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Abstract Mixed convection heat and mass transfer along a vertical plate embedded in a power-law

fluid saturated Darcy porous medium with chemical reaction and radiation effects is studied. The

governing partial differential equations are transformed into ordinary differential equations using

similarity transformations and then solved numerically using shooting method. A parametric study

of the physical parameters involved in the problem is conducted and a representative set of numer-

ical results is illustrated graphically.

2010 MATHEMATICS SUBJECT CLASSIFICATION: 76A05; 76E06; 80A20

ª 2015 Production and hosting by Elsevier B.V. on behalf of Egyptian Mathematical Society.

1. Introduction

The analysis of mixed convection boundary layer flow along a

vertical surface embedded in porous medium has received con-
siderable theoretical and practical interest. A number of stud-
ies have been reported in the literature focusing on the problem

of mixed convection about different surface geometries in por-
ous media. A review of convective heat transfer in porous med-
ium is presented in the book by Nield and Bejan [1]. It is well

known that most fluids which are encountered in chemical and
allied processing applications do not satisfy the classical New-

ton’s law and are accordingly known as non-Newtonian fluids.
Due to the important applications of non-Newtonian fluids in
biology, physiology, technology, and industry, considerable
efforts have been directed toward the analysis and understand-

ing of such fluids. A number of mathematical models have
been proposed to explain the rheological behavior of non-
Newtonian fluids. Among these, a model which has been most

widely used for non-Newtonian fluids, and is frequently
encountered in chemical engineering processes, is the power-
law model. Although this model is merely an empirical rela-

tionship between the stress and velocity gradients, it has been
successfully applied to non-Newtonian fluids experimentally.

The prediction of heat or mass transfer characteristics for

mixed or natural convection of non-Newtonian fluids in por-
ous media is very important due to its practical engineering
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applications. Abo-Eldahab and Salem [2] studied the problem
of laminar mixed convection flow of non-Newtonian power-

law fluids from a constantly rotating isothermal cone or disk
in the presence of a uniform magnetic field. Kumari and Nath
[3] considered the conjugate mixed convection conduction heat

transfer of a non-Newtonian power-law fluid on a vertical
heated plate which is moving in an ambient fluid. Degan
et al. [4] presented an analytical method to investigate transient
free convection boundary layer flow along a vertical surface

embedded in an anisotropic porous medium saturated by a
non-Newtonian fluid. Chamkha and Al-Humoud [5] studied
mixed convection heat and mass transfer of non-Newtonian

fluids from a permeable surface embedded in a porous medium
under uniform surface temperature and concentration species.
Chen [6] considered the problem of magnetohydrodynamic

mixed convective flow and heat transfer of an electrically con-
ducting, power-law fluid past a stretching surface in the pres-
ence of heat generation/absorption and thermal radiation.

Elgazery and Abd Elazem [7] analyzed numerically a mathe-
matical model to study the effects of a variable viscosity and
thermal conductivity on unsteady heat and mass transfer in a
non-Newtonian power-law fluid flow through a porous med-

ium past a semi-infinite vertical plate with variable surface
temperature in the presence of magnetic field and radiation.
Effect of double dispersion on mixed convection heat and mass

transfer in a non-Newtonian fluid-saturated non-Darcy porous
medium has been investigated by Kairi and Murthy [8]. Cham-
kha et al. [9] studied the effects of melting, thermal radiation

and heat generation or absorption on steady mixed convection
from a vertical wall embedded in a non-Newtonian power-law
fluid saturated non-Darcy porous medium for aiding and

opposing external flows. Hayat et al. [10] investigated the Mag-
netohydrodynamic (MHD) mixed convection stagnation-point
flow and heat transfer of power-law fluids toward a stretching
surface using the homotopy analysis method.

Radiative convective flows are very important in many
industrial and environment processes that are operating at
high temperature. Since the solution for convection and radia-

tion equation is very complicated, there are few studies about
simultaneous effect of convection and radiation for internal

flows. Salem [11] considered the coupled heat and mass trans-
fer in Darcy–Forchheimer mixed convection from a vertical
flat plate embedded in a fluid saturated porous medium under

the effects of radiation and viscous dissipation. Damseh [12]
studied magnetohydrodynamics-mixed convection from radi-
ate vertical isothermal surface embedded in a saturated porous
media. The radiation effect on MHD mixed convection flow

about a permeable vertical plate was studied by Orhan Aydn
[13]. Hayat et al. [14] analyzed the effects of radiation and
magnetic field on the mixed convection stagnation point flow

over a vertical stretching sheet in a porous medium.
On the other hand, chemical reaction effects on heat and

mass transfer are of considerable importance in hydrometal-

lurgical industries and chemical technology. Several investiga-
tors have examined the effect of chemical reaction on the flow,
heat and mass transfer past a vertical plate. Further, chemical

reaction effects on heat and mass transfer with radiation are of
considerable importance in hydrometallurgical industries and
chemical technology such as polymer production and food
processing. Chamkha et al. [15] studied MHD mixed convec-

tion radiation interaction along a permeable surface immersed
in a porous medium in the presence of Soret and Dufour
effects. Prabhu et al. [16] considered the effects of chemical

reaction, heat and mass transfer on MHD flow over a vertical
stretching surface with heat source and thermal stratification
effects. Postelnicu [17] studied the influence of chemical reac-

tion on heat and mass transfer by natural convection from ver-
tical surfaces in porous media by considering Soret and
Dufour effects. Ibrahim et al. [18] analyzed the effects of chem-

ical reaction and radiation absorption on the unsteady MHD
free convection flow past a semi infinite vertical permeable
moving plate with heat source and suction. Unsteady natural
convective power-law fluid flow past a vertical plate embedded

in a non-Darcian porous medium in the presence of a homoge-
neous chemical reaction was studied by Chamkha [19].
Recently Pal and Mondal [20] studied the influence of chemical

Nomenclature

A; B dimensional constants

a; b constants
l temperature variation index at wall
T temperature
C concentration

g gravitational acceleration
T1 ambient temperature
K Darcy permeability

k1 rate of chemical reaction
k thermal conductivity
qry radiative heat flux

qwðxÞ heat flux
qmðxÞ mass flux
Cp specific heat at constant pressure
Cs concentration susceptibility

am thermal diffusivity
Dm mass diffusivity
c chemical reaction parameter

R radiation parameter

r Stefan–Boltzman constant
Le Lewis number
N buoyancy ratio
n power-law index

bT coefficient of thermal expansion
bC coefficient of concentration expansion
Nux Nusselt number

Shx Sherwood number
m kinematic viscosity
/ dimensionless concentration

h dimensionless temperature
u; v Darcian velocity components in x and y directions
x; y co-ordinates along and normal to the plate
g similarity variable

w stream function
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