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ABSTRACT

The present study considers the chemical reaction effect on mass transfer of an unsteady flow past a semi infinite
vertical porous moving plate with time dependent suction and radiative heat source in presence of transverse
magnetic field. The novelty of this study is to analyze the effect of chemical reaction on mass transfer of fluid flow in
the porous plate. The analytical solutions for velocity, temperature, concentration, skin friction, Nusselt number and
Sherwood number are obtained by solving the governing equations of the flow field using multi parameters
perturbation technique. The effects of the material parameters on the temperature, velocity and concentration
profiles are discussed quantitatively.
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INTRODUCTION

Flow through porous medium past infinite verticdhtp is common in nature and has many applications
engineering and science. The study of heat and mnassfer with chemical reaction is of great impade to
engineers and scientists because of its almosergaloccurrence in many branches of science agidesring. A
chemical reaction is said to be first — order # thte of reaction is directly proportional to tt@ncentration itself.
In many chemical processes a reaction occurs batadereign mass and a fluid in which a plate issimg. These
processes are found in many industrial applicatisnsh as food processing, manufacturing of chesiead
polymer production. Recently, many researchers gaxen attention to the effects of transverselyligopmagnetic
field and thermal perturbation on the flow of etezlly conducting viscous fluids. Various propegiassociated
with the interplay of magnetic fields and thermalkrtprbation in porous medium past vertical plate fuseful
applications in astrophysics, geophysical fluid alyiics and engineering.

Several researchers have analyzed the chemicdloradfect on mass & heat transfer of hydromagnétw.

Chambre and Young have studied the flow of cheryicahcting species at the boundary [1]. Receneligpments
of heat and Mass Transfer in hydromagnetic flovesdascussed by P.C.Ram [2]. Das et al. have apdlgifects of
mass transfer on flow past an impulsively startdihite vertical plate with constant heat flux acttemical reaction
[3]. Rapits has investigated the radiation and freevection flow through porous medium [4].Huss&iTakhar
have discussed the radiation effects on mixed adiore along an isothermal plate [5]. Raptis andidids have
studied the above kind of flow through a movingt@lg6]. Kim has studied the unsteady MHD convectneat
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transfer past a semi infinite vertical porous mgviplate with variable suction [7]. Muthukumaraswaauyd
Ganesan have solved the problem of the effect@ftiemical reaction and injection on flow charastes in an
unsteady upward motion of an isothermal plate [Bhamkha et al. studied the effects of radiation fiae
convection flow past a semi infinite vertical platéh mass transfer [9]. Cookey et al. have a wankthe influence
of viscous dissipation and radiation on unsteadytMtee-convection flow past an infinite heated \gatdtplate in a
porous medium with time dependent suction[10]. Dewil Kandasamy studied the problem of effects efrébal
reaction, heat and mass transfer on non-linear MB\D over an accelerating surface with heat soame thermal
stratification in the presence of suction or inj@et[11].Prakash and Ogulu in their study have uwised unsteady
two dimensional flow of a radiating and chemicaklyacting MHD fluid time-dependent suction [12]. T@blem
of the radiation effects on flow past an impulsjvstarted infinite vertical plate with variable tperature has been
analyzed by Muthucumarswamy and Ganesan [13] Molld Hossain have discussed the chemical reactaat, h
and mass diffusion effect in natural convectiomfld4]. Prasad et al. used an implicit finite diface scheme of
Crank-Nicolson type to solve the problem of radiatand mass transfer effects on two dimensiona ffast an
impulsively started infinite vertical plate [15]rd3ad and Reddy analyzed radiation and mass tragfééets on an
unsteady permeable moving plate embedded in a parmdium with viscous dissipation [16]. Das ethave
discussed the effects of mass transfer on MHD fiont heat transfer past a vertical porous plateutiira porous
medium under oscillatory suction and heat sourc§. [Hayat et al. studied unsteady flow with heatl anass
transfer of a third grade fluid over a stretchingface in the presence of chemical reaction [18 Bnd Shivaiah
have discussed on a similar topic using impligitté difference method [19]. K.Das analyzed thentical reaction
effect on micropolar fluid [20]. Mishra et al. stad the mass and heat transfer effect on MHD fldve wisco-
elastic fluid through porous medium with oscillatsuction and heat source [21].

The objective of the present study is to analyze ¢hemical reaction effect on unsteady hydromagmeiss
transfer flow past a semi-infinite vertical porausving plate with time varying suction and radiativeat source.
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The Physical Model and the Co-ordinate System
of the Problem

5. Formulation of the Problem:-
We consider the unsteady MHD flow of an electricalbnducting fluid past a semi-infinite verticalrpas moving
plate with time dependent suction and radiativet Bearce. At time’t= 0, the plate is maintained at a temperature

T\:V which initiates radiative heat transfer. A constanatgnetic fieIng is maintained in the'yirection. There is a

chemical reaction between the diffusing species @edfluid. The plate moves uniformly along the érw
direction with velocity . Under Boussinesq'’s approximation the flow is goed by the following equations.

Continuity Equation

i
ayl

Momentum equation

0 1)
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] [ 2. 2 ’
a—u'+v’a—u:g,B(T'—Tm'))+g,B(C—Cm)+va—uz—UB0 u'—Uu* )
ot oy o> p K
Energy Equation
oT'  ,aT' _ 9T 1 aq , ufou)

Vo =a—5- t—|— 3)
ot oy ay® pC, oy C, |y
Concentration Equation

r r 21
aC’ +V,6C':Da(§_Kr72(Cr_C;) (4)
ot oy ay’

The boundary conditions are

U =U,, T =T, +ee™ (TW' —Tm') C'=C, +ee (CW' —cm's) aty' = C (52)

u-U(t), T-T,,C-C, aty - (5b)

Assuming Rossland approximation which leads tadagative heat fluxd, is given by

q =_4Js 6T'4 (6)
r 3ke ayr

where, 0 — Stefan-Boltzmann constant arld, is the mean absorption coefficient. If temperatdiféerences

within the flow are sufficiently small, equation)(6an be linearized by expandin'ﬁ“‘into the Taylor series
aboutT; , Which after neglecting higher order terms takesform:

T O4T.°T - 31* 7)

Considering equation (6) and equation (7), equg®ymeduces to

oT' 3T _ _9°T' 1602 9T v (ou)

—'+\/—'—a > + S 2 +— - (8)
ot oy ady° 3k,0C, dy® C,\oy

From equation (1) it is clear thaf is a constant or a function of time only. We asstinag
vV =-V, (1+ £e”"') 9)

Such that,V0 >1 and¢ << and the negative sign indicates that the suctielocity is towards the plate.
Introducing the non-dimensional quantities
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I r 2 [ U* t' \
y:yvo,t:tvo,u:i’V:i’ (t): ()
v v U, U, U,
qonv o _veB(T,-T.) . _v9B (C.-C.)
VO2 , r UO\/O2 , ‘ U O\/O2
M = oBlu R 160T.7? _,_T-T, _C-C,
2 - ’ - _ 1 - _
o, 3k T,-T."  C,-C. > 10
p=l g=Y g-_ Y%
e T )
*\ /2 12
Kp = KU\2/0 ' Kr2 - Ii/rzu
0
J
Now, the equations (2), (8), and (4) reduce tdfdflewing non-dimensional form
2
@—(1+£e“t)@:a—g+GrT+GcC— M+ |y (11)
ot dy oy K,
2 2
a_T_(l_}_gent)a_T:i 1+i a_-lz_.|.EC @ (12)
ot dy P 3R ) dy oy
2
6—C—(1+ ge“‘)a—C :ia—f— K.*(C-C,) (13)
ot oy S oy
The corresponding boundary conditions are:
u=1 T=1+ee" ,C= L+ee" ay= |
U—»U(t),T—>O,C—>0a — 00 (14)
ty

6. Method of Solution:-

The problems posed in equation (11), (12) & (13)ject to the boundary conditions presented in egudfi4) are
highly non-linear equations and generally numerstdltion is obtained by the finite difference stige However,
analytical solutions to above equations could bssibe. Since€is small we can advance by adopting regular
nt

perturbation expansion of the fol.m( y,t) =U, ( y) +&u, ( y) (S

T(yt)=T,(y)+eT,(y)e"
C(y,t)=C,(y)+eCe" (15)

Also, U (t)=1+zge"

Substituting equation (15) in equation (11) — emueai13) and equating the non-harmonic (coefficiehfo),
harmonic (coefficient of ) terms we get
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Up + Uy —[M +KiJuO =-GT,-G.C, (16)
p
u +u;—Nu,=-GT,-G.C, (7)
ou 2
To+N,Ty = _ECNZ(O_;J (18)
T+ N,T,-NJ,=-N T, -2N E.uu; (19)
Ci+S.C, ~K?S.C,=0 (20)
C/+S.C, -(K2+n)s.C,=-S.C, (21)

where, N, =M +i+n’ N, = 3RP N, = 3RPn
Ko 3R+4 R+ 4

it should be noted that single primes and doublags of ‘u’, 'T' and ‘C’ in equation(16) onwardgpresent their
first and second derivatives with respect to the 'y

The boundary conditions now reduce to

U=1T,=1,C,=1u,=0, T= 1, C= 1at= (22)

U, —>1,T0—> 0,C0—> O,U1—> 1, T—» 0, C_;—» 0&—»00

To solve the non-linear-coupled Equations (16) B @ubject to boundary conditions given in equaii@d), we
assume that the viscous dissipation parameter (Eckenber E) is small. So, it is used as the perturbation
parameter.

uo(y'):u01(y')+ECu02(y’) \
To(¥) =Tou(V) + EcToo(Y)
Co(¥') = Coa(¥) + EcConl¥)

u (y')=uu(y)+Ecun(Y) (23)

T(Y)=Tu(Y) +EcTy(Y)

C.(y)=Cu(y)+EcCp(Y) g

Substituting equation (23) in equation (16) - (&) obtain the following sequence of approximatiens:

u01" + UO' “NUy,=-GTy,=G.Cy, (24)
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u02" + u02' - Nlu 02~ _GrT01_ GCC 0: (25)
Toy +N,T; =0 (26)
2

n T au
Toe *N,Tp, ==N 2(0_;1} (27)
C01” + SCC01, - KrZSCCOIZ 0 (28)
C:02" + SCC02' - Krzsccoz =0 (29)
Subject to -
Uy, =1, Uy, = 0, T01: 1’T02: 0.C 01— 1C 02— 1 at=
uOl — 1, U02 — 0, TOl — 1,T02 — O,C 01~ 1,C 02~ 1 @t — 00 (30)
for 0 (1) equations, and
u11" + u11’ -N Y= _GrTll_ GCC 1 (31)
u12" + u12, - Nlezz _Grle_ GCC 1 (32)
T11" + N2T11, -N 3T11= 0 (33)
T12"+N2T12:—N;|'12=—N£:0'2—2N U C;P i: (34)
Cn" +Sc011' _(Kr2 +n) SC,=-5C 0'1 (39)
C12" + SCCIZ' - ( Kr2 + n) &C,=-&C 0; (36)
Subject to —»
Uy =0, U, = 0, T11: 1!T12: 0C 1= 1C 1= 0 at=
ull — 1, U12 — 0, Tll — 0,T12 — O,C 11~ O,C 12 0 @t — 00 (37)

for O (E¢) equations wherd, = M +——+1n, N, = N7 g N = R0
K 3R+4 R+ 4

p

Solving equations (24) — (29) with boundary commtif (30) and solving Equations (31) — (36) satEfyboundary
condition equation(37) and substituting into equat{23) and using equation (15) we obtain the coimagon,
temperature and velocity of the flow field respeety as:
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C=e™ +E.e™ +ge" [(1— D)e™ +De™ + EC{ D(e™ —e‘”‘sy)}J
=(1+E;)e™ +e€"[(1-D~E;D)e™ +D(1+E )e™ |

(38)
T=1+ EC{—(,[?1 +B,+B,) e + e + fgm +ﬂ3e—("h+nb)y}
vee" [ +E{-(ji* fo+ ¥ Iat st ot Dot iotige™
o™+ jze—(m_1+m4)y + j3e-(rni+ms)y + J-4e-(ml+me)y +i e+ Ge—(mz+m4)y
i@ (merm)y v r(marme)y b o(meamy)y
+j.e +je ++je
i i je ™Y | -

u=[1+a(e™ —e ™)~ Ec (K + K, + K+ K +K )e™

+EC{ Ko™ +K,e2™ + K g2 + K gdm™ 4+ K 5e‘”‘ly} +ee'{~(y,+y,ty)e™

e ™ + e e ™ —E (it t bt Rt FE gt gt ot e

+Ete™ +Ect,e™ + Ectse-(nl+m4)y + Ect4e_(”“m3)y +E.t se-("vme)y +Ect £2™ +Et 7e-(mz+m4)y
FE Y 4 Bt e Y 4 g e Y g p—%y}}

(40)
where constants are given in the Appendix.
Appendix:
N, = (M +n+ 1) N, = o0y = SR
K, 3R+4 R+ 4
1+ [1+4 M +i
S VS +HAK S K N, +y/N,’ +4N,
m: ’m2: ’n"]:_’:rn3:
2 2 2
1+ /1+ 4N, 5c+\/302+4(|<r2+n)5c
m,=———, m, =
2 2
a= 1GC , K, = -G (,51"',52"',3;-)
(M +Kj+m4—m42 N22—N2—(M +Kj
K, = —G.A Ry K; = G5 1
4mf—2ml—(M +) 4mf—2mz—(M +Kj
K4= _Grﬁ3 , K5= _GC 1
2
(m+m,) —(ml+m2)—(M +j rrf—ml—('\/l +Kj
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B = -N,m’a? B, = -N,ma? _ 2N mm.g?
" (4mlz_2szl)’ ’ (4m§_2sz2), ’ (rn_|_+m2)2_N2(ml+m2)
-G -G.(1+D -G.(1+D -G.D
PR S ZC( ) .- ZC( ) - -G,
(ms _ms_Nl) (ms _mﬁ_Nl) (ml _ml_N]) m°_m _N,

t1=Gr(j1+j2+j3+j4+j5+j6+j7+j8+jgt :_(Grj1+GCE)

msz_ms_Nl e mi_ml_Nl
t,= -G I, t, = —G I

(m+m4)2 _(ml"'m4)_ N, ) (m1+m3)2 _(m1+m3)_ N,
_Ger

(mz"'m4)2_(m2+m4)_N1

_Gr j4 t _Gr j5

t.= R ,t =
° (ml"'me)z_(ml"'me)_Nl ° 4m12_2n1_N1 !

t = -G J; — =G, s
(mz"'ms)z_(mz"'m3)_N1 (m2+m6)2_(m2+me)_N1
t10: _Gr j9 t11: GC D:E: mSC
(m,+m,)° ~(m,+m,)-N, m? -m; - N, m’-mS. —(K,*+n) S
i, = N,m . 2Namm, (y,+y,+ V)
ComI-Nm =N (mam,)’ =N (mtm,) =N,

—2N,amm.y, i, = —-2N,amm,y,
2 v 4 2
(ml"'ms) _Nz(m1+m3)_N3 (m1+m6) _Nz(m1+m€)_N3

j - _ZNzan]lzya J — _2N20'm2m4(y1+y2+y3)
T@m’-2mN,=Ny) T (my+m,) =N, (m,+m,) - N,

i = 2N,amm,y, o 2N, amm,y, oo 2N,amm,y,
7 2 2 ! 2
(mz"'ms) _Nz(m2+m3)_N3 (mz"'me) _Nz(mz"'mg_Ns (ml'"m) -N {mi"ml_N

’ 9

NOMENCLATURE:

g Acceleration due to gravity

\Y Kinematic viscosity

Bo Magnetic field of uniform strength
o Electrical conductivity

Yo Density of the fluid
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Thermal conductivity specific heat at constant pues
Species concentration

Molecular diffusivity

Grashof number for heat transfer
Permeability of the medium

Thermal diffusivity

Nusselt number

Eckert number

Radiative heat flux

Sherwood number

Non dimensional temperature

Non dimensional time

Non dimensional distance along y-axis
Grashof number for mass transfer
Porosity parameter

Magnetic parameter

Prandtl number

Schmidt number

Temperature of the field
Time
Velocity component along X-axis

Suction velocity
A small positive constant

Non dimensional frequency of oscillation
frequency of oscillation

Skin friction

Chemical reaction parameter
Non-dimensional species concentration

Distance along y-axis
Temperature at the wall
Temperature at fan from the plate
Radiation parameter

~7T

QU000

amzq

O < ==

o

SUEEES

—

2N 5 m<cg

< 0

o

RESULTS AND DISCUSSION

The problem presents the effect of chemical reaatio unsteady mass transfer flow past a semi-tefinértical

porous moving plate with time dependent suction radibtive heat source in presence of transvergmetia field.

The governing equations of the flow field are set @olved using multi-parameter perturbation teghaiand
approximate solutions are obtained for velocitydfigemperature field and concentration field. Téféects of
pertinent parameters on the flow field are analyaed discussed with the help of velocity profilasthe Fig-l1 to
Fig.-1V, temperature profiles in the Fig.- V andyFVI and the concentration profiles in the Figlt#hd Fig.-VIII.

The variation in the value of skin friction coeféat, Nusselt number (rate of heat transfer cceigffit) and Schimdt
number (rate of mass transfer co-efficient) arershim Tables 1 to 4.

Velocity Field- The velocity of the flow field suffers a substahtthange with the variation of magnetic parameter
M and permeability parameter,KThe effects of these parameters on the veloity fire analyzed with the aid of
Fig-.1 and II.

In Fig-l, we discuss the effect of the magneticapaster M on the velocity field. The curve with Mefrresponds
to non-MHD flow. A study of the curves of the sdigures shows that the growing magnetic parameterds the
velocity of the flow field all points due to theflmence of Lorentz force on the flow field. Figuliedepicts the
effect of the permeability parameter on the floaldi The permeability parametef Kicreases the transient velocity
of the flow field at all points. Fig-1ll explaindé variation of the velocity of the flow field witfespect to the
change in Grashof number for mass transfer [tGs observed that the velocity of the flow fehcreases with the
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increase in @ In figure-IV, the variation of the velocity witthe change in chemical reaction parameter is shtwn.
is found that small value of chemical reaction paater K results in greater velocity of the flow and vicese

Temperature Field- The temperature of the flow field depends on tifRgndtl number and chemical reaction
parameter etc. Figure-V depicts the effect of tireton the temperature. It is observed that tentperdialls rapidly
for small value of time and with increase in théueaof time it decreases gradually. Temperatuesnigith growing
time. Fig-VI shows the change in the temperatued fivith the variation in Prandtl number. This drapdicates
that higher value of Prandtl number reduces the&zature of the field.

Concentration Field- Fig-VII and VIII show the change in concentratiorittwSchimdt number and chemical
reaction parameter .From figure fig-VIl it is obged that rise in the value of Schimdt number desmsahe
concentration field and vice-versa. Again, veryrphall in concentration is found with higher valagit. Fig-VIlI
depicts the effect of chemical reaction parametertte concentration distribution of the field. hosvs that a
growing chemical reaction parameter reduces theartration field.

1B 12
*+— W=00
*— =110 . — Kp=20.ﬂ
A =50 . e
8 — =100 K30
b — K1
K05
D . . : . ‘ .
‘ ‘ ‘ ‘ . , 00 20 40 5D a0 om0 120
0.0 20 40 B.0 8.0 10.0 12.0 y —
y —
Fig-1 Velocity(u) profile for R=2, £=0.02, P, =0.71,t= 1,5 =024, E. = 0.01, G, Fig- 2 Velocity(u) profile for R=2, 5= 0.02,P, = 0.7’1.1:2165c =0.24,E;=0.01,6,=56,=6,K=05,n=05M
=5,6, =6, K =05 n=05K,=10 -
16 12
121 91 ¢ —K=02
o—0p=8 Ll
TB' 0 —G=i ;| TR
d—0q,=¢ T Ll 1
3 0=
| 3q]
0 . . . . 0 T T T 1
I 2 4 ] B I 2 4 b i
y— y—
Fig- 3 Velocityiu) profile for R=2,e= 0.02, P, =0.71,0= 1,8, = 024 E, = 0.01,6,= 5K, = 1, K,;=05,n = Fig-4 Velocity(u profile for R=2,€=0.02, Py=0.71,1=1,8, = 0.24,E,= 001, 6, = 5,K, =1, G, =6,n=
05,M=20 0.5,M=20
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“ I
s .
H
2
1
0 ) ‘ ) ‘ ) ‘ 1.0 : T : ; T ]
o0 o 20 10 10 0 50 0o 1.0 20 30 40 50 5.0
y y—
Fig-6 Temperature (T)profile for R=2,z= 0.1, K,= 0.5, P,=0.71,S, = 0.24,E, = 0.01,G,=2,K,=1,G,=1,n=
Fig- 5 Temperature(T) profile for R=2,z=0.1,K,= 0.5,t= 2,5, =0.24,E, =001, 6, = 2K, =1.G. = 1,n = 20,M=20
20.M=20
7 -
¢ — =06
b sam
b e
' —s=
—t—t—— =—————
i a0 i 50 B0
Fig- 7 Concentration () profile for R=, &= 0.1, Ky = 0.5, Py=0.71,1=2, = 001, 6y = 2, K= 1,6, =1,
=20,M=0 Fig-8 Concentration (C) profile for R=2,6= 0.1, =0.6, P, =071,t=2,E, = 0.01,6, =2, K, = 1,6, = 1,n =
20,M=0

TABLE — 1: Variation in the value of skin friction t and the rate of heat transfer, Nu against K for different values of M with Ec = 0.01,
R=20,K=05,G=50,G=6.0

M=1.0 M=2.0 M=5.0 M =10.0

Kp

0.5 | 10.5009| 0.3994 5.2148 0.472
1.0 | 8.4617 | 0.3151] 4.190 0.399
5.0 | 6.3193 | 0.2350 3.1097 0.333
20.0] 5.8231 | 0.2181] 2.8601 0.319

2.05P1 0.6%54 1.0023936
1.6384 0.5992 0.7/9235008.
1.1948 0.55%13 0.560814G.
1.09P5 0.5419 0.506@07@.

IS
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TABLE - 2 : Effect of G,, G & K ; on Skin-friction coefficient, T for M = 2.0 & Kp=1.0

G G Ky T

50| 6.0 0.2] 4.48623
50| 6.0] 05| 4.1903]
50| 6.0] 0.6] 4.0772%§
50| 6.0/ 1.0] 3.6014%§
20| 6.0] 0.2] 4.5551(
3.0| 6.0 0.2] 453214
20| 6.0] 0.2] 4.64699
50| 6.0] 0.2] 4.48623
50| 2.0 0.2] 1.4189¢
50| 3.0 0.2] 2.19347%
50| 2.0] 0.2] 1.64844

TABLE - 3: Effect of P, on Rate of heat Transfer, NuforM =2.0,K=05&t=1.0

K. | P | Kp Nu
0. | 0.71] 1. [ 0.3993
05| 1.00] 1.0] 056441
05| 2.00] 1.0/ 1.1405:
05| 9.00] 1.0] 5.0950¢

TABLE - 4: Effectof S;& K, on §,

S | K S
0.3C | 0.E | 0.122¢
0.6C | 0.5 | 6.715;
0.78| 0.5| 6.5050
0.94| 05| 6.1580
2.01| 05| 23.3515
0.60| 1.0| 6.1944
0.6C | 2.C | 13.448:
0.6C | 5.C | 23.936(

CONCLUSION

The above analysis brings out the following resaftphysical interest on velocity, temperature, andcentration
distribution of the flow field.

1) The magnetic parameter M retards the velocity ef ftbw field at all points due to the magnetic poil the
Lorentz force acting on the flow field.

2) The Grashof numbers for heat transferad mass transfer.@ccelerates the velocity of the flow field.

3) The effect of porosity parameteg, I§ to enhance the velocity of the flow field dt@dints.

4) The chemical reaction parametey,d€celerates the flow field.

5) The Prandtl number,,Peduces the temperature of the flow field at alings. Higher the Prandtl number, the
sharper is the reduction in temperature of the fied.

6) The concentration distribution of the flow fieldaleases at all points as the Schimdt numhén@eases This
means the heavier diffusing species have a grestnding effect on the concentration distributidrthe flow field.
7) The chemical reaction parametey,dtso reduces the concentration distribution offine field remarkably.

8) A growing M or K, leads to a decrease in the value of skin frictioefficient.

9) Rate of heat transfer, ,Nhcreases with increase in.P

10)The chemical reaction parameter, Kr and Schimdtberm also affect the mass transfer coefficiept S
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