the suspension and the vorticity 

of the suspending fluid [9]. The aerosol particles can collide 

with other particles and grow into large enough to be removed 

by gravity or electrical [6]. The process by which these 

particles migrate, either to a surface or to one another, is 

called diffusion and their motion is described as dispersion 

[7]. The dispersion of aerosols in the atmosphere by gravity or 

electrical have significant impact on the human system [8]. 

So, it is imperative to have a mathematical model to consider 

secondary pollutant due to chemical reaction and their 

removal by means of electrical. This paper deals with the 

effect of electric field and chemical reaction on the dispersion 

of aerosols in a couple stress fluid flowing in a channel using 

Taylor's model. 

2. MATHEMATICAL FORMULATION 

The physical configuration shown in the figure 1 consists of 

an infinite horizontal channel bounded on both sides by 

electro-conducting impermeable rigid plates embeded with 

electrodes located at y = 0 and y = h and electric potentials 

x
h

V
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at y=0 and 
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at y=h are maintained on 

these boundaries where V is potential. 

 

 

 

Figure 1. Physical Configuration 

In this paper, we make the assumption that the electrical 

conductivity () is negligibly small and hence the magnetic 

field is negligible. This assumption makes the electric field E   , 

to be conservative.  

 i.e. E   =-  (1) 

The  basic equations are,  
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where  is a couple stress parameter. 

Conservation of species  
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Maxwell’s equation  
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The equation (7) is zero because in a poorly conducting fluid, 

induced magnetic field is negligible and there is no applied 

magnetic field. 
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The above equations are solved using the following boundary 

conditions on velocity and potential, 
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In  cartesian form, using the above approximation equation (3) 
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In a poorly conducting fluid, the electrical conductivity is 

assumed to vary linearly with temperature in the form 
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where h is the coefficient of volumetric expansion.  

We assume the flow is fully developed and unidirectional in 

the x –direction, so that the velocity and temperature will be 

functions of y only. Using the following dimensionless 

quantities,  
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where V is electric potential. We get electric potential through 

electrodes.  

Equations (3) to (11) becomes
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We assume that the fluid with pollutants is isotropic and 

homogenous so that molecular diffusivity D, viscosity  are 

all constants. 
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is the couple stress parameter. 

Equation (5) becomes, . J =0 

using equation (1) we get, 

 (2) + .=0   (14) 

The boundary conditions on velocity, couple stress and 

electric potential after dimensionless are  

u = 0  at y=0,1    (15) 
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The solution for , according to (14)depends on  which in 

turn depends on the temperature Tb as in (12). In a poorly 

conducting fluid, <<1 and hence any perturbation on it is 
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3. ELECTRO HYDRODYNAMIC 

DISPERSION OF AEROSOLS  

The solution of equation (13) satisfying the condition (9) is  
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Now C, the concentration of aerosol in the atmosphere which 

diffuse in a fully developed flow, can be written as  

)27(12

2

2

2

CK
y

C

x

C
D

x

C
u

t

C



























  

where K1 is the reaction rate parameter. To find the 

concentration distribution, we assume following Taylor 

(1953), the longitudinal diffusion is very much less than the 

transverse diffusion which implies. 
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This small transport and the small longitudinal concentration 

gradient must be proportional to one another. Thus the 

combined effect of longitudinal advection and transverse 

diffusion is to disperse the aerosol longitudinally relative to a 

frame moving at the mean speed of flow by a mechanism 

which obeys the same law as on ordinary one dimensional 

diffusion relative to fluid at rest. Then equation (27) takes the 

form.  
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where L is the characteristic length along the flow direction. 

Equation (26) in non-dimensionless form can be written as 
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Following Taylor (1953) we assume partial equilibrium at any 

cross section of the layer and obtain C as the variation of y by 

approximating equation (30) in the form  
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The solution of equation (32) using the equation (31) and 

satisfying the boundary conditions (29) we get  
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The volumetric rate at which the fluid is transported across a 

section of a layer of unit breadth is  
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using equations (33) and (31) we get,  
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Following Taylor (1953) we assume that the variation of C 

with  are small compared with those in the longitudinal 

direction and Cm is the mean concentration over a section, 
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The fact that no material is lost in the process is expressed by 

the continuity equation for Cm namely 
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which is the equation governing the longitudinal dispersion. 

Equation (38) implies that Cm is dispersed relative to a plane 

which moves with average velocity 𝑢  exactly asthough, it has 

been diffused by a process which obeys the same law as the 

molecular diffusion.  

4. CONCLUSION 
Pollutants emitted from different surface sources are mixed 

with the air of the earth's atmosphere. Gaseous constituents of 

the atmosphere are continuously being exchanged with 

vegetation, the ocean and biological organisms. Cycles of the 

atmospheric gases involve a number of physical and chemical 

processes within atmosphere itself, by biological activities. 

Various removal mechanisms are known to occur in the 

atmosphere which are effective in removing pollutants. Here 

the atmospheric gas is modeled as couple stress fluid. 

In this paper, the axial dispersion in a couple stress fluid 

bounded by electrodes in the presence of chemical reaction is 

studied using Taylor dispersion model. The Taylor dispersion 

coefficient is determined and numerically computed for 

different values of electric number and the results are 

represented graphically. 

Figure 2 represents the effect of electric number on the 

velocity profiles of couple stress fluid and aerosols. It is 

observed that the velocity increases with increase in electric 

number. 

Figure 3 represents the effect of electric number We on 

dispersion of aerosols in couple stress fluid for different 

reaction rate β. It shows that the D* increases with an increase 

in We but decreases with an increase in β. Figure 4 shows that 

the D* decreases with increase in β  and couple stress 

parameter a. Figure 5 shows that the D* increases with 

increase in We and decreases with an increase in a. From these 

figures it is found that the electric field enhances the transport 

of aerosols and the first order chemical reaction decreases the 

transport of aerosols. That is it removes efficiently solid or 

liquid particles from gases discharged to the environment. The 

proposed model and analysis presented here also suggests that 

to remove the aerosols from the atmosphere, external species 

may be introduced in the atmosphere which can interact with 

the pollutant and remove it by some suitable removal 

processes based upon the physical and chemical properties of 

the pollutants as well as that of externally introduced species. 
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