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Abstract 

The study sought to investigate the unsteady MHD free convection flow past a vertical plate with thermal 

diffusion and chemical reactions have been discussed. The dimensionless governing equations are coupled and 

non-linear. These equations for this investigation are solved analytically using two-term harmonic and non-

harmonic functions by perturbation technique. Approximate solutions have been derived for the velocity, 

temperature field, concentration profiles, skin-friction and rate of heat transfer. The obtained results are 

discussed with the help of graphs to observe that the effect of various parameter like Grashof number (Gr), 

modified Grashof number (Gc), Schmidt number (Sc), Prandtl number (Pr), magnetic parameter (M), chemical 

reaction parameter(k), Sorret number (So) and heat absorption parameter( )ʟ. 
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1. Introduction  

Natural convection flow over vertical surfaces in porous media has paramount importance because of its 

potential applications in geo-hydrology, soil physics and filtration of solids from liquids, chemical engineering 

and biological systems. Study of fluid flow in porous medium is based upon the empirically determined Darcyôs 

law. Such flows are considered to be useful in diminishing the free convection, which would otherwise occur 

intensely on a vertical heated surface. In many transport processes existing in nature and in industrial 

applications in which heat and mass transfer is a consequence of buoyancy effects caused by diffusing of heat 

and chemical species. The study of such processes is useful for improving a number of chemical technologies, 

such as polymer production, enhanced oil recovery, underground energy transport, manufacturing of ceramic 

and food processing. 

A clear understanding of the nature of interaction between thermal and concentration buoyancies is 

necessary to control these processes. Naturally, the presence of pure air or water is impossible. Some foreign 

mass may be presented either naturally or mixed with the air or water. This divergence in the heat transfer 

results has been reviewed in detail in Chang [1] and Prasad et al. [2] among others. Free convection heat transfer 

due to the simultaneous action of buoyancy and induced magnetic forces was investigated by sparrow and Cess 

[3]. They observed that the free convection heat transfer to liquid metals may be significantly affected by the 

presence of a magnetic field. The interaction of thermal radiation with free convection heat transfer was studied 

by Cess [4]. Vajravelu [5] considered the exact solution for the hydrodynamic the exact solution for the 

hydrodynamic boundary layer flow and heat transfer over a continuous, moving and vertical flat surface with 

uniform suction, internal heat generation and absorption. 

In the literature, extensive research work is available to examine the effect of natural convection on flow past 

a plate. Examples of this include Vedhanayagam et al. [6], Kolar et al. [7] and Li et al. [8]. Transient free 

convection flow past an isothermal vertical plate was first reported by Siegel [9] using an integral method. The 

experimental confirmation of these results was discussed by Goldstein et al. [10]. A review of transient natural 

convection presented by Raithby et al. [11] where in a large number of papers on this topic was reviewed.  

Fewer studies have been carried out to investigate the magneto hydrodynamic free convection flow in the 

presence of viscous dissipation. In all the investigations mentioned above, viscous mechanical dissipation is 

neglected. A number of authors have considered viscous heating effects on Newtonian flows. Isreal Cookey et 

al. [12] investigated the influence of viscous dissipation and radiation on unsteady MHD free convection flow 

past an infinite heated vertical plate in a porous medium with time dependent suction. 

Cramer, K.R. and Pai, S.I. [13] taken transverse applied magnetic field and magnetic Reynolds number are 

assumed to be very small, so that the introduced magnetic field is negligible Muthucumaraswamy et al. [14] 

have studied the effect of homogeneous chemical reaction of first order and free convection the oscillating 

infinite vertical plate with variable temperature and mass diffusion. Sharma [15] investigate the effect of 

periodic heat and mass transfer on the unsteady free convection flow past a vertical flat plate in slip flow regime 

when suction velocity oscillates in time. Chaudhary and Jha [16] studied the effects of chemical reactions on 

MHD micro polar fluid flow past a vertical plate in slip flow regime. Anjalidevi et al. [17] have examined the 

effect of chemical reaction on the flow in the presence of heat transfer and magnetic field. 
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The present analysis discussed here has many applications as suggested by Soundalgekar and Wavre [18], [19]. 

In many practical applications, the practical adjacent to a solid surface no longer takes the velocity of the surface. 

The particle at the surface has a finite tangential velocity; it ñslipsò along the surface. The flow regime is called 

the slip-flow regime and this effect cannot be neglected. Using these assumptions, Sharma and chaudhary [20], 

[21] discussed the free convection flow past a vertical plate in slip-flow regime when suction velocity oscillates 

in time. Chaudhury and Jha [22] studied the effects of chemical reactions on MHD micro polar fluid flow past a 

vertical plate in slip-flow regime. Moreover, Al-Odat and Al Azab [23] studied the influence of magnetic field 

on unsteady free convection heat and mass transfer flow along an impulsively started semi-infinite vertical plate 

taking into account a homogeneous chemical reaction of first order. Alam et al. [24] studied the problem of free 

convection heat and mass transfer flow past an inclined semi-infinite heated surface of an electrically 

conducting and steady viscous incompressible fluid in the presence of magnetic field and heat generation. Hady 

et al. [25] investigated the problem of free convection flow a vertical wavy surface embedded in electrically 

conducting fluid saturated porous medium in the presence of internal heat generation or absorption effect. In M. 

S. Hossain et al. [26] have analyzed the numerical study on MHD free convection and mass transfer flow past a 

vertical flat plate. 

As a step towards the eventual development in the study of transient MHD free convective chemically 

reacting fluid in a slip flow regime in the present investigation, it is proposed to obtain the analytical solution for 

the unsteady MHD free convection flow over a infinite vertical moving porous plate including the effects of heat 

absorption, thermo diffusion and chemical reaction on heat generating fluid past subjected to a variable suction. 

The governing equations of the flow field we solved for the velocity, temperature, concentration distribution, 

skin friction and the rate of heat transfer and the effects of various flow parameters on the flow field have been 

studied and the results are presented graphically and discussed quantitatively. 

2. Mathematical Formulation 

Consider unsteady two-dimensional hydro magnetic laminar, incompressible, viscous, electrically 

conducting and heat source past a infinite vertical moving porous plate embedded in a porous medium in the 

absence of heat absorption. Assuming variable suction at the porous plate, nearly approximate solutions are 

obtained for velocity, temperature, species concentration. According to the coordinate system, the x-axis is taken 

along the plate in upward direction and y-axis in normal to the plate. Since the plate is infinite in length, 

therefore all physical quantities are functions of y and t only. Hence by the usual boundary layer approximations, 

the governing equations for unsteady flow of a viscous incompressible fluid through a porous medium are: 

Momentum equation 
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Diffusion equation 

( ) ( )
* *

* * 2 * 2 *
* * *

0 1 1* * *2 *2
1 i tC C C T

V Ae D D K C C
t y y y

we ¤

µ µ µ µ
- + = + - -

µ µ µ µ
 (3) 

The boundary conditions for the velocity, temperature and concentration fields are 
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We now introduce the following non-dimensional quantities into equations (1) to (4) 
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Thus the non-dimensional form of the governing equations (1), (2) and (3) are respectively as follows: 
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where dashes denote differentiation with respect to y. 

The boundary conditions to the problem in the dimensionless form are 
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3. Method of Solution 

In order to reduce the above system we use ordinary differential equations in dimensionless form.  

Let the small amplitude oscillations (Ů<<1), we can represent the velocity u, temperature ɗ and concentration C 

near the plate as follows: 

( ) () ()0 1, i tu y t u y u y ee w= +  (9) 

( ) () ()0 1, i ty t y y eq q eq w= +  (10) 

( ) () ()0 1, i tC y t C y C y ee w= +  (11) 

Substituting (9) to (11) in (5) to (7), equating the coefficients of harmonic and non-harmonic terms, neglecting 

the coefficients of Ů2we get 
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the corresponding boundary conditions reduce to 
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where primes denotes the differentiation with respect to óyô. 

Solving the equations (12) to (17) under the boundary conditions and then put those values in equations (9) to 

(11),we get 
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Now we want to calculate the skin friction, the rate of heat transfer (Nusselt number) and the rate of mass 

transfer (Sherwood number). 
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4. Results and Discussion 

To observe the physical situation of the problem under study, the velocity field, temperature field, 

concentration field are discussed by assigning numerical values to the parameters encountered into the 

corresponding equations. To be realistic, the values of Schmidt number (Sc) are chosen for hydrogen 0.22, 

ammonia 0.78 and propyl benzene 2.62 at temperature 250c and one atmosphere pressure. The values of Prandtl 

number (Pr) are chosen for air 0.71, carbon dioxide 2.2 and water 7.0. The values of Grashof number (Gr=5.0, 

10.0, 15.0), modified Grashof number (Gc=5.0, 10.0, 15.0), the chemical reaction parameter (‎=2.0, 4.0, 6.0), 

rarefaction parameter (h=1.0, 2.0, 3.0), magnetic intensity (M=0.20, 0.40, 0.60) are chosen arbitrary. 

The velocity profiles for different values of the above parameters are illustrated in Fig.1 to Fig.10. All the 

velocity profiles are given against y. Here Fig.1 illustrates the effect of chemical reaction parameter ‎ on 

velocity profiles when the other parameters are fixed. The velocity decrease with increase in the value of ‎. It is 

described in the Fig.2 that the effect of sorret number So on velocity profiles when the other parameters are 

fixed. After analysing the figure it is noticed that the velocity increases with the increase of So. Fig.3 an increase 

in schmidt number Sc causes a decreases in the velocity of the chemical. In the Fig.4 it is observed that the 

velocity increases toward the increase of value Gr. The influence of Gc on the velocity field is represented in 

fig.5 The velocity fields are increasing with the increasing values of Gc. It is clear that Fig.6 the velocity field is 

increasing with respect to the decreasing values of Pr. Fig.7 depicts the variation of velocity field with respect to 

the increasing values of h. We observed in Fig.9 that velocity field is decreasing with an increasing in M. 

Physically this is true as the magnetic force retards he flow, velocity decreases. From Fig.9 the velocity 

decreases with the increase of .ʟ Also Fig.10 marks that the velocity increases with the increase of k. 

The temperature profiles are displayed from fig. 3.4.9 to 3.4 10 for Pr and t against y. We see in the fig.11 

the temperature distributions for different values of prandtl number Pr. In this figure we conclude that the 

temperature decreases with the increases of prandtl number. Fig.12 displays the temperature distributions for 

different values of dimensionless time t. 

In the Fig.13 to Fig.18 displays the concentration profiles for the effect of the various parameters. In Fig.13 it 

is clearly that as the chemical reaction parameter increases the concentration decreases. Fig.14 shows the effect 

of the prandtl number. We see that as Pr increases while the concentration increases. For different values of the 

Schmidt number the concentration profiles are plotted in Fig.15. It is depicts the influence of the Scon the 

concentration profile. It is clearly that as the Sc increases the concentration decreases. Fig.16 we observed that 

concentration vary periodically with time t. Moreover, increasing the time parameter tends to decreases the 

amplitude of the concentration profiles. In the Fig.15 it depicts that the concentration increases with the increase 

of sorret number So. Fig.16 marks that the concentration increases with the increase of .ʟ 

Also the numerical values of Skin-Friction (Ű), the rate of heat transfer (Nu) and the rate of Mass Transfer 

(Sh) are shown in the Table 1 to Table 3. 

  

Figure 1 Velocity profiles for different values of ɔ where 

Gr=10.0, Gc=5.0, So=2.0, ʟ =1.0, Pr=0.71, Sc=0.22, M=0.2, 

k=0.6, A=0.2, h=1.0, ɤ=0.2, Ů=0.01 and t=1.0 against y. 

Figure 2 Velocity profiles for different values of So where 

Gr=10.0, Gc=5.0, ɔ=2.0, ʟ =1.0, Pr=0.71, Sc=0.22, M=0.2, 

k=0.6, A=0.2, h=1.0, ɤ=0.2, Ů=0.01 and t=1.0 against y. 
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Figure 3 Velocity profiles for different values of Sc where 

Gr=10.0, Gc=5.0, So=2.0, =ʟ1.0, Pr=0.71, ɔ=2.0, M=0.2, 

k=0.6, A=0.2, h=1.0, ɤ=0.2, Ů=0.01 and t=1.0 against y. 

Figure 4 Velocity profiles for different values of Gr where 

ɔ=2.0, Gc=5.0, So=2.0, =ʟ1.0, Pr=0.71, Sc=0.22, M=0.2, 

k=0.6, A=0.2, h=1.0, ɤ=0.2, Ů=0.01 and t=1.0 against y. 

  

Figure 5 Velocity profiles for different values of Gc where 

Gr=10.0, ɔ=2.0, So=2.0, =ʟ1.0, Pr=0.71, Sc=0.22, M=0.2, 

k=0.6, A=0.2, h=1.0, ɤ=0.2, Ů=0.01 and t=1.0 against y. 

Figure 6 Velocity profiles for different values of Pr where 

Gr=10.0, Gc=5.0, So=2.0, =ʟ1.0, ɔ=2.0, Sc=0.22, M=0.2, 

k=0.6, A=0.2, h=1.0, ɤ=0.2, Ů=0.01 and t=1.0 against y. 

  

Figure 7 Velocity profiles for different values of h where 

Gr=10.0, Gc=5.0, So=2.0, ʟ =1.0, Pr=0.71, Sc=0.22, M=0.2, 

k=0.6, A=0.2, ɔ=2.0, ɤ=0.2, Ů=0.01 and t=1.0 against y. 

Figure 8 Velocity profiles for different values of M where 

Gr=10.0, Gc=5.0, So=2.0, ʟ =1.0, Pr=0.71, Sc=0.22, ɔ=2.0, 

k=0.6, A=0.2, h=1.0, ɤ=0.2, Ů=0.01 and t=1.0 against y. 

  

Figure 9 Velocity profiles for different values of ʟ where 

Gr=10.0, Gc=5.0, So=2.0, ɔ=2.0, Pr=0.71, Sc=0.22, M=0.2, 

k=0.6, A=0.2, h=1.0, ɤ=0.2, Ů=0.01 and t=1.0 against y. 

Figure 10 Velocity profiles for different values of ɔ where 

Gr=10.0, Gc=5.0, So=2.0, ʟ =1.0, Pr=0.71, Sc=0.22, M=0.2, 

ɔ=2.0, A=0.2, h=1.0, ɤ=0.2, Ů=0.01 and t=1.0 against y. 












