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Abstract

The study sought to investigate the unsteady MHD free convection flow past a vertical plate with thermal
diffusion and chemical reactions have been discussed. The dimensionless governing equations are coupled and
nonlinear. These equations for this investigat are solved analytically using twerm harmonic and nen
harmonic functions by perturbation technique. Approximate solutions have been derived for the velocity,
temperature field, concentration profiles, sifiittion and rate of heat transfer. The obtad results are
discussed with the help of graphs to observe that the effecrious parameter like Grashof number (Gr),
modified Grashbnunber (Gc), Schmidt number (Sc), Prandtimber Pr), magnetic parameteiM), chemical

reaction parametdk), Sorret number (Soandheat absorption parametgr).
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1. Introduction

Natural convection flow over vertical surfaces in porous media has paramount importance because of its
potentialapplications in gedydrology, soil physicand filtration of solids fromidjuids, chemical engineering
and biological systems. Study of fluid flow in porous
law. Such flows are considered to be uké&fudiminishing the free convection, which would otherwise occur
intensely on a vertical heated surface. In many transport processes existing in nature and in industrial
applications in which heat and mass transfer is a consequence of buoyancy effeadshyadiffusing of heat
and chemical species. The study of such processes is useful for improving a number of chemical technologies,
such as polymer production, enhanced oil recovery, underground energy transport, manufacturing of ceramic
and food procedsg.

A clear understanding of the nature of interaction between thermal and concentration buoyancies is
necessary to control these processes. Naturally, the presence of pure air or water is impossible. Some foreign
mass may be presented either naturallynixed with the air or water. This divergence in the heat transfer
results has been reviewed in detail in ChHijgand Prasaét al [2] among otherd-ree convection heat transfer
due to the simultaneous action of buoyancy and induced magnetic forces vedig@ted by sparrow and Cess
[3]. They observed that the free convection heat transfer to liquid metals may be significantly affected by the
presence of a magnetic field. The interaction of thermal radiation with free conveetibtrdnsfer wastudied
by Cess[4]. Vajravelu [5] considered the exacolution for the hydrodynamic the exact solution for the
hydrodynamic boundary layer flow and heat transfer over a continuous, moving and vertical flat surface with
uniform suction, internal heat generation and absorption.

In the literature, extensivegearch work is available to examine the effect of natural convection on flow past
a plate. Examplesf this include Vedhanayagast al. [6], Kolar et al. [7] and Li et al. [8]. Transient free
convection flow past an isotherimgertical platewas first reported by Siegfd] using an integral method. The
experimental confirmation of these results wiécussed by Goldstegt al [10]. A review of transient natural
convection presented by Raithley al.[11] where in a large number of papers on this topic was reviewed.

Fewer studies have been carried out to investigate the magneto hydrodynamic free convection flow in the
presence of viscous dissipation. In all the investigations mentioned above, viscthenice dissipation is
neglected. A number of authors have considered viscous heating effectsvtumide flows. Isreal Cookegt
al. [12] investigated the influgce of viscous dissipation and radiation on unsteady MHD free convection flow
past an infinite heated vertical plate in a porous medium with time dependent suction.

Cramer, K.R. and Pai, S[13] taken transverse applied magnetic field and magnetic Reynolds number are
assumed to be very small, so that the introduced magnetic fiekglgjible Muthucumaraswamgt al. [14]
have studied the effect of homogeneous chemical reaction of first order and free convection the oscillating
infinite vertical plate with variable temperature and mass diffusion. $hfts] 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 sxillatesin time. Chaudhary and Ja6] studied the effects of chemical reactions on
MHD micro polar fluid flow past a vertical plate slip flow regime. Anjaldevi et al. [17] have examined the
effect of chemical reaction on the flow in the presence of heat transfer and magnetic field.
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The present analysis discussed Hes many applications as suggdsty Soundalgekar and Wavi8], [19].

In many practical applications, the practical adjacent to a solid surface no longer takes the velocity of the surface.
The particle at the surface has a finite tangential
the slipflow regme and this effect cannot be neglected. Using these atisusyfSharma and chaudhd®g],

[21] discussed the free convection flow past a vertical plate ifflelipregime when suction velocity oscillates

in time. Chaudhury and JIi22] studied the effects of chemical reactions on MHD micro polar fluid flow past a
vertical plate in sligflow regime. Maeover, AlOdat and Al Azalj23] studied the influence of magnetic field

on unsteady free convection heat and mass transfer flow along an impulsively startedisgenvertical plate

taking into account a homogeneousrolwal reaction of first order. Alarat al [24] studied the problem of free
convection heat and mass transfer flow past an inclined-igfimite heated surface oén electrically
conducting and steady viscous incompressible fluid in the presence of magnetic field and heat generation. Hady
et al. [25] investigated the probite of free convection flow a vertical wavy surface embedded in electrically
conducting fluid saturated porous medium in the presence of internal heat generation or absorptiom lgffect.

S. Hossairet al.[26] have analyzed the numericildyon MHD free convection and mass transfer flow past a
vertical flat plate.

As a step towards the eventual development in the study of transient MHD free convective chemically
reacting fluid in a slip flow regime in the present investigation, it is proposed to obtain the analytical solution for
the unsteady MHD free convection flow over a infinite vertical moving porous plate including the effects of heat
absorption, thermo dif&ion and chemical reaction on heat generating fluid past subjected to a variable suction.
The governing equations of the flow field we solved for the velocity, temperature, concentration distribution,
skin friction and the rate of heat transfer and theatéf of various flow parameters on the flow field have been
studied and the results are presented graphically and discussed quantitatively.

2. Mathematical Formulation

Consider unsteady twdimensional hydro magnetic laminar, incompressible, viscous, ebdbtric
conducting and heat source past a infinite vertical moving porous plate embedded in a porous medium in the
absence of heat absorption. Assuming variable suction at the porous plate, nearly approximate solutions are
obtained for velocity, temperaturgpecies concentration. According to the coordinate system;akis is taken
along the plate in upward direction ageaxis in normal to the plate. Since the plate is infinite in length,
therefore all physical quantities are functiony ahdt only. Hence by the usual boundary layer approximations,
the governing equations for unsteady flow of a viscous incompressible fluid through a porous medium are:
Momentum equation
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The boundary conditions for the velocity, temperature and concentration fields are
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Thus the nordimensional form of the governing equatidt} (2) and(3) are respectively as follows:
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where dashes denadéferentiationwith respect tgy.

The boundary conditions to the problem in the dimensionless form are

a
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3. Method of Solution

In order to reduce the above system we use ordinary differential equations in dimensionless form.
Let the smallamplitude oscillationstk<1), we can represent the velocitytemperaturef and concentratioC
near the plate as follows:

u(y.t)=w(y) ey(y & ©)
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Substituting (9 to (11) in (5) to (7), equating the coefficients of harmonic amsh-harmonicterms, neglecting
the coefficients ofjwe get
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the corresponding boundarynditions reduce to
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where pimes denotes the défentiation with respecttd y 6
Solving the guations {2) to (17) under the boundary conditioasidthen put thosealuesin equationg9) to
(11)we get
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Now we want to calculate the skin friction, thate of heattransfer(Nusseltnumber) and the rate of mass
transfer (Sherwood number).
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4. Results andDiscussion

To observe the physical situation of the problem under study, the velocity field, temperature field,
concentration field are discussed by assigning numerical values to the parameters encountered into the
corresponding equations. To be realistic, the valdeScbmidt number 9 are chosen for hydrogem22,
ammonia 0.78 and propyl benzene 2.62 at temperatlcea®8 one atmosphere press(ikee values oPrandtl
number Pr) are chosen for air 0.71, carbon dioxide 2@iwater 7.0. The values @rashofnumber Gr=5.0,

10.0, 15.0), modifiedsrashofnumber G¢=5.0, 10.0, 15.0), the chemical reaction paraméteR.0, 4.0, 6.1
rarefaction parameteh£1.0, 2.0, 3.)) magnetic intensityM=0.20, 0.40, 0.60are chosen arbitrary.

The velocity profilefor different values of the above parameters are illustratdtgni to Fig.10. All the
velocity profiles are given againgt Here Fig.1 illustrates the effect of chemical reaction paranfeten
velocity profiles wherthe other parameters are fix&ithe velocity decrease with increase in the valug df is
described in thd-ig.2 that the effect of sorret numbe3o on velocity profiles when the other parameters are
fixed. After analysing the figure it is noticed that the velocity increases with thease oSa Fig.3 an increase
in schmidt numbeSc causes a decreases in the velocity of the cheniitdhe Fig.4 it is observed thathe
velocity increases toward the increase of valreThe influence ofGc on the velocity ield is represented in
fig.5 The velocity fields are increasing with the increasing valu&coltt is clear thaFig.6 the velocity field is
increasiiyg with respect to the decreasivgues ofPr. Fig.7 depicts the variation of velocity field with respect to
the increasing valuesf h. We observed in Fi§ that velocity field is decreasing with an increasingvin
Physically this is true as the magnetic force retards he flow, velocity decr&aees.Fig.9 the velocity
decreases with the increase ofAlso Fig.10 marks that theslocity increases with the increasekof

The temperaturerofiles are displayed from fig. 3.4.9 to 3.4 10 Rwrandt against y. W& see in the fig.11
the temperature distributions for different values of prandtl nurRbetn this figure we conclude that the
temperature decreases with the increases of prandtl nuRibek2 displays the temperature distributions for
different values of dimensionless tirhe

In the Fig.13 to Fig.18 displays the concentrapoofiles for theeffect of the various parameters. In Fig.13 it
is clearly that as the chemical reaction parameter increases the concentration decreases. Fig.14 shows the effect
of the prandtl number. We see thatPasncreases while the concentration increases. Foreéiffevalues of the
Schmidt number the concentration profiles are plotted in Fig.15. It is depicts the influenceSibiththe
concentration profilelt is clearly that as th8cincreases the concentration decreases. Fig.16 we observed that
concentrationvary periodically with timet. Moreover, increasing the time parameter tends to decreases the
amplitude of the concentration profilda.the Fig.15 it depicts that the concentration increases with the increase
of sorret numbe8a Fig.16 marks that theoacentration increases with the increase. of

Also the numerical values of SkFriction (), the rate of heat transfeN() and the rate of Mass Transfer
(SH are shown in the Table 1 to Table 3.

velocity profile velocity profile
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Figure 1 Velocity profiles for different values ob where Figure 2 Velocity profiles for different values oBowhere
Gr=10.0,G¢=5.0,S0=2.0,- =1.0,Pr=0.71,S¢=0.22,M=0.2, Gr=10.0,Gc=5.0,9=2.0,+=1.0, Pr=0.71,Sc=0.22, M=0.2,

k=0.6,A=0.2,h=1.0,%¥=0.2,0.01 and=1.0 against y. k=0.6,A=0.2,h=1.0,%=0.2,(0.01 and=1.0 against y.
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Figure 3Velocity profiles for different values oScwhere Figure 4 Velocity profiles for different values o&r where
Gr=10.0, G¢=5.0, S6=2.0, - =1.0, Pr=0.71, =2.0, M=0.2, 2=2.0, G¢&=5.0, Sc=2.0, - =1.0, Pr=0.71, Sc0.22, M=0.2,
k=0.6,A=0.2,h=1.0,%v=0.2,(}0.01 and=1.0 against y. k=0.6,A=0.2,h=1.0,%v=0.2,(:0.01 and=1.0 against y.

Figure 5 Velocity profiles for different values osc where Figure 6 Velocity profiles for different values olPr where
Gr=10.0,2=2.0, S6=2.0, * =}.0, Pr=0.71, Sc=0.22, M=0.2, Gr=10.0, Gc=5.0, Sc=2.0, L°=1.0, 2=2.0, S&0.22, M=0.2,
k=0.6,A=0.2,h=1.0,¥=0.2,F0.01 and=1.0 against y. k=0.6,A=0.2,h=1.0,¥=0.2,0.01 and=1.0 against y.

Figure 7 Velocity profiles for different values oh where Figure 8 Velocity profiles for different values oM where
Gr=10.0,G¢=5.0,S06=2.0,- =1.0,Pr=0.71,S¢=0.22,M=0.2, Gr=10.0,G¢=5.0,S0=2.0,t =1.0, Pr=0.71,Sc0.22,5=2.0,
k=0.6,A=0.2,0=2.0, ¥=0.2,00.01 and=1.0 against y. k=0.6,A=0.2,h=1.0,¥=0.2,30.01 and=1.0 against y.

Figure 9 Velocity profiles for different values of where Figure 10 Velocity profiles for different values ob where
Gr=10.0,G¢=5.0,S06=2.0,9=2.0, Pr=0.71,S¢0.22,M=0.2, Gr=10.0,G¢=5.0,S06=2.0,+=1.0,Pr=0.71,S¢=0.22,M=0.2,
k=0.6,A=0.2,h=1.0,¥=0.2,(+0.01 and=1.0 against y. 2=2.0, A=0.2,h=1.0,%=0.2,30.01 and=1.0 against y.


















