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Abstract 

This investigation is undertaken to study the effects of heat source and radiation absorption on 
unsteady hydro-magnetic heat and mass transfer flow of a dusty viscous incompressible, 
electrically conducting fluid between two vertical heated, porous, parallel plates in the presence 
of chemical reaction under the influence of a transverse applied magnetic field. Initially, the 
channel walls as well as the dusty fluid are assumed to be at the same temperature and the mass 
is assumed to be present at low level concentration so that it is constant everywhere. It is also 
assumed that the dusty particles are non-conducting, solid, spherical and equal in sizes, these are 
uniformly and symmetrically distributed in the flow field. The governing equations are solved 
analytically using the perturbation technique. Non-dimensional velocity, temperature, 
concentration and skin-friction are discussed through graphs for various physical parameters 
entering into the problem.  It is found that velocity of the dusty particles is less than that of the 
dusty fluid and the skin-friction of the dusty particles is greater than that of the dusty fluid. It is 
observed that the temperature is minimal at the centre of the channel and decreases towards the 
plates whereas the concentration is minimal at the center of the channel but increases towards the 
plates.   
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MSC 2010 No.: 76T10, 76T15 



    142 J. Prakash et al.

 

Nomenclature  

0B  -  Magnetic field 

  -  Electric conductivity 
M  -  Magnetic field parameter 
C  -  Species concentration in the fluid 

rP  -  Prandtl number 

wC  -  Concentration of the plate 

cS  -  Schmidt number 

0C  -  Initial uniform concentration at 0T  

wT  -  Plate temperature 

pc  -  Specific heat at constant pressure 

0T  -  Initial temperature 

g  -  Acceleration due to gravity 
  t  -  Time 

rG  -  Thermal Grashof number 
 A  -  Decay parameter 

0N  -  Number density of the dusty particles 

K  -  Resistance coefficient of dusty particles 
D   ‐  Coefficient of proportionality for the absorption of radiation 

vu, -  Velocities of dusty fluid and dusty particles respectively 
S  -  Dimensionless heat source or sink parameter 
Q  -  Dimensional heat source/sink parameter 
  -  Radiation absorption parameter 

mG  -  Modified Grashof number 

y : - Co-ordinate axes normal to the plates 
k :  - Dimensionless permeability parameter 

1K : - Dimensional permeability of the porous medium 

lK : - Dimensional chemical reaction parameter 

rK : - Dimensionless chemical reaction parameter 
 : - Thermal diffusivity  
 :  - Density  
 
1.   Introduction 
 
In nature, the availability of pure air or water is scarce. Air and water are contaminated with 
impurities like CO2, NH, O2 etc. or salts in water. The influence of dusty particles on free-forced 
convective flow of dusty viscous fluids has attained some importance in many industrial 
applications such as wastewater treatment, power plant piping, combustion and petroleum 
transport. Flows with heat and mass transfer of electrically conducting fluids in channels under 
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the influence of a transverse magnetic field occur in MHD power generators, the cooling of 
nuclear reactor, boundary layer control in aerodynamics and crystal growth. Until recently, this 
study has been largely concerned with the flow of heat and mass transfer characteristics in 
various physical situations.  
 
On the other hand, mass diffusion rates can be altered tremendously with chemical reactions. The 
chemical reaction effects depend on whether the reaction is homogeneous or heterogeneous. 
This, in-turn depends on whether they occur at an interface or as a single phase volume reaction. 
In well-mixed systems, the reaction is heterogeneous if it takes place at an interface and 
homogeneous if it takes place in the solution. In the majority of cases, a chemical reaction 
depends on the concentration of the species itself. A reaction is said to be of the first order, if the 
rate of reaction is directly proportional to the concentration itself, Cussler (1988). A few 
representative areas of interest are those in which heat and mass transfer, combined with 
chemical reaction play an important role like in food processing and polymer production. 
Chambre and Young (1958) have analyzed a first order chemical reaction in the neighborhood of 
a horizontal plate. Alexander (1980) studied the analytical solution for mass transfer with a 
chemical reaction of the first order. Das et al. (1994) have studied the effects of the 
homogeneous first order chemical reaction on the flow past an impulsively started vertical plate 
with uniform heat flux and mass transfer. 
 
The nature of dusty viscous and viscoelastic fluids under the influence of different physical 
conditions has been studied by several researchers notably by Saffman (1962), Micheal and 
Norey (1968), Raptis and Perdikis (1985). Singh (2002) proposed the study of free convection 
and mass diffusion of a dusty viscoelastic (Walter’s Liquid Model-B) fluid flowing between two 
heated porous plates in porous media in the presence of a magnetic field. Kumar and Srivastava 
(2005) studied the effects of chemical reaction on MHD flow of dusty viscoelastic (Walter’s 
Liquid Model-B) liquid with heat source/sink. Mbeledogu and Ogulu (2007), Patil and Kulkarni 
(2008) proposed the study of convective heat and mass transfer in an incompressible viscous 
Boussinesq fluid in the presence of a chemical reaction of the first order.  Osalusi et al. (2008), 
Afify (2009) and Beg et al. (2009) have studied the effects of thermo diffusion (Soret effects) on 
MHD mixed convection heat and mass transfer of an electrically conducting fluid. 
Nandeppanavar et al. (2010) have proposed a study on heat transfer in a Walter’s Liquid B Fluid 
over an impermeable stretching sheet with heat source/sink.  
 
Makinde and Chinyoka (2010) analyzed MHD transient flows and heat transfer of a dusty fluid. 
In a channel with Navier slip condition. Sharma et al. (2010) have discussed the unsteady MHD 
heat and mass transfer free convective flow of a viscous fluid through a Darcian porous regime 
adjacent to a moving semi-infinite vertical plate. The governing equations were solved with 
Element free Galerkin method. Prakash et al. (2010) have investigated the effects of thermal 
diffusion and chemical reaction on MHD flow of a dusty viscous incompressible and electrically 
conducting fluid between two vertical heated porous plates with heat source/sink. Sivaraj and 
Kumar (2012) analyzed the problem of steady, mixed convective and laminar flow of 
viscoelastic and viscous fluids in a vertical porous channel filled with viscoelastic fluid in one 
region and viscous fluid in another region. Mastanrao et al. (2013) have studied chemical 
reaction and combined buoyancy effects of thermal and mass diffusion on MHD convective flow 
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along an infinite vertical porous plate in the presence of Hall current with variable suction and 
heat generation.  
 
2.  Mathematical Analysis 
 
In this problem, we considered the effects of heat source (or sink) and radiation absorption on the 
unsteady dusty flow of a viscous, incompressible, slightly conducting, viscoelastic fluid between 
two heated infinite vertical porous parallel plates (2h distance apart) located at the y = h and 
y h  planes and extending from  tox and from  toz under the influence of a 
uniform magnetic field in the presence of chemical reaction of the first order. The x-axis is taken 
along the flow midway of the plates (y = 0) and y-axis is taken normal to it. Let u and v be the 
velocities of dusty fluid and dusty particles respectively in x-direction. Initially, the channel 
walls as well as the dusty fluid are assumed to be at the same temperature 0T  with concentration 

levels 0C (assumed to be present at low level and uniformly distributed everywhere). At time 

0t  , the temperature of the walls is instantaneously raised to wT  and the species concentration 

is raised to wC . It is also assumed that, 

1. The flow in the x-direction is driven by a constant pressure gradient 
x

p




with negligible body 

forces. 
2. A uniform magnetic field with magnetic flux density vector 0B  is applied in the positive y- 

direction. This is also assumed to be also the total magnetic field. 
3. There is no externally applied electric field and the induced magnetic field is neglected by 

assuming a very small magnetic Reynolds number. 
4. The dusty particles are non-conducting, solid, spherical and equal in size. They are 

distributed uniformly and symmetrically everywhere in the flow field with number density 

0N  in the entire flow. 

5. There exists a chemical reaction in the mixture.  
6. The plates are assumed to be infinite in the x and z –directions so that the physical quantities 

do not change in these directions. 
  y   

y = h    u = 0 

 

     Bo    h   

      x       x   

 

y = ‐ h    u = 0 

                           Flow geometry of the problem 
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Under these assumptions, with Boussinesq’s approximation, the fluid motion, temperature and 
concentration are governed by the following set of equations. 
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At t = 0, the temperature and concentration level changes according to the following laws: 
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On introducing the following non-dimensional quantities 
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 We have the following governing equations which are dimensionless 
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Now, initial and boundary conditions (5) according to new system reduce to 

 0 : 0 , 0 1,1 ,

0 : 0 , 1 exp( ), 1 exp( ) 1 ,

0 : 0 , 1 exp( ), 1 exp( ) 1 ,
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                         (10) 

where 
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02 dB
M  (Hartmann number), 

2Kd
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 (Relaxation time parameter for particles), 
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 (Grashof number), 
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D
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 (Schmidt number), 


Qd

S
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 (Heat source/sink parameter), 



2dK
Kr l (Chemical reaction parameter), 

2
0

d
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 (Viscoelastic parameter), 
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Pr (Prandtl number), 
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 (Radiation absorption parameter). 

 

3.  Method of Solution 

To solve the equations (6) to (9) subject to the boundary conditions (10) according to Pop 
(1968), we assume 

     0 1, , ... ,atu y t u y u y t e     

     0 1, , ... ,atv y t v y v y t e     

     0 1, , ... ,atT y t T y T y t e     

     0 1, , ... .atC y t C y C y t e                        (11) 

Using (11) in equations (6), (7), (8) and (9) and comparing the coefficients of the harmonic and 
non-harmonic terms, we obtain the following set of equations: 

 2
0 0 0 0 0 0

1
,r mu M u v u G T G C

k w

         
 

          (12) 

   2
1 1 1 1 1 1

1
1 ,r ma E u M a u v u G T G C

k w

          
 

              (13) 

0 0 ,u v                                  (14) 

 1 11 ,u a w v                                 (15) 

0 0 0 0 ,T ST C                          (16) 

 1 1 1Pr ,T S a T C                         (17) 

0 0 0 ,C Sc Kr C                          (18) 

 1 1 0,C Sc Kr a C                           (19) 

where primes represent differentiation with respect to y and further the boundary conditions are 
reduced to: 
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0 0 1 1 0 00 , 1 ,u v u v T C       

1 1

1
, 1 .T C at y


       

and  

0 0 1 1 0 00 , 1 ,u v u v T C       

1 1

1
, 1 .T C at y


                           (20) 

By solving the equations (12) to (19) under the boundary conditions (20), we get the solutions 
for the velocity (dusty fluid and dusty particles), temperature and concentration fields as follows: 
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4.  Skin-Friction 

 
Let f  and p be the skin friction for dusty fluid and dusty particles respectively. Then 
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5.  Results and Discussion 

To get a physical insight into the problem, the numerical evaluation of the analytical results for 
velocity, skin-friction for a dusty fluid, dusty particles, also temperature and concentration 
profiles for adusty fluid have been calculated. The effects of various physical parameters like 
magnetic parameter M, heat source parameter S, radiation absorption parameter , chemical 
reaction parameter Kr, permeability parameter k, the Schmidt number Sc and the Prandtl number 
Pr on velocity, temperature, concentration and skin-friction are displayed through graphs. 
 
The concentration profiles for different values of the Schmidt number is considered 0.6 which 
corresponds to water-vapor, 0.22 (Helium), 0.78 (Carbon monoxide), 0.96 (Methonal) and 
chemical reaction parameter Kr (0.1, 0.3, 0.5 & 0.7) with a = 0.9, S = 0.2, t = 1, Pr = 0.71(usually 
for air) of the dusty fluid are displayed through Figures 1 and 2 respectively. From these Figures 
it is seen that increasing values of the Schmidt number Sc and the chemical reaction parameter Kr 
decreases the concentration. It is also observed that concentration is minimum at the centre of the 
channel (y = 0) and increases towards the plates. The fluid temperature profiles for various 
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values of Heat source/sink parameter S (0.2, 0.4, 0.6 & 0.8), the Prandtl number Pr (0.50 & 0.71) 
and the radiation absorption parameter  (1.0, 2.0, 3.0 & 4.0) with a = 0.2 and t = 1.0 are 
illustrated through the Figures 3 and 4. It is found that with the increase of the heat source/sink 
parameter and the Prandtl number, the temperature decreases while it increases with the increase 
of the radiation absorption parameter. It is also observed that the temperature is minimum at the 
centre of channel (y = 0) and decreases moving towards the plates. 
 
The behavior of the velocity of the liquid and the dusty particles under the influence of the 
magnetic field parameter M (1.0, 2.0, 3.0 & 4.0), the radiation absorption parameter  (1.0, 2.0, 
3.0 & 4.0) and the heat source parameter S (0.0, 0.1, 0.2 &0.3) with Sc = 2.0, Kr = 0.2, a = 0.9, Pr 

= 0.71, w = 0.5, E = 1, d = 1, k = 10, Gr =10, Gm = 5 and t = 1.0 are shown in Figures 5 - 7 
respectively. From these Figures it is observed that by increasing the values of the magnetic field 
parameter we decrease the velocity of the dusty fluid and dusty particles absolutely while 
increasing the radiation absorption parameter and heat source/sink parameter. It is also noticed 
that the velocity is maximum at the centre of channel (y = 0) and decreasing towards the plates.   

 
The velocity profiles for different values of the Schmidt parameter Sc (0.22, 0.60 & 0.78) and the 
permeability parameter k (0.0, 0.01, 0.02 & 0.03) with M = 4.0, Kr = 0.2, a = 0.9, Pr = 0.71, w = 
0.5, E = 1,   = 5.0, d = 1, Gr = 10, Gm = 5 and t = 1.0 are displayed in Figures 8 and 9 
respectively. It is found that increasing the values of the Schmidt parameter and permeability 
parameter increases the velocity for both liquid and dusty particles. It is also observed that the 
velocity is maximum at the centre of channel (y = 0) and decreases towards the plates. In the 
above investigation, it is very interesting to note that the velocity of the dusty particles is less 
than the velocity of the dusty fluid. Skin-friction is presented in Figures 10 and 11 against the 
magnetic field parameter (M) and the heat source parameter (S) respectively. From these Figures 
it is seen that the skin friction increases with increasing the magnetic field parameter M while it 
decreases with increasing heat source parameter S. It is also observed that the skin friction of the 
dusty particles is greater than that of the dusty fluid. 
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Figure 1. Concentration profiles for different Sc 
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Figure 2. Concentration profiles for different Kr 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

y

T
em

pe
ra

tu
re

S=0.2, 0.4, 0.6, 0.8

______ Pr=0.71
.......... Pr=0.5

 

Figure 3. Temperature profiles for different S and Pr 
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Figure 4. Temperature profiles for different   
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Figure 5. Velocity profiles for different M 
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Figure 6. Velocity profiles for different   
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Figure 7. Velocity profiles for different S 
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Figure 8. Velocity profiles for different Sc 
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Figure 9. Velocity profiles for different k 
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Figure 10. Skin-friction for different M (Magnetic parameter) 
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Figure 11. Skin-friction for different S (Heat source parameter) 

 

6.  Conclusions 

It is found that with the increase of the heat source/sink parameter and the Prandtl number the 
temperature decreases while it increases with the increase of the radiation absorption parameter. 
It is also noticed that the temperature is minimum at the centre of the channel and decreases 
towards the plates whereas the concentration is minimum at the centre of the channel but 
increases towards the plates. It is observed that with increasing values of the magnetic parameter, 
the velocity of dusty fluid as well as velocity of dusty particles decreases, while it increases with 
the increase of the radiation absorption parameter and heat source parameter. It is also found that 
the velocity of the dusty particles is less than that of the dusty fluid and the kin-friction of the 
dusty particles is greater than that of the dusty fluid. 
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