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Abstract

Effect of Chemical Reaction on MHD Unsteady free comparison of harmonic and non harmonic part technique.
Convection Walter’s Memory Flow of nano fluid with The influences of the various parameters on the flow field,
constant suction and heat sinks has been studied. The skin friction, rate of heat transfer and temperature field are
dimensionless governing equations are solved using extensively discussed from graphs and tables.
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Introduction

MHD has attracted the attention of many scholars due to its diverse applications in geophysics and astrophysics. It is applied to
study the stellar and solar structures, interstellar matter, radio propagation through ionosphere, design of MHD generators and
accelerators in geophysics, design of underground water energy storage system, soil science and so on. The phenomenon of
Mass Transfer is a common theory of stellar structure. Also observable effects are detected on the solar surface. The flow through
porous media has become an important topic because of the recovery of crude oil from pores of reservoir rocks. Mohapatra and
Senapati [ have studied Magneto hydrodynamics Unsteady free convection flow with mass transfer through porous medium.
Singh [? has studied the effect of mass transfer on MHD free convection flow of a viscous fluid through a vertical channel. Dhal
et. al. Bl have studied the mass transfer effect on MHD unsteady free convective Walter’s Memory flow with constant suction
and heat sink.

Nano fluids with or without the presence of magnetic field have many applications in the industries since materials of nanometer
size have unique Chemical and Physical properties. Nano fluid study is more important in industries such as hot rolling, melting,
spinning, extrusion, glass fiber production, wire drawing and filament, etc. Kashif et. al. [ have analysied the numerical
simulation of unsteady water based nano fluid flow and heat transfer between two orthogonally moving porous coaxial disks.
Sheikholeslami et. al. ©I have studied the effects of MHD on Cu-water nano fluid flow and heat transfer by means of CVFEM.
Dhal [ has studied the unsteady MHD free convection flow in a nano fluid through porous medium with suction and heat source.
MHD effects on heat transfer and entropy generation of nano fluid flow in an open cavity is discussed by Mehrez et. al. [']
Sheikholeslami et. al. ! have discussed the effect of thermal radiation on magnetohydrodynamics nano fluid flow and heat
transfer by means of two phase model. Eshetu et. al. ! have discussed the boundary — layer flow of nano fluids over a moving
surface in the presence of thermal radiation, viscous dissipation and chemical reaction. D. Vidyanandha Babu 1 has discussed
the Effect of Dufour and thermal radiation on convection radiative nano fluid flow with suction and heat source.

In this problem, we try to investigate the Effect of Chemical Reaction on MHD Unsteady free Convection Walter’s Memory
flow of nano fluid with constant suction and heat sink.

2. Formulation of Problem

An unsteady two dimensional free conZection memory flow of an incompressible, electrically conducting nano fluid past an
infinite vertical porous plate with heat sink and constant suction in the presence of chemical reaction has been considered. The
X'- axis is taken along the vertical plate and Y’ - axis is taken normal to the plate. A magnetic field of uniform strength By acts
normal to the plate and magnetic permeability is constant throughout the field. There exists free convection current in the
surrounding area of the plate. It is assumed that fluid has constant properties and variation of density with temperature and mass
concentration only as in body force term. Joulean dissipation and induced magnetic field are neglected. All the variables in the
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flow are the functions of vy’ and t' only as the plate is of infinite length. Initially, we assume that the plate and fluid are in the
constant temperature T, and T, and mass concentration Cy, and C¢,, respectively. After first order chemical reaction it is assumed

that the temperature and mass concentration raise to 7' = T+ € (T, — Ts)e'®'t'and ¢’ = ¢}+€ (Cj — CL). Then by usual
Boussinesq’s approximation, the unsteady nano flow is governed by the following equations:

av'

i 0 = v' = —V,(constant) 1)
BV S = BTGBy (T = Th) + 9By (€ = Ci) = 28— B (2 — 1, T 2)
s A M o) @
x - Voo = DZZJ/CZ'—R’(C’ —cL)

With the following boundary conditions 4)

u' =0T =Ty+e (Ty — Ty, )e™'",C" = Cp+€ (Cp — Co)e™ " aty =0
t>0: , 5)
u =0T =T, C' =Chasy - ©

where u,(is the dynamic viscosity,k, ( is the thermal diffusivity, p,r is the effective density, (pCp)nf is the heat capacity,

(B)ny is the coefficient of volumetric expansion of heat and (B.), is the coefficient of volumetric expansion of mass of nano
fluid. They are defined as

Hny = #ﬁpm‘ =(1- ¢)pf + éps, (pCp)nf =(1- (b)(PCp)f + ¢(.0Cp)s:

p o [kt 2k — 2¢(ky — ks)
M kg + 2k + 29 (ks — k)

kf: (,B)nf =(1- ¢)(ﬁ)f + (B, (.Bc)nf =(1- d))(,Bc)f + ¢ (Be)s

where o is the electrical conductivity of the fluid, g is the acceleration due to Gravity and ¢ is the volume of the nano fluid.
Let us introduce the dimensionless quantities

tvg Vi T'-T¢ c'-cl R'v v,
u=u_,'t=l'y=yl_0'9= 7 o’o’C= 7 ororR__zf'EC_ !01 )\
Vo vf vs Tp=Teo Cp—Coo Vé (Tp—To)
9B pv (T, —T& 9B fuf(Cly—C v(pCp) v
Gr = L W) f(SW w),Gm=—Cffgw °°), :7f,5c=—f, (6)
VO VO kf
ov¢BE s'v ' BV2
M= ¢ 20 =2y Rm=22%
g T T Rm =ty

where D is the mass diffusion, Gr is the Grashof humber, Gm is the modified Grashof number, K is the permeability of porous
medium, M is the Magnetic parameter, Sc is the Schmidt number, Pr is the Prandtl number, Ec is the Eckert number, S is the
Sink strength, Rm is the Magnetic Reynold number, R is the chemical reaction parameter and w is the Oscillating Parameter.

Substituting Equation (6) in equations (2)-(4) with boundary conditions (5), we have

ou Odu

0%u 23u 23u

= oe= o5 — $1Mu + $,6r8 + §sGmC — Rm (atayz - ﬁ) @)
a0 a0 820 a2

Prol—Pril= ¢, 55+ psPric (@) + Prso (8)
ac ac  d%*c

SCE—SC£—W—RSCC (9)

with revised boundary conditions
u=0,0=1+€ et C =1+€ et fory = 0} (10)
u=06-0C—->0fory—> o
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3. Method of Solution
To solve the above equations, we assume w be very small and velocity, temperature and mass concentration in the neighborhood

of the plate as

u = ug + u ee®t
0 = 6, + 0,ee’®t (11)
C =Co + Cyee’*

Substituting equation (11) in equation (7)-(10) and comparing harmonic and non harmonic parts, we get the harmonic part as

Rmua” + ¢0u6’ + uf) - ®1Mu0 = _QZ GT‘HO - ®3 GmCO (12)
¢,0{ + Pro} + PrS8, = —¢sPrEc(u})? (13)
€Y + ScCl — ScRCy = 0 (14)

With boundary conditions

u0=0,90=1,C0=1aty=0} (15)

u,=0,0,—-0,,>0asy— o

As the equation (12) is 3™ order differential equation in the presence of elasticity, therefore, u, is expanded using Beard and
Walter’s rule as u, = uy, + Rmu,, and substitute in equation (12), then we get by equation zeroth order and first order of Rm.

$olUgo + Ugo — P1Mugy = —(@,616, + P3GmC,) (16)
$ouoy + Uy — p1Mugy = —ugg (7)
As we assume Ec << 1, using multiparameter perturbation technique, we write
Ugp = Ugoo T gcuom
@9
Co = Coo + EcCyq

Using equation (18) in equation(13), (14), (16) and (17), and equating the zeroth and first order coefficients of Ec, we get
Zeroth-order of Ec

$olooo + Ugoo — P1Mugoe = —(D2GT0g0 + B3GmCyp)
$oUo1o + Up1o — P1MUg10 = —Ugoo

19
ba05 + Prol + PrSfog = 0 (19)
Coo + ScCyo — ScRCyy =0
First order of Ec
$olUpor + Ugor — P1Muger = —(D,61851 + B36GmCy4)
$oUp11 + Uo11 — P1Mug1 = —Ugos (20)
$4601 + Prgy + PrS615 = —psPr(ugge + Rmugo)?
C4y + ScCyy — ScRCy; =0
With the following boundary conditions
Ugoo = Ug11 = Ug11 = 0,800 = 1,801 = 0,00 = 1,Cp; =0aty =0 } 1)
Ugpo = Up11 = Ug11 = 0,800 = 0,891 = 0,Cop = 0,y = 0asy —»

Solving the differential equations (19)- (20) using (21), we get

u = {(aze™Y + a,e™P2Y2 + a,;e7P1Y) + Ec(ay5e 7Y + a5 701 + a;0e72P1Y + a,,e”(P3¥P2Y 5, 7 (P1¥b2Y 4

ay,e”(P3tbY 4 5, 07203V 4 g)e72P2Y)} + Rm {((a7 +a,)e P +age P2 + aﬁe'bly) + Ec (((a34 +ay4)e P +

ay,6 71 + a,5e 201V 4 a0~ BsthY 4 g, e=(B14b2)y 4 o o=(s by 4 5 6=2b3y 4 o 3e—2b2}’))} (22)
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b a17e—b1y + al3e—2b1y + a14e‘(b3+b2)y + alse—(bﬁbz)y
6=e+Ec ~(bs+by) ~2b —2b (23)
+a,,e” P3Py 4 q,,e79P3Y 4 a,,e7702Y
C = e Py (24)
The non-dimensional rate of heat transfer/ Nusselt number,
a0
Nu=-(5) = byt Ecaysby + 2013y + @y (bs +by) + aas(by + ba) + sg(bs + by) + 201, + 2011b) (25)
e

The dimensionless rate of mass transfer/ Sherwood number,

Sh 2 10 = p, (26)

The non-dimensional Skin friction at the plate is given by

a
T=— (i) o = {(b3a3 + bzaz + blal) + Ec(b3a25 + blals + 2b1319 + (b3 + bz)azo + (b1 + b2)321 + (b3 +
y:
by)ay, + 2bzays + 2byays)} + Rm{(b3(a7 +a,) + byas +bjag) + Ec((bg,(a34 + ay4) + bjay; + 2bjayg + (bs +
by)aze + (by +by)azg + (b +by)az; + 2bzas, + 2b2333))} (27)
Where
1 1 Bs Bes
do = b= b = (1= D)+ by = 1 — ) + ol
(1-¢)2-5((1-¢>+¢"—S) ((1—¢)+¢ﬁ> f cf
Pt Pf
ks+2k p—2¢(k k)
ks+2k p+2¢(k p—ks) (1—¢)+¢g—i
b= oy, b5 =
(1—¢)+¢(pcp); (1—¢)2-5<(1—¢)(pcp)f+¢(pcp)s>
b — —(Sc+\/Sc2+4Scr) b, = —(Pr+\/pr2—4PrS¢4) b, = 1+/1+4Po 1 M
= 2 N 2¢y $3 T 2¢o
_ _ ~$3Gm _ 926Gy - _
A= Rt 32 T gopd-amgum 33 = ~(@2 T 1)
—b§a3 _b%az —ad; b%
a, = ,ag = ,ag = 2
t T b3 —bs — &M’ dgbs —by —d:M " bobf — by — ;M
a; = —(ay +as + ag),ag = azb; + bs (a; + a,4),a9 = a,b, +agbya;p = a;by +aghy
2¢4Prbsa3 2¢,Prbya3 2¢4Prbyal,

a = —-——- = =
117 4¢4b2—2Prby+Prs’ “12 7 4¢,b2—2Prby+Prs’ “13 7 4¢, b2—2Prby +PrS

- 2¢,Pr(bs + by)agag - 2¢4Pr(b; +by)ajea,
14 ¢4(b3 + bz)z - PI‘(b3 + bz) + PI‘S’ 15 ¢4(b1 + bz)z - Pr(b1 + bz) + PI‘S’

A = 2¢,4Pr(b; + by)ajjag a
7 ¢4(by +by)2 — Pr(by +by) +Prs” 7V

= —(a;3 ta, +ags +ag)

Ara = —¢zGrag; Are = —$aGrasg An = —$aGrazg
187 pobf-bi—d1M’ 19 T agobi-2b1-p1M’ “20 T o (b3+b3)2—(bz+by)-p1M

an. = —¢,Gras ao = —¢,Gra
2 $o(by +by)2 — (by +by) — HM’ 22 ¢o(b; +b3)? — (by +b3) — ;M

- —,Grag, _ —¢,Gra,,
27 4¢pb? — 2b; — $;M” azs 42 — 2b, — G;M’

as = —(ajg + a9 +az0 +az; +az +az3 +az)
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Qs = —azsb3 o = —aqgb? (oo = —4a19b? Qo = —az(b3+by)?
26 7 pob3—b3—daM' 27 T pobi-bi—p1M’ 28 T agobi-2bi—piM’ 2% T o(b3+b1)2—(b3+by)—p1 M’

Qan = —az1(by+bp)? Qar = —azz(b3+b1)?
307 Go(by+b1)2—(bp+b)—paM’ 31 T (b3 +b1)2—(bs+b)—1M
_ —4a23b§ _ —4a24b22
a3y = 7 . o 333 = 2 op
4¢pob2—2b3—Pp1 M 4¢pgb2—2by—p1 M
agy = —(aze +ay7 + a5 + a9 + a3 +az; +as, +asz)

4. Results and Discussion

In this paper, Effects of Chemical Reaction on MHD Unsteady free Convection Walter’s Memory Flow of Nano fluid with
constant Suctio and Heat Sink has been studied. The effects of the parameters Gr, Gm, M, Rm, Ec, Pr, S, R 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 Parameters. The Graphs of Velocities, Heat and Mass concentration are taken with respect to y. The values of
Skin friction, Nusselt number and Sherwood number for different values of flow parameters are shown in Tables.

Velocity profile: The velocity profiles are depicted in Figs (1-4). Figure (1) shows the effect of the parameters M and Gm on
Velocity profile at any point of the fluid when Rm =0.02, R=2,S =3, Sc =2, Ec =0.02, Gr = 2, Pr = 3.1t is noticed that the
velocity enhances with the increase of Magnetic parameter (M) and Modified Grashof number (Gm).

Figure-(2) shows the effects of the parameters Pr and Sc on Velocity profile at any point of the fluid when Gr=2,S=3, Gm =
2, Ec=0.02, Rm=0.02, M =5, and R = 2. It is noticed that the velocity intially decreases, then increases with the increase of
Schmidt number (Sc), where as decreases with the increase of Prandtl number (Pr).

Figure-(3) shows the effects of parameters S and R on Velocity profile at any point of the fluid, when Gr =2, S =2, Gm = 2, Ec
=0.02, Rm = 0.02 and Pr = 2. It is noticed that the Source parameter (S) and Chemical Reaction Parameter (R) show reverse
effects on velocity profile. In the initial stage, velocity increases with the increase of Source parameter (S) and slightly increases
with the increase of Chemical parameter (R). But reverse tendency occurs near y = 0.7. Overall, velocity increases with increase
iny, SandR.

Figure-(4) shows the effect of the parameters Ec and Rm on velocity profile at any point of the fluid, when Gr =2, Sc =2, Gm
=2,S=2,R=2and Pr=2. Itis noticed that the velocity increases with the increase of Eckert number (Ec) and Magnetic
Reynold number (Rm).

Heat profile: The Heat profiles are depicted in Fig-(5-6). Figure-(5) shows the effect of the parameters S and Pr on Heat profile
at any point of the fluid, when Ec = 0.02, M =5, Sc = 2 and R = 2. It is noticed that the temperature rises with the increase of
Prandtl number (Pr) and Source parameter (S).

Figure-(6) shows the effect of the parameters Ec and M on Heat profile at any point of the fluid, when Pr =3, S =3, Sc = 2 and
R = 2. It is noticed that the temperature rises with the increase of Eckert number (Ec), where as temperature slightly increases
initially and then rises rapidly with the increase of Magnetic parameter (M).

Mass concentration profile: The mass concentration profiles are depicted in Fig 7. Figure-(7) shows the effect of the parameters
Sc and R on mass concentration profile at any point of the fluid in the absence of other parameters. It is noticed that the mass
concentration increases with the increase of Schmidt number (Sc) and slightly increases with the increase of Chemical Reaction
parameter (R).

Nusselt Number: The value of Nusselt number is depicted in Table-(1), which illustrates the effect of the parameters Pr, S, Ec,
and M in the absence of other parameters. It is noticed that absolute values of Nusselt number at plate decreases with the increase
of Prandtl number (Pr), Source parameter (S) and Magnetic parameter (M), where as increases with the increase of Eckert
Number (Ec).

Skin friction: The values of Skin friction is depicted in Table-(2), which illustrates the effect of the parameters R, S, Pr, Gr, Gm,
M, Ec, Rmand Sc on Skin friction at the plate. It is noticed that absolute value of Skin friction at plate increases with the increase
of Grashof number (Gr), modified Grashof number (Gm) and Eckert number (Ec), where as decreases with the increase of
Schmidt number (Sc), Magnetic parameter (M), Source parameter (S), Prandtl number (Pr), Chemical Reaction parameter (R)
and Magnetic Reynold number (Rm).

Table 1: Absolute value of Nusselt Number

S| Pr| Ec | M Absolute value of Nusselt Number
2 63.01
2 4 7.18
5 0.2 5.65
4 2 44.83
6 41.76
2 0.4 125.29
5 0.6 189.09
02 3 15.32
) 4 11.47
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Table 2: Absolute value of shearing stress/skin friction:

0.4
Distance (v )

E—

Sc|Pr| M| Gm|Gr|S|R ]| Ec | Rm | Absolute value of shearing stress
2 1 2]2 2 2 |2|5]02]02 6.91
3 2 2 2 2 1215(102]| 0.2 5.63
4 2 2 2 2 1215(102]| 0.2 5.04
2 3 2 2 2 1215102 0.2 2.88
2 | 412 2 2 |2|5]02]02 2.82
2 1 2]2 3 2 |2|5]02]02 24.25
2 2 2 4 2 1215(102]| 0.2 57.64
2 2 2 2 3 12(15(02]|0.2 8.13
2 2 2 2 4 [2]15]02] 0.2 9.24
2 1 2]2 2 2 |2|6]02]02 6.56
2 1 2]2 2 2 |2|7]02]02 6.24
2 2 2 2 2 131502 0.2 5.07
2 2 2 2 2 1415102 0.2 4.34
2 2 3 2 2 1215102 0.2 0.8
2 1214 2 2 |2|5]02]02 0.66
2 |2 ]2 2 2 12|5(03]02 11.08
2 2 2 2 2 12150402 15.25
2 2 2 2 2 12(5(102]| 0.3 6.41
2 1 2]2 2 2 |2|5]02]04 5.92
12 T T T T T T T
10— —— =
oL Bm=2 M=5
T Bm=4 M=5
= Em=6 M=5 |
-E'_ — — Bm=2 M=6
E.
=
2
00 01 0.2 0.3 0.8 0.6 o7 0.8 0.3 1

Fig 1: Effects of M and Gm on Velocity profile, when Gr=2,Pr=3,S=3,Sc =2, Ec=0.02, Rm=0.02and R = 2.
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Fig 2: Effects of Sc and Pr on Velocity profile, when Gr=2,S=3,Gm=2,Ec=0.02, Rm=0.02, M=5and R =2.
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Fig 3: Effects of R and S on Velocity profile, when Gr =2, Sc =2, Gm = 2, Ec =0.02, Rm = 0.02 and Pr = 2.
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Fig 5: Effects of S and Pr on Heat profile, when Ec =0.02, M=5,Sc=2and R=2.

N

www.allmultidisciplinaryjournal.com

252


www.allmultidisciplinaryjournal.com

International Journal of Multidisciplinary Research and Growth Evaluation www.allmultidisciplinaryjournal.com

160 T T T T T T
160 f—

140 /o

i —— W=5E=0.07 f
— W5 =003
—— WeG =004
— — W72
— — Q=002

e
2
T

Heat Prefile

0 0.1 02 03 04 05 08 07 08 09 1
Distance{y) —=

Fig 6: Effect of Ec and M on Heat profile, when Pr=3,S=3,Sc=2and R=2.
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Fig 7: Effects of Sc and R on Mass Concentration profile, when other parameters are absent.

Conclusion

The following results are obtained due to the Effect of Chemical Reaction on MHD Unsteady free Convection Walter's Memory

flow of nano fluid with constant Suction and Heat sink:

1. The velocity of nano fluid increases with the increase of M, Gm, Ec and Rm, but decreases with the increase of Pr and Ec
which indicates that increase of Magnetic field strength which is dominant over the viscous force allows the fluid flow fast,
where as velocity slow down as kinematic viscosity is dominant over thermal diffusion.

2. Heat rises with the enhansement of the value of Source parameter S, Prandtl number Pr, Chemical Reaction parameter R
and Eckert number Ec. The Mass concentration distribution increases with the increase of Schmidt number Sc and Chemical
Reaction Parameter R. It indicates heat and mass concentration enhance when Kinematic viscosity is dominant over mass
diffusion and thermal diffusion.

3. The Skin friction at the plate enhances by diminishing the chemical reaction parameter. Kinematic viscosity is dominant
over mass and thermal diffusion.
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