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Introduction 

The influence of magnetic field on viscous incompressible flow of electrically conducting, radiative reactive fluid through 

porous medium associated with heat and mass transfer playing a key role in different areas of science and technology. The 

convective hence at and mass transfer flow in porous medium find several applications in many branches of science and 

technology like chemical industry, cooling of nuclear reactions. MHD power generators, geothermal energy extractions 

processes, petroleum engineering etc., [1,2]. Ganesan et al. [3] deliberate the unruly of instable natural convection flow of 

viscous incompressible electrically conducting fluid past an inclined plate with variable heat and mass flux’s. Reddy et al. [4] 

were studied the thermo diffusion and chemical effects with immediate thermal and mass diffusion in MHD mixed 

convection flow by Ohmic heating. Chen [5] examined the heat and mass transfer features of MHD natural convection flow 

over a porous, inclined surface through variable wall temperature and concentration, pleasing into consideration the 

properties of Ohmic heating and viscous overindulgence. The study of Sparrow et al. [6] is associated to the convection flow 
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nearby an inclined surface in which the combined forced and free boundary layer problem has been deliberated using the 

similarity method. The problem of convection flow from an isothermal plate inclined at a small angle to the horizontal was 

studied by Hossain [7]. Alam [8] studied the combined effect of viscous dissipation and joule heating on steady MHD free 

convective heat and mass transfer flow of a viscous incompressible fluid past a semi-infinite inclined radiate isothermal 

permeable moving surface in the presence of thermophoresis. Bhuvaneswari [9] was calculated an exact analysis of radiation 

convective flow heat and mass transfer over an inclined plate in a porous medium. 

 

Uddin et al. [10] were developed closed kind of the precise answer for unsteady MHD heat and mass transfer flow on a 

moving inclined porous heated plate within the presence of radiation and chemical action. Pal et al. [11] were studied the 

perturbation analysis of unsteady magnetoelectric machine fluid mechanics convective heat and mass transfer in a very 

physical phenomenon slip flow past a vertical permeable plate with thermal radiation and chemical action. Hashim et al. [12] 

delineate in heat and mass transfer of thermophoretic MHD flow over an inclined radiate equal permeable surface within the 

presence of warmth source/sink. Unsteady MHD radiative and with chemicals reactive free convection flow close to a 

moving vertical plate in porous medium was studied by Reddy et al. [13]. Raju et al. [14] analysed on MHD convective flow 

through porous medium in a very horizontal channel with insulated and rubberised bottom in close the presence of viscous 

dissipation and joule’s heating. Ravikumar et al. [15] have studied the combined effects of heat absorption and MHD on 

convective Rivlin-Ericksen flow past a semi-infinite vertical porous plate. 

 

Recently, Bhikshu et al. [16] studied the effects of MHD on peristaltic transport of 4th grade fluid through a channel kept at 

an angle with permeability at its walls. Chandra Shekar et al. [17] were investigated the radiation impact on MHD convective 

heat and mass travel through a vertical plate with chemical reaction and viscous dissolution. Bhikshu et al. [18] made an 

attempt to study peristaltic transport of conducting Williamson fluid in a vertical asymmetric passage with heat travel past 

porous medium. Rajput et al. [19] have associate with the radiation impact on unsteady MHD flow through porous medium 

past an oscillatory inclined plate with variable temperature and mass diffusion within the presence of Hall current driven by 

the higher than studies, during this manuscript an attempt is made to investigate the radiation and chemical action effects on 

MHD flow past a porous medium past an oscillatory inclined porous plate with varying temperature and mass diffusion. 

 

Consider a laminar flow of an electrically conducting of incompressible fluid past a semi-infinite moving permeable plate 

inclined at an angle α in vertical path embedded in a uniform porous medium, which is subject to thermal and concentration 

buoyancy effects. The X-axis is reserved along the vertical plane and Z-axis is common to it. Thus, the Z-axis lies in the 

horizontal plane. The plate is kept at an angle from vertical surface. The magnetic field B0 of uniform strength is applied 

normal to the flow. During the motion, the direction of the magnetic field changes along with the plate in such a way that it 

always remains perpendicular to it. This means, the direction of magnetic field is tied with the plate. Initially it has been 

considered that the plate as well as the fluid is at the same temperature T∞. The species concentration in the fluid is taken as 

C∞. At time t>0, the plate starts oscillating in its own plane with frequency ɷ, and temperature of the plate is raised to Tw. 

The concentration C near the plate is raised linearly with respect to time. Also, it is assumed that there exists a chemical 

effect of 1st order at a rate Kr which is a constant between the diffusing species and the fluid. Based on the above 

expectations the governing equations that describe the physical situation can be given in Cartesian frame of reference as 
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Under the boundary conditions; 
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Here u is the primary velocity, v  the secondary velocity, g – the acceleration due to gravity, β – volumetric coefficient of 

thermal expansion, t – time,   eem  the Hall current parameter with e cyclotron frequency of electrons and e –

electron collision of time, T – temperature of the fluid
*

 
– volumetric coefficient, C–species concentration, ν-the kinematic 

viscosity, ρ-the density pC the specific heat, k-thermal conductivity of the fluid, D – the mass diffusion coefficient, K-the 

permeability parameter, wT  temperature of the plate at  wCz ,0  species concentration at the plate  0,0 Bz  the 

uniform magnetic field,  electrical conductivity. 

 

The local radiant gray gas is expressed by  

 ,4 44* TTa
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Where 
*a is absorption constant. The temperature difference within the flow is sufficiently small therefore,

4T  can be 

expressed by expanding T  and neglecting higher-order terms  
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Introducing the dimensionless quantities to transform equations (1), (2), (4) and (8) into dimensionless form:  
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Here ,u v  are the dimensionless velocities, t -dimensionless, C-the dimensionless concentration, rG thermal Grashoff 

number, mG -mass Grashof number,  -the coefficient of viscosity, K-the dimensionless permeability parameter, Pr -the 

Prandtl number, Sc -the Schmidt number, R-radiation parameter, M-the magnetic parameter.  

The basic field equations (1)-(4) can be expressed in the non-dimensional form and dropping the stars (*) as:  
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The corresponding boundary conditions are; 
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Combining equation (10) and (11), the model becomes 
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Method of Solution 

Assuming the dimensionless quantities for velocity, temperature and concentration as:   

  0, ( ) i tq y t q y e                      (17) 

  0, ( ) i ty t y e                       (18) 

  0, ( ) i tC y t C y e                      (19) 

 

Substituting equations (17), (18) and (19) in equations (15), (12) and (13), we obtain: 
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Here the summits denote the differentiation w.r.t y. 

The respective boundary conditions are  
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The analytical solutions of equations (20) – (22) with satisfying the equations (23) are given by 
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Results  

FIG. 1 displays the consequences of angle of disposition α on velocity profiles. It's pragmatic that the velocity reduces for 

positive change in the angle of inclination α. FIG. 2 signifies the velocity outlines for various principles of magnetic 

parameter M in the figure; it ascertained that the velocity decrease reduces with improvement of the magnetic parameter. the 

consequences of radiation parameter on velocity and temperature area unit shown in FIG. 3 and 4 respectively. It’s seen that 

the velocity and temperature declines with a growing the radiation parameter. The effect of thermal Grashof number on the 

velocity is exposed in FIG. 5.  
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FIG. 1. Velocity vs. y for various angles of inclinations α. 

 

 

 
 

FIG. 2. Velocity vs. y for various magnetic parameters M. 
 

 

 

FIG. 3. Velocity vs. y for various radiation parameters R. 
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FIG. 4. Temperature vs. y for various radiation parameters R. 

 

 

FIG. 5. Velocity vs. y for various Grashof numbers Gr. 

 

The thermal Grashof number shows the qualified result of the thermal buoyancy force to the viscous hydraulics force. The 

flow is quicker as a result of the event in buoyancy force matching to a growth within the thermal Grashof number. Heat is so 

conducted aloof from the vertical plate into the fluid that will increase the temperature and thereby enhances the buoyancy 

force. Additionally, it is seen that the values of the velocity improve quickly close to the plate as thermal Grashof number 

will increase so disintegrates swimmingly to stream velocity. FIG. 6 shows velocity profiles within the physical phenomenon 

for different solutal Grashof number (Gm). We observe that the velocity will increase with increasing values of the solutal 

Grashof number. FIG. 7 shows the result of the permeability on the velocity profiles and the velocity increases with the 

increasing dimensionless porous parameter. FIG. 8 and 9 shows the characteristics of velocity and temperature profiles for 

various values Prandtl number (Pr). It is noticed that a rise within the Prandtl number results in reduction of the thermal 

thickness and generally lower average temperature among the physical phenomenon. the reason for that smaller values of 

area unit admire increase within the thermal conduction of the fluid and thus, heat will diffuse aloof from the heated surface 

earlier for higher values of Prandtl number (Pr).  
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FIG. 6. Velocity vs. y for various Grashof numbers Gm. 

 

 

 

FIG. 7. Velocity vs. y for various porous medium parameters K. 

 

 

FIG. 8. Velocity vs. y for various Prandtl numbers Pr. 
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FIG. 9. Temperature vs. y for various Prandtl numbers Pr. 

 

FIG. 10 shows the result of the Hall current parameter (m) on the velocity profiles. it's ascertained that for lower values Hall 

current parameter, the velocity will increase for increasing Hall current parameter (m). The influence of Schmidt number on 

the velocity profiles is shown in FIG. 11 and on concentration profiles is shown in FIG. 12. Increase in Schmidt number 

shows that the concentration profiles and the velocity reduce. This causes the concentration buoyancy effects to reduce 

yielding a reduction within the fluid velocity. Reductions within the velocity and concentration distributions area unit in the 

simultaneous reductions within the velocity and concentration boundary layers. FIG. 13 and 14, illustrate the behavior 

velocity and concentration profiles for various values of chemical action parameter (Kr). It’s ascertained that a rise in results 

in a decrease in each the values of velocity and concentration. a definite velocity increase happens close to the wall when that 

profiles decay swimmingly to the stationary price in free stream. Hence the chemical action accelerates the flow. 

 

 

 

FIG. 10. Velocity vs. y for various Hall current parameters m. 
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FIG. 11. Velocity vs. y for various Schmidt numbers Sc. 

 

 

FIG. 12. Concentration vs y for various Schmidt numbers Sc. 

 

 
FIG. 13. Velocity vs. y for various chemical reaction parameters Kr. 
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FIG. 14. Concentration vs. y for various chemical reaction parameters Kr. 
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