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ABSTRACT

An analysis is performed to study the unsteady two dimensional MHD free convective oscillatory Riviin-Ericksen
fluid flow of an eectrically conducting, incompressible visco-elastic fluid past an infinite vertical porous plate
embedded in a porous medium, through which suction occurs with constant velocity and taking into account the
effects of both chemical reaction and heat source. A uniform magnetic field is assumed to be applied transversely to
the direction of the free stream in the presence of induced magnetic field. The governing eguations describing the
problem are solved by using the perturbation method. Numerical results for the velocity, temperature and
concentration distributions as well as skin friction are obtained and reported in tabular form as well as graphically
for several values of pertinent parameters which are of physical and engineering interest. The numerical results of
the skin friction of visco-elastic fluid are compared with the corresponding flow problems for an ordinary fluid.
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INTRODUCTION

The influence of magnetic field on viscous inconggible flow of an electrically conducting fluid has
importance in many applications such as extrusfgulastics in the manufacture of rayon and nylamjfication of
crude oil, pulp, paper industry, textile industndan different geophysical cases etc. In many ggedndustries, the
cooling of threads or sheets of some polymer nmealteis of importance in the production line. Theeraf cooling
can be controlled effectively to achieve final puots of desired characteristics by drawing threads, in the
presence of an electrically conducting fluid subjeca magnetic field.

MHD plays an important role in agriculture, petiale industries, geophysics and in astrophysics. tapo
applications are in the study of geological formias, 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 motbf earth’s core. Also it has applications in fiedd of stellar
and planetary magnetospheres, aeronautics, cheerigaleering and electronics. In the field of pogeneration,
MHD is receiving considerable attention due to plussibilities it offers for much higher thermalieincies in
power plants.
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In most of the investigations of elastico-viscousidls, the flow has been considered slow and paterme
characterizing the elastic properties of the floa/e been assumed small. In fact the increase emszgf non-
Newtonian fluids such as the molten plastics, pulpsulsions, aqueous solutions of polyacrylamid and
polyisobutylene etc., as important raw materiald elmemical products in a large variety of industpicesses has
stimulated a considerable attention in recent y&atbe study of non-Newtonian fluids and theiatell transport
processes. General stress-strain relations aressqat by highly complicated non-linear differendglations; to
work out solutions for such a class of fluids e¥enslow flows is not an easy task. The stressrstvalocity
relations of classical hydrodynamics and the Rhgiold behavior of the non-Newtonian liquids havemstudied

by Rivlin [1] and Rivlin-Ericksen [2].

Jonah Philliph et al. [17] studied the effectstafrimal radiation and MHD on the unsteady free cotiwe and mass
transform flow past an exponentially acceleratediced plate with variable temperature. Gireesh kurat al. [13]
discussed the effects of chemical reaction on igabh$MHD convection flow past a vertical surfacelbetded in a
porous medium with oscillating temperature. HemaRthonia and Chaudhary [15] analyzed the MHD free
convection and mass transfer flow over an infinigetical porous plate with viscous dissipation.igirkumar et al.
[14] examined the mass transfer effects on MHD #iaxponentially accelerated vertical plate in thespnce of
chemical reaction through porous media.

The study of convective fluid flow with mass tragisélong a vertical porous plate in the presenaeagnetic field
and internal heat generation receiving consideratitntion due to its useful applications in diéfet branches of
science and technology such as cosmical and geiosphyscience, fire engineering, combustion modelgtg.

Vajravelu [25] studied natural convection flow ajpm heated semi-infinite vertical plate with intgrrheat
generation.

Chamkha [7] discussed unsteady MHD convective hadt mass transfer past a semi-infinite verticahsable
moving plate with heat generation. Ahmed [4] lookied effects of unsteady free convective MHD fldwough a
porous medium bounded by an infinite vertical parplate. Sharma and Singh [22] discussed the uhstd&lD
free convective flow and heat transfer along aie@tporous plate with variable suction and intérheat
generation. Sharma et al. [21] analyzed the heditnaass transfer effects on unsteady MHD free cdiweflow
along a vertical porous plate with internal heategation and variable suction. Soundalgekar [28¢$tigated the
unsteady free convection flow along vertical porplae with different boundary conditions and vissalissipation
effect.

Convection in porous medium has important applicetiin many areas including thermal energy storége;
through filtering devices, utilization of geotherneaergy, oil extraction, high performance insuatfor buildings,
paper industry etc. Hence combined study may gimmes vital information which will surely be helpfih
developing other relevant areas. Kishore et al} ftalyzed the effects of thermal radiation andis dissipation
on MHD heat and mass diffusion flow past an odtiltavertical plate embedded in a porous mediunh wétriable
surface conditions. Israel — Cookey et al. [16H&d the influence of viscous dissipation and réaiiaon unsteady
MHD free convection flow past an infinite heatedtigal plate in a porous medium with time dependaiution.

Chaudhary and Arpita Jain [9] discussed the MHDX hed mass diffusion flow by natural convectiontasurface
embedded in a porous medium. Seethamahalakshrhi [@0h examined the effects of the chemical reacton
radiation absorption on an unsteady MHD convectieat and mass transfer flow fast a semi-infinitetical
moving in a porous medium with heat source andi@ucAbdel-Nasser Osman et al. [3] investigatedahalytical
solution of thermal radiation and chemical reactffects on unsteady MHD convection through pormeslium
with heat source/sink. Chamkha and Khaled [7] labkiee effects of hydromagnetic combined heat andsma
transfer by natural convection from a permeabléaserembedded in fluid saturated porous medium.

Mass diffusion rates can changed tremendously wlighmical reactions. In majority cases, a chemieattion
depends on the concentration the concentratioheo§pecies itself. A reaction is said to be firsten, if the rate of
reaction is directly proportional to the concerntmatitself [Cussler [10]]. A few representative aseof interest in
which heat and mass transfer combined along wigmiteal reaction play an important role in chemicalustries
like in food processing and polymer production.

31
Pelagia Research Library



Satya Sagar Saxenaet al Der Chemica Sinica, 2014, 5(4):30-45

Chambre and Young [6] have analyzed a first ortiermdcal reaction in the neighborhood of a horizbplate. Das
et al. [11, 12] have studied the effect of homogeisefirst order chemical reaction on the flow pastimpulsively
started vertical plate with uniform heat flux andsa transfer. Again, they are also discussed tles mmansfer
effects on moving isothermal infinite vertical @ain the presence of chemical reaction. The dinoatesss
governing equations were solved by the usual La&plansform technique. Sudheer Babu et al. [24]ehav
examined the radiation and chemical reaction effect an unsteady MHD convection flow past a velrtisaving
porous plate embedded in a porous medium with usdissipation. Muthucumaraswamy and Kulaivel [[b®ked
the chemical reaction effects on moving infinitetioal plate with uniform heat flux and variable ssadiffusion.
Sreekanth et. al. [26] has studied the hydromagnetsteady Hele-Shaw flow of a visco-elastic RiHiricksen
fluid through porous media. Heat and mass trarisfdMHD visco-elastic fluid flow via a porous mediuaver
stretching sheet with chemical reaction were arylzy Alharbi et. al.[27]. Recently, Sreelathaatt.[28] studied
the chemical reaction effects on MHD free convextigcillatory flow past a porous plate in a pormeslium with
heat source.

The main objective of the present analysis is tadtthe unsteady two-dimensional MHD free convextiv
oscillatory Rivlin-Ericksen fluid flow of an eledtally conducting incompressible visco-elastic dlgiast an infinite
vertical porous plate embedded in a porous medinnuhich suction occurs with constant velocity arfiemical
reaction in the presence of a heat source. Thetieqaaof continuity, momentum, energy and diffusi@hich
govern the flow field are solved to the best pdes@wlution. The effects of various governing pagtars on the
velocity, temperature and concentration are presiegtaphically. The values of skin friction coeiffiet for both
viscous as well as visco-elastic fluid are tabulatehe present investigations can be utilized basis for studying
more complex systems that arise in engineeringrahaktrial application.

MATERIALSAND METHODS

We consider the unsteady two-dimensional MHD freavective oscillatory flow of an electrically corating
incompressible visco-elastic fluid past an infinitertical porous plate embedded in a porous medihnough
which suction occurs with constant velocity andratoal reaction in the presence of a heat source xThaxis is
along the plate in the upward direction and ghe axis is normal to it. A uniform magnetic field applied in the
direction perpendicular to the plate. Reynolds neimb much less than unity and the induced magriietid is
negligible in comparison with the applied magndtd. It is also assumed that all the fluid prdjes are constant
except that of the influence of the density vaoiatwith temperature and concentration in the bamged term
(Boussinesq's approximation). There is a chemieattion between the diffusing species and the flliie foreign
mass present in the flow is assumed to be a loal Eavd hence Soret and Dafour effects are negéigibhder these
assumptions, the governing equations of the fl@hdfare:

Continuity equation
o'

= (1)
Momentum equation
p(%+v’3—1;:)=—%—pgx,+vp(1+/116%)%—035u’—p%u’ (2)
Energy equation ,

’ ' 2m r Y ’ '
otV T gt Gy) g T Q
Diffusion equation
Z—S+u'g—;=0$—m'(c'—cg) 4)

whereu' andv’ are the components of the velocity parallel anghgedicular to the plate, - the permeability of the
porous medium ank} is the visco-elastic coefficient.
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The boundary conditions are

ar' ot L

a—y,——;,C—CW at y—O (5)
u -U = U0(1+£ei“”t’), T - T, C' - C, asy - o

u' =0,v = —v,,

wherev is the constant suction velocity and negative sénglicates that it is towards the plate. Her<<1) - a
constant quantity.

For the free stream, equation (2) becomes

O = 2 PG — OBIU = pL U (6)
with the help of equation (6), equation (2) becomes
p(%+ v au) o+ 9P = P) +vp (1 +/’11%)%1§— (033 + p%) W -U") ()
The state equation is
9x' (P = P) = g pB(T" = Ts) + g1pB*(C" = C&) )
From equations (7) and (8), we have
v S G B = T2) + g (€ = C) +v (142 2) 25— (D) ' - 01 9)

From equation (1)-

v =—-v, (v,>0) (20)
With the heIp of equation (10), equations (9),4B8Y (4) can be written as-
ou’ ou' _ a%u’ oBZ | V' , ,
Vo e = T4 GBI = To) + g (€ = Co) +v (14 A 35) 5 — (B2 4+ ) (' — U (12)
aT’ ar ok 9*T | v (ouN% |, Q' .. .
o " Yoy = peyar? a(a—y,) +E(T—Too) (12)
ac' o
B w e =DK€~ C) (13)
\
Using the transformations
_ ¥ t'vg _u _ 4o’ _ TI-T _ C1—C
Y= v t_4v'u U= Uo'w_vg 'T_(vq’/kvo)' C—C°’°'>
_gypviq’ _ Vgx'ﬁ (Ch—Cs) _ pvip _ kU¢v _ oBgv
Gr = o c= T Pr = — Ec = vod M= 7 (14)
_ v KV oV ¥
Q_kvg'KT w2 SC— k_vg A= 4v J

Using the non-dimensional quantities (14) equestiﬁrl) (12) and (13) reduce to-

10u ou 1dU
ZE—$=ZE+G7’T+GCC+(1+A ) -N@u -U) (15)

10T T 82T ouw\?

PT(ZE—E)—W-FPTEC(@) +QT (16)
19c acC a%c

Sc (15—5) —W—KTSCC (17)

whereN = M +% andX is the visco-elastic parameter.

With boundary conditions
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arT

—=-1,C=1 at =0

o | Y (18)
u-Ult)=1+¢c'*, T>0, >0 asy-owx

u=20,

SOLUTION

Equations (15) — (17) are coupled, non-linear phdifferential equations and these cannot be solaeclosed
form. However, these equations can be reduced det @f ordinary differential equations, which cam $olved
analytically. This can be done by representing tketocity, temperature and concentration of thedflin the
neighborhood of the plate as:

ul, t) =u(y) + gefwful(y) o (19)
T(y, t) = To(y) + ge‘.‘“tTl(y) o e (20)
Cy, t) = Co(y) + €€ WLC () 4 orvovvreveeunns 1)

Substituting equations (19)-(21) in equations (1)}, we obtain the following system of differehéguations-

d?uy | dug

dy2 + E - Nuo [GTTO + GCCO + N] (22)
d?u, duq iw _ iw
(1 + idw) S +—y—(4+N)u = |2+ 6rTy + GeCy + N| (23)
2
@ e Pr ﬂ + QT, = —PrEc (““") (24)
d Tl dTl = _ dug)) (dug
e+ Prit (Q —2pr)T, = —2PrEc( p ) ( g ) (25)
d?c, dCO
&? + —KrScCy =0 (26)
d?c dC
T Scit-sc (——Kr)Cl—O (27)
The corresponding boundary conditions are-
- - ah _ 1 4L _ - - -
U =0u; =0, 2=-1 =0 G=10=0 at y—O} (28)
u->1L,u,-1,7,-0T,-0, (-0, C >0 as y > ©

In order to solve the system of differential eqoiasi (22)-(27), we put-
U () = up1 () + Ecug,(y) } (29)
To(y) = Tor(¥) + EcTp, ()

and
u (y) = u1(y) + Ecuy, ()
T,(y) = T (y) + EcTi,(y) } (30)

Using equations (29) and (30) in equations (22)-&%l equating the coefficients BE® andEc?, we obtain

2
d“ugq dugq

02 o Nuy; = —[GrTy, + GcCyy + N1 (31)
% w - Nuoz = _[GTTOZ + GCCOZ] (32)
t;lyz dy
—ddy“;l +Pr ‘”‘“ +QTp =0
(33)
d? d*Toy dToz dugr)?
T+ Pri 4 QT = —PrEc( p ) (34)
d U-11 duqy _ ﬁ
(1 + idw) Lk o e ( + N) Wy = + GrTy, + GeCyy + N] (35)
(1 +idw) 22 g 4 d;‘;z — (24 N)uy, = =[6rTy; + GeCy] (36)
ddyTgl +Pr ‘”“ +(@-2Pr)Ty =0 (37)
0 4 pr “T“ +(Q—%2Pr) Ty, = —2PrEc (52) (52) (38)
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The corresponding boundary conditions (28) becomes-

Upr = 0,ug; = 0,147 = 0,14, =0, A

dlyy _ 4 dlyy _ o dTu _ o dTiz _ _

W_ 1; dy _O! dy 0! dy O; at y— O
C0=1, C1=O >

Ups = Liugy 2 0,uyy = Luy, » 0,

To1 0, Ty, > 0,T;; 20, T, >0,{ as y— o (39)
C,—0,C -0 J

Solving the differential equations (26), (27), (88), using boundary conditions (39), we get
Uy, = 1+ aze?y + a e + age®?? (40)

Uy = a6€b2y + a762‘12y + a832b2y + agezczy + aloe(a2+b2)y + alle(bz"'cz)y + alze(cz"'az)y + a,;e%Y

(41)
Uy =1 —e%1sY (42)
Uy, = ap6eP11Y + a17e(az+a1s)y + alse(b2+a1s)y + alge(cﬁal&‘)y + ayoe®sy (43)
To1 = _iebzy (44)
Top = b3e2%2Y + b,e?P2Y + be?2Y + hge(@2h2)Y 4 p b2+ 4 poe(c2a2)y 4 p eb2y (45)
Ty, =0 (46)
Ty, = bype(@2*a1s)Y 4 p e2ta1s)y 4 ] o(C24a15)y 4 p gb11y (47)
Co = e (48)
;=0 (49)

With the help of (40)-(47), the equations (29) éBd) becomes
Uy = [1+ azel?? + a,e®? + ase?2”]
+Ec[ageP?” + a;e?927 + age?b2Y + aqe??Y + a,oe(@2¥02)Y 4 q eb2+e2)Y 4 g, e(21a2)Y 4 g, 092V

(50)
Ty = [—iebzy] + Ec[bse?®2Y + bye?b2Y + bge?®2Y + e @2t02)Y 4 peba¥c2)y 4 pelataz)y 4 poebaY| (51)
u = [1—eus¥] + Ec[a16eb11y + a17e(a2+a15)y + alge(b2+a15)y + alge(C2+a15)y + azoeals}’] (52)
T, = EC[blze(a2+a15)y + b13e(b2+a15)y + b14e(C2+als)y + b156b113’] (53)

Finally, using (48)-(53) in equations (19)-(21)e trelocity, temperature and concentration fieldsas follows-
u(y) = [{1 + aze’? + a e + ase®?’}
+Ec{aseb?” + a,e?%2Y + age?P2Y + age??Y + a ge @2tV 4 g eb2t2)Y + g, e(2@Y 4 g %2V} |
+e(coswt + isinwt)[1 — e®5Y + Ec{a;qeP11Y + a,,e(@2 @150 4 g geP2ta15)Y 4 g ge(2tars)y 4

a206a153’} ] (54)
T(y) = [_bl_zebzy + EC{b362a2y + b492b23’ + bseZCzy + b6€(a2+b2)y + b7e(b2+52)y + bse(cz‘*'az)y + bgebZY}]
+e(coswt + isinwt)[Ec{b,,e(@2t415)Y 4 p jeb2+13)y 4 p e(c2¥013)Y 4 p gP127} | (55)
C(y) = e (56)
The skin friction at the wall of the plate is given
)
T= (i)y:O = [{asb, + asc; + asay}

+Ec{agh, + 2a,a, + 2agb, + 2aqc, + a;o(a, + by) + a1 (b, + ¢;) + ay5(c, + a,) + a3a,} |
+e(coswt + isinwt)[—a;s + Ec{aighy; + ai7(az + ags) + agg(b, + ags) + age(cy + ays) + azoass} |

RESULTSAND DISCUSSION

In the preceding sections, the problem of an udst&HD free convective oscillatory Rivlin-Erickséluid flow of
a visco-elastic, incompressible, electrically costthg and chemically reacting fluid past an infnitertical porous
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plate in a porous medium with heat source was ftated and solved by perturbation method. The apprate
solutions were obtained for velocity, temperatund aoncentration field in addition to skin frictimoefficient. To
illustrate the behavior of these physical quardgjtieumeric values were computed with respect tovétiations in
the governing parameters viz., chemical reactiaampater Kr), visco-elastic parametet)( heat source parameter
(Q), Prandtl numberRr), Eckert number Ec), Schmidt numberst), Grashof numberGr and Gc), magnetic
parameterl{) and permeability parameter (k).

1.6 1 Gr=5, Ge=2
[Ec=0.001
14 A Pr=0.71
=0.2,
Q=0.05,
1.2 1 J=1K=0.1,
M=1, =1t
1 4 =1,¢=0.01
308
0.
0.6 +
—Kr=0.2
0.4 + Kr=1.0
—Kr=2.0
0.2 + e Kr=5.0
0 =+ T T T T ]
0 1 2 3 4 5
-y

Fig. 1(a): Velocity profilesfor different values of Kr

Figs. 1(a) and 1(b) illustrate the effect of cheahieaction parametétr on velocity and concentration distributions.
From Fig. 1(a), it is clear that the velocity ae thtart of the boundary layer increases slowlyititttains the
maximum value, after that velocity decreaseyg m&reases and this trend is seen for all the gadd&r. Also asKr
increases, the velocity increases. Fig. 1(b) shbatsan increasinir results in decreasing concentration of species
in the boundary layer. This is due to the fact hedtructive chemical reduces the solutal bountldickness and
increases the mass transfer.

The effect of heat source paramefeion the velocity and temperature is shown in FR{g) and 2(b). Fig. 2(a)
indicates that when heat is generated, the buoytancg increase which induces the flow rate toeéase giving rise
to the increase in the velocity profiles. Also fréiig. 2(b), it is seen that whe&pincreases, the temperaturealso
increases.

The influence of magnetic parametdron the velocity is displayed in Fig. 3. It is sebat the existence of the
magnetic field reduces the velocity which shows tha velocity decreases in the presence of magfietd, as
compared to its absence. The application of a vease magnetic field to an electrically conductiluid gives rise
to a resistive type of force called Lorentz forédis force has the tendency to slow down the flTidis trend is
apparent in Fig. 3.
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1.2
11 =0.2
0.8 +
—Kr=0.2
@)
’I‘O'6 b —Kr=1.0
—Kr=2.0
0.4 ——Kr=5.0
0.2 -
O T T T T |
0 1 2 3 4 5
2y
Fig. 1(b): Concentration profilesfor different values of Kr
16 1 Gr=5, Ge=2
,ECc=0.001
1.4 4 Pr=0.71,
17 - S=0.2,
Kr=0.2,A=
1K=0.1,
19 M=1, »=1,
S
. t=1,=0.01
4‘0.8
0.6 +
—Q=-
0.05
04 " on
02 4 —Q=0.05
O L] Ll L] L]
0 1 2 3 4 5
2y

Fig. 2(a): Velocity profilesfor different valuesof Q
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23 1 Gr=5, Ge=
2,Ec=0.001
, Pr=0.71
2
=0.2,
Kr=0.2,A=
1K=0.1,
1.5 +
M=1,w=1,
|_
(N t=1, £=0.0
1 - 1
—Q=-0.05
——Q=0
0.5 + ——0Q=0.05
—Q=0.1
0 " =
0 2 3 4 5
-y
Fig. 2(b): Temperature profilesfor different values of Q
14 7 Gr=5, Ge=
2,Ec=0.001
1.2 o , Pr=0.7]
=0.2,
1 Q=0.05,1=
1K=0.1,
08 1 Kr=0.2p=
> 1t=1,=0.
3 01
0.6 4
—M=0
0.4 +
—M=2
0.2 +
0 n L] L] L] L}
2 3 4 5
-y

Fig.3: Velacity profilesfor different valuesof M

Pelagia Research Library

38



Satya Sagar Saxena et al Der Chemica Sinica, 2014, 5(4): 30-45

® Gr=5, Ge=2
,Kr=0.2,
Pr=0.71
5
=0.2,
Q=0.05,1=
4 1K=0.1,
M=1,w=1,
> 3 .
T t=1,6=0.01
5 . Ec=0.001
Ec=0.5
Ec=0.8
1
Ec=1.0
0
0 1 2 3 4 5
-y
Fig.4: Velocity profilesfor different values of Ec
2 . — —
Gr=5,Gc=2
Lg | [Ec=0.001
16 Pr=0.71,
=0.2,
14 Q=0.05,4=1
,Kr=0.2,
1.2 - M=1,0=1,
t=1,¢=0.01
> 1
" /
0.8 +
0.6 +
—K=0.01
0.4 + —K=0.1
—K=0.5
0.2 +
—K=1.0
0 + T
1 2 3 4 5
-y

Fig.5: Velocity profilesfor different values of K
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161 Gr=5, Ge=2
,ECc=0.001
1.4 +o
Pr=0.7],
17 Kr=0.2,
Q=0.05,=
1K=0.1,M
1 - =lw=1,t=1
, ¢=0.01
308 b
20
0.6 +
—5c¢=0.2
0.4 +
—5¢=0.5
0.2 + —5¢=0.75
Sc=1.0
0 L] L] L] L] L] L}
0 1 2 3 4 5
2y
Fig. 6(a): Velocity profilesfor different values of Sc
1.2 -
14 Kr=0.2
0.8 +
O Sc=0.2
¢0.6 b —5¢=0.5
—5c¢=0.75
0.4 + Sc=1.0
0.2 +
O L] Ll L]
0 1 2 3 4 5
-y

Fig. 6(b): Concentration profilesfor different values of Sc
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16 1 Kr=0.2Gc=
2,Ec=0.001
1.4 -
Pr=0.7],
1.2 4 =0.2,
Q=0.05,1=1
,K=0.1,M=1
1 =1 1t=1,
¢=0.01
308 L
20
0.6 o
0.4 A —Gr=>
—Gr=0
0.2 4 —Gr=5
—Gr=7
0 L] Ll L] L}
0 2 3 4 5
-y
Fig. 7(a): Velocity profilesfor different values of Gr
18 1 Gr=5Kr=0.
2,Ec=0.001
1.6 +
Pr=0.7],
1.4 4 =0.2,
Q=0.05,1=1
12 1 K=0.1,M=1
ow=1,t=1,
1 ¢=0.01
S
(N
0.8 o
0.6 o
0.4 + Gc=-2
Gc=0
0.2 o Ge=2
0 4 i Gc=3
0 2 3 4 5
-y

Fig. 7(b): Velocity profilesfor different valuesof Ge
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1.8 1 Gr=5, Gc=
2,Ec=0.00
1.6 1,0=0.05
1.4 - S=0.2,
Kr=0.2,A=
1.2 o 1,K=0.1,
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Fig.8: Temperatureprofilesfor different valuesof Pr

The effect of Eckert numbéfc on the velocity is shown in Fig. 4. It is obviotlmat the velocity increases as the
Eckert number increases.

Fig. 5 demonstrates the velocity profiles for vagovalues of permeability parametér It is clear that a¥
increases, the peak value of velocity across thendhary layer tends to increase rapidly near walthef porous
plate.

Figs. 6(a) and 6(b) are plotted to illustrate tifea of Schmidt numbegc on the velocity and concentration. It is
found that the velocity of the fluid increasesSasncreases while reverse trend is seen in theesdration profiles.
The velocity profiles for different values of theahGrashof numbe®r and mass Grashof numb®&c are described
in Figs. 7(a) and 7(b). From Fig. 7(a), it is séeat an increase iGr leads to a rise in the values of velocity. Here
the positive values oBr correspond to cooling of the plate. Furthermdtrés observed that the velocity increases
rapidly near wall of the plate &r increases. From Fig. 7(b), it is observed thainanease irGc leads to a fall in
the values of the velocity.

Fig. 8 reveals the influence of Prandtl numBepn the temperature distribution. It is observaat &ain increase iAr
results in a decrease of the thermal boundary Hyekness and in general lower average temperatitteén the
boundary layer. The reason is that smaller valdid% are equivalent to increase in the thermal conditictof the
fluid and therefore heat is able to diffuse awayfithe heated surface more rapidly for higher \abfér.

Finally, we have prepared a table to display theemical values of skin friction for visco-elastis well as viscous
fluid for several values of flow and material pasters. General trend shows that the skin frict®alightly more
for ordinary fluid as compared with the visco-eladiuid. The results also reveal that the skietidn is more in the
presence of magnetic field as compared to its aesdrurthermore, skin friction increases witam Sc, Kr andQ
increase and decreases wi@m Pr andK increases.
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Table 1. values of Skin friction

For fixed w=1,t=1,¢=0.01,Ec=0.001
Gec | Pr Sc | M [ Kr | K Q rath=1 7 athA=0

Gr

5 2 | 071] 02| 1| 0.4 0.1 0.0b 5.527884658 5.537904353
7 2 | 071] 0.2 1| 0.4 01 0.0b 6.437823467 6.447843181
5 3 ]1071]102]1]02]0.1]0.08]5.21319295 | 5.22321264

5 2 70| 02| 1| 0.2 0.1 0.0p 3.325663878 3.335683562
5 2|1 071 05 1| 04 01 0.0b 558701494 5.597034634
5 2 | 071] 02| 0| 0.4 0.1 0.0b 5.446559632 5.456244969
5 2] 071 02| 1| 14 01 0.0 5571163186 5.58118288
5 2| 071 02| 1| 0.4 0% 0.0 5.18936476 5.196022419
5 2

0711 02]1]02]01] 01 | 6.12625544 | 6.13627514

CONCLUSION

In this paper, an analysis has been carried ostudy the MHD free convective oscillatory Rivliniélsen fluid
flow past a porous plate embedded in a porous mediuthe presence of heat source with chemicalticac
Analytical and numerical solutions are obtainedvelocity, temperature, concentration and skirtisic The effect
of several parameters controlling the velocity, gemature and concentration profiles are shown dgeafiy and
discussed briefly. Some of the important findinf®or analysis obtained by the graphical represiemare listed
below.

1. The effect of increasing chemical reaction parameteheat source parameter or Eckert nhumber or #thm
number or Grashof number is to accelerate the itglo€the flow field.

2. A growing magnetic parameter or mass Grashof numdiards the velocity of the flow field.

3. A growing Prandtl number decreases the temperafute flow field.

4. Concentration of the flow field decreases if cheahfeaction parameter or Schmidt number increases.

5. The skin friction is slightly more for viscous ftlas compared with the visco-elastic fluid.

NOMENCLATURE

Cc - dimensionless concentration, [-]

c - concentration, [met™|

Cy - Species concentration at the plate, jid)
Co - Species concentration far away from the patejm |
c» - specific heat at constant pressure, f8kg
D - Chemical diffusivity, [rfs?]

Ec - Eckert number, [-]

I - Acceleration due to gravity, [Mfs

Gc - modified Grashof number, [-]

Gr - Grashof number, [-]

Bo - applied magnetic field, [-]

k - permeability parameter, [-]

K - thermal conductivity, [WAHK™]

Pr - Prandtl number, [-]

p - pressure, [kgits?]

q - heat flux at the plate, [Wfh

Q' - coefficient of heat source, [-]

Q - heat source parameter, [-]

S - Schmidt number, [-]

Kr' - chemical reaction, [-]

T - Dimensionless fluid temperature, [-]

T - fluid temperature, [K]

T, - Temperature of the fluid far away from thete)dK]
t - Dimensionless time, [-]

t - the time, [s]

Uo - mean free stream velocity, [fjs

u - dimensionless velocity of the fluid it direction, [-]
u - velocity of the fluid inc- direction, [mg]
v’ - velocity of the fluid iny’- direction, [-]

Vo - suction velocity, [m§

x' - co-ordinate axis along the plate, [-]

y' - co-ordinate axis normal to the plate, [-]
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GREEK SYMBOLS

a absorption coefficient, [
B coefficient of thermal expansion, fK
B* Coefficient of concentration expansion, [(m3)i
v Kinematic viscosity, [fs}]
p fluid density, [kgrii]
o* Stefan — Boltzmann constant, [Vii]
w dimensionless frequency of vibration of thed] [-]
[y frequency of vibration of the fluid, [rads
APPENDI X
1 1 Gr Gc
N=M+,,a;=-[-1+VI+4N],a, _—[ 1-VI+4N], a3 =+ Tl T T
_ _ —GTbg _ —Grbs —Grby —Grbs
as = —[1+as+al, a5 = b2+b,-N a7 = (2a5)%+2a,—-N A = (2by)2+2b,—N 1G9 = (2¢3)2+2c,—N
a _ —Grbg a _ —Grb; a _ —Grbg
107 (ap4by)2+(az+b2)=N 11 T (by+cp)2+(bytc)=N 12 T (cptazn)?+(cptaz)-N
1 . i
a3 = —[ag +a; + ag+ ag + a0+ ay +agl,a, = m[—l +J1 +4(1 +L)1w)(7w+N)] ,

-1 . iw —Grb
s =——|1+ [1+4(1+ilw (—+N) S =——————
157 2(1+idw) [ \/ ( G 167 (1+irw)b? +by ~(124N)
—Grbya —Grbas
- W yA1g = —— W ,
(1+M¢u)(a2+a15)2+(a2+a15)—(—+N) (1+M“))(b2+a15)2+<b2+a15)_(T+N)
—Grbys

A7 =

A9 = K , 820 = —(A16 + Q17 + A1 + A10) ,

(1+idw)(cz+ass)?+(c2+ass)— (—+N
—2PrEc(azas)? —2PrEc(byaz)?

by =2[-Pr+Pr=4Q|,b, = 1[-Pr - JPrz = 4Q| b, = by =

175 192 =3 Q|.bs (2a)24Pr(2a)+Q % T (2b)2+Pr(2b)+Q

be = —2PrEc(cya4)? _ —4PrEcajazasb, _ —4PrEcazasbacy _ —4PrEcaa,asc;

5 T @202 4Pr(2c)4Q 0 T (agth)24+Pr(agth)+Q 7 T (batc)24Pr(bytc)+Q U8 T (catag)2+Pr(cata)+Q

by == 5 [2a5b5 + 2b;bs + 2,b5 + be(as + by) + by (by + ¢) + by(c; + )],

by == [ —Pr+ /Pr2+4 “pr_q ] by == [Pr— /Pr2+4 2pr—Q ]

2PrEcazasass 2PrEcaza;sh; 2PrEcasa;5c;

blZ 13 14—

(az+a15)2+P‘r‘(az+a15) (—Pr Q) (bz+a15)2+Pr(bz+ass)- (—Pr Q)
bys = b [b12(a2 +ays) + bis(by, +as) + bia(e; + ass)l,

= %[—Sc +VSc? + 4KrSc] ,Cp = ;[—Sc —VSc? + 4KrSc]

(ca+ars)2+Pricotars)—(2pr—q)’

REFERENCES

[1] Rivlin RS, Proc. Royal Soc., 1948, 193A, 260.

[2] Rivlin RS, Ericksen JLJ. Rat. Mech. Anal ., 1955, 4, 323.

[3] Abdel-Nasser A, Osman Abo-Dahad SM, Mohamed RKsthematical Problems in Engineering, 2011, Vol.
2011, 1.

[4] Ahmed S Bull. Cal. Math. Soc., 2007, 90, 507.

[5] Jha Basanth Kumar, Ravindra Pradddchanics Research Communications, 1990, 17, 143.

[6] Chambre PL, Young JOhe Physics of fluids, 1958, 1, 48.

[7] Chamkha AJ, Khaled ARnternational Journal of Numerical methods for Heat and fluid flow, 2000, 10(5), 455.
[8] Chamkha AJint. J. ci. Engg., 2010, 13(4), 359.

[9] Chaudhary RC, Jain Arpitdheoretical Applied Mechanics, 2009, 36(1), 1.

[10] Cussler ELDiffusion masstransfer in fluid systems, Cambridge University Press, 1988.

[11]Das UN, Deka RK, Soundalgekar VIMoushing im-ingenicurwesen, 1994, 60, 284.

[12]Das UN, Deka RK, Soundalgekar VNWhe Bulletin GUMA, 1999, 5, 13.

[13]Gireesh Kumar J, Ramkrishna S, SivaiahWtra Scientist, 2009, 21(3) M, 889.

[14]Gireesh Kumar J, Kishore PM, RamkrishnaA8yances in Applied Science Research, 2012, 3(4), 2134.
[15]Hemanth Poonia, Chaudhary RIBeoretical Applied Mechanics, 2010, 37(4), 263.
[16]IsraetCookey C. Ogulu A, Omubo-Pepple VB. J. Heat Mass transfer, 2003, 46 (13), 2305.
[17]Jonah Philliph K, Rajesh V, Vijay Kumar Varmal§t. J. of Mathematical Archive, 2012, 3(4), 1392.
[18]Kishore PM, Rajesh V, Vijay Kumar Varma Beoretical Applied Mechanics, 2012, 39(2), 99.
[19]Muthucumaraswamy R, Kulaivel Foushing im-ingenicurwesen, 2003, 68, 101.

[20] Seethamahalakshmi Ramana Reddy GV, Prasad BD@IR Journal of Engineering, 2011, 1(1), 028.
[21] Sharma PR, Dadkeech IK, Gurminder Sinigi, Journal of Math. Archive, 2012, 3(5), 2163.

[22] Sharma PR, Singh Gnt. J. Appl. Math. and Mech., 2008, 4, 1.

44
Pelagia Research Library



Satya Sagar Saxenaet al Der Chemica Sinica, 2014, 5(4):30-45

[23] Soundalgekar VMInt. J. Heat Mass Transfer, 1971, 15, 1253.

[24]Sudheer Babu M, Satya Narayana PV, Sankar Reddymiamaheswara Reddy Bdv. in Appl. Sci. Res.,
2011, 2(5), 226.

[25] Vajravelu K,Acta Mech., 1979, 34, 153.

[26]Sreekanth S, Saravana R, Venkataramana S, HemedliliyAR ,Adv. in Appl. Sc. Res., 2011, 2(3), 246.
[27]Alharbi Saleh M, Bazid Mohamed AA, El Gendy Mahmdsidh\pplied Mathematics, 2010, 1, 446.

[28] Sreelatha K, Rami Reddy B, Girish Kumatrit, J. Math. Arch., 2013, 4(2), 184.

45
Pelagia Research Library



