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by using the perturbation technique. The expressions for the fields of velocity,
temperature and concentration are obtained. With the aid of these the expressions for
Keywords: skin friction, Nusselt number and Sherwood number are derived. The effects of various
Magnetohydrodynamic; radiation physical parameters on the flow quantities are studied through graphs and tables. For the
absorption; chemical reaction; porous  validity, we have checked our results with previously published work and found in good
media agreement.

1. Introduction

The study towards the flow on boundary layer of non-Newtonian fluids has been the subject of
great interest to investigators and researchers. Viscoelastic fluid is a common form of non-Newtonian
fluid, which this fluid having the characteristic that shows both viscous and elastic properties under
some circumstances. This viscoelastic reaction and the fluid flow past a stretching sheet are so
significant in some real life applications especially in the engineering field, for instance, in the paper
production, extrusion of plastic sheets, glass blowing, and metal spinning [1]. The flow of viscoelastic
fluid past a stretching sheet has been studied by Rajagopal et al., [2]. Later, Andersson [3] has added
the magnetic effects towards the flow of a viscoelastic fluid past a stretching sheet and he obtained
the exact analytical solution of the governing non-linear boundary layer equation. Consequently,
Ariel [4] extended the problem by taking into account the flow with the existence of suction and
found the exact solution. The investigation on the steady magnetohydrodynamic viscoelastic fluid
flow over a semi-infinite, impermeable stretching sheet with the presence of thermal radiation and
internal heat generation or absorption is investigated by Datti et al., [5]. Moreover, Liu [6] presented
the exact analytical solutions for the flow and heat transfer of second grade fluid over a stretching
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sheet with the presence of magnetic and viscous dissipation. Khan and Sanjayanand [7] have
examined the viscoelastic boundary layer flow and heat transfer over an exponential stretching
sheet. Viscous dissipation has been considered in the heat transfer and the obtained exact solution
which then being compared with the numerical solution. Balamurugan et al., [8] have analyze the
effects of chemical reaction, thermal radiation and radiation absorption on unsteady double diffusive
free convection flow of Kuvshinski fluid past a moving porous plate with heat generation under the
influence of a uniform transverse magnetic field. Recently Prasad et al., [9] have studied the aligned
magnetic field and Kuvshinski fluid model on unsteady MHD free convective flow past a moving
inclined plate in the occurrence of thermal radiation as well as radiation absorption with chemical
reaction and mass blowing or suction. Recently Rajakumar et al., [10] have reviewed Steady MHD
Casson Ohmic heating and viscous dissipative fluid flow past an infinite vertical porous plate in
the presence of Soret. Mohanaramana et al., [11] have discussed Chemical reaction with aligned
magnetic field effects on unsteady MHD Kuvshinski fluid flow past an inclined porous plate in the
presence of radiation and Soret effects.

Magnetohydrodynamic free convective fluid flows with different geometries surrounded with
porous media have plenty of engineering, industrial and geophysical applications. Some of them are
utilized in geothermal reservoirs, drying process of porous solids, thermal filling, cooling of nuclear
reactors, packed-bed catalytic reactors, superior oil recovery and underground energy transport. A
renewed interest has been carried out in studying magnetohydrodynamic (MHD) flow with the
occurrence of heat and mass transfer simultaneously in porous boundary by implementing several
parameters in conducting fields. On the other hand this type of fluid flow under the influence of
various physical parameters like thermal diffusion, heat source/sink, chemical reaction and thermal
radiation has attracted the interest of many researchers. As a result plenty of research articles have
been employed. Raghunath [12] has studied Study of Heat and Mass Transfer of an Unsteady
Magnetohydrodynamic Nanofluid Flow Past a Vertical Porous Plate in the Presence of Chemical
Reaction, Radiation and soret Effects. Raghunath et al., [13] has analyzed Diffusion Thermo and
Chemical Reaction Effects on Magnetohydrodynamic Jeffrey Nanofluid over an Inclined Vertical Plate
in the Presence of Radiation Absorption and Constant Heat Source. Maatoug et al.,, [14] have
expressed Variable chemical species and thermo-diffusion Darcy—Forchheimer squeezed flow of
Jeffrey nanofluid in horizontal channel with viscous dissipation effects. Omar et al., [15] have
possessed Hall Current and Soret Effects on Unsteady MHD Rotating Flow of Second-Grade Fluid
through Porous Media under the Influences of Thermal Radiation and Chemical Reactions. Deepthi
et al., [16] have discussed Recent Development of Heat and Mass Transport in the Presence of Hall,
lon Slip and Thermo Diffusion in Radiative Second Grade Material: Application of Micromachines.

Fluid flows through porous medium are seriously attracted by engineers and scientists. Now a
days, due to their applications in the emerging trends in science and technology, namely in the field
of agricultural engineering especially while studying water resources in the ground, to study the
moment of natural gas, oil, and water through the reservoirs in the petroleum technology. Raghunath
et al., [17] have studied processing to pass unsteady MHD flow of a second-grade fluid through a
porous medium in the presence of radiation absorption exhibits Diffusion thermo, hall and ion slip
effects. Raghunath et al., [18] have studied Influence of MHD mixed convection flow for maxwell
nanofluid through a vertical cone with porous material in the existence of variable heat conductivity
and diffusion. Raghunath et al., [19] Radiation absorption on MHD Free Conduction flow through
porous medium over an unbounded vertical plate with heat source. Li et al., [20] have studied Effects
of activation energy and chemical reaction on unsteady MHD dissipative Darcy—Forchheimer
squeezed flow of Casson fluid over horizontal channel. Suresh Kumar [21] have expressed Numerical
analysis of magneto hydrodynamics Casson nanofluid flow with activation energy, Hall current and
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thermal radiation. Reddy et al., [22] have considered unsteady free convection MHD non-Newtonian
flow through a porous medium bounded by an infinite inclined porous plate. Raju et al., [23] have
investigated the effect of radiation and mass transfer effects on a free convection flow past a porous
medium bounded by a vertical surface. Seddek et al.,, [24] have studied the effects of chemical
reaction and variable viscosity on hydro magnetic mixed convection heat and mass transfer for
Hiemenz flow through porous media with radiation. Ravikumar et al., [25] have discussed the
combined effect of heat absorption and MHD on convective Rivlin-Erichsen flow past a semi-infinite
vertical porous plate with variable temperature and suction. Ibrahim et al., [26] have analyzed the
effect of the chemical reaction and radiation absorption on the unsteady MHD free convective flow
past a semi-infinite vertical permeable moving plate with heat source and suction.

Combined heat and mass transfer problems with chemical reaction, are of importance in many
processes and have, therefore, received a considerable amount of attention in recent years. In the
processes such as drying, evaporation at the surface of a water body, energy transfer in a wet cooling
tower and the flow in a desert cooler, heat and mass transfer occur simultaneously. Possible
applications of this type of flow can be found in many industries. For example, in the power industry,
among the methods of generating electric power is one in which, electrical energy is extracted
directly from a moving conducting fluid. Very recently Raghunath and Mohanaramana [27] have
studied Hall, Soret, and Rotational Effects on Unsteady MHD Rotating flow of A Second-Grade Fluid
through a Porous Medium in the Presence of Chemical Reaction and aligned magnetic field.
Raghunath et al., [28] have discussed Hall and lon Slip Radiative Flow of Chemically Reactive Second
grade through Porous Saturated Space via Perturbation approach. Raghunath et al., [29] studied
Effects of Soret, Rotation, Hall, and lon Slip on unsteady MHD flow of a Jeffrey Fluid through a Porous
Medium in the Presence of Heat absorption and chemical reaction In the study of Alam et al., [30] an
analysis is carried out to investigate the effects of variable chemical reaction, thermophoresis,
temperature-dependent viscosity and thermal radiation on an unsteady MHD free convective heat
and mass transfer flow of a viscous, incompressible, electrically conducting fluid past an impulsively
started infinite inclined porous plate. The results show that, higher order chemical reaction induces
the concentration of the particles for a destructive reaction, and reduces for a generative reaction.
Rashad et al., [31] considered MHD free convective heat and mass transfer of a chemically reacting
fluid, from radiate stretching surface embedded in a saturated porous medium. The Uri et al., [32],
studied unsteady double diffusive MHD boundary layer flow of chemically reacting fluid, over a flat
permeable surface.

In spite of all the above studies, the aim of the present study is to analyze the effects of Radiation
absorption and Chemical reaction an unsteady MHD free convection Kuvshinski fluid flow immersed
in a porous medium over an inclined plate. The expressions are obtained for velocity, temperature
and concentration and studied with the help of graphs in the presence of various physical
parameters. The effects of various parameters on the skin-friction coefficient and the rate of heat
and mass transfer at the surface are presented in the form of tables. Comparisons with previously
published work performed and the results are found to be in the excellent agreement.

2. Mathematical Formulation

In this work, the combined effects of Radiation absorption and Chemical reaction on free
convection flow of an incompressible and electrically conducting Kuvshinski fluid through porous
medium with inclined plates. A homogenous first order chemical reaction between fluid and the
species concentration is considered, in which the rate of chemical reaction is directly proportional to
the species concentration. The magnetic Reynolds number is so small that the induced magnetic
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field can be neglected. Also no applied or polarized voltages exist so the effect of polarization of fluid
is negligible. All the fluid properties except the density in the buoyancy force term are constants. The
flow configuration of the problem is presented in Figure 1.
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Fig. 1. The flow configuration of the problem

By considering the above assumptions, the governing equations are given by
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Under the above assumptions, the appropriate boundary conditions for the distributions of
velocity, temperature and concentration are given by
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(5)

where u* and v* are velocity components in x* and y* directions respectively, g is the acceleration
due to gravity, B is the thermal expansion coefficient, T* is the temperature of the fluid, Tothe
temperature away from the plate, T, the temperature near the plate, B* is the mass expansion
coefficient, C* is the concentration of the fluid, C%is the concentration away from the Plate, C,,is the
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concentration near the plate, o is the magnetic permeability of the fluid, B, is the Coefficient of
magnetic field, g, * is the Radiation heat flux density, p is the density of the fluid, a is the inclined
angle, U is the kinematic viscosity, k* is the permeability of porous medium, C; is the specific heat at
constant pressure, D is the chemical molecular diffusivity, Dithermal diffusion coefficient, K" is the
chemical reaction rate constant, € is the scalar constant, n is the dimensionless exponential index.

The equation of continuity yields that v'is either a constant or some function of time, hence
assuming that

V*=-vo(l+ Ag et (6)

where A is a real positive constant, € and Ag are small less than unity, Vo is the scale of the suction
velocity which has a non-zero positive constant.
Outside the boundary layer, Eq. (2) gives

—(1ra )i ey 2y 1 (1420 2) (B siny) )

We consider a mathematical model, for an optically thin limit gray gas near equilibrium in the
form given by Cramer and Pai [32]. Later Grief et al., [33].
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where | = J' K., [aaefl’_’l ) dA, K, the absorption coefficient at the wall and ebA is Planck’s function.
0 12}

To normalize the mathematical model of the physical problem, introduce the following non-
dimensional quantities and parameters
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The non-dimensional form of the Eq. (2) to (4) are
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The corresponding boundary conditions are given by

u=U,0 =1+ ge™p =1+ ee™, Po0000oooooooooat ooy =0

U->Uy=1+¢e™,0-0,¢ - 0asy > o (13)
3. Method of Solution

The set of Eq. (10) — (12) are partial differential equations which cannot be solved in closed form.
However, these can be solved by reducing them into a set of ordinary differential equations using the
following perturbation method. Now represent the velocity, temperature and concentration
distributions in terms of harmonic and non-harmonic functions as

u(y,t) = up(y) + euy (y)e™ + 0(e?)
Oy, t) = Oo(¥) + €6, (¥)e™ + 0(&?)
P, ) = Po(¥) + e (y)e™ + 0(g?) (14)

Substituting Eqg. (14) into Eq. (10) — (12), and equating the harmonic and non-harmonic terms,
and neglecting the higher order terms of g, obtain the following pairs of equations of order zero and
order one.

3.1 Zero Order Terms
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3.2 First Order Terms
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The corresponding boundary conditions are
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uy=1,u;,=1,0,- 0,0, > 0,Cy - 0,C; > O0asy — (21)
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Solving Eq. (15) — (20) under the boundary conditions (21), the following solutions are obtained

0o = azexp(—myy) + a, exp(—mzy) (22)
$o = exp(—myy) (23)
Ug =1+ agexp(—myy) + ajo exp(— myy) + asq exp(— msy) (24)
$1 = a; exp(—myy) + az exp(—myy) (25)
0, = as exp(—myy) + ag exp(— myy) + a; exp(— mzy) + agexp(—myy) (26)

u; =1+ ay; exp(—myy) + a3 exp(— myy) + aq exp(—mzy) + a5 exp(— myy)
+a,6 exp(— msy) + a7 exp(—mey) (27)

Substituting Eq. (22)—(27) in Eq. (14), obtain the velocity, temperature and concentration
distribution in the boundary layer as follows

u = (1+agexp(—myy) + ao exp(—mpy) + a1 exp(—msy)) +

nt (11 a1z exp(—myy) + a3 exp(— myy) + agq exp(—msy) +
ce (28)
ais exp(—myy) + a6 exp(— msy) + a7 exp(— megy)
0 = (asexp(—myy) + a,exp( —myy)) o000 +
nt (@s exp(—mqyy) + agexp(—myy) +
ce (29)
a; exp(—mzy) + agexp(—m,y)
@ = exp(—myy) @ +ee™(a, exp(— myy) + a; exp(— myy)) (30)

The skin friction co-efficient, Nusselt number and Sherwood number are important physical
parameters for this type of boundary layer flow. These parameters can be defined and determined
as follows

9
= (a_:) = —(myay + mya g + msa,;) — ge™(mya; + myayz + myay + myags +
y=0
M5y + Meaq7) 1)
20
Nu = — (a_y) = myaz + mza, + ge™(myas + mzas + mya; + mzag) (32)
y=0
Sh=— (a—"’) =m, + ge™(mya, + mya,) 33)
By y=0

4. Results and Discussion

In this paper, the unsteady magneto-hydrodynamic mixed convection flow over an inclined
permeable moving plate in presence of aligned magnetic field, thermal radiation, heat absorption
and homogenous chemical reaction, subjected to the variable suction are discussed in detail through
graphs from Figure 1-13. The governing equations are having non- linear nature and have been solved
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by analytical method. The objective of this section is to analyze the behaviour of various involved
parameters such as inclined angle (a), visco-elastic parameter (A), Magnetic field parameter (M),
Permeability of porous medium (k), Grashof number (Gr), modified Grashof number (Gm), Heat
absorption coefficient (Q), prandtl number(Pr), radiation parameter (F), Schmidt number (Sc),
chemical reaction parameter (K), on the velocity, temperature and concentration profiles. As well as
the variation of skin friction, rate of heat and mass transfers in term of Nusselt and Sherwood
numbers for various values of the involved parameters are shown in Table 1.

Figure 2 depicts the influence of the Hartmann number on velocity with a rise in the Hartmann
number, the velocity falls. It's because the introduction of a transverse magnetic field produces a
resistive type force (Lorentz force) that acts like a drag force, resisting fluid flow and lowering its
velocity. In addition, when the Hartmann number raises, the thickness of the boundary layer
decreases. The influence of the permeability of the porous media parameter on the velocity
distribution is shown in Figure 3. As can be seen, the velocity rises as the dimensionless porous media
parameter rises. Physically, this outcome may be obtained by ignoring the holes in the porous
substance. Figures 4 and 5, effects of thermal and solute buoyancy on velocity is presented, in which
it is noticed that velocity increases in both the cases as both the parameters namely Grashof number
and modified Grashof number increase. It can be seen in Figure 6 that the angle of inclination (a)
decreases the effect of the buoyancy force due to thermal diffusion. Consequently, the driving force
to the fluid decreases as a result velocity of the fluid decreases. Figure 7 presents the velocity profiles
for different values of visco-elastic parameter (A). Velocity is observed to be increasing with the
increase in visco-elastic parameter.

Figure 8 and 9 shows the effect of the radiation absorption parameter on velocity and
temperature respectively. It is clear from these graphs that both velocity and temperature raises as
the radiation absorption parameter rises. Because thermal radiation is linked with high temperature.
Figure 10 illustrate the influence of the heat absorption coefficient Q on the temperature profile.
Physically speaking, the presence of heat absorption (thermal sink) effects has the tendency to
reduce the fluid temperature. Figure 11 depicts the effect of Prandtl number (Pr) on temperature
profiles in presence of some selected fluids such as Hydrogen (Pr = 0.68), Air (Pr = 0.71), Carbon
dioxide (Pr = 0.76) and Electrolytic solution (Pr = 1). From this figure, observed that, an increase in
the Prandtl number decreases the temperature of the flow field at all points. Due to the ratio of
momentum diffusivity (kinematic viscosity) to thermal diffusivity.

The influence of Schmidt number (Sc) on the velocity and concentration profiles is shown in
Figure 12 .Graphical result of concentration profile for different values of Schmidt number Sc shows
that with an increase in Sc, decreases the concentration profile. Physically this is true because of the
fact that the water vapors can be used for maintaining normal concentration field whereas hydrogen
can be used for maintaining effective concentration field. Figure 13, depicts the influence of chemical
reaction effect on concentration. This figure witness that concentration decreases with an increase
in the values of chemical reaction parameter.
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The variation in skin-friction coefficient, the rate of heat transfer in the form of Nusselt number
and the rate of mass transfer in the form of Sherwood number for various parameters are studied
through Table 1. For the validity of our work to compared our results with the existing results of
Mohanaramana et al., [11]. Our result appears to be in excellent agreement with the existing results.
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Table 1
The consequence of numerous quantities on the skin friction Nusselt number and Sherwood Number for
Sc=0.22, Pr=0.71, Gr=5, k=0.5, K=0.1, M=1, Q=0.1, E=0.01, A=0.5, F=0.01, a=mn/6, Gm=>5, A=0.5, t=0.5, n=1,

Up=0.5, Q;=0
Sc k Q Sr Pr t Ke T T Nu (previous) Nu Sh Sh
(previous) (presen  Mohanarama (presen (previous) (presen
Mohanarama t) naetal, [11] t) Mohanarama t)
naetal., [11] naetal., [11]
02 0. 1 0 07 0 1 3.3717 3.2325  -1.5796 -1.4587 -0.3995 -0.4001
2 5 3 1 5 3.2982 3.2478 -1.7797 -1.7521 -0.5409 -0.5452
0.3 3.2148 3.1254  -2.3370 -2.2477 -0.7564 -0.7522
0.6
06 0. 1 0. 07 0 0 33938 3.3657 -1.5796 -1.5788 -0.0864 -0.0120
1 3 1 5 1 3.3604 3.4225  -3.4690 -3.5621 -0.1255 -0.1247
0. 2 0. 3.3431 3.3141 -10.727 -10.865 -0.8443 -0.8121
2 7.0 2
0. 0.
3 3
o6 0. 0O O 07 O 1 3.7057 3.6558 -1.5823 -1.5877 -1.1686 -1.1452
5 1 3 1 1 3.2148 3.1954 -1.5856 -1.4952 -1.2340 -1.2520
2 0. 3.1880 3.1985 -1.5880 -1.5895 -0.8995 -0.2845
2
0.
3
0.6 0. 1 1 0.7 O. 1 3.2148 3.3001 -1.6512 -1.5412 -0.9487 -0.9052
5 1. 1 5 3.5740 3.5477 -1.7782 -1.8522 -0.8457 -0.8452
5 3.6832 3.6874 -1.8457 -1.8922 -0.6487 -0.6452
2

5. Conclusion

In the present investigation have studied analytically Radiation absorption and Chemical Reaction
effects on Unsteady MHD Kuvshinski fluid flow past an inclined porous plates. From the present
investigation the following conclusions can be drawn.

The Fluid velocity rises when the Visco velocity parameter (A), Grashof number(Gr) and modified
Grashof number (Gm) rise, as does the porous medium's permeability parameter (k), but it decreases
when the magnetic parameter (M) and inclination angle (a) are present. The fluid velocity and
temperature enhances with increasing Radiation absorption (Q1). The fluid temperature decreases
with the effect of the Prandtl number (Pr) and heat source parameter (Q). The concentration level of
the fluid diminishes when an increasing chemical reaction parameter (K) and the Schmidt number
(Sc).
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