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Abstract: 
In this manuscript a study of the unsteady magneto-hydrodynamic mixed convection Jeffrey 
fluid flow over an inclined permeable moving plate in presence of thermal radiation, heat 
generation, thermophoresis effect and homogenous chemical reaction, subjected to variable 
suction has been undertaken. The governing equations are solved by using a regular perturbation 
technique. The expressions for the distributions of velocity, temperature and species 
concentration are obtained. With the aid of these, the expressions for skin friction, Nusselt 
number and Sherwood number also have been derived. The influences of various physical 
Parameters involved in the problem on the above mentioned quantities are discussed with the 
help of graphsand tables. From the significant findings, it has been found that the velocity 
increases with an increase in Jeffrey fluid in the presence of permeability. It shows reverse 
effects in the case of magnetic parameter, radiation parameter and chemical reaction parameter. 
 
Keywords: Jeffrey fluid, MHD, Thermal diffusion, Chemical reaction, Radiation, Rarefaction 
Parameter and Heat source parameter. 

 
1. INTRODUCTION: 
            MHD is the science of motion of electrically conducting fluids in presence of magnetic 
field. It concerns with the interaction of magnetic field with the fluid velocity of electrically 
conducting fluid. MHD generators, MHD pumps and MHD flow meters are some of the 
numerous examples of MHD principles. Dynamo and motor are classical examples of MHD 
principle. Convection problems of electrically conducting fluid in presence of magnetic field 
have got much importance because of its wide applications in Geophysics, Astrophysics, Plasma 
Physics, Missile technology, etc. MHD principles also find its applications in Medicine and 
Biology. Magneto hydrodynamics has many industrial applications such as physics, chemistry 
and engineering, crystal growth, metal casting and liquid metal cooling blankets for fusion 
reactors. 

Unsteady MHD convective flow of rivlin-ericksen fluid over an infinite vertical porous 
plate with absorption effect and variable suction was studied by Veerasankar et al. [1]. Anuradha 
Punithavalli [2] studied the MHD boundary layer flow of a steady micro polar fluid along a 
stretching sheet with binary chemical reaction . Rama Krishna Reddy et al. [3] have examined 
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the MHD free convective flow past a porous plate. Karuna Dwivedi et al. [4] have investigated 
the MHD flow through a horizontal channel containing porous medium placed under an inclined 
magnetic field. Chandra Reddy et al.[5] studied   the MHD natural convective heat 
generation/absorbing and radiating fluid past a vertical plate embedded in porous medium – an 
exact solution. 

         The order of differential system in non-Newtonian fluid situation is higher than that of the 
viscous material. A variety of non-Newtonian fluid models have been proposed in the literature 
keeping in view of their rheological features. In these fluids, the constitutive relationships 
between stress and rate of strain are much complicated in comparison to the Navier-Stokes 
equations. Non-Newtonian fluid model has attracted many researchers. The most common and 
simplest model of non-Newtonian fluids is Jeffrey fluid. The Jeffrey fluid is a better model for 
physiological fluids and this fluid model is capable of describing the characteristics of relaxation, 
because Newtonian fluid model can be deduced from this as a special case by taking λ1=0. The 
Jeffrey’s fluid model degenerates to a Newtonian fluid at a very high wall shear stress i.e. when 
the wall stress is much greater than the yield stress. This fluid model also approximates 
reasonably well the rheological behavior of other liquids including physiological suspensions, 
foams, geological materials, cosmetics, and syrups. Several researchers have studied Jeffrey fluid 
flows under different conditions. Interest in the boundary layer flows of non-Newtonian fluids 
has increased due to its applications in science and engineering including thermal oil recovery, 
food and slurry transportation, polymer and food processing, etc. 
 

Sunita Rani et al.[6] studied Jeffrey fluid performance on MHD convective flow past a 
semi-infinite vertically inclined permeable moving plate in presence of heat and mass transfer. 
Unsteady MHD mixed convection flow of Jeffrey fluid past a radiating inclined permeable 
moving plate in the presence of thermophoresis heat generation and chemical reaction was 
studied by Venkateswara Raju et al. [7]. Venkateswara Raju et al. [8] studied the unsteady MHD 
free convection Jeffery fluid flow of radiating and reacting past a vertical porous plate in slip-
flow regime with heat source. Sandeep et al. [9] Investigated momentum and heat transfer 
behavior of Jeffrey, Maxwell and Oldroyd-B Nano fluids past a stretching surface with non-
uniform heat source/sink. Numerical treatment of Jeffrey fluid with pressure-dependent 
viscositywas studied by Malik et al. [10]. Qasim [11] Investigated heat and mass transfer in a 
Jeffrey fluid over a stretching sheet with heat source/sink. 

Chemical reaction engineering (reaction engineering or reactor engineering) is a specialty 
in chemical engineering or industrial chemistry dealing with chemical reactors. Frequently the 
term relates specifically to catalytic reaction systems where either a homogeneous or 
heterogeneous catalyst is present in the reactor. Sometimes a reactor per se is not present by 
itself, but rather is integrated into a process, for example in reactive separations vessels, retorts, 
certain fuel cells, and photo catalytic surfaces. The issue of solvent effects on reaction kinetics is 
also considered as an integral part. Reactor Design uses information, knowledge and experience 
from a variety of areas - thermodynamics, chemical kinetics, fluid mechanics, heat and mass 
transfer and economics. Chemical Reaction Engineering is the synthesis of all these factors with 
the aim of properly designing a Chemical Reactor.  

Obulesu et al. [12] studied the effect of radiation absorption and chemical reaction effects 
on MHD radiative heat source/sink fluid past a vertical porous plate. Mohapatra et al. [13] 
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Investigated the effect of chemical reaction on MHDmicro polar fluid flow on a vertical surface 
through porous media with heat source.Recently researchers [14-16] shown interest in this area. 
A heat sink transfers thermal energy from a higher temperature device to a lower 
temperature fluid medium. The fluid medium is frequently air, but can also be water, refrigerants 
or oil. If the fluid medium is water, the heat sink is frequently called a cold plate. 
In thermodynamics a heat sink is a heat reservoir that can absorb an arbitrary amount of heat 
without significantly changing temperature. Practical heat sinks for electronic devices must have 
a temperature higher than the surroundings to transfer heat by convection, radiation, and 
conduction. The power supplies of electronics are not 100% efficient, so extra heat is produced 
that may be detrimental to the function of the device. 

 Obulesu et al. [17] investigates Hall current effects on MHD convective flow past a 
porous plate with thermal radiation, chemical reaction and heat generation /absorption. 
DileepKumar [18] was studied the effects of heat source/sink and induced magnetic field on 
natural convective flow in vertical concentric annuli. Rathod and SanjeevKumar [19] ,Sravanthi 
and Goral [20] are investigated in this area.  Thermal diffusion (or Soreteffect), i.e., the 
appearance of a component flux as a consequence of a thermal gradient, is not completely 
dominated yet, at least for complex mixtures containing a high number of components with 
different sizes and polarities, like petroleum systems. Although gravity tends to segregate the 
heavies to the bottom of the reservoir and the lights to its top, thermal diffusion can either 
attenuate or enhance this effect, depending on the affinity of each component for the hot 
(bottom) or cold (top) side. Thermal conductivity, thermal diffusivity and the specific heat are all 
properties of interest to scientists studying geopolymers. These characteristics can be determined 
by analyzing data from hot plate or transient line experiments. 

Chandra Sekhar Reddy et al. [21] investigatedthe thermal diffusion and radiation effect 
on unsteady magneto hydrodynamic free-convection flow past an impulsively moving plate with 
ramped wall temperature and ramped wall concentration. Soret effect due to mixed convection 
on unsteady magneto hydrodynamic flow past a semi-infinite vertical permeable moving plate in 
presence of thermal radiation, heat absorption and homogenous chemical reaction was studied by 
Raju et al. [22]. Recently researchers Chandra reddy et al. [23], Rama Mohanreddy et al. [24], 
Venkateswararaju et al. [25], Obulesu et al. [26], and Sandeep et al.[27] are investigated in this 
area. K Raghunath et al. [28] have studied Heat and mass transfer on Unsteady MHD flow of a 
second grade fluid through porous medium between two vertical plates. Raghunath K et al. [29] 
Discussed Hall Effects on MHD Convective Rotating Flow of Through a Porous Medium past 
Infinite Vertical Plate. Raghunath k, et al. [30] have discussed  Heat and mass transfer on MHD 
flow of Non-Newtonian fluid over an infinite vertical porous plate. Raghunath, et al. [31] have 
discussed Heat and mass transfer on an unsteady MHD flow through porous medium between 
two porous vertical plates. Raghunath et al. [32] have studied Heat and Mass Transfer on 
Unsteady MHD Flow of a Visco-Elastic Fluid Past an Infinite Vertical Oscillating Porous Plate. 

 
2. MATHEMATICAL FORMULATION: 
 
 Consider the unsteady two dimensional MHD free convective flow of a viscous 
incompressible, electrically conducting and radiating fluid in an optically thin environment past 
an infinite heated vertical porous plate embedded in a porous medium in presence of thermal and 
concentration buoyancy effects . Let the x-axis be taken in vertically upward direction along the 
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plate and y-axis is normal to the plate. It is assumed that there exists a homogeneous chemical 
reaction of first order with constant rate Krbetween the diffusing species and the fluid .A uniform 
magnetic field is applied in the direction perpendicular to the plate. The viscous dissipation and 
the Joule heating effects are assumed to be negligible in the energy equation. The transverse 
applied magnetic field and magnetic Reynolds number are assumed to be very small, so that the 
induced magnetic field is negligible. Also it is assumed that there is no applied voltage, so that 
the electric field is absent. The concentration of the diffusing species in the binary mixture is 
assumed to be very small in comparison with the other chemical species, which are present, and 
hence the Soret and Dufour effects are negligible and the temperature in the 
fluid flowing is governed by the energy concentration equation involving radiative heat 
temperature. Under the above assumptions as well as Boussinesq’s approximation, the equations 
of conservation of mass, momentum, energy and concentration governing the free convection 
boundary layer flow over a vertical porous plate in porous medium can be expressed as: 
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The relevant boundary conditions are given as follows 
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Where *
wT and *

T is the temperature at the wall and infinity, 
*

wC and *
C is the species 

concentration at the wall and at infinity respectively. By using Roseland approximation the 

radiative heat flux *
rq  is given by 
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 where s  is the Stephen Boltzmann 

constant and Ke is the main absorption coefficient. 

By expanding 
4*

wT in to the Taylor series *
T which after neglecting higher order terms takes the 

form .34
4**3*4*
  TTTT ww  

 From the equation of continuity (1), it is clear that the suction velocity at the plate is 
either a constant or a function of time only. Hence, the suction velocity normal to the plate is 
assumed to be in the form 
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 V* = - V0(1+eiωt)                                       (7) 
              
On introducing the following non-dimensional quantities, 
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The governing equations (2) to (4) can be rewritten in the non-dimensional form as follows  
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The corresponding boundary conditions are given by 
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3. SOLUTION OF THE PROBLEM: 

The equations (9) to (11) are coupled, non-linear partial differential equations and these 
cannot be solved in closed form. However, these equations can be reduced to a set of ordinary 
differential equations, which can be solved analytically. So this can be done, when the amplitude 
of oscillations (ε <<1) is very small, we can assume the solutions of flow velocity u, temperature 
field θ and concentration   in the neighborhood of the plate as: 
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Substituting equations (13) into equation (9)–(11) and equating the coefficients at the terms with 
the same powers of ε, and neglecting the terms of higher order, the following equations are 
obtained. 
Zero order terms: 
 0101011010  )1(Gc -  )1(Gr - =u)1(M -)1(   uu         (14)

 0 = Q-Pr 000                            (15) 

  Sc -S=ScK 00000   rSc                        (16) 

First order terms: 
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The corresponding boundary conditions are     
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Solving equations (14) – (19) under the boundary conditions (20), the following solutions are 
obtained 
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Substituting equations (21)–(26)inequation (13) we obtain the velocity temperature and 
concentration field 
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Skin Friction: 
The non-dimensional skin friction at the surface is given by 
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Nusselt Number : 
The rate of heat transfer in terms of the Nusselt number is given by 
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Sherwood Number : 
The rate of mass transfer on the wall in terms of Sherwood number is given by 
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4. RESULTS AND DISCUSSION: 

 In order to get a physical insight into the problem numerical calculations are carried out 
for the Velocity, Temperature and concentration profiles and the following discussion is set out. 
Throughout   the computations we employ, S0 =1,Sc=0.22,Pr=0.71,Gr=5,Gc=5,K=0.1,Kr=0.5, 
M=1,Q=0.5,ε=0.01,ω=20,A=0.5,h=0.2,R=2,ωt=π/3,t=1,λ1=2. 

Figs. 1 – 5 demonstrate the variations of the fluid velocity under the effects of different 
parameters. In Fig.1, we represent the velocity profile for different values of Thermal Grashof 
number (Gr). From this figure it is noticed that, velocity increases with increases in Gr. In Fig. 2, 
velocity profiles are displayed with the variation in modified Grashof number (Gc). From this 
figure it is noticed the velocity gets increases by the increase of modified Grashof number 
(Gc).Fig.3, depicts the variations in velocity profiles for different values of Porosity parameter 
(K).from where it is noticed that, velocity increases as K increases. In Fig. 4, velocity profiles are 
displayed with the variation in magnetic parameter (M). From this figure it is noticed the velocity 
gets reduced by the increase of magnetic parameter (M).   Fig.5 depicts the variations in velocity 
profiles for different values of Jeffreyparameter (λ1) which shows that velocity Increases as λ1 
increases.  

 
 

Figure 1: Effect of Grashof Number on Velocit 
 

0












y

y
Nu



ISSN NO : 1869-9391

PAGE NO: 168

GIS SCIENCE JOURNAL

VOLUME 7, ISSUE 11, 2020



 
 

Figure 2: Effect of Modified Grashof Number on Velocity  
 

 

Figure 3: Effect of Porosity parameter on Velocity  

 
Figure 4: Effect of Magnetic parameter on Velocity  
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Figure 5: Effect of Jeffrey parameter on Velocity  

 Figures 6– 8, show the effect of Prandtl number, heat source parameter and Radiation 
parameter on the temperature profile. Here Chemical reaction parameter (Kr=0.5), Magnetic 
field parameter (M=1), Suction parameter (A=0.5), porosity parameter(K=0.1), Refraction 
parameter(h= 0.2), Frequency parameter (ω=20),Mass Grashof number (Gc=5), ThermalGrashof 
number (Gr=5), Heat source parameter (Q=0.5) and Soret parameter (So=1). From Fig6-8, it is 
clear that temperature decreases with the increase in Prandtl number (Pr), Heat source parameter 
(Q) and Radiation Parameter (R) . 

 
Figure 6: Effect of Prandtl Number on Temperature 
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Figure 7: Effect of Heat source Parameter on Temperature 
 
 

 
 

Figure 8: Effect of Radiation Parameter on Temperature 

 Figures 9-11, shows the effect of chemical reaction parameter (Kr) , Schmidt number 
(Sc)andSoretparameter (S0) onconcentrationprofile. Here Magnetic field parameter (M=1), 
Radiation parameter (R=2), Suction parameter (A=0.5), Refraction parameter (h=0.2), Frequency 
parameter (ω=20), MassGrashof number (Gc=5), ThermalGrashof number (Gr=5), Heat source 
parameter (Q=0.5) and Soret parameter (S0=1).From Fig9-11, it is clear that concentration 
decreases with the increase in chemical reaction parameter and Schmidt number. Fig.11 depicts 
the variations in Concentration profile for different values of Soret parameter (S0). From this 
figure it is noticed that, Concentration increases when S0 increases. 
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Figure 9: Effect of Chemical reaction Parameter on Concentration 

 
 

Figure 10: Effect of Schmidt Number on Concentration 

 
Figure 11: Effect of Soret Parameter on Concentration 
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Table – 1, shows numerical values of skin-friction for various of Grashof number (Gr), modified 
Grashof number (Gc), Magnetic parameter (M), Porosity parameter (K). From table 1, we 
observe that the skin-friction increases with an increase in Grashof number (Gr), modified 
Grashof number (Gc), Porosity parameter (K) and Jeffrey parameter(λ1)where as it decreases 
under the influence of magnetic parameter. 

Table-1:Variations in Skin Friction 
Gr Gc M K λ1 τ 
5     3.3337 
8     4.1722 

10     4.7311 
12     5.2901 

 6    3.7209 
 8    4.4954 
 10    5.2699 
 15    7.2060 
  1.2   3.2916 
  1.6   3.2111 
  1.8   3.1726 
  2   3.1351 
   0.5  8.0226 
   0.8  9.6470 
   1  10.3910 
   1.2  10.9719 
    1 2.8055 
    2 3.3337 
    3 3.7368 
    4 4.0624 

Table – 2 demonstrates the numerical values of Nusselt number (Nu) for different values of 
Prandtl number (Pr), Radiation parameter (R), Heat source parameter (Q). From table 2, we 
notice that the Nusselt number increases with an increase in Prandtl number, Radiation parameter 
and Heat source parameter. 

Table-2:Variations in Nusselt Number 
Pr R Q Nu 

0.11   1.4105 
0.51   1.6266 
0.71   1.7472 

7   7.2439 
 1  1.4874 
 2  1.7472 
 3  1.9657 
 4  2.1580 
  1 1.7472 
  2 2.2967 
  3 2.7231 
  4 3.0842 
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Table – 3 shows numerical values of Sherwood number (Sh) for the distinction values of 
Schmidt number (Sc), Chemical reaction parameter (Kr) and Soret number(So). It can be noticed 
from Table - 3  that the Sherwood number enhances with rising values of Schmidt number, and 
the Chemical reaction parameter where as it decrease under the influence of Soret number(S0). 

 
Table-3:Variations in Sherwood  Number 

Sc Kr S0 Sh 
0.16   0.0288 
0.22   0.0609 
0.60   0.2966 
0.80   0.3891 

 0.4  0.0958 
 0.5  0.1346 
 0.8  0.2327 
 1  0.2882 
  0.5 0.1221 
  1 -0.0609 
  1.5 -0.2438 
  2 -0.4267 

 

5. CONCLUSIONS 
In this problem, is studied the multiple variables effect on MHD Jeffrey fluid flow past a 

vertical plate embedded in porous medium. In the analysis of the flow the following conclusions 
are made: 

1. Velocity increases with an increase in Grashof number and as well as modified Grashof 
number,porosity parameter andJeffrey parameter of the porous medium while, it 
decreases in the existence of magnetic parameter. 

2. Temperature decreases in the presence of Prandtl number, heat source parameterand 
radiation parameter. 

3. Concentration decreases with an increase in Schmidt number and chemical reaction 
parameter while it increases in the presence of Soret parameter.  

4. As significant increase in seen in skin friction for Grashof number, modified Grashof 
number, porosity parameter and Jeffrey parameter while a decrease is seen in the 
presence of magnetic parameter. 

5. The rate of heat transfer increases with Prandtl number, heat source parameter and 
radiation parameter. 

6. The rate of mass transfer increases with Schmidt number and Chemical reaction 
parameter while a decrease is seen in the presence of Soret parameter. 
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APPENDIX 
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