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Abstract

The unsteady two-dimensional convective oscillatory flow of a viscous incompressible electrically
conducting fluid past a vertical porous plate with time dependent suction velocity through a porous
medium has been investigated. A uniform magnetic field is applied transversely in the direction of flow.
The governing equations are developed by usual Boussinesq’s approximation. The effects of the pertinent
parameters such as velocity slip, gravity modulation parameter and the heat radiation parameter on
velocity and temperature distribution, skin-friction and the rate of heat transfer are analyzed and discussed
with the help of figures.
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Introduction

Thermal Gravitational convection is defined as the non-uniformity of temperature which causes non
uniform density. Not only temperature but also due to chemical reactions or variation in the concentration
of any mixture, a change in density observed. Free convection or natural convection flows can be induced
or brought in existence by both gravitational and other mass forces. The practical interest includes
problems related to MHD generators, reactors, geothermal energy extractions and boundary layer control
in the field of aerodynamics, engineering and metallurgy many researchers follow this area for research.
Space technology at higher operating temperatures such as astrophysical flows, heating and cooling of
chambers and solar power technology radiation effects can be quite significant. Memine and Adigio [10]
discussed the effect of thermal radiation on unsteady free convection flow on past a vertical porous plate
with Newtonian heating. Pal and Talukdar[13] studied the influence of fluctuating thermal and mass
diffusion unsteady MHD buoyancy-driven convection past a vertical surface with chemical reaction and
Soret effects. Abdelkhalek[1] analyzed the heat and mass transfer in magnetohydrodyanamics free
convection from a moving permeable vertical surface by a perturbation technique. Mohamed et.al[11]
examined the combined radiation and free convection effect from a vertical wavy surface embedded in
porous media. Ibrahim et. al. [5] investigated the effect of the chemical reaction and radiation absorption
on the unsteady magnetohydrodyanamics free convection flow past a semi-infinite vertical permeable
moving plate with heat source and suction. Raptis[15] examined the effect of radiation and free
convection on the flow of fluid through a porous medium. Alagoa and Tay[2] investigated radiative and
free convective effects of a magnetohydrodyanamics flow through a porous medium between infinite
parallel plates with time-dependent suction. Das et.al.[18] have studied the effects of radiation on free
convection MHD couette flow started exponentially with variable wall temperature in presence of heat
generation. Kumar et. al. [7] examined the three dimensional MHD couette flow past a porous plate with
heat transfer. Manna et. al. [8] studied and explained the effects of radiation on unsteady
magnetohydrodyanamics free convective flow past an oscillating vertical porous plate embedded in a
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porous medium with oscillatory heat flux. The heat transfer to magnetohydrodyanamics oscillatory
viscoelastic flow in a channel filled with porous medium was explained by Choudhury and Das[3].

. . . F 3
Navier proposed the slip at boundary which can be expressed as ug;p = B% , Where a—;

represents the shear rate at the wall and Bthe slip length(non-zero taken to be 1 pm for an
octadecyltricholorosilan (OTS)-coated hydrophobic surface). The slip wall condition is for cases where
viscous effects are negligible. Due to its applications in nanofluidic systems, forming semiconductor
device fabrication techniques, or for manufacturing small devices (microphones) many scientists used slip
conditions in their physical problems. Mchmood and Ali[9] assumed the effect of Slip at one of the plate
of planar channel on unsteady magnetohydrodyanamics oscillatory flow of viscous fluid. Rao and
Rajagopal[14] examined the effect of the slip boundary conditions on the flow of fluids in channel.
Beavers and Joseph[3] have studied the various boundary conditions at a naturally permeable wall.
During typical space shuttle flights astronauts’ small disturbances or variation in the component

of acceleration due to gravity (popularly known as microgravity environment denoted as ug) is named as
g-jitter forces which may arise due to mechanical vibration, attitude differences, atmospheric drag or
earth’s gravity gradient. Numerically investigation helps in providing the basic understanding of
behavioral physics governing the modulation in acceleration due to gravity during space experiments as
limited instrumentation precision. Microgravity is also used for weightlessness or zero gravity, but
actually g-jitter forces are not exactly zero. The symbol pg for microgravity was firstly used in STS-87
space shuttle flight, which is made for mainly microgravity research, for denoting the presence of small
gravity in space. G-jitter forces are now getting attention. Shu Y, Li. Q. B and Groh de H. C. have studied
numerically about the g- Jitter induced double diffusive convection. Norsarahaida A.[12] studied the
effect of g-Jitter on heat transfer. Kalra M. and Verma D[6] have examined the effect of constant suction
on transient free convective gelatinous incompressible flow past a perpendicular plate with cyclic
temperature variation in slip flow regime. Verma D. and Kalra M.[19] have studied the free convection
magnetohydrodyanamics flow past a vertical plate with constant suction. Rajvanshi and Saini[16] studied
the free convective magnetohydrodyanamics flow past a moving vertical porous surface with gravity
modulation at constant heat flux.

Modern technology requires the need of understanding fluid flow studies with interaction of
several phenomenon. One of such study is presented to analyze the effect of heat radiation on MHD free
convective flow past a vertical porous plate through porous medium with gravity modulation in slip flow
region.

Formulation of the problem

We consider MHD incompressible, viscous fluid past a uniformly moving infinite vertical porous
plate. Plate is bounded by a porous medium with time dependent suction velocity, We take the x*-axis
along the plate upwards and the y*-axis perpendicular to it directed into the fluid region. A uniform
magnetic field normal to the direction of flow is introduced. The magnetic Reynolds number is taken to
be very small so that the induced magnetic field 'B,’ can be neglected in comparison to the applied
magnetic field. The temperature difference between the wall and the medium develops buoyancy force
which induces basic flow. Initially the plate as well as fluid is assumed to be at the same temperature and
the concentration of species is very low.
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Figure 1. Schematic diagram of Physical problem.

Since the plate is considered infinite in the x*- direction, all physical quantities are independent of x* and
are function of y* and t* only. Under these assumptions flow is governed by the following set of
equations

Equation of Continuity:

ov*

Fre 0. (1)
Equation of Momentum:

N byt =y T T BT — Ta) + gBe(C" — C) — 2 el
at* v ay* Uay*z P ) <] 9Pc oo ka . <~
Equation of Energy:

oT* L OT* _ k@t | o9t 3)
ot* ay*  pecy dy*? pep 0y

Equation of Concentration:

ac* L ac* a%¢c* NP

Where u* and v* are the components of the velocities along x* and y* directions respectively. The (*)
stands for dimensional quantities and the subscript («) denotes the free stream condition. The time
dependent gravitational acceleration is assumed in the form g = go + glei“’*t*, where ‘g, the constant
of gravity level in the environment and 'g, = € ag,’ is the amplitude of oscillating component of
acceleration, a is the gravity modulation parameter, F is the radiation parameter, w* is the frequency of
oscillation, p is the density of the medium, v is the kinematic viscosity, o is the fluid electrical
conductivity, 8 volumetric coefficient of thermal expansion and £, volumetric coefficient of thermal
expansion with concentration, kg is the permeability of porous medium, T* is the dimensional
temperature of the fluid near the plate, T,, is the dimensional free stream temperature, k is the thermal
conductivity, ¢, is the specific heat at constant pressure, D is chemical diffusivity and K is chemical

reaction parameter.
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The suction velocity on the vertical plate is of the form
v* ==V, (1+€ el®'t), (5)

The relevant boundary conditions are

u*=uslip=§0ia_;’z’T*=Tw+E(Tw_Too )elm*t*'c*=Cw+e(cw'_coo)€lw*t* aty*=0, 6)
U*=20, T* 5T, C*—Cx as y*—oo,
where T, is the dimensional temperature at the wall.
Now, we introduce the dimensionless variables as follows
_ut vt vyt VB, T* T _4ve* _ C—Cow, _KoVE  _ Vg
7 7 A vl oy oo VZ T CpCo 0T w2 1701 -
_HBCp 5 0Bgv . vgoBTw-Tew) . _9goBc(Cw—Ce0) o _V , _VKg . _ 4vI*
Pr=—PM2=""0 G = G = 7 Sc=pKe=zF=-"7
k pV3 UoV% UoV% D V' pCpV3
Equations (1) to (6) get transformed to following set of equations
av
18u iwty 0w 9%u iwt 2 u
ZE—(1+Ee )a—y_a—yz+(1+e ae'®*)(G,0 + G.C) + M U= 9)
100 iwt)98 _ 10%0
25— (1+€e )ay =352~ O (10)
1¢ iwt)2C _ 19°C
25— (1+€e )(7y =59y KeC (11)
The boundary conditions in non-dimensional form are
uzwlg—;,ez1+Eei“’f,C=1+€ei“’t at y*=0 a2
u—0,0-0,C~0 at y*—w )

Solution of the governing equations

For small amplitude oscillation (0<e<1) the velocity u, the temperature 6 and concentration C are
expressed as

(u' 9! C)(yl t) = (uo, 00! Co)(}’) + e(ulx 91: Cl)(y)eiwt' (13)

Substituting (13) in (9) to (12) and separating steady and unsteady components, we have

Zeroth order equations in e’

%u au 1

2+ 50— (M2 4+ D) ug = —60Gr — GG, (14)
928 a6,

TR RIE RO, =0, (15)
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9%¢,
ay?

2
ay

+5. 20 _KS.Co=0.

First order equations in '€’

R du 1 iw

T (m2+ o L) uy = —(0; + a8p)Gy — (Cy + Co)Ge —
T0 b2 p (7 +2)6, = -, (22)

AR 2R (F+T) 6 =R (52),

8%¢y acy ¢y

iw _
5.5 — (Ko + ) SeCy = =S (52),
And the corresponding boundary conditions are

du ou
uo=(pla—yo,u1=(p16—yl,90=l,91=1,C0=1,C1=1 at y=0 }

up—0,u1—0,63—0,0,-0,Cog—0,L;—0 as y—=»

Solving equations (14) and (19) under the boundary conditions (20) we get

CO = e_R3y ,
Cp =1 —Kppe By +KjjeRs¥,

Uy = Cloe_RIOy + Ale_R7y + Aze_R3y N

ug
ay’

(16)

an
(18)
(19)

(20)

@n
(22)

(23)

U = Clze_Rlzy + A36_R10y + A4€_R7y + A5€_R3y - Gr(Aﬁe_ng + Ble_R7y) - GC(Age_Rsy +

Bze_R3y)’

90 = e_R7y’

91 = (1 - Kll)e_ng + Klle_R7y.
Finally, we have

u(y,t) =uo(y) + us (y)e’
8(y,t) = 8,(y) + 8, (y)e'",
CO. 1) = Co() + G (y)el.

iwt
b

Some important characteristic of flow field:

The Skin friction at the wall is given by
T oy y=0
R;By) — G.(—R5Ag — R3B,))el“t.

The rate of heat transfer coefficient is as follows:

= _R10C10 - R7A1 - RSAZ + (_R12C12 - R10A3 - R7A4- - R3A5 - GT(_R9A6 -

80 ;
¢ = o o =—Ry; + (—Ro(1 — K1) — R7K11)elwt-
y:
The mass diffusion coefficient in terms of Sherwood number is as follows:
Sp = - = —R3 + (—Rs(1 — Kq3) — R3Ky;)e'“t.
dy y=0

The physical variables used herein are defined in Appendix.

Graphs and discussion
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In order to point out the effects of various parameters on flow characteristic, the following discussion is
set out. The values of Prandtl number are chosen Pr=7(convection in water) and Pr=1 (convection in air),
value of Schimdt number are chosen Sc=0.22(Hydrogen) and Sc= 0.66(Oxygen). Velocity profiles are
presented in figures 2 and 3 which is of convex type. From figure 2 we depicted that the convexity of
velocity profile increases with increase of Grashoff number, Slip parameter, and permeability of porous
medium and decreases with increase of Prandtl number and Magnetic field parameter. Figure 3 exhibits
the variation of velocity field for different values of frequency of oscillation, modified Grashoff number,
Radiation parameter, Schimdt number and Gravity modulation parameter and frequency of oscillation. It
1s found that when thermal and modified Grashoff numbers were increased, the thermal and concentration
buoyancy effects were enhanced and thus, the fluid velocity increased. Figure 4 shows the temperature
variation with Prandtl number, Radiation parameter and frequency of oscillation. Temperature decreases
with increase of Prandtl number and radiation parameter. We observed that with increase of frequency of
oscillation temperature shows slight decrease near to the plate. Figure 5 illustrates concentration profile
with change in Schimdt number and chemical reaction parameter. It is observed that concentration profile
decreases with increase of either of the parameters. In figure 6, effect on real part of skin friction with
various non dimensional parameters has been observed and found that skin friction increases with
increase of Grashoff number, modified Grashoff number, Gravity modulation parameter and with
decrease of slip parameter. It decreases with increase of Prandtl number and Schmidt number while the
radiation parameter has insignificant effect. Figure 6 and 7 shows the effects of non dimensional
parameters on rate of heat transfer and Sherwood number respectively. It has been observed that the real
part of rate of heat transfer decreases with increase of both Prandt] number and radiation parameter. And

Sherwood number increases with increase of Schmidt number as well as chemical reaction parameter.
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Figure 2. Velocity for different values of Gr, Pr, ¢4, M and k, with fixed values of other non-dimensional

parameter against the distance.
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Figure 3.Velocity for different values of w, Gg, F, Sc, a with fixed values of other non-dimensional

parameter.

Figure 4. Temperature for different values of F.,F, w with fixed values of other non-dimensional

parameter.
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Conclusion
This paper studied the effect of heat radiation on MHD free convective flow past a vertical porous plate

through

porous medium with gravity modulation in slip flow region. The governing equations are solved

by using usual perturbation technique. Numerical calculations are carried out for various values of the
dimensionless parameters of the problem. The conclusions are listed below:

1.

Velocity increases with the increase of thermal and modified Grashof number due to the
enhanced concentration buoyancy effects.

Velocity and skin friction increased by an increase of gravity modulation parameter as the
positive increment in the gravity has been taken under consideration.

Lorentz force (drag force), which came into existence due to imposition of magnetic field applied
on the conducting fluid in the opposite direction of fluid flow, reduced the velocity and skin
friction.

Temperature gets decreased by increase of radiation parameter as it decreases the rate of energy
transport to the fluid, thereby decreasing the temperature of the fluid.

Concentration decreases with increase of coefficient of first order destructive chemical reaction
parameter and Schimdt number. When the Schimdt number was increased, there is decrease in
concentration level which in turn reduces the fluid velocity.

It also has been noted that for large values of Prandtl number both the temperature and velocity
profiles decreased due to the thinning of the thermal boundary layer thickness.

With the increase of radiation parameter, the rate of heat transfer decreases and Sherwood
number is the ratio of convective mass transfer to the diffusive mass transfer, hence if
convectivity of the fluid increases with increase of Schimdt number, it enhances the mass transfer
rate.

With increase of permeability ky (which increases the porosity and reduces the drag force),
velocity and skin friction increases which asserts the fact that with increase of permeability of the
porous material through which the fluid particles can pass through increases and hence enhances
the velocity.

Appendix

_ —Gr —G¢ R10C10 R7A4

- R;—R7—(M2+%) Az = R%—Rg—(M2+%) As = RfO—Rw—(M2+;—0+iT“’) A= R%—R7—(Mz+kio+%)
— R34, i — (1—K411) _ A, = K11 _ An = a i

R§—R3—(M2+k1—0+¥) 6 Ré—Rg—(M2+%+%) 7 R?—R7—(M2+%+%) 8 R%—R7—(M2+%+Lff)
Lﬂ), A= ke A = -«
RéfRs—(MZJr%Jr%) 10 R%—R3—(M2+%+%) 1 R%—R3—(M2+%+%

v 2 iw 2
R, < St [sTaK.s, 2 S+ [SE+4(K+2)s, R Pyt |PR+4FP,
3= —— = =

= A A = —
10T Ay > 5 2 7 2

iw 2, 1
Pt P}+4(KC+T)Pr 1 1+4(M +k_0) _ Ry Py R3S¢
——F R — KW=—""5"— 7+

= 1=  R2-PeRy—(F+2)p, fz = R=s5cks=(Ke+2)se

) By = A; + A4

2

_ —(1+R;91)A1-(1+R391)A)
0=

1+Kq10901
_ —(1+R1091)43~(1+R791)A4~(1+R301) A5 +Gr((1+Re91)Ag+(1+R791)B1 )+ G ((1+R5 1) Ag +(1+R301)B7)
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