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ABSTRACT

This paper examined the problem of unsteady MHD mixed convictive oscillatory flow of an electrically
conducting optically thin fluid through a planer channel filled with saturated porous medium. The effect
of buoyancy, heat source, thermal radiation and chemical reaction of the fluid were taken into
considerations with slip boundary condition, varying temperature and concentration. The closed-form
analytical solutions are obtained for the momentum, energy and concentration equations. It was
discovered that the velocity increases with increase in w,and Gr. While the velocity decreases with
increase in M, Gm, K and y. The temperature increases with increase in R, @ and d2. The concentration
increases with increase in Sc, while it decreases with increase in d1 and K,.. The effect of skin friction,

the rate of heat and mass transfer coefficients at the walls are shown in the tables.
Key words: chemical reaction, MHD, oscillatory flow, planer channel.

1. INTRODUCTION

Oscillatory flows has known to result in higher rates of heat and mass transfer, many studies have been
done to understand its characteristics in different systems such as reciprocating engines, pulse combustors

and chemical reactors. Cramer, K. R. and Pai, S. I. [1] taken transverse applied magnetic field and
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magnetic Reynolds number are assumed to be very small, so that the induced magnetic field is negligible
Muthucumaraswamy et al. [2] have studied the effect of homogenous chemical reaction of first order and
free convection on the oscillating infinite vertical plate with variable temperature and mass diffusion.
Sharma [3] 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
[4] studied the effects of chemical reactions on MHD micropolar fluid flow past a vertical plate in slip-
flow regime. Anjalidevi et al. [5] have examined the effect of chemical reaction on the flow in the
presence of heat transfer and magnetic field. Muthucumaraswamy et al. [6] have investigated the effect
of thermal radiation effects on flow past an impulsively started infinite isothermal vertical plate in the
presence of first order chemical reaction. Moreover, Al-Odat and Al-Azab [7] studied the influence of
magnetic field on unsteady free convective heat and mass transfer flow along an impulsively started semi-
infinite vertical plate taking into account a homogeneous chemical reaction of first order. The effect of
radiation on the heat and fluid flow over an unsteady stretching surface has been analyzed by El-Aziz [8].
Singh et. al. [9] studied the heat transfer over stretching surface in porous media with transverse magnetic
field. Singh et. al. [10] and [11] also investigated MHD oblique stagnation-point flow towards a
stretching sheet with heat transfer for steady and unsteady cases. Elbashbeshy et. al. [12] investigated the
effects of thermal radiation and magnetic field on unsteady boundary layer mixed convection flow and
heat transfer problem from a vertical porous stretching surface. Ahmed Sahin studied influence of

chemical reaction on transient MHD free Convective flow over a vertical plate.

Recently, the chemical reaction, heat and mass transfer on MHD flow over a vertical stretching surface
with heat source and thermal stratification have been presented by Kandasamy et al. [13]. The opposing
buoyancy effects on simultaneous heat and mass transfer by natural convection in a fluid saturated porous
medium investigated by Angirasa et al.[14]. Ahmed [15] investigates the effects of unsteady free
convective MHD flow through a porous medium bounded by an infinite vertical porous plate. Ahmed
Sahin [16] studied the Magneto hydrodynamic and chemical reaction effects on unsteady flow, heat and
mass transfer characteristics in a viscous, incompressible and electrically conduction fluid over a semi-
infinite vertical porous plate in a slip-flow regime. V. SriHari Babu and G. V. Ramana Reddy [17]
analyzed the Mass transfer effects on MHD mixed convective flow from a vertical surface with Ohmic
heating and viscous dissipation. Satya Sagar Saxena and G. K. Dubey [18] studied the effects of MHD
free convection heat and mass transfer flow of visco-elastic fluid embedded in a porous medium of

variable permeability with radiation effect and heat source in slip flow regime. Unsteady MHD heat and

377



International Journal of Scientific Engineering and Applied Science (IJSEAS) - Volume-1, Issue-5, August 2015
IJSEAS ISSN: 2395-3470
www.jjseas.com

mass transfer free convection flow of polar fluids past a vertical moving porous plate in a porous medium
with heat generation and thermal diffusion was analysed by Satya Sagar Saxena and G. K. Dubey [19].
Sudeerbabu et al [20] analyzed the radiation and chemical reaction effects on an unsteady MHD
convection flow past a vertical moving porous plate embedded in a porous medium with viscous
dissipation. Unsteady MHD free convection flow and mass transfer near a moving vertical plate in the

presence of thermal radiation is studied by Seethamahalakshmi et al [21].

To the best of the author’s knowledge, studies pertaining to oscillatory flow investigations in a planer
channel with variable temperature and concentration have not received much attention. Therefore, the
main goal here is to study the chemical reaction effects on unsteady MHD oscillatory slip flow in an
optically thin fluid through a planer channel in the presence of a temperature-dependent heat source. The
closed form solutions for velocity, temperature, skin friction, concentration, Nusselt number, and
Sherwood number are presented. The effects of pertinent parameters on fluid flow of heat and mass

transfer characteristics are studied in detail and presented graphically and discussed qualitatively.

2. FORMATION OF THE PROBLEM

We consider the unsteady mixed convection, two dimensional slip flow of an electrically conducting, heat
generating, optically thin and chemically reacting oscillatory fluid flow in a planer channel filled with
porous medium in the presence of thermal radiation with temperature and concentration variation. Take a
Cartesian coordinate system (x', y’' ) where X’ — axis is taken along the flow and y’ — axis is taken normal
to the flow direction. A uniform transverse magnetic field of magnitude B, is applied in the presence of
thermal and Solutal buoyancy effects in the direction of y’' — axis. Then, assuming a Boussinesq

incompressible fluid model, the equations governing the motion are given as:

v’

2 =0 ®
ou’' 19pP' a%u’ , / sy ,
a0 = paw Vg t BT —T) + gB*(C" — (1) )
_lu/_UBgu/_vla_u’
KI p ayl
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Where v’ = —v,(1 + €e'®?) is suction velocity.

The appropriate boundary conditions of the problem are

!

W= L5 T =T 46 55,C =G+ 855 aty' =0 (9)
! ! ! *aT, !
u' =0T =T2+6Ta—y,,C C2+SCa - aty' =d (6)

where u’, v’ - the velocity components in the x’,y" directions respectively, v - the kinematics viscosity,
k- the thermal conductivity, B - the coefficient of volume expansion due to temperature, 8* - the
coefficient of volume expansion due to concentration, p- the density, o- the electrical conductivity of the
fluid, g- the acceleration due to gravity, T'- the temperature, T, - wall temperature of the fluid, g, - the
radiation heat flux, C’-the concentration, C; - wall concentration of the fluid and K;.- chemical reaction

parameter,L; — mean free path,C,, — specific heat at a constant pressure and D- mass diffusivity.

The radiative heat flux (Cogley et al. [22]) is given by

dar
oy’

= 4(T{ = T)I'Where I' = [ " K;,, “22 d2 @)
Where K, -radiation absorption coefficient at the wall, e;;-Planck’s function.
Introducing the following non-dimensional quantities

x' ! dp’ u’ T'-1{

_c'-q upd K’ __ oB2d?

Yy
X == == ,P= u=—,0= = t=——,Re= =—, M= Gr =
d 24 d’ uu,’ uy’ TZ—T,'(‘b C,—Cy’ a ’ v 24 dz’ !
T,—T;)d? *(C—Cy)d? 41'a? pCpuod D Ky 87 8¢
9B (T,—T1) ,GC=gﬁ(2 1) R = Pe = 2ptol o ,Kr=—rd2——Td1=—C,k'=kd2
VU VU, k k Uod
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In view of the above dimensionless variables, the basic field equations (2) to (4) can be expressed in non-

dimensionless form as

ou oP  d%u ou 1
REE——E'FW'F %E'FGTQ'FGC(P—(M'FE)M (9)
00 920 a0
e£=ﬁ+Peﬂza +(CpR+(Z)9 (10)
¢ _ o 0% ¢
E_ SC—ayz + ﬂgg—Kr(p (11)

The corresponding boundary conditions for t>0 are transformed to:
d 20 a¢p
u=y£,9=d2£,qb=d1$ aty = 0 (12)
_ — 99 4 — 4 -
u_0’9_1+dzay’¢_1+dlay aty =1

where P,Re, M, K, Pe,R,Sc,A,d,,d,, Gr,Gc and y are pressure, Reynolds number, magnetic parameter,
permeability parameter, Peclet number, thermal radiation parameter, Schmidt number, real constant,
volumetric concentration expansion, volumetric thermal expansion, thermal Grashof number, Solutal

Grashof number and slip parameter respectively.
3. SOLUTION OF THE PROBLEM

In order to solve equations (9) - (11) with respect to the boundary conditions (12) for purely oscillatory

flow, let us take

u(y, t) =u,(y)e'* (13)
0 (y, 0=0,(y)e'* (14)
By, D=¢po (Y)e™* (15)
—2 = ot (16)
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Substituting the Equations (13)-(16) in Equations (9)-(12), we obtain:
uy (¥) + a1us(¥) — agug = —(A+Gré, + Gego) 17)
0y (y) + a6y + agby, =0 (18)

0 (¥) +az —as0,=0 (19)
Where prime denotes ordinary differentiation with respect to y.
The corresponding boundary conditions can be written as
Uy = YUp, 0y = d305, o = d1py Aty=0 (20)

U, = 0,0, =1+d,0,, ¢, = dyp, Aty=1
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Solving equations (17) — (19) under the boundary conditions (20), we obtain the velocity, temperature and

concentration distribution in the boundary layer as:

Uug(y, t)=4,e™Y + A,e™2Y+K; + K,e™sY + Kze™sY + K,e™3Y + K.e™+Y

Oo(y,t) = Ase™sY + Age™eY

@0(}7, t) = A3em3y + A4em4y

Where

A4 —Gras —Grig —Grasz —Gri,
Ki== K = 5————,K3 = — Ky =— Ky = —— o\

a, m5+a1m5—a2 m6+a1m6—a2 m3+a1m3—a2 m4+a1m4—a2
K3 _ _ —kzo sinnm
K_KIS ,AZ - K18 'A3 - k
12 19

. k-, ke —a;+Ja?-4a, —a,—a;2-4a,
Ay =sinnm, Ag = JAg = M =——my,=————
Ko kg—keko Ky kg—koko 2 2

My = 2 s T 2 e T 2

—asz+/ a32—4a4

2
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(Kr+iw)
—_—, a4 —
Sc Sc

%+ine,a3 = ,as = PeAd,iw,ag = R+ a — Peiw kg =1 —d,mg ,k; =1 —

d2m6, k8 = (ems - ‘m5€m5), kg = (em6 - m6em6), K10 = Kl + KZ + K3 + K4_+K5, K11 = V(K2m5 +
Kzmg + Kyms + Ksmy) Kio = (A—ymy), Kiz=0-ymy), Ky =K1 — Ko, Kis =K, +

Ki4K16+K12K:
Kzems _|_ K3€m6 _|_ K4em3 _|_ KSem4vK16 — €m1 ,k17 — emz’I(18 — 14816 12815 ’
K13K16—K12K17

The shear stress, the coefficient of the rate of heat transfer and the rate of mass transfer at any point in the

fluid can be characterized by

ac

" bi] % oT *
T =—y£,Nu :—ka,Sh :—DE,

In dimensional form

ou Nu*d a0 Sh*d a9
T = :——'Nu:— =—— Sh=-— = - =
uug oy x(T1—To) oy C1—Co oy

The skin-friction (), the Nusselt (Nu) and the Sherwood number (Sh) at the walls y =0 and y =1 are

given by
Tg = —a—u| T = —a—u|
0 — ay y=0 1= ay y=1
a9 Rl
Nuy = —@|y=0 Nu; = —@|y=1 )
a9 a9
Sho==3ly= , Shi=—3 ly1.

DISCUSSION OF RESULTS

To study the effect of heat and mass transfer in an MHD oscillatory flow in a planer channel with varying
temperature and concentration in the presence of suction and injection, the velocity u,temperature 6 and
the species concentration ¢ profiles are depicted graphically against y for different values of different
parameters; magnetic parameter m, frequency of oscillation w, thermal Grashof number Gr,modified

Grashof number Gc, permeability parameter K, Slip parameter y, Thermal radiation parameter R, Heat
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source parameter a, Volumemetric concentration expansion d1, Volumemetric temperature expansion
d2, Schmid number Sc, Chemical radiation parameter Kr. The graphs are plotted using MATLAB where
only the real parts of the equation were considered. Throughout the computations the values used were,
t=1,M=2,Re=1,6r=2,Gc=1,R=2,a=3,Pe=4,Kr=2,5c=1,g=0.1,d1 =

0.002,d2 = 0.002, w = 0.5 except where a parameter is varied.

In Fig 1, increase in the magnetic field intensity initially increases the velocity field at first, thereafter the
velocity begins to decrease as it increases. The effect of magnetic field is found to have a zero effect on
the velocity field as we far away from the plate. In fig 2, it is noticed that, increased in the frequency of
excitation lead to an increase in the velocity profile. In Fig 3, while all other parameters are held constant,
increase in the thermal grashof number raise in the velocity field. In Fig 4, increases in the modified
grashof number contribute to decrease in the velocity field. In Fig 5, increase in the permeability
coefficient of the porous medium against the porosity of the porous medium decreases the fluid velocity.
In Fig 6, increase in the slip parameter has the tendency to reduce the friction forces which reduces the
fluid velocity. In Fig 7, increase in the radiation parameter increases the temperature distribution because
large values of radiation parameter oppose the conduction over radiation, thereby increases the buoyancy
force and increases the thickness of the thermal boundary layer. In Fig 8, increase in the heat source
parameter significantly increases the thermal buoyancy effects which raise fluid temperature. In Fig 9,
increase in temperature variation parameter initially increases the temperature and thereafter decreases it
as we move away from the plate. In Fig 10, increase in the Schmidt number increases the species
concentration (mass transfer).In fig 11, increase in the concentration variation parameter decreases the
fluid concentration. In Fig 12, increase in the chemical radiation parameter decreases the concentration

profile.
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Fig.1. Velocity profile for different values of M
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Fig.2. Velocity profiles for different values of w.
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Fig.3. Velocity profiles for different value Gr
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Fig.4. Velocity profiles for different values of Gc.
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Fig.5. Velocity profiles for different values of K
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Fig.7. Temperature profiles for different values of R
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Fig.9. temperature profiles for different values of d2.
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Fig.10. Concentration profiles for different values of Sc
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CONCLUSION AND RECOMMENDATION

The problem of unsteady MHD mixed convictive oscillatory flow of an electrically conducting optically
thin fluid through a planer channel filled with saturated porous medium has been examined. The effect of
buoyancy, heat source, thermal radiation and chemical reaction of the fluid were taken into considerations
with slip boundary condition, varying temperature and concentration. It was discovered that the velocity
increases with increase in w, and Gr. While the velocity decreases with increase in M, Gm, K and y. The
temperature increases with increase in R, a and d2. The concentration increases with increase in Sc, while

it decreases with increase in d1 and K.

It is concluded that the results obtained in a chemically reacting fluid on MHD oscillatory slip flow in a
planar channel with varying temperature and concentration in the presence of suction/injection have a
great applications in different systems such as reciprocating engines, pulse combustors and chemical
reactors.
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