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ABSTRACT

An attempt has been made to study the two-dimensional MHD free convective oscillatory flow of an electrically
conducting incompressible viscous fluid past an infinite vertical porous plate, through which suction occurs with
constant velocity and chemical reaction in the presence of a heat sink. A uniform magnetic field is assumed to be
applied transversely to the direction of the free stream taking into account of induced magnetic field. The governing
equations involved in the present analysis are solved by using the perturbation method. The velocity, temperature
and concentration fields are studied for different parameters such as Grashof number, modified Grashof number,
Magnetic field parameter, Schmidt number, Prandtl number, heat sink parameter and Chemical reaction parameter,
Eckert number etc.
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INTRODUCTION

The influence of magnetic field on viscous incongsible flow of electrically conducting fluid has iimportance in
many applications such as extrusion of plasticther manufacture of rayon and nylon, purificationcafide olil,
pulp, paper industry, textile industry and in diéfiat geophysical cases etc. In many process inésisthe cooling
of threads or sheets of some polymer material$ isyportance in the production line. The rate obling can be
controlled effectively to achieve final productsd#sired characteristics by drawing threads, atthe presence of
an electrically conducting fluid subject to a magméeld.

MHD plays an important role in agriculture, petugie industries, geophysics and in astrophysics. ttapb
applications are in the study of geological formasi, in exploration and thermal recovery of oildan the
assessment of aquifers, geothermal reservoirs amrground nuclear waste storage sites. MHD flow ha
application in metrology, solar physics and in raotdf earth’s core. Also it has applications in fiedd of stellar
and planetary magnetospheres, aeronautics, cheerigaieering and electronics. In the field of pogeneration,
MHD is receiving considerable attention due to plesssibilities it offers for much higher thermalieiéncies in
power plants.

Jonah Philliph et al. (13) studied the effectshefrinal radiation and MHD on the unsteady free cotiwe and mass
transform flow past an exponentially acceleratediced plate with variable temperature. Gireeshrién et al. (9)
discussed the effects of chemical reaction on ieab$/1HD convection flow past a vertical surfacebsdded in a
porous medium with oscillating temperature. HeraRbonia and Chaudhary (12) analyzed the MHD free
convection and mass transfer flow over an infiniertical porous plate with viscous dissipation. mK{14)
investigated unsteady MHD convective flow and hemtsfer past a semi-infinite vertical porous maovpiate with
variable suction. Vijaya kumar et al. (20) studibé thermal diffusion and radiation effects ontaady MHD
flow, through porous medium with variable temperatand mass diffusion in the presence of heat séaink.
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Girish Kumar et al. (10) analyzed the mass trarsfiects on MHD flows exponentially acceleratedtioat plate in
the presence of chemical reaction through porowtiane

The study of convective fluid flow with mass tragisélong a vertical porous plate in the presenamagnetic field
and internal heat generation receiving consideratitntion due to its useful applications in diéier branches of
Science and Technology such as cosmical and geigphysience, fire engineering, combustion modelatg.
Soundalgekar (17) investigated unsteady free cdioveflow along vertical porous plate with diffetelmoundary
conditions and viscous dissipation effect. Vajtav@l9) studied natural convection flow along a thdasemi-
infinite vertical plate with internal heat geneoati Cookey et al. (5) studied influence of viscdissipation and
radiation on unsteady MHD free convective flow pastinfinite heated vertical plate in a porous medwith time
dependent suction. Chamkha (4) discussed unstdatly convective heat and mass transfer past a sgfinite
vertical permeable moving plate with heat genenatidhmed (1) studied effects of unsteady free eative MHD
flow through a porous medium bounded by an infiniggtical porous plate. Sharma and Singh (16)udised
unsteady MHD free convective flow and heat tranafeng a vertical porous plate with variable sut@md internal
heat generation. Sharma et al. (15) analyzed ¢la¢ dnd mass transfer effects on unsteady MHDdoeeective
flow along a vertical porous plate with internabhgeneration and variable suction.

Mass diffusion rates can changed tremendously wlighmical reactions. The chemical reaction effelgpend
whether the reaction is homogeneous or heterogene®his depends on whether they occur at an aderbr as a
single phase volume reaction. In well-mixed systethe reaction is heterogeneous, if it takes pda@n interface
and homogeneous, if it take place in solution.migority cases, a chemical reaction depends ordheentration
the concentration of the species itself. A reacti® said to be first order, if the rate of reactis directly
proportional to the concentration itself (Cuss&)).( A few representative areas of interest incktieat and mass
transfer combined along with chemical reaction @Eayimportant role in chemical industries like @dofl processing
and polymer production. Chambre and Young (3) tenadyzed a first order chemical reaction in thigimgorhood
of a horizontal plate. Das et al. (7) have studiedeffect of homogeneous first order chemicattiea on the flow
past an impulsively started vertical plate withfarin heat flux and mass transfer. Again, massstereffects on
moving isothermal vertical plate in the presenceledmical reaction studied by Das et al. (8). @mensionless
governing equations were solved by the usual Laplaansform technique. Sudheer Babu et al. (183 haalyzed
the radiation and chemical reaction effects onrsstaady MHD convection flow past a vertical movpayous plate
embedded in a porous medium with viscous dissipatio

The main objective of the present analysis is wdtthe unsteady two-dimensional MHD free convextiv
oscillatory flow of an electrically conducting inopressible viscous fluid past an infinite vertigairous plate,
through which suction occurs with constant velo@tyd chemical reaction in the presence of a he&t siThe
equations of continuity, momentum, energy and difia which govern the flow field are solved to thesst possible
closed solution.

Mathematical Analysis:

We consider the unsteady two-dimensional MHD freavective oscillatory flow of an electrically contting
incompressible viscous fluid past an infinite veati porous plate, through which suction occurs vadtimstant
velocity and chemical reaction in the presence loéa sink. The' - axis is along the plate in the upward direction
and they’ - axis is normal to it. A uniform magnetic fielsl applied in the direction perpendicular to thatel
Reynolds number is much less than unity and the@ded magnetic field is negligible in comparisonhathe
applied magnetic field. It is also assumed thiathe! fluid properties are constant except thahefinfluence of the
density variation with temperature and concentratiothe body force term (Boussinesq’s approxinmgtioAlso,
there is a chemical reaction between the diffusipgcies and the fluid. The foreign mass presetiénflow is
assumed to be a low level and hence Soret and Duffects are negligible. Under these assumptioims,
governing equations of the flow field are:

Continuity equation

v’

LA (2)

dy

Momentum equation

ooy oy L
p (Gt V') =~ pgx + vpi— (GBHW) @
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Energy equation

or’ | ,or' k92T | v (0u'\? , Q@ o ou

at! v ay’ - pCp 6y’2 Cp (ay/) + pCp (T Too) (3)
Diffusion equation

ac’ ac’ a%c’

347 v’a—y, =D P K. (C'—C%) (4)

Whereu' andv’ are the components of the velocity parallel anthgedicular to the plate;- the timep’ - the
pressurep - the fluid densityg, - the acceleration due to gravifly,- the fluid temperature;- the kinematic
viscosity,C,,- the specific heat at constant pressurethe thermal conductivity;'- the concentration and- the
chemical diffusivity.

The boundary conditions are:

! !
u =0,v = —vo,z—;z —%,C’z Cyaty' =0 5)
u -U = Uo(l + seiw’f’),T’ - Ty, C' > Chas y - o
Wherev, is the constant suction velocity and the negatige indicates that it is towards the plate; the constant
heat flux,T,, - the fluid temperature far away from the pla&g,- the species concentration at the pléfg; the
species concentration far away from the pléte; the mean free stream velocity, - the frequency of vibration of
the fluid, ande (¢ < 1) - a constant quantity.

For the free stream, equation (2) becomes:

auv’ ap’ ,
P = — 5~ Pefy —IBGU (6)

On eliminatin a—plbetween 2) and (6) we get:
957 g

ou’ ,ou’ auv’ a%u’ , I et
P(ﬁ"‘ v 6_y’) =Pt 9x (P =)+ vp = (@B (w' - U'(t)) (7

The state equation is

9x' (P = p) = GpB(T" = Te) + gpB™(C' = C2) )

Wherep is the coefficient of thermal expansion gtidis the coefficient of concentration expansion
Equation (1) gives:

v = —vy(vy > 0) 9)

On substituting equations (8), (9) in equations (&) and (7) we take:

au’ ou' _ du’ N o s Y+ 92u’ oB¢ ( , U'(t'))
o~ "oy = dp TP @)+ 9x'F @ tvaE\ % )™

(10)
aT’ ar’ _ k a%r’ v (ou\% ¢ , ,
20 TV T vy a(ry,) +E(T -Ts) (11)
ac’ ac’ a%c’ R ,
o Voo =D K(CT - () (12)
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Using the transformations:

" t'v2 T'- T c'-c u’ v’ wo' 9,Bv2q’
y=20¢= 0T = 2 (=2 u=—U=— w=— Gr = 22— (Grashof number)Gc =
v 4v ’“1 Cyw—Cxo Uy Uy Vo kUO 0

kvg
*(cly— ¢l kU B
9B (G- Cao) 0V0 (Eckert number)M - %

_ pv p
UovZ (modified Grashof numberpr = (Prandtl number)c =

(Magnetic parameteryc = E (Schmidt number)Q = sz
reaction parameter) (13)

With the help of the non-dimensional quantities)(Egjuations (10)-(12) reduce to:

10u ou 1dU
10T aT\ __ T u

Pr (ZE_ 5) = + PTEC( y) + QT (15)
19c acC a?%c

Se(35~ ) = ayz — KrSeC uo

With the boundary conditions:

oT
u=0, — = -1, c=1 at =0
2y Y (17)

u->Ult)=1+¢ee'®,T—>0,C>0asy— o

In order to solve the system of differential eqoiasi (14)-(16) we assume that:

u,t) = up(y) + e’ tuy, (y) + - (18)
T(y,t) = To(y) + e’ ' Ty(y) + - (19)
Cy,t) = Co(y) + €' ¢y (y) + - (20)

On substituting equations (18)-(19) in equationb{(1L6) we get the following system of differentéajuations:

dzuo

ay? ' dy Mu, = —[GrTy + GeCy + M] (1)
R T P ) &
‘jizyT; +Pri®4 QTy = —PrEc (‘“‘y")z (23)
‘;ZyT; +Pri2—"prT, + QT = —2pPrEc () (22) (24)
‘;Zycg R (25)
PRI TR P (26)

The corresponding boundary conditions (17) are:

dy
u->1u,-1,7,-0T,-0C —>0,C; >0 as y—> o

ary ar
:05 =0P_:_1;_=0,C :1,C =0at =0
U Uy p 0 1 aty } @7)
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In order to solve the system of the differential&ipns (21)-(26) we put:

U (y) = up1 (y) + Ecug(y)
To(y) = To1(¥) + EcTo, () (28)
Coy) = Co1(y) + EcCor(¥)

w (y) = u () + Ecug(y)
Ti(y) = Tiu(y) + EcTy,(y) (29)
Ci(y) = C1(y) + EcCir(y)

In this system, equating the coefficientstef andEc! we get:

2
d“ugq dugq

dy? dy Muyy = —(GrToy + GecCoy + M) (%0
2

dd;gz d:_;z_ Mug, = —(GrTy; + GcCoyz) ey
2

dd;(;l‘ + Pr ddT;l + QT =0 o
d2Ty, dToy _ duor ?

ey + Pr y + QTy, = 2PrEC( dy ) )
d?c ac

721"' SC%_ KTSCCOI = 0 (34)
2

—ddigz + Scﬂg2 — KrScCy, =0 %)
. . .

dd;‘? d:;_;l_ (%"' M) U1 = — (%—i_ GrTyy + GeCyy + M) (39)
) .

Doy e (94 M)y = (6T + GGy .
2 .

‘dd;—? + Pr ddT;l - (2Pr-Q)T =0 )

d?Ty, ATz iw = — Do) (L

o + PrW— (TPr_Q)TlZ_ 2PrEc(dy)(dy) (39)

d2Cyq daciy o =

o+ SeT - sc ( " Kr) €11=0 (40)

d2C12 dcCqp iw —

dy? + SCW_ Sc (T_ Kr) €12 =0 0

The corresponding boundary conditions (27) become:

Uy =0, Uy =0, u;=0, u;,=0

dToo _ dT()l _ dTll _ dle _ _
W_ 1; dy - 'dy - ‘dy =0 aty—o
Coo=1 €1 =0, (;;=0, C2=0 (42)

Ugp > 1, up1 = 0, uy =1, Uy, >0
Too =0, Ty >0, 17, >0, T, >0t asy - o
Coo = 0, Cor =0, Ciz >0, Cr > 0 )

Solution of the Problem:

Solving these differential equations from (30) 4)(4using boundary conditions (42), and then makisg of
equations (28) — (29), finally with the help of atjons (18), (19) and (20) we obtain the velodigynperature and
concentration fields are as follows:
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Uy = ase® + azeP?y + aze??” +1
Ugy = @372 + a6el32y + a,e?%2Y + agezb’zy + age?r2Y + aloe(az+ﬁz)y + alle(ﬁzﬂ’z)y + alze(}’z+az)y
Uy = (ase™ + azef? + ae’ + 1)
+ Ec(a13eazy + agef?Y + a,e?%2Y + qge?b2Y + qge?r2Y + aloe(az"'ﬁz)y + alle(ﬁzﬂ/z)y
+ alze(yz+az)J/)
ull = _ealsy + 1

Uy = Upee®tsY + ay ef11Y + a17e(az+“15)y + alse(ﬁzﬂhs)y + a196(72+a15)y

U = (—e®1sY + 1) + Ec(azoefhsy + alﬁeﬁuy + a17e(a2+“15)y + alse(ﬁz"'fhs)y + alge(l’2+a15)3’)

-1
T01 = ﬁ_eﬁzy
2

Ty = LoeP?Y + Bye2%2Y + B,e2P2Y 4 B.e?V2Y 4 Boe(@2tB2)y 4 B o(Bo4v2)y 4 g o(@2ty2)y
-1
Ty = (ﬁ_eﬁZY) + EC(BgeBZy + ﬁ3620¢2y + ﬁ4ezﬁzy + ﬁseZYzy + 366(052"',32))7 + 376(52‘*'1/2))7 + Bse(“zﬂ’z)J/)
2

T, =0
Ty, = Bysefry + ﬁlze(az"ﬂﬁ)y + [;136(/32‘“115)3’ + [;14@(]/2*"115)3/

T, = EC(Bl5€‘811y + ﬁlze(azﬂhs)y + ﬁ13e(52+0¢15)y + ﬁ14e(Y2+0515)Y)

Cor = €7,
Co, =0

Co = e’?
€y =0

Cip =0

€, =0

u(y) = ug + e(cos(wt) + isin(wt))u,
= ((txse"‘zy + azef?y + e’y + 1)
+ Ec(a13eazy + aﬁeﬁzy + a732012y + agezﬁzy + agezl/zy + aloe(az"'ﬁz)y + alle(ﬁzﬂ/z)y
+ alze(“*"‘z)y)) + e(cos(wt) + isin(wt))(—e*1s¥ + 1)

+ Ec(azoeihsy + aygeP11Y + ay e @2ts)y g e(Patars)y 4 alge(Yz+a1s)J/)
T(y) = Ty + e(cos(wt) + isin(wt))T;
= (__1 eBZY>
B2
+ Ec(ﬁgeﬁzy + B;e2%2Y + B,e?P2Y + B.e?V2Y + 566(062+ﬁz)y + 576(,32*'1/2))7 + Bse(azﬂ’z)J/))

+ e(cos(wt) + isin(wt)) (Ec(ﬂlseﬁuy + ﬁlze(az"ﬂﬁ)y + [;136(/32*"115)3’ + [;14@(1’2*"115)3’))

C(y) = Cy+ e(cos(wt) + isin(wt))C; = e¥?Y
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RESULTSAND DISCUSSION

The chemical reaction effects on MHD free convextscillatory flow past a porous plate in the pneseof heat
sink have been studied. The governing equatiorssaived by using perturbation method and appraema
solutions are obtained for velocity, temperature emncentration fields. The effects of the flowgraeters such as
magnetic parameter (M), suction parameter (S), l@fagumber for heat and mass transfer (Gr, Gc),nidh
number (Sc), Chemical reaction parameter (Kr), &famumber (Pr) and Eckert number (Ec) on the aiglp
temperature and concentration profiles of the ffeld are presented with help of velocity profil@&gures 1-8),
temperature profiles (Figures 9-11) and concemtngtrofile (Figures 12-13).

Figures 1(a) and 1(b) display the influence of cieaireaction parameter (Kr) on the transient vieyofu) and
concentration (C). It is clear that increasing themical reaction parameter tends to decreaseetbeity as well
as species concentration of the fluid. This mehasin the case of suction, the chemical readtiecelerates the
fluid motion. In turn, this causes the concentmatbuoyancy effects to decrease as k increasesseqaently, less
flow is induced along the plate resulting in deseei the fluid velocity in the boundary layer.

Figs. 2(a) and 2(b) depict the velocity (u) andpenature (T) profiles for different values of theal sink parameter
Q. Itis noticed that an increase in the heat giatameter Q results in an increase in the vel@oity temperature
within the boundary layer.

Figs. 3(a) and 3(b) are shown that the behavidhefvelocity (u) and temperature (T) for differeaiues of the
Prandtl number Pr. The numerical results show tihateffect of increasing values of Pr results idegreasing
velocity. From Fig. 3(b), it is observed that acrease in Pr results in a decrease of the thdvmatdary layer
thickness and in general lower average temperatiihén the boundary layer. The reason is that fmaialues of
Pr are equivalent to increase in the thermal comdticof the fluid and therefore heat is able tffuse away from
the heated surface more rapidly for higher valdd2ro

The effects of viscous dissipative heat (Ec) ontthrsient velocity (u) as well as temperaturel{@ye been plotted
in Fig: 4(a) and 4(b). It is noticed that an irase in viscous dissipative heat leads to incraabeth the velocity as
well as the temperature.

Fig: 5(a) and 5(b) illustrates the velocity (u) aswhcentration profiles (C) for Schmidt number (Stf)is noticed
that effect of increasing value of Sc is to deceeransient velocity as well as concentration peefi This is
consistent with the fact that, increase in Sc mabtatsease of molecular diffusivity D those resuitslecrease of
fluid motion and concentration boundary layer. &tewelocity and concentration of species is higlersmall

values of Sc and lower for larger values of Sc.

The velocity (u) profiles for different values dfet thermal Grashof number Gr are described in Ei@ga). It is
observed that an increase in Gr leads to rise énvidlues of velocity. For the case of differentuea of the
modified Grashof number Gc, the velocity profilee ahown in the Figure 6(b). It is observed thairerease in
Gr leads to a rise in the values of velocity.

The influence of magnetic parameter M, on the \vglofu) is shown in Fig.7. An increase in M redudée

velocity. The application of a transverse magnféltl to an electrically conducting field giveseito a resistive
type of force called Lorentz force. This force hias tendency to slow down the fluid. This treadevident from
Fig.7.

Fig-1(a): Velocity profile for different values of Kr Fig-1(b): Concentration profile for different values of Kr

Kr=0.2 0 Kr=0.20

_____ kr=2 H 0.97) -====Kr=2.00 1

.......... Kr=5 3 seeseenees K7 = 5.00

B 0.814 3
E

i
0.7} %

o6r i\

04 i\
03f
02f

0.1r
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Fig-2(a): Velocity profile for different values of Q Fig-2(b): Temperature profile for different values of Q
T T T T T T

2 - | | T 0.9 T T : -
——Q=100
----- Q=300
werenes Q = 5.00
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s o |
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£ |
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Fig-3(a): Velocity profile for different values of Pr Fig-3(b): velocity profile for differnt values of Pr
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Fig-4(a): Velocity profile for different values of Ec Fig-4(b): Temperature profile for different values of Ec
T T T T 0.9 T T T
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Fig-5(a): Velocity profile for different values of Sc Fig-5(b): Concentration profile for different values of Sc
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Fig-6(a): Velocity profile for different values of Gr Fig-6(b): Velocity profile for different values sof G
4 T T T T T T T 3.5 T T T T T T T
Gc = 2.00
=====Gc = 4.00
+ Ge = 6.00 ||
====Gc = 8.00
s
05 | 0.5 b
0 . . . . . . . 0 . . . . . . .
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
y y

M =1.00
M =5.00 ]
M =10.0
M=1501]

Appendix:
al = wv az = — 1+4M! 6(3 = ZGT ,6(4 = ZL’ 6(5 = _[1 + (Z3 + (Z4_]
2 2 B2(BZ+ B2—M) Vit v2—M
_ —Grfg _ —Grf3 _ —Grf,
U = 32 p-u' Y7 T Gayzt @ap-m’ ¥ T @pprr 2pp-m
o = -Grfs p _ —Grfe P _ —-Grf;
9T @+ @r)-M 10T (@824 (@a+B)-M L T (12 +B2)2+(r2+B2)-M’

—-Grfg

A1y = , Q13 = —|Ag +a; +ag + ag + a9 + a1 + a5,
12 = (orap)2+(rpray)—m' H13 [ae 7 T Qg o+ ayo + iy + ag,]
1+ 1+4(iT"’+M) —1- 1+4(iT"’+M)
Q= ——5 Qs =
e = —GrPis Con = —GrP12
16 — i y B17 = - ,
B+ 311—(¥+M) (a2+a15)2+(a2+a15)—(¥+M)
Ao = —Grpas o = —GrP1a
18 — i y Y19 — i ’
(ﬁ2+¢115)2+(ﬁ2+“15)—(%+1‘4) (y2+a15)2+(y2+a15)—(¥+M)
Az = —[ay6 + ar7 + agg + ay0],
B, = —Pr+y/Pr2+4(-Q) B, = —Pr—y/Pr2+4(-Q) B, = —2PrEc(ayas)?
1= 2 P2 2 TP T Qa)2+Pr(2a)+Q’
B, = —2PrEc(Bya3)? B = —2PrEc(yaay)? B = —4PrEcasazasfy
T @B HPT(2B)+Q T T 212 +Pr(2y)+Q T8 T (ap+ )2 +Praa+h2)+Q
B _ —4PTECfy2a30, ﬁ _ —4PTECcayY, 405
7T (Baty)2+Pr(Baty)+Q' T8 T (agtyn)2+Pr(az+y2)+Q’
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Bo = ;—21 [2a,65 + 2,5 + 2y,B8s + (az + B2)Bs + (B2 + v2)B7 + (az + v2)Bs]

—Pr+ Pr2+4-(iTwPr—Q) —pr- Pr2+4-(iTwPr—Q)
Bro = =

2 ’ 1311 - 2 ’
ﬁ _ 2PrEcasasays ﬁ _ 2PrEcfrazaqs
12 — iw ' P13 — iw
(052+0515)2+PT(¢¥2+0¢15)—(TPT—Q) (Bz+“15)2+P‘f(Bz+0515)—(TPT—Q)
_ 2PTECy;a4Qq5
ﬁ14 -

i ’
(r2+a15)2+Pr(y, +a15)—(%Pr—Q)

Bis = !;_111 [Br2(az + ays) + B13(Br + ays) + Bra(yz + aq5)]

- 24 4(t9_
—Sc++/Sc?+4KrSc _ —Sc—/Sc?+4KrSc _ Sc+ [Se +4(4 KT)SC
- 2 ) )/3 - 2 )

V1= 2 v Y2

-Sc— Scz+4-(iTw— Kr)Sc

2
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