International Journal of Mathematical Archive-3(10), 2012, 3633-3641
@ IMA Available online through www.ijma.info ISSN 2229 - 5046

EFFECTS OF CHEMICAL REACTION ON MHD UNSTEADY FREE CONVECTIVE
WALTER’S MEMORY FLOW WITH CONSTANT SUCTION AND HEAT SINK

Tusharkanta Das™*, Nityananda Senapati? and Rajendra Kumar Dhal®
!G.1.T., Bhubaneswar, Orissa (INDIA)
Department of Mathematics, Ravenshaw University, Cuttack, Orissa -753003(INDIA)
%J.N.V.Paralakhemundi, Gajapati, Orissa-761201(INDIA)

(Received on: 03-10-12; Revised & Accepted on: 30-10-12)

ABSTRACT

Effect of chemical reaction on free convection MHD memory flow of an incompressible and electrically conducting
fluid past an infinite vertical plate in the presence of constant suction and heat sink has been studied. The
dimensionless governing equations are solved using multi-parameter perturbation technique. The results are obtained
for mean velocity, mean mass concentration, Sherwood number and skin friction of mean velocity. The effect of various
material parameters are discussed on flow variables and presented by graphs and tables.

Keywords: Constant Suction, Free convection, Vertical plate, chemical reaction, memory flow, sink, Mass transfer and
MHD.

1. INTRODUCTION

The propagation of thermal energy through mercury and electrolytic solution in the presence of external magnetic field
and heat absorbing sinks has wide range of application in chemical and aeronautical engineering, atomic propulsion,
space science etc. The effect of magnetic field on free convective flow of electrically conducting fluids past a semi-
infinite flat plate has been analysed by Gupta [1] and Vajravelu et al [2]. Raptis et al [4] and Geindreau et al [8] studied
the effect of magnetic field in flow through porous medium. Raptis, Kafousias and Massalas [3] have studied the
steady free convection and mass transfer through porous medium. Mohapatra and Senapati [5] have considered the
steady MHD free convection flow through a porous medium with mass transfer. Mohapatra and Senapati [6, 7] have
investigated the unsteady MHD free convection flow with mass transfer through porous medium past a vertical plate.
Unsteady effect on MHD free convective and mass transfer flow through porous medium with constant suction and
constant heat flux in rotating system was studied by Sharma [9]. MHD convective flow of a micropolar fluid past a
continuously moving vertical porous plate in the presence of heat generation/absorption was studied by Rahman et
al.[10]. Ramana Murthy et al. [11] have studied the MHD unsteady free convective walter’s memory flow with
constant suction and heat sink. Senapati and Dhal [12] have studied magnetic effect on mass and heat transfer of a
hydrodynamic flow past a vertical oscillating plate in presence of chemical reaction. Senapati et al. [13] have discussed
the mass transfer effects on MHD unsteady free convective Walter’s memory flow with constant suction and heat sink

It is proposed to the effects of chemical reaction on MHD unsteady free convective Walter’s memory flow with
constant suction and heat.

2. FORMULATION OF THE PROBLEM

An unsteady two dimensional free convective memory flow of an electrically conducting and incompressible fluid past
an infinite vertical porous plate with constant suction and heat sink in the presence of chemical reaction has been
considered. X;-axis is taken along the vertical plate in upward direction and the Y-axis is taken normal to the plate in
the direction of applied uniform magnetic field of strength Ho. The magnetic permeability fe is constant throughout
the field. There exist free convection current in the vicinity of the plate. It is assumed that a fluid has constant
properties and the variation of density with temperature and mass concentration are considered only in the body force
term.Joulean dissipation and induced magnetic field are neglected. All the variables in this flow are the function of y;
and time t; only as the plate is infinite length. Initially, the temperature and mass concentration at the plate before
chemical reaction are respectively T, and C,, also the temperature and mass concentration of fluid are respectivelyT,,
andC,,,After first order chemical reaction(t; > 0), it is assumed that the temperature and mass concentration at the plate
riseto T, =T, + e(T, — Te™1t and . ¢ = C, +€(C, — C,)e™1t1 , Applying usual Boussinesq’s approximation
the unsteady flow is governed by the following equations:
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The initial and boundary conditions of the problem are

u =Vy, Ty =T, +e(T, —T,)e"1"1 ¢ =C, +e(C, — Co)e™' aty; =0 5)

u1—>0,T1—>Tw,Cl—>Cw as y; 2w

where o is the density, g acceleration due to gravity, £ is the co-efficient of thermal expansion, k is the thermal

conductivity, v the kinematic viscosity, o is electrical conductivity, By(= Hyu,) is the electromagnetic induction.
Bcis the co-efficient of expansion of mass and D is the diffusion constant.

On introducing the following non-dimensional quantities and parameters,

Uy Voy: t, V¢ T, —T, c,—C, ovB?
=—, = ,t= ,T= ’C= ’P =—,M=
TV T v T,—-T,”  C-C, Kk PV
5= 4s1v w = 4w1v Gr = 9Bv (Tp—Ts) Gm = 9Bcv(Cp—Ca) (6)
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Ec = 0(p ),Rm= 120 , S5c=— K = 9
C v D v

p

where By, p, x, C,, Pr, Gr,Gm, S,Sc, Ec, M,K and R,are coefficient of volumetric expansion, density, thermal
conductivity, specific heat at constant pressure, Prandtl number, Grashoff number, modified Grashoff number, Sink
strength, Schmidt number, Eckert number, Hartmann number, Chemical reaction parameter and Magnetic Reynolds
number, respectively. Using equation (6), equations (2) to (4) with boundary conditions (5) become

1ou du  9%u 1 9%u 8%u

-————=—+4+G6T+6G,C—Mu—R,(-—— —— 7
49t 3y 0y? + ol + Gy m(4 atd y? Oyz) )
1P.0T  P.dT 32T _ P.ST du o

- = E-P.(— 8
4 ot ay  oy2 = Tk T(ay (8)
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With corresponding boundary conditions
u=0,T =14+€ e® C = 1+€ et aty=0
u—-0T-0C—-0 asy—- o (10)

To solve equations (7) to (9) , we assume w to be very small and velocity ,Temperature and mass concentration in the
neighborhood of the plate as

u®, t) = up() + ee " uy (y)

T(,t) =To(y) +ee Ty(y)
C,t) = Coy) + e C1(y) (11)
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Where uy, Ty and C, are mean velocity , mean temperature and mass concentration , respectively .Substituting (11) in
equations (7) to (9) ,equating harmonic and non-harmonic terms for mean velocity, mean temperature and mass
concentration after neglecting co-efficient of €2 ,we get

Ry ug +uy +uy — Muy = —G, Ty — G,, Cy (12)
To + BT + 5 = =B E¢ (ug)? (13)
Co+ ScCp— Ko — ¢ (14)

4

As the equation (12) is third order differential equation presence of elasticity, therefore wu, is expanded using Beard
and Walters rule [3],i.e

Uy = Uy, + Rmug, (15)
and substitute in equation (12),equating the zeroth and first order co-efficient of Rm, we get

'U.(’], + u60 - MuO() = _GTTO - GmCO (16)

0

ug, +uy, — Mug, = —uy, 17)

Using multiparameter perturbation technique and assuming Ec<<1, we write

Ug, = Ugo, T Ecuoo1

ugl = ugll + ECUOlZ (18)
Ty = Ty, + EcTy,

CO = COO + ECC01

Using equation (18) in equation (13), (14), (16) and (17), equating the zeroth and first order co-efficient of Ec, we get
the following differential equations

Zero-order of Ec:

\
Ugo, + Uoo, = Mugo, = =G, Toy — G Co,
Ugy, + Ugr, — Mugy, = —ug,
P.ST, > (19)
Toy + BT, + —2=0
" ' scKCyp
C00+Scc00_ 2 0=0
J
First-order of Ec; ~
Uy, + Ugg, — Mgy, = =G, Ty, — G, Co,
Uy, + Ug1, — Mug, = —ug, > (20)
" . P.STy .
To, + B To, +— L= —P(ugo,)*
P . ScKCo
C01+Scc01_ 2 1=0 J

with corresponding boundary conditions

y=0: ugp, = Ugo, = Uo1, = U1, =0 ,

TOO = 1, Tol = 0 y
Co, =1,Cp, =0 (21)
y—)OO: T00—>T01—>0, CO()_>C()1_>O
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3. METHOD OF SOLUTION

Solving these differential equations from (19-20), using boundary conditions (21), and then making use of equation
(18). Finally with the help of equation (15) we obtain the mean velocity u, , mean temperature T,, mean mass
concentration C, as follows

Uy = Apze 2 + A e ) + A,e™EY) 4 E[Ayge 29 + Ay e 1Y) 4 Ay e722) 4 4, e 2(01Y) 4

Ay e 2y 4 A, e~ (t1tt2)y) 4 A26e—((t3+tz)y) + Ayye@+ty) 4 A, e(Ct1Y) 4 4,083V 4 Ay e (1Y) 4

Azee T2 4 A e (1Y) 4 A e2Ct2Y) 4 Ay, 02(7t2Y) 4 Ao 02(713Y) 4 4, e (Catt)y) 4 A, e (CEs+t2)y) 4

Azge s+ (22)

Ty = e ) 4 E [Aype 1Y) + A e 229 4 A e 2010) 4 4, e=2(t3Y) +A17e—((t1+t2))’) + Alse—((t3+f2))’) +

Alge—((f3+f1)Y)] (23)

CO = e_t3y (24)
) Pt [PRops _aeTEAM |, S+ |SEHSck
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— —2PrA13412 Ava = —2PrA11412
18 (t3+t2)2—(t3+t2)Pr+o2> 19

- Pys
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T (t1+t2)2—(t1+t)-M T (t3+t2)2—(t3+t)-M T (t3+t1)2—(t3+t)-M
Azg = —(Azy + Azz + Azq + Azs + Az + Az7 + Asg)
The mean skin friction/shearing stress at the plate in dimensional form is given by
du
To = (a_yo)(y:O) = —[A3ty + Aqrty + Agpts + Ec[Aggty + Agity + Ap2t; + A2ty + Apy2ts + Ags(ty +t3) +

ty) + Ag7(t3 +ty) + Agg(ts + ty)] (25)

Similarly the mean rate of heat transfer at the plate / Nusselt Number is given by

aT,
Nu, = —(a_yo)(y=0) =ty + Ec[Ayoty + A1a2t; + Ags2t; + A162t3 + Aq7 (8 + t) + Agg (b3 + t) + Ao (t3 + t1) (26)
and the mean rate of mass concentration transfer at the plate/Sherwood Number is given by

Sho = t3 (27)
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4. DISCUSSION OF RESULTS

In this paper we have studied the effect of chemical reaction on MHD unsteady free convective Walter’s memory flow
with constant suction and heat sink. The effect of the parameters Gr, Gm, M, Ec ,S, Pr,K and Sc on flow
characteristics have been studied and shown by means of graphs and tables . In order to have physical correlations, we
choose suitable values of flow parameters. To obtain the graphs the mean velocity and mean mass concentration w.r.t
parameters(y) and shearwood number of mean mass concentration and skin friction of mean velocity are shown in
tables

Velocity profiles: The mean velocity profiles are depicted in Figs 1-4. Figure-(1) )shows the effects of K and M on
mean velocity at any point of the fluid, when Gr=1,Gm=1,S=1,Pr=1and Sc=1 . It is noticed that the mean velocity
decreases with the increase of chemical parameter (K ) and magnetic field strength (M).

Figure-(2) shows the Effects of Gr and Gm on mean velocity at any point of the fluid, when K=1, M=1, S=1, Pr=1and
Sc=1.It is noticed that the velocity increases with the increase of Grashoff number (Gr) and modified Grashoff number
(Gm).

Figure-(3) shows the effects of Sc and Pr on mean velocity at any point of the fluid, when Gr=1, Gm=1, S=1, K=1and
M=1. It is noticed that the velocity increases with the increase of Prandtl number (Pr), and Schmidt number (Sc).

Figure — (4) show the effects of S and Ec on mean velocity at any point of the fluid, when Gr=1, Gm=1, Sc=1, Pr=1,
K=1 and M=1 .it is noticed that the mean velocity increases with the increase of sink strength(S), whereas decrease
with the increase of Eckert number (Ec)

Temperature profile: The mean temperature profiles are depicted in Figs 5-7. Figure-(5) shows the effect of the
parameters S, Gr and M on mean temperature profile at any point of the fluid, when Ec=0.001, Pr=0.025, Sc=2and
Gm=5. Itis noticed that the temperature rises in the increase of Grashoff number (Gr) and magnetic field strength (M)
but falls for the increase of sink strength (S).

Figure-(6) shows the effect of the parameters Ec and Sc on mean temperature profile at any point of the fluid, when
Pr=0.025,5=-0.5,Gm=5,M=1 and Gr=5. It is noticed that the temperature falls (near the plate)upto 1.5 units and then
rises (away from the plate) when Eckert number ( Ec) increases and rises in the increase of Schmidt number( Sc).

Figure-(7) shows the effect of the parameters Pr and Gm on mean temperature profile at any point of the fluid, when
Ec=0.001,S¢=2,5=-0.5 ,M=1 and Gr=5. It is noticed that the temperature falls when Pr increases and rises in the
increase of modified Grashoff number (Gm).

Mass concentration profile: The mass concentration profiles are depicted in Fig -8 only. Figure-(8) shows the effect
of the parameters Sc and K on  mass concentration profile at any point of the fluid in the absence of other parameters.
It is noticed that the mass concentration decreases with the decrease of both Schmidt number (Sc) and Chemical
parameter (K).

Shearing stress of mean velocity: The shearing stresses of mean velocity are depicted in Table(1) it shows the effect
of the parameters Pr, Sc, K, Gr, Gm, M and S on shearing stress of mean velocity at the plate of the fluid when
Ec=0.002. . It is noticed that shearing stress at plate decreases with the increase of Schmidt number (Sc), magnetic field
strength (M) and chemical parameter ( K),whereas increases with the increase of Grashoff number (Gr) and modified
Grashoff number( Gm).

Nusselt number of mean Temperature: Table-(2 ) shows the effect of the parameters S ,M ,Pr and Ec on the mean
rate of heat transfer for mercury and electrolytic solution at the plate ,It is observed that the mean rate of heat transfer
increases with the increase in magnetic field strength(M) and decreases with the increase in sink strength(S) both for
mercury and electrolytic solution ,where as it increases for mercury and decreases for electrolytic solution with the
increase in magnetic Eckert number ( Ec).

Sherwood Number of mean Mass concentration: Table-(3) shows the effect of the parameters K and Sc on the mean

rate of mass transfer at the plate It is observed that the mean rate of mass transfer increases with the increase of
Schmidt number (Sc) and chemical parameter ( K),
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Table-1: Effect of K, M, Gr, Gm, Sc on Skin Friction

K

Gr

Gm

Sc

M

skin friction

1

1

1

1

2

5

7

2
3
1

N

I

1

0.7169

1.0639

2.2074

1.1541

1.8854

0.5350

(4]

0.5132

0.5374

0.4277

0.3974

NN

0.5003

0.1481

0.0468

Table-2: Values of mean rate of heat transfer Nu, for fixed values of Gr = 5.0

Pr when Gm=5,Sc=1 M |S Ec Nug

Mercury ( Pr =0.00000.025) 1.0 | -0.05 | 0.001 | 0.0322
5.0 | -0.05 | 0.001 | 0.0341
5.0 -0.1 | 0.001 | 0.0404
10 | -0.2 | 0.001 | 0.0500
10 | -0.2 | 0.1 0.0485
5 -0.1 | 0.1 0.0471

Electrolytic solution (Pr=1.0) | 1.0 | -0.05 | 0.001 | 1.0121
5.0 | -0.05 | 0.001 | 1.0123
5.0 | -0.10 | 0.001 | 1.0244
1.0|-0.05| 0.1 0.9903
101 905 | 9% | 09019

Table-3: Effect of K and Sc on Sherwood Number

0.2

K | Sc | Sherwood Number
2| 2 2.4142

2| 4 4.4495

2| 7 7.4686

41 2 2.7321

6| 2 3

a1

=
=
5

Velocity profile (Uo)

|

-0.05 L
0 05

Fig-(1): Effects of K and M on Velocity profile, When Gr=1, Gm=1, S=1, Pr=1and Sc=1.
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Fig-(3): Effects of Sc and Pr on Velocity profile, When Gr=1, Gm=1, S=1, K=1land M=1.
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Fig-(4): Effects of S and Ec on Velocity profile, When Gr=1, Gm=1, Sc=1, Pr=1, K=1land M=1.
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Fig (5): Effect of S, Gr, M on Mean temperature profile when Ec=0.001, Pr=0.025, Sc=2 and Gm=5.
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Fig (6): Effect of Ec and Sc on Mean temperature profile when Pr=0.025, S=0.5, Gm=>5, M=1 and Gr=5
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Fig (7): Effect of Pr and Gm on Mean temperature profile when Ec=0.001, Sc=2, S=0.5, M=1 and Gr=5.
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Fig-(8): Effects of Sc and K on Mass concentration profile, in the absence of other parameter.
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