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ABSTRACT

Free convection MHD flow of a viscous incompressiffiuid past an accelerating infinite vertical plawith
variable temperature and mass transfer has bededttrhe dimensionless governing equations areedalsing Laplace
Transformation technique .The temperature and epeasmincentration near the plate are assumed towitiryrespect to
time. The influences of the various parametersherflow field, skin friction, rate of heat transfeate of mass transfer and

Temperature field are extensively discussed froaplgs.
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INTRODUCTION

Coupled heat and mass transfer by natural convedtioa fluid —saturated porous medium has attracted
considerable attention in the last few years dumany important engineering and geophysical aptidica. It occurs not
only due to temperature difference, but also dueotticentration difference as well as different dgajcal situations. Its
application in many process industries like extvosdf plastic in the manufacture of Rayon and Nylpurification of
crude oil, pulp, paper industries, Radio propagatiorough the ionosphere. The phenomenon of massfar is a

common theory of stellar structure. Also observaffects are detected on the solar surface.

Free convection effect on flow past a vertical acef studied by Vajnvelu et al [2], Vedhanayaganmai8] others
with different boundary conditions. Revankar ef@dland many workers have studied hydro magnetiarahconvection

flow past a vertical surface.

Convective heat transfer through porous media bas la subject of great interest for the last themades. Kim
et al [10] and Harris et al [12] have studied thebpem of natural convection flow through porousdmen past vertical
plate. Mishra and Mohapatra [1] have consideredutmteady MHD free convection flow past a vertipatous plate.
Raptis et al [7] and Geindreau et al [8] studied #ifect of magnetic field in flow through porousdium. Raptis,
Tzivonidis and Kafousias [3] and Raptis, Kafousiasl Massalas [4] have studied the steady free ctiomeand mass
transfer through porous medium. Mohapatra and S#n§p] have considered the steady MHD free coriwacflow
through a porous medium with mass transfer. Momapatd Senapati [9, 11] have investigated the adgtdHD free

convection flow with mass transfer through porowesiiam past a vertical plate.

Flows past in a vertical exponentially acceleratfpigte in its own plane in presence of chemicattiea has
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many industrial applicationdduthucumaraswamy and Ganesel3]have studied theffect of the chemical reaction a
injection on flow characteristics in amsteady upward motion of an isothermal plate, Matimaraswamy,Sathappan, ¢
Natarajan[1}, have studied mass transfer effect on exponlgntacelerated isothermal verti plate. Senapati and Dhal
[16] have considereMHD free convection flow past . exponentially accelerated vertical plate with cansheat flux ir
the presence of variable mass diffusion and chdmeeation through porous medit Senapati et al. 5] have studied the
Effect of heat and mass transfer on MHD free cotiwrdlow pat an oscillating vertical Plate with variable termgere

embedded in porous medium.

In this problem, Ittry to investigate theEffect of chemical reaction on MHD free convectiffow past ar

exponentially accelerate porous plate with variableperatur embedded in porous medium
FORMULATION OF PROBLEM

Consider the unsteady free convection-dimensional flow of an incompressible, electricalynducting viscou
fluid along an infiniteexponentially accelere porous plate with variable temperatembedded in porous medi in the
presence of chemically reactive spec. The X' -axis is taken along the plate in the upward dicgctjrowing in the
direction of motion and Y’ axis is taken normal to the plate. Assume thatfilid has constant profties and the
variation in density and mass concentration is icemed only in the body force term. A magneticdief uniform strengtl
By acts normal to the plate. Initially we assume thatplate and fluid are in the satemperature ar concentration at all
points. At timet>0, the plate starts oscillating in its own planghwfrequency andtemperature of the plate a
concentration level are also raised linearly withet Then by usual Boussinesq’s approximation, uhsteady flow is

governed by the following equations:

My T Y g B L aR(T —TL) + g (CT — CL)

FEF ﬂym K'r o (1)
are &t

SEETINCT 2)

ac’ a%c' o )

E—DW—R(C—Q@) )

wherev is the kinematic viscosity, k is the thermal d#ffeity, K’ is the permeability coefficienf} is the
volumetric coefficient of expansion for heat trarsp is the density ¢ is the electrical conductivity of the fluid , s the

acceleration due to gravityf'; is the temperatur,,is the temperature of tHkiid far away from the plat

With the following boundary conditio
t'<0u =0T =T..C'=C. forally
H> 0,0 = Ugedt T =T, + (T, — TL)At,

c'=cL +(C.,—CLAt aty' =0

' =04 =0T =T, ,C'=Clasy' =

- (4)
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ud .
whereA = TO exponential parameter.

Let us introduce the dimensionless quantities

u' t'uU; y'U, T'—T. c'—cl, viw'
vttt YT T ST YT
v] u u w o e w e 0
ol I ol r z -
gbu(T-1%) gBevlch—cl) HCy v ovB
Gr=—21""2 m="—7"2 Pr=_—"L §c==— M=—32L
U, Uy Alp
U;K'
K: - x
e B
®)

where D is the mass diffusion, Gr is Grashof numi@mn is modified Grashof number ,K is permeabitity

porous medium, M is magnetic parameter ,Sc is S¢hmimber, Pr is Prandtl numbery B Y Hyo and R is chemical

reaction parameter

Substituting equation (5) in the equations (1),&4B), we have

du _ d%u 1

E=a—yz+Gr0+GmC—(M+E)u (6)

py 28 _ 3% ;
rat_ayz (7)
ac _ d%c

C;—F—RSCC (8)

With boundary conditions

t<0,u=060=0,C=0fory=0
u=e““,9=t,C=tfory=0} 9)

t>0'u=0,0—>O,C—>0fory—>oo

METHOD OF SOLUTION

We solve the governing equation in an exact formubing Laplace transform of equation (6) to (8)ngsi

condition (9), we get

25 — _
ZTZ—(s+%+M)ﬁ+Gr0+GmC=0 (10)
29 =
8 prsé=0 f11
dy
a?*C = _

Here s is the Laplace transform parameter.

The boundary conditions reduce to
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By solving equation (10) to (12) using (13), we get

_ e—\/Prsy
6= =
E e—‘/Sc(s+R)y

s2

L N Gm e—\l'er( )+ My Gr e_yv.m_
-4 52 (Prs] s+ +M)) s2(5c(5+R]—(s+%+Mn 52 Prs—(s+%+M))

e—y\;'5c(s+RJ
sz Sc(s+ R)- :+—+M

Taking inverse Laplace transformation from equafibt)-(16), we get

0=t [(1 + 2n2Pr)erfc(nVPr) — 271/\/_:7 exp(—nzPr)]

€ =3 (e erfc( VS — VR®) + €T, (e + VD)) = [ (e . (o -

VRt) — e2VRSC, erfc(nvVSc + \/m))]
u= % et e 2 t(AJrM'). erfc (77 —Jt(A+ M')) +e ™ t(AJrM'). erfc (n +./t(A+ M'))
+4, (e"‘/merfc(n + W) + e‘"merfc(n - W}) +

Pr—1

(13)

(14)

15}

6l

17

(18)

d ; PrtM’ . . [|prtM’
A, (e'”z“"' erfc(n+VeM') —e WM erfe(n — \/tM')) + As| NP1 erfc (n + M> + e NP1 erfc (r] -

Sc—-1

; tSc(M'-R) i . |tse(M'-R) i
/I;:t_lz) + A4, | N seT .erfc(n+ —tSCgI_IR)>+e 2N Se1 .erfc(n— tse(M =R) R)> +

Grpr?

2(Pr—1) 2Aserfc(nVPr) + Ag ((Zt + 4tn?).erfc(nVPr) — e~ Pr) +

M'tPr

M't M'tPr
Ajepr=1| e®NPr1 erfc(r]v T+ ’ r>+ =y erfc(r]v - ’M> — Ag (eszSCt.erfc(n\/g+

VRt) + e~ 2nVRSct, erfc(nvVSc — \/E)) — A4y (é (ezn\/W, erfc(nVSc + VRt) + @~ 2NVIRSC. erfc(nvVSc — \/ﬁ)) +
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t(M'-R) (M'-R)sct
\2/% (ez””RSC. erfc(nVSc + VRt) — e 2RSS erfc(nv/Sc — \/ﬁ))) — Ay St | &N st erfe (n\/g +

[ (M'-R)sct ,
(A;’C:I?l)t>+e—2n MSC:S erfc(n\/_ (M’ R1)t> (19)

The dimensional rate of heat transfer,

Nu={a—ej =@ (20)
on =0 ™

The dimensionless rate of mass transfer ,

Sh= —(g—;lzo = %[t (2@ (erfc(—\/m) - erfc(\/m)) + 4\/% exp(—Rt)) — \/%(erfc(ﬁ) —

erfc(—\/m))l (22)
The non-dimensional Skin friction at the wall frahe equations (19) is given by

To = (6_u) = %(e‘“ (2 t(A+ M) (erfc (\/W) —erfc (—\/m)) - \%e‘t(‘”M'))) +

on n=0

Ay (\/W (erfc(\/t_M’) - erfc(—\/t_l\/l’)) - \%e‘“‘"’) + (— %) (\/TM’ (erfc(\/t_l\/l’) + erfc(—\/t_M’)) -

%e-w)+<w )(erfc(\/_)+€7‘fc( —VM))

2(m)2

+A, (2 ,PrtM ( fC( ,P tM) —erfc (— %)) — \/%g%) +A, (2 tScS(:/:R) (erfc< tSCS(ZVI_:R)> .

erfc (- M)) — ig‘%) — Ag (2\/tScR (erfc(\/m) - erfc(—\/m)) - %\/ﬁ(f”)) —

Sc—1 r

( (ZVRtS (erfc(\/_)—erfc( \/_)) ‘Rt) %(erfc(ﬁ)—erfc(—x/ﬁ)))—
o 5 (2 <f( L) orpe (- [ )) e S | et (e
Ag <2t (1 - %)) - %) + A7e% (2 /f:rl (erfc( /Zi) —erfc (— f%)) - %e_r:;) (22)

Gr(3prM'-Pr?mM'=2) | Grt | Gm(ScM?+Sc?RM'+RM —R%Sc—2S5cRM) Gmt
WhereA1 =\ Suzroz o T oo P N2 - ’
2M2(M2-2) 2M 25cM'(M'-R)(ScR-M") 2(ScR-M")
, (M'—RSc)t)
Grovt G G Mt G Sc-1
A, = m‘/; ia £ Ag =——" _¢p Pr-1A, = e ¢
2(M')2 2(ScR-M WM’ 2(Pr-1) 2(Sc-1)
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__(pr-1)? __1-Pr _ (Pr-1)? _ Gm A = Gm(Sc—1)
> (prm)? 0 T M P T (prar)? 0 T 2sc3(Rse-m) "0 T gsct(Rsc-m)”
Gm(2M2—R2Sc—3RSc M'~RM +R?
AB = m( ; < < 2 ) And n = L
2R(M'-R)Sc*(RSc—M") 2yt

GRAPHICAL RESULTS AND DISCUSSIONS

In this paper we have studied the Effect of chehieaction on MHD free convection flow past an expuotially
accelerate porous plate with variable temperatoreeglded in porous medium. The effect of the pararsedr, Gm, M,
K, R, Pr, A and Sc on flow characteristics havernbstidied and shown by means of graphs. In ordéat@ physical
correlations, we choose suitable values of flovapaaters. The graphs of velocities, heat and masseotration are taken

w.r.t.n and the graphs of Skin friction, Nusselt numbet Sherwood Number are taken w.r.t time (t).

Velocity Profiles: The velocity profiles are depicted in Figure 1F&jure 1 shows the effect of the parameters
M, K and A on velocity at any point of the fluid, when Pr=2+3,Gm=2, R=2 Sc=2,and t=0.2..1t is noticed thatklocity
decreases with the increase magnetic parameter WiliBre as increases with the increase of permsalofi porous

medium (K) and exponential parameter (A).

Figure 2 shows the effect of the parameters Gr, & R on velocity at any point of the fluid , when
Sc=2,Pr=2,M=2,K=2,A=2 and t=0.2. It is noticed thia¢ velocity increases with the increase of Grashuwnber (Gr),

Modified Grashof number (Gm) and Chemical reacfarameter (R).

Figure 3 shows the effect of the parameters Pr,a®d t on velocity at any point of the fluid, when
M=2,K=2,Gr=2,Gm=2,R=2 and A=2. It is noticed thhetvelocity decreases with the increase of Schmidbtber (Sc)

and Prandtl number (Pr) where as increases with (tjn

Heat Profile: Figure 4 shows the effect of the parametersrdrt on Heat profile at any point of the fluid in the
absence of other parameteitsis noticed that the temperature falls in ther@ase of Prandtl number (Pr), whereas

temperature rises with time (t).

Mass Concentration Profile: Figure 5 shows the effect of the paramet&,g and R on mass concentration
profile at any point of the fluid in the absenceotfier parameters It is noticed that the mass cdrat@®n increases with

the increase of Schmidt number (Sc), time (t) dmehtical reaction parameter(R).

Skin Friction: The Skin friction are depicted in Figs 6-8.Fig(é@-llustrates the effect of the parameters Gr, Gm
and R on Skin friction at plate of the fluid w.rttme (t) , when Sc=2,Pr=2,K=2,M=5 and R=2 .It istioed that Skin
friction at plate decreases with the increase dsBof number (Gr), Modified Grashof number (Gm) &tikmical

reaction parameter (R).

“Figure 7 illustrates the effect of the paramebrand K on Skin friction at plate of the fluid wt.rtime (t), when
Sc=2, Pr=2, Gr=2, Gm=2 and R=2. It is noticed tB&in friction at plate decreases with the increatenagnetic

parameter (M), where as increases with the increbpermeability of porous medium (K).

Figure 8, illustrates the effect of the paramefesPr and A on Skin friction at plate of the flwidr.t. time (t),
when M=2, K=2, Gr=2, Gm=2 and R=2.It is noticedttlkin friction at plate increases with the inceead Schmidt

number (Sc) and Prandtl number (Pr) where as deeseaith the increase of exponential parameter (A).
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Sherwood Number: Figure9, illustrates the effect of the parametersSefand R on Sherwood Numtat plate
of the fluid w.r.t. time (tjn the absence of other parame .It is noticed thaSherwood Numbeat plate increases with the

increase of Schmidt number (Smaction parameter ( R ) and time

Nusselt Number: Figure 10illustrates the effect of the parameters Pr and Nosselt number eplate; It is

observedhat Nusselt number increases at the plate witinttrease otime ¢) and prandtl number ().
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Figure 1: Effect of M, K and A on Velocity Profile when Sc=2, Pr=2, Gr=2Gm=2, R=2 and t=0.2
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Figure 3: Effect of Pr, Sc and t onVelocity Profile when M=2, K=2, Gr=2,Gm=2, R=2 and A=2
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Figure 6: Effect of Gr, Gm and R on SkinFriction When Sc=2, Pr=2,K=2, M=5 and R=2
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Figure 9: Effect of Scand R on Sherwood Number in the Absence ddther Parameters
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REFERENCES

1. S.P. Mishra and BMohapatra Ind. Pure and Applied Mathematics, 6(8),9917,197!

2. K. Vajravelu and K.S Sastri Free convective heamdfer in a viscous incompressible fluid confinedween ¢
long vertical wave wall and a parallel flat pli J. Fluid Mechanics vol-86 P4it) 365-383, 1978.

3. M. Vedhanayagam, R. A. Altenkirch, R. Eichhorn, rarisformation of the boundary la equation for free
convection flow past a vertical flat plate with @rdry blowing and wall temperature variation, 1dt.Heat Mas
Transfer, 23, 1236288, 198(

4. A. Raptis, GTzivanidis and N Kafousias , Letters in Heat and mass transfer,8]4B12
5. A.Raptis, N.Kafousias and ®Massalas ZAMM,62,489,1982

6. S.T. Revankar, Natural convection effects on MH®MIpast an impulsively startepermeable plate, Indian J.
pure Appl. Math., 14, 53®%39, 198:

7. A. Raptis, C. Perdikis, MHD unsteady free convetfilow througha porous medium, Energy Research, 7~
395, 1983.

8. P. Mohapatra and Nsenapati, Stear magneto hydrodynamic free convectifbow through a porous mediu

with mass transfer. Reg.Heat Energ Mass transfer, 6(4), 297-304,1984.

9. P. Mohapatra and N. Senapdfiagneto hydrodynamic unsteady free convectiow fldath mass transfer throug

a porougnedium, J.NationalAc: Of Mathematics, 5, 49-65, 1987.

10. S. J. Kim, K. Vafai, Analysis of natural convectiahout a vertical plate embed(in porous medium, Int. J. Heat

Index Copernicus Value: 3.C— Articles can be sent teditor.bestjournals@gmail.con




Effect of Chemical Reaction on MHD Free Convectioffrlow Past an Exponentially 143
Accelerate Porous Plate with Variable Temperature Ehbedded in Porous Medium

11.

12.

13.

14.

15.

16.

Mass Transfer, 32, 665-677, 1989.

P. Mohapatra and N. Senapati hydrodynamic free ection flow with mass transfer past a vertical lAMSE,
37(1), 1-23, 1990.

S. D. Harris, D. B. Ingham, I. Pop, Free convecfimm a vertical plate in a porous medium subjeca tsudden
change in surface heat flux, Transport in Poroudi®de&6, 207-226, 1997

R. Muthucumaraswamy, and P. Ganesan, Effect o€Cthemical Reaction and Injection on Flow Charactiess
in an Unsteady Upward Motion of an Isothermal Rlaté&pplied Mechanics and Technical physics 42@5-6
671,2001

R. Muthucumaraswamy, K.E. Sathappan and R. Natardfass transfer effect on exponentially accelerate
isothermal vertical plate, Int. J. of Appl. MathnéMech. 4(6): 19-25.2008.

N. Senapati, R.K. Dhal and B. Jena , Effect of kmad mass transfer on MHD free convection flow st
oscillating vertical plate with variable temperawmbedded in porous medium, Orissa journal ofipeysSSN
0974-8202,vol-16(2), 357-372, 2009.

N. Senapati and R.K. Dhal , MHD free convectionmlpast an exponentially accelerated vertical plateugh
porous medium with diffusion of chemically reactispecies, Proc. Nat. acad. Sci, INDIA sect-A, VbPRage-
39-48,2011.

Impact Factor (JCC): 1.9287- This article can be danloaded fromwww.bestjournals.in






