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Abstract Effects of chemical reaction on MHi2at and mass transfer flow of a viscous
incompressible and electrically conducting fluid through a rwemogeneousporous
medium in the presence of heat source oscillatory suction velocity has been studied. The
governing equations are solved by a simple perturbation technique. The results are
obtained for primary velocity, secondary velocity, temperature distributionass
concentration, skin friction, rate of heat and mass transfer. Tdifects of various
parametersare discussed on flow variables and presented by graphs.
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Introduction:

Coupled heat and mass transfer by free convection in a porous medium has attracted
considerable attention in the lasteveraldecades. Due to its importancethe process of
heat and mass transfer is encountered in aeronautics, fluid fuel nucleatar chemical
process industriesgeophysicalapplications such as geothermal reservoirand many
engineering applications in wdh the fluid is the working mediunthemical reactions take
place between a foreign mass and the working fluid which moves. The order of chemical
reaction depends on several factors. Onelw simplest chemical reactios the first order
reaction in whib the rate of the reaction is directly proportional to the species
concentration. Chemical reaction can be classified as either homogeneous or heterogeneous
processes, which depends on whether it occurs at an interface or as a-phge volume
reaction. In most cases of chemical reactions, the reaction rate depends on the
concentration of tle species itselfIn many situations there may be an appreciable
temperature difference between the surface and ambient fluid. Treguires the
consideration of temprature dependent heat sources or sinks which may exert strong
influence on the heat transfer characteristicShemical reaction effects on heat and mass
transfer visous flow have been studied by many authors in different situatidifse heat
source/sirk effects in thermal convection, are significant where there may exist a high
temperature differences between the surface (e.g. space craft body) and the ambient fluid.
Heat generation is also important in the context of exothermiceadothermic chemical
reactions

Kafousias and Raptis [1]have studied the mass transfer effect of unsteady free
convection flow of an incompressible viscous fluid past an infinite vertical accelerated
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porous plate. Mohapatra and Senapgg] have been analyzed magneto hydrodynamic free
convection flow with mass transfer past a vertical pla@hen ¥] has studied heat and mass
transfer in MHD flow by natural convection from a permeable, inclined surface with variable
wall temperature and cacentration Gokhale et al. [5] studied effects of mass transfer on
the transient free convection flow of a dissipative fluid along a sefimite vertical plate
with constant heat fluxisraelCookey et alf] discussednfluence of viscous dissipatiomo
unsteady MHD free convection flow past an infinite heated vertical plate in porous medium
with time dependent suction. Kin#] discussed unsteady MHD convective heat transfer past
a semi infinite vertical porous moving plate with variable suction. lir $tedy Raju et ad]
considered unsteady MHD free convection oscillatory couette flow through a porous
mediumwith periodic wall temperature. Raptis et &][discussed magneto hydrodynamic
free convection flow and mass transfer through a porous medagunded by an infinite
vertical porous plate with constant heat flux. Heat transfer effects on flow of viscous fluid
through non homogeneous porous medium are studied by Singh 8{.&@¢napati et.al[10]
have studied magnetic effect on mass and heandfar of a hydrodynamic flow past a
vertical oscillating plate in presence of chemical reacti®enapati et.al[11,12] also
discussed the chemical effects on mass and heat transfer on MHD free convection flow of
fluids in vertical plates and in between parallel plates for slip flow regions and poiseuille
flow respectivelyRavikumar et.al[13 hawe studied heat and masgeansfereffects on MHD
flow of viscous fluid through nehomogeneous prousmedium in presence of temperature
dependent heat surce.

It is proposed to studythe effect of chemical reaction oMHD heat and mass
transfer viscousatating fluid with temperature dependent heat source past an infinite

isothermal vertical porous plate.
Formulation of the problem:

An unsteady free convention, incompressible and electrically conducting viscous
rotating fluid through porousnedium past an infinite isothermal, vertical porous plate with
constant heat source, the presence of chemical reaction and variable sustamsidered.

A uniformmagnetic field is applied perpendicular to the tglaLet (XY, X be the Cartesian
coordinates system, and let us assume thaxi¢ & Zaxis in the plane of the plate and Y

axis is normal to the plate with velocity componentd,0,0 ) in X, Y, Z directions
respectively. Both the liquid anthe plate are considered in a state ofidgoody rotation

about ¥r EA& 6 AGK dzy AT 2 Nhialy sidczidihgNLidIS dt B anthe  m ©
temperatureis Y and mass concentratiois 6, at all points. Ashe plate temperature and
mass concentration are considered infinite aladgdirection;all physical quantities will be
independent ofw. In this analysi®f the flow, it is assumed that the magnetic Reynolds
number is very small and hence the induced magnetic field is negligible in comparison to the
applied magnetic field. It is also assumed that there is no applied voltage which implies the
absence of arelectric field. Viscous dissipation and joule heating terms are neglected as
avylrftt @St20A0G& dzadaffe SyO2dzyiSNBR Ay FTNBS
assumed at y=0. Then neglecting viscous dissipation and assuming variation of dethgity |
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body forceterm andby usual boussingisQ & | LILINR EA Y I (i A 3sygoverrédby dzy & i S

the following equations
Equation of continuity: ;—: =0 (1)

whichis satisfied withh =  0g(1 + 7 8'G0® °)=variable sunction/injection

Momentum equation:

X-component:
g 1feRe LS 29 = ; L+ Y Y 4R h §
Ny . 2,
*fé(mon@é) = 2)
Z-component:
Wgp aefoe a0 = LY 0o 2l 3)
The energy equation:
g 1470 ;_wY=_QnT%2Y 2 (Y %) @
Mass concentration equation:
S gp 1+tede o=0ls v 6) (5)

With corresponding boundary conditions

6=00 =0"Y="Y +f Y Y F°6=06, +7 6, 6 7w
=0

60 0,0 ©0,7Y0 Y ,8 0 & i Gef Hb 6)

Now introducing the following non dimensional quantities

WUy 00, 6 ., U Y Y 0 O
W= — ,0= —,0=+—,0 = —,—= " o = — ,
4 Uo Uo Y i Oy, O
’ ‘ O: Yi "i'gél‘) 2 o) 25 ’
n%_ _ 6 — n nY — 0 — 0 n 0 ro —
O 0 ’ 002 ’ D 1 " U02 ’ U02’
TN - ¥ ") @ 6y 6)
v " On 002 ’—| U 2 ’ @ Uo cm 002 (7)

the governing equations in the non dimensional form are given by
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MO 450 10 ooy =100 e 2§56 (8)
410 T 1 @? q1+7 6'GR0)

110 w0y 10 o~ _ 1720 0

- — + —+ = ——

2T 1+70Q° o 200 7% qiiegey VU 9)
11— neso T—_ 112— =

- + _ = =

410 1+7008 o Gita? O (10)
17 we0p T _ 112,

PR + —_ = —— (]

a5 1 T O'QR ST T (11)

Taking p=u + iw , equations (8) and equatiorcéd) be changed to

1t a0 14 o= 4o "G - h

270 1+TOQQO T_(b+ ZOQ—TF'F O—+ "G Qe 6 G0) vn (12)
The boundary conditions to the problem in the dimensionless form are

NO 0, —= 1+7 Q0 « =1+7G  at ®=0

O 0, —© 0, 00 atw= K 13
Solution of the problem

In order to solve the equations we assume the velocity p(y, t), temperatfye t) and
concentratione (y, t) as

Qo =1 &+ o

—(Jh(‘):—o'(b'FT—r(brSQb (14)

© (30 = e @ +Te (@)

Using equation (14) into equations (10) to Y& get the following set of equations

1200 , 11 o 1, 6 o _ . o
_To'oZO T_u? 2@+%+u = 07 e, (19
T2, T ane Laon o4 L ; 6o 81 No o
—r+ 1 +-+4+0 + = =
125, 710 —
T Tl Tow=0 (17)
TZ—I *m'l'_ E. 5y _ !"T\T_
T U (3 Q01 +] g)—T= oui o (18
2. o~ 7] ® N ~ 7
T ’20 + \d 'O YYO 0= 0 (19)
Tw Tw
Tz’l w7l 1 w7yl € a7l *0

+ - + ° =
e %;—Td, WER+ V)= 0N (20

Corresponding boundary conditions are
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hO :hlzo,_U':_I: lieg=9,= 10w=0
(21)

M=Mm=0,x=-—1=0,0=°1=000=K
Solving the equations (15) to (ROnder tie above boundary conditions (Rlve have
(22)

—= Q2947 (1 'Q Q40+ QQ29)Ro
¢ = Q60 +F (1 Q QP+ QQe®) R0 (23)
Q Q000+ Qa0+ QGO+ T (120 + Qg0 + Q71020 + Qg0 +
(24)

n =
Q040 + Qy0ee) R0
Skin friction The skin friction;) due to primary velocity and skirniction due to secondary

velocity at the plate are obtained as follows:
16
th= — 2
LI . (29
_ 10
fi= g (26)
Rate of heat transfeiThe rate oheat transfer in terms oNusselt number Nu is giverby
(27)

o= 7 =+1d®(1 Q_+Q)
@=0
Rate of mass transfeMass transfer coefficienfSh) at the platein terms of amplitude and

phase is given by
o~ 1 _ ooYs 7 L7
= = = +T (1 Q 5+ Q) (28
w=0
Wh _ (0i+ 012+4 o) _ (DI + 01 2+00 +4 o) _ (O IR+ AV
€re - = 2 =t 2 =0 2
. 1, .«
B (%'_ mm a (1+ l+4(2D+E+U ))
=8 — 2 y =10 — 2 ]
T~ _-00i T~ 56" T~ 0
Q - 2w ) g - 2 o 1 . ) g - 2 o 1 o
_2°+0i o Z"QUI +l o 67+ g Z"Q+Y 2+ o 2@+7?2+U
T @ T~ _ 1 0(Q+7Q) ¥~ _ 1 0Q
Q_ 2 .. 1 o ) Q - 2 . 1 - 1 ) Q - 2 . 1 « 1 )
_6°+_6 2@+?2+u Q 10+_10 2@+@+U +Z"Q QL+, 2£Q)+E+U +Z“Q
1 0Q N — 0('Q+Q)_10 Ny — 0 Q>
Q—Tz I P Q— 2 o 1 . 1 ,Q— 2 [
Q "+ _¢ 2@+?2+u +Z"Q _10°+_10 2@+i+u +Z"Q 2+ o ZQ+5+U +Z“Q
TQ - 0Q_s 'rq - 01 Q) ~Q - 0Q
0 _62+=6 2"@+%+[‘) +%"Q ’ 1 =42+=4 2"@+%+0 +£1—1"Q ! 2 =22+=2 2"!(2)+%+i) +%“Q !
TQ — @ (1 Q) TQ - @ Q
3 =82+=8 2"@+%+[‘) +%"Q ! 4 =62+=6 2"@+%+0 +%"Q !
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7Qs = TQ: TQ TQ TQ TQ TQo TQI TQz TQS T94
Q=QR+Q, @r=Q+Q+7Q,, Q=9+ Q+Q,

Results and Discussiohtere the effects of the parameters \m,ScE,K,Pr,Gr,R on flow
characteristics have been studied and shown by mesdrgraphs.In order to have physical
correlations we choossuitablevalues offlow parameters.

Primary velocity mfiles are depicted in fig.1 fig3.

Fig.1 shows the effects of parameters M, Sc &@rd on the primary velocity at any
point of fluidwhile other parameters remain constant. It is noticed thag gorimary velocity
decreases with the increase of magnetic parameter (M) and Schmidt number (Sc) whereas it
increases wh the increase of modified Grashof numb@&mn().

Fig.2 shows the effects of parameters E, k and Pr on the primary velocity poay
of fluid where the other parameters remain constatitis noticed that the primary velocity
decreases with the increase of Eckert number (E) and Prandtl number (Pr) whereas it
increases with the increase of k.

Fig.3 showshe effect of parameterssr and R while the other parameters remain
constant. It is noticed that the primary velocity decreases with the increase of R and it
increases with the increase of Gr.

Secondary velocity profiles are depicted in fig.Ag®.

Fig.4 shows the effects ttie parameters M, Sc and Gm on the secondary velocity at
any point of the fluid while the otheparameters remain constantt is observed that the
secondary velocity at any point of fluid increases as each of the parameters M and Sc
increase But the seondary velocity decreases with the increase of Gm.

Fig.5 shows thathe increase in the parameter R increases the secondary velocity at
any point of the fluid. Again it is seen that increase in the parameter Gr decreases the
secondary velocity at any point of the fluid.

Fig.6 shows the effects of the parameterskEPr on he secondary velocity at any
point of the fluid. It is observed that secondary velocity at any point of fluid increases with
the increase oPr whereas it decreases with the increase of K and E.

Temperature : Mean emperature profiles are shown in thagfl5This shows thathe
temperaturefalls with theincreaseof the prandtl number Pr.

Concentration Mean comentration profiles aredepicted in fig.13. Thishows that the
increase in the parameters Sc and R results a decrease in the concentration.
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Qoefficients of skin fction profiles are depicted in fig.7 to fig.12

Fig.7 shows the effects of parameters M, Sc and Gm on coefficient of skin friction due to
primary velocity It is noticed that coefficient of skin friction increases with the increafse
the parameter Gm while it decreases with the increase of M and Sc.

Fig.8 shows the effects of parameters E, K and Pr on the coefficient dfiskon
(y) due to primaryvelocity.t; increases with an increase in K whereas it shows the reverse
effect in case of E and Pr.

Fig.9 depicts the effects of parameters Gr and R;pnAs Gr increases; increases
and the effects of increasing value of R results a decrigakg

Fig.10 shows the effects of parameters M, Sc, Gm on coefficienirofrgition due
to secondary velocityf(). It is observed that these parameters show opposite effects as in
the fig.7 i.efor ¥;.

Fig.11 depicts the effects of E, K, and Pripnit is noticed that the increase of the
parameters E and K results a decreasg inBut when Pr increas€s also increases.

Fig.12shows that the increase in R helps to incredsebut T; decreases when Gr
increases.

Sherwood numberlt is shown in fig.14. Here we see that with the increase of the
parameters R an&c,Sherwood number igreases.

Nusselt numberFrom fig.16, & get that the Nusselt numberdneases with the increase of
prandtl number.
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Fig.1.primary velocity profile against span wise coordinates y for different values of M,sc,Gm
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Fig.2.Primary velocity profile against span wise coordinates y for different values of E k Pr
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Fig.3.Primary velocity profile against span wise coordinates y for different values of Gr,R
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Fig.4.Secondary velocity profile against span wise coordinates y for different values of M,Sc,Gm
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Fig.7 Coefficient of Skin friction (due to primary velocity )profiles for various values of M,Sc,GM
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Fig.10.Coefficient of skin friction (due to secondary velocity)profiles for various values of M,Sc Gm
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Fig.11.Coefficient of skin friction (due to secondary velocity)profiles for various values of E k,Pr

T T T T T L

¢+ E=1k=15P=0.71
+ E=12k=15P=071

+ E=14k=1.5P=071

I ——E=1 k=2 P07
L —E=1 k=25 Pr=071

M=1,5c=1,Gm=5,Gr=5 R=2—» EE

- +  E=1k=15Pr2

e i b e e B S B B 7 7 e

F3 0400422002422 09 2092802800202 209089000000 00 000000 22 9/20 022022+ F20 9209249220220 2020228289880 0200204 9

P R R R R R R R R R Y

1 2 3 4 5 B

Page99



International Journal of Advanced Scientific and Technical Reke#ssue 3 volume 1, JanuaFgbruary 2013
Availableonline on http://www.rspublication.com/ijst/index.html

ISSND2249

skin friction

08

2.4

26

-28

Fig.12.Coefficient of skin friction(due to secondary velocity)for various values of Gr,R

t

T T T T T
—————————————————————————————————————————————————————————————————— + Gr5R=2
R R R R R R el Gr=15,R=2
I~ + GROR=2 [

~——Gr5R=25
——Gr5R=4
Gm=5 So=1 M=1,E=1 k=2 Pr=0.71 —3»
L e R S S SR PSSR i
0 1 2 7

Pagel00



