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Effect of chemical reaction on MHD flow with heat and
mass transfer past a vertical porousplate in

the presence of viscous dissipation

S. Kar!, N. Senapati?, B. K. Swain®
2Department of Mathematics, Ravenshaw University, India
3Indira Gandhi Institute of Technology, India

Article Info

ABSTRACT

Article history:

Received Dec 9, 2018
Revised Feb 7, 2019
Accepted Feb 21, 2019

An attempt is made to study an unsteady MHD free convective flow with
heat and mass transfer past a semi-infinite vertical porous plate immersed in
a porous medium. Presence of viscous dissipation and chemical reaction are
taken into account. It is assumed that the plate is moved with uniform
velocity in the direction of fluid flow. Viscous dissipation term leads
nonlinearity in the governing equations. Applying perturbation technique, the
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solutions for velocity, temperature and concentration are obtained. The effect
of various parameters such as Re, Gr, Ge, Sc etc. On velocity, temperature
and concentration are shown through graphs.
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NOMENCLATURE

C*  Species concentration (kg m~3)

C,  Specific heat at constant pressure ( Jkg~'K)

C%  Species concentration in the free stream (kg m™~%)
C;,  Species concentration at the surface (kg m™3)

Dy Chemical molecular diffusivity (m?s™1)

g Acceleration due to gravity (ms™2)
Gr  Thermal Grashof number

Gc  Mass Grashof number

K Permeability parameter

M Hartmann number

Nu  Nusselt number

Pr  Prandtl number

g,  Radiative heat flux

Sh  Sherwood number

Sc  Schmidt number

T*  Temperature (K)

T,,  Fluid temperature at the surface (K)
T  Fluid temperature in the free stream (K)
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u Dimensionless velocity component (ms™1)

Greek symbols

Coefficient of volume expansion for heat transfer (K1)
Coefficient of volume expansion for mass transfer (K1)
Dimensionless fluid temperature (K)

Thermal conductivity (Wm™tK 1)

Kinematic viscosity (m?s™1)

Density (kgm™3)

Electrical conductivity

Dimensionless species concentration (kgm™3)

Shearing stress (Nm™2)

9SO QDV = XFTOITTH™™®

Subscripts
w Conditions on the wall
oo Free stream condition

1. INTRODUCTION

In recent years, the subject of magnetohydrodynamics has attracted the attention of many authors in
view of its application to the problems in geophysics, astrophysics and many engineering and industrial
applications, like cooling of metal in nuclear reactors and magnetic control of iron flow in steel
industry, etc. [1-4]. The investigation of unsteady natural convective flow of viscous incompressible
fluid past vertical bodies has also several engineering and technological applications. Gupta [5] studied
transient free convection of an electrically conducting fluid from a vertical plate in the presence of magnetic
field. Free convection effects on flow past an exponentially accelerated vertical plate was studied by Singh
and Kumar [6]. Jha et al. [7] analyzed mass transfer effects on exponentially accelerated infinite vertical plate
with constant heat flux and uniform mass diffusion. Recently Ahmmed et.al. [8] studied the unsteady MHD
free convection and mass transfer flow past a vertical porous plate.

Chemical reactions happen at a characteristic reaction rate at a given temperature and chemical
concentration. Different chemical reactions ae used in combinations during chemical synthesis in order to
find a desired product. In biochemistry, a consecutive series of chemical reactions form metabolic path ways.
The order of chemical reaction is defined as the sum of the powers of the concentration of the reactants in the
rate equation of that particular chemical reaction. A first order reaction is the one in which the rate is
proportional to concentration of a single reactant. In the present paper, first order reaction is taken into
acount. Moreover, coupled heat and mass transfer problems in the presence of chemical reaction are of
importance in many processes such as drying, distribution of temperature and moisture over agricultural
fields and groves of fruit trees, damage of crops due to freezing, evaporation at the surface of a water body
and energy transfer in a wet cooling tower, and flow in a desert cooler. Chamkha and Aly [9] obtained
numerical solution of steady boundary-layer stagnation point flow of a polar fluid toward a stretching surface
embedded in porous media in the presence of the effects of Soret and Dufour numbers and first-order
homogeneous chemical reaction. Aurangzaib et al. [10] investigated the effect of thermal stratification and
chemical reaction on free convection boundary layer MHD flow with heat and mass transfer of an electrically
conducting fluid over time dependent stretching sheet. Abd El-Aziz [11] obtained numerical results to study
the effect of time dependent chemical reaction on stagnation point flow and heat transfer of nanofluid over a
stretching sheet. Pal and Mandal [12, 13] investigated the mixed convection boundary layer flow of
nanofluids at a stagnationpoint over a permeable stretching/shrinking sheet subject to thermal radiation, heat
source/sink, viscous dissipation and chemical reaction using numerical method.

In the physical realm, many irriversible processes are present. Some exmples are heat flow through
a thermal resistance, fluid flow through a flow resistance, chemical reactions etc.. The irreversible process by
means of which the work done by a fluid on adjacent layers due to the action of shear forces is transformed
into heat is defined as viscous dissipation. It can be seen in many places such as in hydraulic engineering,
waves or oscillations etc. viscous dissipation has different applications in various industries. Significant
temperature rises are observed in polymer processing flows such as injection molding or extrusion at high
rates. Aerodynamic heating in the thin boundary layer around high speed aircraft raises the temperature of the
skin. A number of authors have considered viscous heating effects on Newtonian flows. Mahajan et al. [14]
reported the influence of viscous heating dissipation effects in natural convective flows, showing that the heat
transfer rates are reduced by an increase in the dissipation parameter. Isreal Cookey et al. [15] investigated
the influence of viscous dissipation and radiation on unsteady MHD free convection flow past an infinite
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heated vertical plate in a porous medium with time dependent suction. Zueco [16] used network simulation
method (NSM) to study the effects of viscous dissipation and radiation on unsteady MHD free convection
flow past a vertical porous plate. Suneetha et al. [17] have analyzed the thermal radiation effects on
hydromagnetic free convection flow past an impulsively started vertical plate with variable surface
temperature and concentration by taking into account of the heat due to viscous dissipation. Recently
Suneetha et al. [18] studied the effects of thermal radiation on the natural conductive heat and mass transfer
of a viscous incompressible gray absorbing-emitting fluid flowing past an impulsively started moving
vertical plate with viscous dissipation. Very recently, Hiteesh [19] studied the boundary layer steady flow
and heat transfer of a viscous incompressible fluid due to a stretching plate with viscous dissipation effect in
the presence of a transverse magnetic field.

Due to above significant role, it is the purpose of this paper to examine the effect of viscous
dissipation and chemical reaction on the MHD flow of a viscous incompressible fluid past a semi-infinite
vertical plate. This flow problem was previously studied by Ahmmed et.al [8] in the absence of these
two parameters.

2. MATHEMATICHAL FORMULATION

A two dimensional unsteady flow of a laminar and incompressible fluid past a semi-in finite vertical
moving plate embedded in a uniform porous medium is considered. Fluid is assumed to be viscous and
electrically conducting. A uniform transverse magnetic field By is applied in the presence of pressure
gradient. Thermal diffusion and thermal radiation are also considered to be present. In the given system x’
axis is taken along the plate and y’ axis normal to it. No voltage is applied to the system and induced
magnetic field is negligible. Since we assume a semi-infinite plate surface, the flow variables are the
functions of y’and t’ only. Then under the above assumption the unsteady flow with usual Boussinesq's
approximation is governed by the following equations.

av'

o =0 M
ou' ,ou’ ap' a%u’ u

p(ﬁ+v a—y,)=§+ﬂayr2—l)g—pu'—dﬁ§u' 2

ar’ | ,AT_k T 1 (daf\ _ Qo (qr _ u_(auy?

at’ R 3y’ pCp 3y’ pCp \ 3y’ pCp (T Te) + pCp \ 3y (3)

o sl p B en T e —EL)

ad a3y’ M ay'2 o 3y'2 C oo (4)

Boundary conditions for the velocity, temperature and concentration fields are given as follows

u'=uj, . T'=T,,+€ (T), — T.)e™*. C'=C},+€ (C}, — CL.)

aty’=0 5)
'—U.,, Un=Upg(1+€e"Y) .T' > T,.C > CL
y eliresm T aty'= oo ©)
Now, v/ = —v(1+€ Ae"'t") (7)
in free stream, we have
dU&)_aP’ Hooor 2¢q/
P aY ax P8 — FUOO - GBOUW
aPI_ dUéo LT 2¢y!
axl—p 4’ o+ P8 + K Uoo & OBOUOO (8)

Eliminating % using (2) and (8), we obtain
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By using the equation state, we obtain
(10)

(Poo = p) = B(T" = Teo) + B'(C" = Coo)

The (9) becomes

ou du., ou' : b g
P(at,+|‘/ ) (p w—p)g+p—dt, +uay—,=+—(U —u') + oB5(U.,, —u")
+gB(T’ —T’)+gB(C’—C;)+ 7 (U —u') +

Iy , ou' dU.,o
wtV oy av +80"
oBO(U u)

(11)

The radioactive heat flux term by using the Roseland approximation is given by
4
o ol oT!
G =~ (12)
T'* may be expressed as a linear combination of the temperature

This is accomplished by expanding in a Tayler series about T, and neglecting higher order terms
(13)

T' = 4T'T¢f — 3Ti4

by using (12) and (13)into (3) becomes

ar’' |, AT _ k T | 160'Th 8*Tr _ Qo T — T +- du
T TV s = =y e e o) t—I
at dy pCp dy 3pcpky Ay pCp ay’ (14)

To get the solution of (1) to (4) with boundary conditions (5) and (6), the following non dimensional

parameters are used.

u=ulyv' =vV,,T' =T, +0(T,, —Ts),C' =C& + ¢(C,, — C,), U,
vgB(Ty, — Ts) — Rc'v

éo = UooUO;

, Ky _vgB(C —C2)

up = Uplo, K’ =75.y' =, Ge = V;vU ==,Gr = " Re =,
0 0 0o Yo 0 0 &
]

=%y o8 o G g _soTe o v ot o m o Drlf-Th)
r= i pv"z’Q TG T KK e Du't et T w30 v(Cw=Ceo)

_ U3
B ma) @15)

Using the dimensionless parameters in (11), (14), and (4), we get
(16)

du du  d*u
o—‘+v5=—ay2+GT9+GC¢+N(Uw—U).

%6 au\?
atve=m(1+3 R)a—yz—QO+Ec(d—y) a7

(18)

dp dp = a2 a? 9
at "ay Sc ay? T So dy‘ RC(p
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u=U,0=1+e™0->0p=1+ce™aty=0
u->Uy,=1+ee™, 00,0 >0asy=o (19)

Perturbation method is used to solve (16), (17) and (18). The following forms are considered.

u(y, t) = uo(y) + ee™u, () + 0(e?)
6(y,t) = 6o(y) + €e™6,(y) + 0(e?)

o(¥,t) = @o(¥) + €ee™ @, (y) + 0(e?)

From (16), (17), and (18), we obtained

ug +ug — Nug = —N — Gréy — Gecgg . 20)
uy +uj — (N +n)uy = —N — Aug — Gré; — Gepy . @1
(3 + 4R)6y + 3Pr6y — 3PrQ6, = —3PrEcuj . 22)
(3+4R)6{ + 3Pr6; —3(n+ Q)Pr6é, = —3APr6y — 6EcPrugu; . (23)
@q + Scog — ReScpy = —SoSchy . (24)
@y +Sco; — (Rc +n)Sco, = —S0Schy — AScey . (25)

Corresponding boundary conditions are

Ugo = Up,ugy = 0,600 = 1,601 = 1,900 = 1,90; =1 as y=0

Ujo = Up,uyy =0.610=1,6;3 =1L,¢10 =L@ =1

Ugo = 1,u01 = 1,800 = 0,601 = 0,900 = 0,901 = 0 asy— oo
ujo = Luyy = 1,650 20,653 =2 0,950 20,9053 2 0 (26)

Second Perturbation technique is used to solve (20), (21), (22), (23), (24), and (25). The following
forms are considered

uo(y,t) = ugo(y) + Ecug, (y) + O(Ec?)
uy (3, t) = uy0(y) + Ecuyy(y) + 0O(Ec?)
8o(y,t) = 6o0(y) + EcBo, () + O(Ec?)
6:(y,t) = 8;0(y) + Ec6y,(y) + O(Ec?)
©o(3,t) = @oo(y) + Eceo(y) + O(Ec?)

@10, t) = @10(y) + Ecpy,(y) + O(Ec?)

From (20), (21),(22),(23),(24) and (25), we obtained

ugo + ugo — Nugo = —N — Grlgo — Gegoo 27
ugy +ugy — Nug, = —N — Gréy, — Gegy, . (28)
uyp +ujp — (N + n)uyg = =N — Augg — Gréyo — Gepyg - 29
uyy +uyy, — (N + n)uyy, = —N — Augy — Gréy, — Geoy, (30)
(3 +4R)8lp + 3Pr6ly — 3PrQ8gs = 0 (1)
(3 + 4R)6Y, + 3Pr8}, — 3PrQ8y; = —3Prul (32)

(3 + 4R)0p + 3Pr6jy — 3Pr(Q + n)6yo = —3APréj, a3
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(3 + 4R)6y, + 3Pr6;, — 3(Q + n)Pr6,, = —3APr6g, — 6Prugu;o (34)
@oo + Scppo — ReScpgg = —505¢65, (35)
@oy + Sc@y, — RcScpyy = —SoSchy, (36)

@10+ Scpio — (Rc +n)Scpyo = —S05cbiy — ASc@go (37
@11 + Scpiy — (Rc + n)Sceyy = —So0Scby'y — AScgo, (38)

Solving (31) and (33), we obtained

B0 = e™2Y | (39)

610 = Cre™Y + Ce™ | (40)
Solving (35) and (37), we obtained

@oo = B1e™¥ + Bye™sY | (41)

@10 = Bze™sY + Bye™=¥ + Bge™sY + Cze™=Y + Cie™sY (42)

Solving (27) and (32), we obtained

Ugo = 1 + Aje™Y + Aye™eY + Aze™Y + A e™Mio¥ @3)

601 = Elezm:y 3 Eze'-’-ms)' + E3e2m:)' 4 5482’":.0}' + Ese(m:*'ms))' 33 Ese(m:'*"’uo)y +
E,e®™2Y + Ese(mz-l-mm)y + Ege("'=+'"6)" + Eloe(m°+m1°)"' + Ey emY 44)

Solving (36) and (28), we obtained

@01 = C5e2™2Y + Cee®™sY + C,e(Matmedy + Cge?™aY + Coe?™io¥ + Cyge(Matmely +

Cy e2my + Clzk('"=+’"1°)" + CyzeM2¥mely + €y e(Miotme)y + €, ce™iz¥ + Cy e™2¥ (45)
Ugy = 1+ Alsez""-‘" + Algezm‘y + Azoe(m:+m‘)y + A21€2m:y + Azzezm“’y +
Az3e(”“-'+”‘6)y + A,,e?maY + Azse('"‘-'*‘"‘m)y + Azse(mzﬂn«.)y + A27e(mm+ms)y +
Agsemmy + Azgezm”' + A3°ezm‘y + A31e(mz+m‘)" + Agzezmz‘y + .43382"‘2" +
A34€(m=+m‘)y + A35€2m2y + A368(m:+m‘)y + A37e('"=+'"‘)y + A3se(”'1°+"")y +
Agoe™2Y + Agge™isV+Ag o™i | (46)

Solving (29) and (34), we obtained

A48€m"y + A49em’-’y + Asoem:y + A51€m6‘y + Aszem‘“y : (47)

By = A58%™2Y + Agze?™eY + Agqe(Matme)y + Ao e2MeY + A e(Matmely 4 Ao e2may +
Agge(Matme)y 4 A je(Mmatme)y 4 A e(Miotme)y 4 4., e(Miotme)y 4 4 oMoy +

Ej 2™ 4 Ey,e(Metmaly L B 22 4 | e(Motma)y 4 | e2ma¥ 4 B e(matmay 4
E,e(Metm)y 4 B oe2M2Y 4 B e2MY 4 Eyoe(Maimely 4 p, e(Metmaly 4 B e(matmely 4
Eyze(matme)y 4 B, elmatme)y 4 B, elmetmiody 4 B, olmatmedy 4 B, _o(matmely 4
EygeMe*me)y + E,ge(Matmey 4 pooe(Matmely 4 o) e2MaY + Byoe(Matmely 4 E e2Mad 4
Egaelmatme)y 4 Eooe2ma¥ 4 By e(Miotma)y 4 po_o2may 4 pooe(matmay o

539e(me+m-)y + Egpe2™2Y + Ey e2™M2Y + By e(matmey 4 Eﬂe(mﬁml-)y +

Eqqe™2*m10)Y + B e(Metmioly 4 B e(Motma)y 4 B e2M10Y 4 E,ge(Miotma)y 4
Ejoe(Mi0tma)y 4 B e(metmio)y 4 E  e(miotma)y 4 ) e(Miotma)y 4 E . e(Miotme)y 4
Egqe(miotmis)y (48)
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Solving (30) and (38), we obtained

@11 = C178%™2% + C1e2™e¥ + Cy9e M2V + C,0e2™eY + Cpye(Ma¥™me + C,pe2™Y +
C23e(m3+m"°)y s C24e(m'.'+ms))’ + Czse(ms+"lxo)y + Crge™2Y + Cype™0Y + ngez"‘:"’ +
Croe(matmedy + Cyne2may + C3ie(Matmioly 4 Cyre2maY + Cyze(matmoy +

C34e(m‘-*+m')y + C35e2™2Y + Cyee™™=Y + C37e(m‘-'+m‘)y + Cgae(""-’+m')y + nge("“'-+m')y +
Cyoe™21mely 4 €, e(Mame)y 4 ¢, e(Me?mioly 4 €, e(Mtme)y 4, e(Mstmely 1
C4se(""+m')y + C“e(""-'*""')y + C47e("“-‘+"“)y + Cyge®™sY + Cygemasmeyy + C50e%™Y +
(_'Sle(M=+m-)y + Cgpe2™m2Y + Csae(m=+m10)y + Cgue2™Y + Csse(”‘@"”"‘)y +

Csée(m2+m.)y + C57€2™m2Y + Cgge?™sy + nge(m—_&m‘)y g Csoe(m=+m")y e
Csle(m=+m*°)y 4 Csze("h*'mm)y 3. Csse(m=+m‘°)y + Coqe™oY 4 Csse(mz‘*’mm)y + Ceg
elmstmyo)y 4 Cir e(metmio)y 4 Csse("‘=+"‘1°)-" 3 nge(mz+mm)y +Cyo e(metmioly 4
Cr1ema0tmiedy + C,)e2Ma¥ + C)302MeY + Cpy eM2¥Me)y + € ce2Ma¥ + Crge™io¥ + Cpy
e(Ma¥me)y 4 C_0e?™M2Y + (hg eMatmiolyacy ) e(Matmely 4 0o o(Metmioly 4 0o ™2y 4
Cgze™Y + Cgge™a2Y (49)

Uy = 1+ Casezm:y + Cgeezm‘y + C87 e(""-""’"‘)y + Cgsezm"'y + ng ez’"l"y +
CopeM2¥m10)Y 4 Cy1e2™2Y 4 CgpeM2¥maoly 4 Cg e(M2tmely 4 g, e(Metmio)y 4

Cos emuy 4 Cog emay 4+ Co; emey + Cog elmatmely 4 Coo emay 4+ Cmoez""-’y o o
lee(mg-f»m‘)y +Cios e2mzy 4 Civa e(mztmely Clo4e(m“+m‘)y ¥ Cii elmetmyoly 4

Cr06 €™ + C107€™7 + Cio€™Y + Cy9€” ™ + C1y0e™™eY + Cyyy €™M 4 (.
e2ms¥ + Cyyz e(matmely 4 Ci14 2™ + Cyy5 elmatmio)y 4 Ciic elmztmely 4
Cri7eme¥miolY 4 Cpyg ™32Y + Cy19e™20¥ + Cyp0€2™sY + Cppy €Ma¥mely 4 Cppp £2maY +
CipzeMa¥mioly 4 €, ,02MY 4 CppceMatmaly 4 ¢, eMatmisly 4 ¢ g2may 4
Cy125€2™ + Cy9 elmztmely 4 Cizo elmztmely 4 Cyay elmztmey 4 Clsze(m=+m‘)y o
C133e 2 me) + Cyae(Miodmely 4 Czge(matmely 4 €z e(metmey 4 Cyype(metmely 4
Cyage™¥Me)Y 4 € 20e(Mat™me)y 4 € 0 @26V 4 Cpie(Matmely 4 ¢ 0?2V 4

Cr43e MmOV 4 €y 0002™aY + CpaseMatmioly 4 €y e02ma¥ + Cyypematmoy 4+

Crage ™Y + Cy406P ™Y + Cy50€™™Y + Cy5y MY 4 Cygpe (Mt 4
Cys3eM2t™0lY 4 ¢, e(Metmioly o ¢, o e(Mamiody 4 ) o2Ma0Y 4 () o e(Matmioly 4
Clsae(md-mm)y i C159e(m.+m“,)y 4 Clsoe(m:+mm)y + Clsle(mc+mm)y g Clsze(m‘+mm)y R
Creze™is¥™10l + €y 2™ + Cpo5e®™sY + Cro €™M + (g, €2MeY +
stse(m”""m‘)y + Cyg9 2™ + Cy70 elmztmioy 4 ¢ e(matmely 4 Cuze('"‘*"‘m)” +
C173€™13% + Cy74 €™20Y + Ci75 €2 + Cyp €Ma¥me)Y 4 C17702m2Y + (g e(matmioly 4
Cin 8™ 4 Cyp @ PSTBY £ 0o o OIMENY . £t ™0 4 Cort ™™ 3 Ly
elmzimey 4 Eige elmatmely 4 Cl“e(mz-fm‘)y £ Cm?e(mq-km‘)y 1 Cmae(m;ﬁm‘)y +
Cyigoe™otmedy 4 € o e(matmely 4 )5 e(matmey 4 € e(metmedy 4 € g elmatmely 4
Cioaeimamey + C1056™Y + Croe ™™ 4 (15;67™aY 4 Cygge(™etmaly 4 Coqe?™a¥ 4
Czooe(mm-l-m;)y + Cp9182m% + Czoze(mu»mg)y 3 Czose(m+m)y + Cpo4e2™=¥ +
Cr05€2™2Y + Copee M2t™e)Y 4 Cypre(Matmasdy 4 0, oe(Miotmaly 4 ¢, o(maotme)y 4
Ca10e(m0¥mY 4 Cpyy2Ma0Y + Cpppe(Maotma)y 4 Cyye(Maotmaly 4 Cyy o (maotmely 4
Ca15e ™0™ 4 €y e (it MY 4 (110 (Maot Y 4 ge(Maot el 4 g €7V +
C220€”™Y + Cp01€ ™4 + 226%™ + Cpp37™10Y + Cpp4e ™Y + (g €32V +
Caze €0m=3m10l + Cyppe(Matmely 4+ Cypge(muotmely 4 Cppoe™izy + Cpzpe™is¥ +
Cp318™22Y + Cy3,€2™2Y + Cpype™2sY (50)
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uo(y,t) = ugo + Ec ugy

=1+ A,e™Y + Ae™sY + Aze™Y + Aze™oY + Ec(l + A1ge?™Y + A ge?meY +
Agge(Matme)y + A, e2ma¥ + A,,e2M10Y + Ayze(Matme)y + A,,e2M2Y + A, e(Matmioly +
Ayge(Matme)y + A, e(Mio¥me)y 4+ A, ce™i2¥ + 4,022V + Azpe?meY + Ay e(Matmely +
Az,e2™2Y + Azie?MaY + Az e(Matmely + A e2May + A e(Matmely + A  e(matme)y 4
A3ge(m*°+m‘)y + A39emx=)' P A‘wemuy 3
Age™eY) (51)

ul(y, t)= Uy + Bec Uy

=14 Ay + Agze™Y + Agae™Y + Agge™oY + Agge™Y + Age™Y +
Agge™Y + Agee™ + Agge™ + A e™ + Age™® + Ec(1 + Cgse?™ + Cgge®™sY +
Cs7 elmatme)y 4 Cgse""""—-" + Cgo e2moy 4 C9oe("‘=+"‘1°)y 5 Cglez"'c-" i nge(mdmlo)y i
Coz eM2¥mey + (g e(Metmioly 4 Oy @2Mis¥ + Coq €2M2Y + Cyy €2Me¥ +
Cog €™21MeY + Cog @2M2Y + Cg9e?™Y + Cyg1e M2 + (g, 2™ +
Cio3 €M)V 4 C104e™a¥me)Y 4 000 e(Me¥mioly 4 000 o™iz 4 €y ™Y +
Cio8e™e¥ + C109€2™2Y + Cy10e2™MeY + Cyyy e(Matmedy 4 €1, 2Me¥ + Cyy5 ematmely 4
Ci14 2™ + Cyy5 €3 Mol 4 €y eMmatmely 4 Cyypemedmaoly 4 €y g emasy +
C119€™29Y + Cy20€%™Y + Cypy €M24Me)Y 4 C1sp @2M2Y 4 Cyppe(Ma¥moly 4 ), 2™ +
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3. RESULTS AND DISCUSSION

To discuss the physical significance of various parameters involved in the results, the numerical
calculations have been carried out. The effects of the various parameters entering in the governing equations
on the velocity, temperature and concentration are shown through graphs.

Figure 1 shows velocity profiles are depicted for various values of solutal Grashoff number Ge
which is defined by the ratio of the species buoyancy force to viscous hydrodynamic force. It is noticed that
when buoyancy force dominates viscous hydrodynamic force, velocity increases. Velocity profiles increases
to a peak value near the plate then decreases. It can be said that velocity profiles converge pointwise.
Figure 2 shows the influence of chemical reaction parameter on the velocity field. Increase in Rc results
increament in velocity. Figure 3 shows velocity profiles are depicted against y for various values of Prandtl
number Pr. It shows oscillatory effect. At the vicinity of the plate velocity increases with incresing values of
Pr. But at certain values of y profiles intersect then leads opposite effect. In Figure 4, it is noticed that
increasing values of Gr enhance the velocity. Figure 5 shows the oscillatory values of velocity. When Q
increases velocity increases at first then decreases. Figure 6 shows concentration profiles are depicted for
different values of Rec. It can be easily said that concentration decreases with increase in Rc. Figure 7 and
Figure 8 show concentration is influenced equally by Sc and So respectively. Concentration increases with
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increasing values of these parameters near the plate. After certain value of y, concentration decreases when
these parameters increase. Figure 9 shows temperature profiles are drawn against y for different values of Pr.
It shows that values of Pr are directly proportional to temperature. In Figure 10 and Figure 11, it is noticed
that temperature decreases with increasing values of R and Q.
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4. CONCLUSION

Here unsteady MHD free convection flow with viscous dissipation and chemical reaction was
studied. Due to addition of viscous dissipation, we find a non linearity in our energy equation. So we use
Perturbation technique two times to solve the whole system. The different results are discussed through
graphs. To precise the paper, the index was not included here. Finally some conclusions are drawn as
follows: The parameters Ge, Gr and Rc enhance the velocity; Concentration decreases by the increament of
chemical reaction parameter; The enhancing values of parameters R and Q result a decrease in temperature.
But Pr shows reverse effect on temperature; In case of velocity Pr and Q show the oscillatory effect.;
Similarly Sc and So shows oscillatory effect in case of concentration.
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