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Abstract

In this study, effects of variables properties on magnetrodynamics (MHD) flow through a vertical channel in a porous medium are investigated.
The governing equations are transformed into a set of coupled nonlinear ordinary differential equations. The transformed equations are solved
numerically using Runge-kuta Method of order four with the aid of Maple 18 software. The influence of the flow parameters on fluid temperature,
porosity, concentration and velocity are presented graphically. From the course of investigation, it was revealed that fluid temperature increases
within the channel with increasing variable viscosity and heat generation parameter.
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Introduction

Analytical solution of MHD stagnation-point flow and heat transfer of
casson fluid over a stretching sheet with partial slip studied by Nandy SK
[1], showed that for a casson fluid, the magnitude of velocity is bigger than
viscous fluid, and that increasing the velocity slip parameter lead a drop in flow
velocity, and the same qualitative result applies for the thermal slip parameter
on temperature. He formulated the governing equations and use similarity
transformation to convert them to a set of ordinary differential equations which
he then solves analytically using homotopy analysis method.

Several investigations have concerned themselves with the theory of
MHD. Prakash D, et al. [2] investigated the effect of heat generation on MHD
free convective flow of viscous fluid in a vertical channel in the presence of
variable properties. Thermal conductivity and viscous fluid vary linearly with
temperature. The non-dimensional governing equations are evaluated using
different transform method (DTM), the effects of physical parameters involved
are evaluated through. The solutions are compared with the numerical one
by one by Runge-Kutta Felberg along with shooting technique. The result of
Bhattacharyya k [3] on MHD Stagnation-point flow of Casson fluid and heat
transfer over a stretching sheet with thermal radiation, shows that, the thickness
of the velocity boundary layer decreases as the velocity ratio parameter and
magnetic parameter are increased, also the velocity boundary layer thickness
for Casson fluid is greater than that of Newtonian fluid.

Jha BK, et al. [4] used numerical study to investigate the transient free-
convective flow of reactive viscous fluid in a vertical channel formed by two
infinite vertical parallel plates. A theoretical analysis is also presented to find
the expression for temperature, velocity, skin-friction and Nusselt number for
the stead fully developed flow using perturbation technique.
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The effect of variable viscosity and thermal conductivity on MHD free
convective heat and mass transfer flow past an inclined surface with heat
generation studied by Hazarika GC and Gogoi L [5] where both the fluid velocity
and thermal conductivity are assumed to vary as inverse linear function of
temperature, using similarity transformations, the governing partial differential
equation s are reduced to ordinary differential equations which are solved
numerically for boundary condition by applying shooting method Sivaraj R, et
al. [6] analyzed the problem of steady, mixed convective, laminar flow of two
incompressible, electrical conduction and heat absorbing immiscible fluids in a
vertical porous channel filled with viscoelastic fluid in one region and viscous
fluid in other region. A uniform magnetic field is applied in transvers direction,
the fluids rise in the channel driven by thermal buoyancy force associated with
thermal radiation. An exact solution is obtained for the velocity, temperature,
skin friction and Nusselt number distribution. The study of Manjunatha G, et
al. [7] on the impact of variable transport properties and slip effects on MHD
Jeffrey liquid fluid flow, shows that an increase in the magnetic parameter
reduces the velocity as well as temperature.

Analysis of unsteady magnetohydrodynamics radiative thin liquid
film flow, heat and mass transfer over a stretching sheet with variable
viscosity and thermal conductivity was carried out by Pal D and Saha P [8].
Computed results for unsteadiness, temperature ratio, radiation parameter
in the presence/ absence of the viscous and ohmic heating are analyzed
and discussed. Computed result results show that the viscous and ohmic
dissipations reduce the temperature gradient profiles in the thin liquid film.
Thermal radiation decreases the cooling rate of the thin liquid film, but the
reverse effect is seen by increasing the Prandtl number. Salawu SO and
Dada MS [9] investigate the radiative heat transfer of variable viscosity and
thermal conductivity effects on inclined magnetic field with dissipation in a non-
darcy medium, where governing partial differential equations are transformed
into a system of ordinary differential equations using the similarity variable
transformations and solved numerically using shooting technique together
with fourth- order Runge-Kutta method. The worked on the effect of relative
magnetic field, chemical reaction, heat generation and Newtonian heating on
convection flow of Casson fluid over a moving vertical plate embedded in a
porous medium by Khan D, et al. [10]. The result showed that time (t) has a
similar effect on velocity, temperature, and concentration profile, while porous
medium, heat generation parameter, Prandtl number, Schmidt number, and
chemical reaction have a decreasing effect.

Akindele M, et al. [11]. observe the effect of nonlinear radiative heat
and mass transfer on MHD flow over a stretching surface with variable
conductivity and viscosity. The nonlinear equation governing the flow are
reduced to ordinary differential equation by appropriate similarity variable
and quantity, the nonlinear equations are computationally solved by applying
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shooting techniques coupled with Nachtsheim- Swigert method for asymptotic
satisfaction of boundary conditions by fourth order Runge Kutta technique.
Effect of variable fluid properties on magnetohydrodynamic flow of nanofluid
past a flat plate studied by Srinivasa CT, et al. [12] their results shows that the
fluid velocity and temperature increase for the variable viscosity and thermal
conductivity parameter. Areo AQ, et al. [13] studied MHD effects on porosity
and concentration in an unsteady flow in a vertical channel. The nonlinear
governing equations of motion with concentration equation incorporate variable
porosity were employed and solved analytically using a perturbation technique.
The effects of the flow were determined through the physical parameters from
the course of the investigation, it was revealed that fluid temperature increase
within the channel with increase porosity.

Mathematical Formulation

The system under consideration is a laminar non-isothermal flow of
an incompressible fluid between two vertical parallel plate positioned at
y'=0 and y'=h with uniform temperature 7] (hot wall) and 7', (cold
wall) The flow is assumed in the x=direction which is taken vertically upward
along the vertical plates and the y-axis is taken normal to the plates as shown
in figure 1. Since the plates are infinite in lengths, the velocity, temperature and
concentration fields are function of y' only. All fluid properties are considered
constant except the influence of variable viscosity, thermal conductivity
and density variation with temperature. In addition, the influence of density
and expansion coefficient variation in terms in the momentum and energy
equations are negligible. The steady natural convection fully developed flow
in a vertical channel under the usual Bussines q approximation is governed by
the following equations [14-16].

The flow governing equations now can be written as

1 d| du R — o\ bu” )
= T'-T, C'-C)-=—=0
pdy(ﬂdy,j+gﬂ( N)+eB(C'-C) i
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where C’ is the concentration, 7’ is the temperature, (5.5) are the

temperature and concentration coefficients of volumetric expansion, v is

the kinematic viscosity, the velocities are (..») along the axes (~’.»"). The
equations (1) - (3) must be solved subject to the boundary conditions: At
u'=0,T=7, C'=C/ at y'=0
’ ! ’ (4)
u'=0,7T7=T7,,

C'=C, at y'=h

Now we introduce the following non-dimensional variables
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When Pr is the Prandit number, N is buoyancy parameter, Sc is the
Schmidt number, %_ is the chemical reaction parameter and Q is the heat
source parameter.

Follow (Umavathi and Shecar), the fluid velocity () is assumed to be
varying linearly as a function of temperature in the form:

p=py(1-a(T'-13)) (6)
In general, (a<0)for gases and (a > 0) for liquids, where a is the

Page 2 of 5

dimension of &£~ and eqn. (6) can be rewritten in the form:
H=u,(1-10) 7)
Where A =a(T'—T)

Similarly, following (Anjzli and Pralcask) the fluid conductivity (K) is
assumed to vary linearly as a function of temperature in the form:

K =k(1+b(T'=T3)) ®

In general, (£>0) for fluids such as water and gases while (»<0)for
fluids such as lubricating oils where b is the dimension of 4™' and eqn.(8) can
be rewritten in the form:

K =k,(1+y0) ©
Where » = b(T—T3) . In addition, the range of variables of }
Schilchting and Gerster k for air0 < y <5 for water O < » < 0.12 and
for lubrication oil —0.1<y» <0 4, and K, are constants when the

temperature is 7; . The reference temperature is taken to be 7,

Using equations (4), (7), (9), and equations (1) - (4) reduce to:

d do d
(1—20)—“—1——“+0+NC—Dau =0 (10)
dy dy dy
1+ 0) d? 2
—( +y)d?+Ld—9 +00=0 1mn
Pr dy° Pridy
1 d?
— f—kcc:O (12)
Sc dy
The boundary conditions with the new variables are
=0, =1, C=1 =0
u 5 ) at y (13)
u=0, =1, C=1 at y=1

Equations (10) - (12) with boundary conditions (13) describe the heat and
mass transfer along a vertical plate in the presence of a magnetic field under
variable viscosity and thermal conductivity. The governing equations (10) -(12)
with boundary conditions given in (13) are solved numerically by using the 4th
order Runge-Kutta shooting method with the of maple 18 software.

Results and Discussion

This paper shows the combined effects of temperature, dependant
viscosity, variable porosity and thermal conductivity on natural convection flow
in a vertical channel. The nonlinear coupled governing differential equations
have been solved numerically using Runge — Kutta method of order four with
the aid of Maple 18 software to obtain results for temperature, velocity and
concentration fields. After considering a laminar non-isothermal flow of an
incompressible fluid between two vertical parallel plates, the following discussion
was ensued; (Figures 1 and 2) show the effect of heat generation parameter Q
on temperature and velocity profiles. This figure shows that increasing value of
Q, increases the temperature profile which is physically true since increasing
the heat source parameter amplifies the applied temperature causing the
fluid temperature to increase and also, it strengthens the convection current
within the channel leading to an increase in fluid velocity. (Figure 3) shows
the effect of variable viscosity parameter temperature profile. It was observed
that increasing that variable viscosity decreases fluid temperature while fluid
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1.06 - _ .. shows that increasing value of Sc. decreases the velocity while increasing the
chemical reaction parameter decreases both fluid velocity and temperature.
o5 The physical meaning of the observed trend is that growing N increases
R, . . . . .
buoyancy due to mass transfer and hence, an increase in fluid velocity. (Figure
T T 6) shows the effect of variable viscosity parameter on temperature profile.
1.04 4 S . It is observed from these figures that increasing viscosity increases fluid
s Y . . . . . . .
s W temperature. This is expected since increasing (v) leads to an increase in the
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) leads to an increase in the fluid viscosity. Increasing fluid viscosity poses a 0837 “\ — J,’ - gg - g;
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(Figure 4) shows the effect of variable viscosity parameter on velocity i .
profile. It was observed that increasing that variable viscosity increases fluid 07
temperature while fluid velocity decreases within the channel. This is expected 0 o= 0.4 o5 o8 1

since increasing (K) leads to an increase in the fluid viscosity. (Figure 5)
shows the effect of variable viscosity parameter on velocity profile. This figure
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Figure 6. Concentration profile for different values of Schmidt parameter.
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1004 i conductivity and variable porosity on natural convention flow through a channel
5‘ ; was considered. The governing differential equations for temperature, velocity
00s 7 and concentration fields were solved using Runge-Kutta of order four with
] ) o the aid of Maple 18. The results from the exact and numerical methods were
B i observed with excellent agreement the results of fluid flow within the channel

0861 N 4 reveals the following:
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