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Abstract: The aspiration of this research paper is to study the
influence of temperature dependent variable exponential
viscosity, linear variable thermal conductivity and n™ order
chemical reaction on MHD transitory natural convection heat
and mass transfer through permeable medium. The ensuing non-
linear partial differential equations regulating the flow and the
boundary conditions are concurrently reduced to non-
dimensional form by suitable transformations. The regulating
non-dimensional equations are discretized using implicit finite
difference technique and solved numerically. The outcomes of
the numerical solutions are depicted graphically, during which
skin friction, Nusselt and Sherwood numbers are set up in
tabular form.
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[. INTRODUCTION

n the past decades speculative and cautious studies of

viscous incompressibleNon-Newtonian fluids have been
deeply investigated. Theoretical investigation of fluid flow
past an infinite permeable channel is of very significant in lots
of industrial contexts such as food processing, coating and
polymer processing, paper production, hot rolling and glass-
fibre production. Nevertheless the study of heat and mass
transfer flow of a viscous boundary layer over a stretching
sheet in a porous medium has pertinent application in
chemical engineering field and metallurgy as entreated by
Batchelor and Shen [1], Anyakoha [2] and Andersson et al
[3].Ramana and Chamkha [4] considered on the effects of first
order chemical reaction andheat and mass transfer on steady
two-dimensional natural convection flow with existence of
MHD and viscous dissipation. They concluded that increasing
the magnetic and porosity parameters decreases the velocity
profiles while increasing the Eckert number increases both the
velocity and temperature profiles. Animasaun [5] studied on
steady state two-dimensional heat and mass transfer of
viscous natural convective laminar incompressible fluid flow
within a vertical porous medium with impressions of
thermophoresis, temperature dependent variable viscosity and
thermal conductivity, suction and n™ order chemical reaction.
The analysis on consequence of Soret and Hall effects on
MHD mixed convection past an infinite vertical porous plate
was studied by Krishna et al. [6]. The unsteady MHD

convective heat and mass transfer past a semi-infinite vertical
porous plate with variable viscosity and thermal conductivity
examined by Gnaneswara and Bhaska [7]. Oyem et al. [8]
carried out a study on MHD free convective heat transfer on
reacting flow over a vertical plate with constant thermal
conductivity. The outcomes revealed that increasing the
Eckert number in viscous dissipation increases the velocity
and temperature profiles.

Magneto hydrodynamic (MHD) is a division of continuum
mechanics which addresses the study of the flow of
electrically conducting fluids in both electric and magnetic
fields. Recently, there has been massive awareness in the
study of MHD fluid flow and heat transfer in any medium due
to its gigantic significant in many engineering analysis which
includes MHD generators, plasma studies, nuclear reactors,
geothermal energy extractions etc. Kisavaiah et al. [9]
examined analytically on radiation absorption, chemical
reaction and magnetic field effects on thefree Convection and
mass transfer flow through porous medium with constant
suction and constant heat flux. They exhibited that both
velocity and temperature profiles increases with increasing
chemical reaction parameter also increasing magnetic
parameter causes a decrease in velocity profile. Durojaye at el.
[10]Jworked on unsteady MHD free convective flow of an
optically thick radiating viscous fluid over an infinite vertical
plate in a consistent porous medium. Manjunatha and
Gireesha [l1]presented effects of variable viscosity and
thermal conductivity on MHD flow and heat transfer of a
dusty fluid. Ali et al. [12] applied finite element analysis to
investigate the effect of variable viscosity on two-dimensional
MHD incompressible Nanofluid flow by employing the
Cattaneo-Christov model. Ali and Alam [13] critically
analysed on the effects of Soret and Hall Effect on MHD flow
over a vertical stretching sheet in a porous medium due to heat
generation.

In industrial setup, high temperature is being expanded with
lubricants, if they are exposed to uttermost conditions such as
high temperature, pressure, high shear rate and external
heating. According Anyakoha [2], Bachelor [14], Meyers [15]
and host of Researchers, viscosity and thermal conductivity
are the attributes which are most sensitive to temperature
rise.The two-dimensional laminar free convective flow over a
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vertical plate with emphasis on effects of variable thermal
conductivity and viscosity was investigated by Gbadeyan et
al. [16]. Careful review of influence of temperature viscosity
and thermal conductivity on heat transfer flow of unsteady
micro polar fluid about a permeable cylinder with moving
boundaries in the presence of magnetic field was carried out
by Baruah and Hazarika [17]. Kiran at el. [18]emphasized on
the effect of variable viscosity and thermal conductivity on
MHD convective heat transfer of immiscible fluids in a
vertical channel using Runge-Kutta 6" order technique.
Chandra Babu et al. [19]have performed the analysis of
consequences of radiation and first order chemical reaction on
unsteady two-dimensional viscous incompressible Nanofluid
flow across a vertical cone embedded in porous medium.
They deduced that the wvelocity profile increases with
increasing variable viscosity parameter while temperature and
concentration profiles decreases. Swain et al. [20] presented
the MHD heat and mass transfer on a stretching sheet with
variable fluid properties in a porous medium and concluded
that variable thermal conductivity enhances the temperature
profiles.

The analysis of chemically-reactive fluid flows is playing an
important role, due to its practical purpose and relevant
abundant applications in cooling tower dessign, geochemical
transport in repositories and the dynamics of fog and mist
composition, drying, distribution of temperature and moisture
over agricultural fields and grooves of fruit trees, damage of
crops due to freezing, evaporation at the interface of water
body Patil [21]. Chemical reaction can be classified to be
either homogeneous or heterogencous process. Cussler
[22]defined homogeneous reaction as one that occurs
uniformly throughout a given phase whereas heterogeneous
reaction is one that occurs in a restricted area or within the
boundary of the phase. The order of the chemical reaction
depends on many factors. The simplest chemical reaction is
termed the first .order reaction where the variation of reaction
is directly proportional to the species concentration. The
simultaneous effect of buoyancy forces as a result of both
thermal and mass diffusion in the presence of chemical
reaction has significant relevant in the nuclear reactor safety
and combustion system, metallurgical and chemical
engineering. Uwanta and Halima [23]worked on the effects n™
order chemical reaction, radiation and variable thermal
conductivity of natural convection unsteady flow of an
incompressible viscous fluid. They established that increasing
thermal Grashof number, solutal Grash of number and thermal
conductivity parameter increases velocity profiles while
increasing magnetic parameter, chemical reaction, Prandtl
number, and Schmidt number decreases velocity profiles.
Raghunath et al. [24] carefully talked about the effect of heat
and mass transfer on MHD flow of an incompressible fluid
having viscous and plastic properties past an infinite
oscillating vertical porous plate with uniform magnetic field.
They found out that, the velocity profile decreases with
increase of Prandtl number and porosity parameter and
decreases with increasing magnetic parameter. Quite recently,

Mjankwi et al. [25] comprehensively investigated on unsteady
MHD flow of Nanofluid with variable attributes across an
inclined stretching sheet in the presence of thermal radiation
and chemical reaction and the analysis revealed that increase
in the variable thermal conductivity and variable viscosity
parameters increases temperature and concentration profiles.
Uwanta and Murtala [26] have executed the study of the
effects of thermal diffusion, variable viscosity and thermal
conductivity on unsteady hydrmagnetic flow of reactive
viscous fluid in a vertical channel. Uwanta and Sani [27]
examined on effects of variable thermal conductivity and heat
source of unsteady laminar free convection flow of dissipative
fluid over an infinite vertical isothermal porous plate in the
presence of uniform magnetic field. Jha et al. [28] critically
examined free convective unsteady Couette flow. The study
revealed that magnetic parameter produces Lorentz force that
oppose the flow of an electrically carrying fluid.

In all the aforementioned analysis, the thermo physical
properties notably fluid viscosity was assumed as reciprocal
function of temperature. The focus of this manuscript is to
study the set-up of temperature dependent variable viscosity
and thermal conductivity on MHD unsteady two-dimensional
streamlined flow of incompressible fluid past an infinite
channel. In this investigation the viscosity and thermal
conductivity are presumed as the exponential and a reciprocal
function of temperature respectively.

ILMATHEMATICAL FORMULATIONS

Consider the unsteady viscous temperature dependent heat
mass transfer with nth order chemical reaction over a vertical
channel formed by two finite parallel plates separated by a
distance H . The effects of uniform magnetic field,
permeability, suction/injection, heat source, radiation and
Soret effects are considered for the study. The geometry of the
problem is shown in Fig. 1. In this analysis, x" and y' a -axis
are taken such that the flow is assume to be in X - direction
vertically upward along the channel walls of plate and )'-
axis normal to the plate. The fluid obeys the Boussinesq
approximation. Under this assumption the governing
boundary layer equations of continuity, momentum, energy
and concentration equations in dimensional form are:

Figure 1: Geometry of the Problem
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The accompanying initial and boundary conditions are
prescribed as follows:

ZISOZUIZO,T'ZEI,C'ZChforOSy,SH
. {u':O,T' T.C'=C, aty' =0
t'>0:

(2.5
u'=0,7"=7,,C'=C, aty'=H

Adopting Brewster [29], the radiative heat flux q; is given by

g = 40 or' 26)
ke '
where O ' is the Stefan-Boltzmann constant and k' is the

mean absorption coefficient. Assuming that the difference in
temperature within the flow is such that 7' * can be expressed
as a linear combination of the temperature, we expand 1’ *in

Taylor’s series about 7, as follows
4 4 3 2 2
T" =T, +4T, (T -T,)+6I, (T -T,)" +...2.7)
And neglecting higher order terms beyond the first degree
(T'—1,)in, we obtain
4 4 3
T* =37 +4T°T 2.8)

Differentiating equation (2.6) with respect to y' we obtain

oq.  16T0°0°T

S == P (2.9)
y 3k*y
Invoking equations (2.6), (2.8) and (2.9) in Equation (2.3) we
get
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To exhibit solutions in non-dimensional form, we introduced

the following non-dimensional variables
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By bringing in the above non-dimensional equation (2.11) in
equations (2.1), (2.2) and (2.10), they are brought down to the

non-dimensional form as:
& du_ }
—+n—=ep-A)| — +7- +]\C~(MH}A (2.12)

2
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(2.13)

2 2
Sc £+77% :6 f—ScKrC”+ScSra—7; (2.14)
o | oy oy
u=0, 6=1,C=1 at y=0
t>0: 2.15)
u=0, 60=0,C=0 aty=1

III. METHOD OF SOLUTION

The governing partial differential Equations (2.12)—(2.14) of
momentum, energy and concentration together with the
boundary conditions (2.15) are solved numerically by using
implicit finite difference scheme with the help of Matlab
software. We used backward difference for time derivatives
and first and second order for space derivatives are
approximated by the central difference formula to obtained
finite difference equations which are transformed into a
system of linear algebraic equations in the tri-diagonal form
corresponding to (2.12)-(2.14) as follows:

ity +{(1+ 2 )™ —rird =rra +(l+m—2rzr5 ~AM - Dthe)u!
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IV. RESULTS AND DISCUSSION

The numerical computations of dimensionless velocity,
temperature and concentration profiles have been carried out
for different values of the parameters. The velocity,
temperature and concentration profiles obtained in
dimensionless form are presented in Figures (2-13). The
Prandtl number for the working fluids are taken to be Pr=0.71
and Pr=7.0 which corresponds to air and water respectively.
The values of Schmidt number (Sc) were chosen to be
Sc=0.22, 0.78, 0.94,consituting diffusing chemical species of
most usual concern in air like H,, NH; CO, respectively
whiles other parameters are chosen discretionary. The effect
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of buoyancy ratio parameter(N) is displayed in Figures 2(a)
and 2(b). It is noticed that the velocity increases with
increasing values of the buoyancy ratio parameter. It is also
observed that velocity is higher in air (Pr = 0.71) compare to
that of water (Pr =7.0). Figures3(a) and 3(b) depict the
distribution of transient velocity against y for various
Schmidt(Sc) values. The Schmidt number is the ratio of the
momentum diffusivity to the mass diffusivity. Physically, it
relates the relative thickness of the hydrodynamic boundary
layer and mass- transfer boundary layer. It is seen that as
Schmidt (Sc) number increases the velocity field decreases.
The effects of the radiation parameter (F), on the transient
velocity profiles are display on Figures 4 (a) and 4 (b). It can
be inferred from the Figures that an increase in thermal
radiation parameter (F) produces significant increase in the
thermal condition of the fluid and its thermal boundary layer.
Through the buoyancy effect the increase in fluid temperature
induces more flow in the boundary layer causing the velocity
to increase. In addition the hydrodynamic boundary layer
thickness increases as a result increasing the radiation
parameter (F). Substituting different values of the viscosity
parameter (A = 5, 10, 15, 20) we observe that the velocity
profile increases with decreasing of A as depicted in Figure
5(a) and 5(b). It is also noticed that velocity is higher in
injection compared to velocity in suction. Figures 6(a) and
6(b) represent the effect of magnetic field parameter; they
show that the momentum is decreasing due to the
Lorentzforces which have the capacity to act against the flow.
The Figures further revealed that velocity is higher in
injection compared to suctionin both fluid parameters.
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Figure2: Effect of Buoyancy parameter (N) on velocity profiles
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Figure 4: Effect of Radiation parameter (F) on velocity profiles
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Figure 6: Effect of Magnetic parameter (M) on velocity profiles

The effects of various parameters on temperature profiles in Figures 7(a) and (b). Here we observed that as the value of F

the boundary layer are illustrated in Figures 7(a) and (b) increases the temperature elevates with an increasing in the
through Figures 11(a) and (b). For different values of thermal boundary layer thickness. However, is also observed
radiation parameter (F), the temperature profiles are plotted in from Figure 7(b) there is decay in the values of temperature
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along the space coordinate 0.64 < y <1. Typical variations

of temperature profile along the coordinate y are depicted in
Figures 8(a) and (b) for different values of Prandtl number
(Pr). The result posits that an increase of Pr results in a
decreasing the thermal boundary layer thickness and more
uniform temperature distribution across the boundary layer.
This is true since smaller values of Pr are equivalent to
increasing the thermal conductivities and hence, heat is able to
diffuse away from the heated surface faster for higher values
of Pr. Figures 9(a) and (b) exhibit the effect of variable
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thermal conductivity parameter(y) on temperature profiles in
the boundary layer. An increase in the value of y accelerates
the magnitude of temperature distribution. It is further
revealed from the Figures that y is more pronounced in air
(Pr=0.71) compared to that of water (Pr =7.1). Variation of
temperature profiles for different values of heat generation
parameter (¢) is portraying in Figure 10(a) and (b) for suction
and injection. It is observed from the Figures that velocity
enhances on increasing heat generation parameter (¢).

Figure 7: Effect of Radiation parameter ( F ) on temperature profiles
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Figure 8: Effect of Prandtl number ( Pr ) on temperature profiles
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Figure 10: Effect of Heat source parameter ( ¢ ) on temperature profiles
Figures 11(a) and (b) highlight the concentration profiles
across the boundary layer for various values of Schmidt
number (Sc).The Figures show that an increasing in Sc results
in retarding the concentration distribution because the smaller
values of Sc are equivalent to elevating the chemical

molecular diffusivity. The variation of chemical reaction

parameter (Kr) on the concentration profiles is shown in
Figures 12(a) and (b). It is noticed that increase in
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the chemical reaction parameter (Kr) contributes in the shown in Figures 13(a) and (b). While all other involving
decreases in the concentration of the fluid media. The effect of parameters in the concentration field are held constant,
order of chemical reaction (n) on the concentration profiles is increase in concentration field is observed.
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Figure 11: Effect of Schmidt number ( Sc ) on Concentration profiles
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Figure 12: Effect of Chemical reaction parameter ( Kr ) on Concentration profiles
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Figure 13: Effect of Order of chemical reaction parameter ( /7 ) on Concentration profiles

- friction T - .
The values of the skin-friction 7|, and 7, of the transient part 002 | 011101 100 | 0.01 36568 0.0229
of the flow are entered in the Table 1 below for various values
i Da, Re, M, N and A i
of the fluid parameter , , M, and A . The increase 003 o1 1ol 100 | 001 43956 0.0312
in Darcy number (Da) increases the skin friction 7 at the
plate y = 0and 7 | at the plate ) = 1. Increase in Reynolds 0.01 | 0. | 10 | 100 | 0.01 25794 0.0126
number also increases 7, and 7,. Increase in the magnetic
) ) 0.01 { 0.2 | 10 | 100 | 0.01 3.6568 0.0229
parameter (M ) both 7, and 7, decline. Increase of sustention
parameter (N) influence the skin-friction at the plate =0 001 | 031 10! 100 001 43956 0.0312
and Yy = 1. Increase in variable viscosity parameter (ﬁ)
0.01 { 0.1 | 70 | 100 | 0.01 2.5794 0.0126
increases 7Ty but 7, remains unchanged. 001|011 201 100 | 0.01 2.5657 0.0124
0.01 { 0.1 | 30 | 100 | 0.01 2.5522 0.0123
Table 1: Skin friction Cf at the plate with Da, M, N, SC, for 0.01 0.1 10 100 0.01 2.5794 0.0126
Pr=0.71 0.01 [ 0.1 | 10 | 200 | 0.01 5.1338 0.0251
0.01 { 0.1 | 10 | 300 | 0.01 7.6882 0.0376
0.01 { 0.1 | 10 | 100 | 0.01 2.5794 0.0125
0.01 { 0.1 | 10 | 100 | 0.02 2.5903 0.0125
ou ou
Da [Re |[M| N | A | Ty=— T =— 0.01 | 0.1 | 10 | 100 | 0.03 2.6012 0.0125
W, |,
Table 2 shows the influence of F, ¢, Ec and } on the rate
of heat transfer for unsteady parts of the flow. It is observed
0-011 0.1 1071 100 1 0.01 23794 00126 that the increase in the radiation parameter (F ) decreases
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Nu, at the plate =0 but increases Nu, at the plate

y= 1 . Increasing the heat source parameter ¢, the Nusselt
number at y=0 and y=1 remain unchanged. Increase in the
Eckert number ( £C) increases Nu,, but decreases Nu, . The
increase in value of variable thermal conductivity parameter (
) decreases both Nu, and Ny, .

022 | 200 | 1.0 3.9159 3.9159
022 | 30.0 | 1.0 3.6823 3.6823
022 | 10.0 | 1.0 4.1629 4.1629
022 | 100 | 1.5 4.2143 4.2143
022 | 10.0 | 2.0 4.2495 4.2495

Table 2: Nusselt number at the plate with F 5 ¢, Ec » and ¥ for

Pr=0.71
F| @ | Ec| 7V | Nuy= or Nu, = or
ay y=0 ay y=1
10| 001 | 001 | 001 3.6259 0.0513
20| 001 | 001 | 001 2.9068 0.1747
3.0 | 001 | 001 | 001 24971 0.3042
1.0 | 0.01 | 0.01 | 0.01 3.6259 0.0513
1.0 | 0.02 | 0.01 | 0.01 3.6256 0.0513
1.0 | 0.03 | 001 | 001 3.6252 0.0513
1.0 | 001 | 0.01 | 001 3.6259 0.0513
1.0 | 0.01 | 0.02 | 0.01 3.6257 0.0513
1.0 | 001 | 0.03 | 0.01 3.6254 0.0513
1.0 | 001 | 001 | 0.01 3.6259 0.0513
1.0 | 001 | 0.01 | 0.02 4.1525 41525
1.0 | 001 | 001 | 0.03 4.1423 4.1423

IV. CONCLUSION

In this study we have examined on effects of some fluid
properties on unsteady conductive free convective fluid with
suction/injection. It is resolved that the growth in the Schmidt

number(Sc), variable viscosity parameter(l) and the

magnetic parameter(M ) contributes to reduction in the

velocity field. It is further resolved that with increase in the
buoyancy parameter and the radiation parameter, the velocity
field increases. The Skin friction decreases with growing of

magnetic parameter (M ) whereby Skin friction growths with
the increasing value of buoyancy parameter(N ) and variable

viscosity parameter (ﬂ ) )
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