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ABSTRACT :-In this paper the effect of hall current, chemical reaction, radiation on a free convective MHD flow bounded by an infinite
porous flat plate with variable suction under the influence of uniform magnetic field, which is applied normal to the surface , is studied . The flow
becomes three-dimensional because of the variation of suction velocity. The problem is solved analytically and expressions for velocity,
temperature, concentration, rate of heat transfer, stress component and Sherwood number have been obtained. The effect of permeability,
magnetic number ,hall parameter , radiation parameter ,Grashof number ,modified Grashof number ,chemical reaction on velocity ,temperature
,stress component and heat transfer are obtained and shown respectively with the help of figures and tables and are discussed in detail.
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l. INTRODUCTION

The phenomenon of free convection arises in the fluid when temperature and concentration changes cause density variation leading to buoyancy
forces acting on the fluid elements.The mass transfer differences effect the rate of heat transfer. In industries, many transport processes exist in
which heat and mass transfer take place simultaneously as a result of combined buoyancy effect of thermal diffusion and diffusion thermo
chemical species. The phenomenon of heat and mass transfer frequently exists in chemically processed industries such as food processing and
polymer production. Free convection flows are also of great interest in a number of industrial applications such as fiber and granular insulation
geothermal system etc. Convection in porous media has applications in geothermal energy recovery, oil extraction, thermal energy storage and
flow through filtering devices. Magneto-hydrodynamics is attracting the attention of many authors due to its application in geophysics. In
engineering in MHD pumps, MHD bearing etc. at high temperature attained in some engineering devices. Since some fluids can emit and absorb
thermal radiation, it is of interest to study the effect of magnetic field on the temperature distribution and heat transfer when the fluid is not only
an electrical conductor but also when it is capable of emitting and absorbing thermal radiation. This is of interest because heat transfer by
thermal radiation is becoming of great importance when we are concerned with space application and higher operating temperatures.

The growing need for chemical reactions in chemical and hydrometallurgical industries require the study of heat and mass transfer with chemical
reaction. Chemical reactions occur in air or water due to the presence of foreign mass. It may be present by itself or as mixtures with air or water.
In many chemical engineering processes, a chemical reaction occurs between a foreign mass and the fluid in which the plate is moving .These
processes take place in numerous industrial applications such as polymer production, manufacturing of ceramics or glassware and food
processing.

Soundalgekar and Takhar [1] studied the effects of radiation on the natural convection flow of a gas past a semi-infinite plate using the Cogly-
Vincentine-Gillas equilibrium model. Takhar et.al.[2] also investigated the effect of radiation on MHD free convection flow past a semi-infinite
vertical plate for same gas. Muthucumarswamy and Kumar[3] studied the thermal radiation effects on moving infinite vertical plate in presence
of variable temperature and mass diffusion.Hussain et.al.[4] studied the effect of radiation on free convection on porous vertical plate.Chamkha
el.al.[5] studied the effect of hydro-magnetic combined heat and mass transfer by natural convection from a permeable surface embedded in fluid
Saturated porous medium.

The effect of chemical reaction on heat and mass transfer in a laminar boundary layer flow has been studied under different conditions by
several authors. The effect of a chemical reaction on moving isothermal vertical surface with suction has been studied by Muthucumarswamy
[6].Manivannan et.al. [7] has investigated radiation and chemical reaction effects on isothermal vertical oscillatory plate with variable mass
diffusion.

Sharma et.al. [8] studied the influence of chemical reaction and radiation on unsteady MHD free convective flow and mass transfer through
viscous incompressible fluid past a heated vertical plate immersed in porous medium in presence of heat source. Mahapatra et.al.[9] studied the
effects of chemical reaction on free convection flow through a porous medium bounded by a vertical surface.Rajsekhar et.al.[10],Kishan and
Srinivas[11] ,Anjalidevi and David[12],Kishan and Deepa[13] and Gaikwad and Rahuldev[14] studied the effects of various parameters on fluid
flow. Recently Tavva Sudhakar Reddy et.al.[15] studied the MHD free convection heat and mass transfer flow through a medium bounded by a
vertical surface in presence of hall current. Recently Rana [16] studied Heat and Mass Transfer on MHD Free Convective unsteady Fluctuating
flow through a Porous medium bounded by a vertical plate in the presence of Hall current and variable permeability. The purpose of this paper is
to study Heat and Mass transfer in free convective MHD flow through a porous medium in the presence of radiation, chemical reaction and Hall
current with periodic Suction.
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Il. FORMULATION OF THE PROBLEM

Consider an electrically conducting, radiating, viscous, incompressible fluid through a porous medium bounded by an infinite porous flat
plate with variable suction in the presence of hall current .The x’-z plane lie along the surface of the plate and y’-axis is taken normal to it. A
magnetic field of uniform strength, B o, is applied perpendicular to the free stream and is along y "-axis .The fluid properties are assumed to be
constant except that the influence of density in the body term. A chemically reactive species are emitted from the vertical surface intoa
hydrodynamic flow field .1t diffuses into the fluid when it undergoes a homogenous chemical reaction. The reaction is assumed to take place
entirely in the stream. Since the plate is considered infinite in x -direction, so all physical quantities will be independent of x ', however, the flow
remains three-dimensional because of the variation of suction velocity distribution of the form

v'(z') ==V (1 + ecosm ZT,) . (1)

Which consists of basic steady distribution V>0 with a superimposed weak distribution eV cosm ZT of wave length L. The negative sign indicates

that the suction is towards the plate .The fluid is a grey, absorbing-emitting radiation but non-scattering medium .Under these conditions, the
governing equations for the steady, viscous, laminar, three-dimensional boundary layer flow past an infinite flat porous plate with transverse
sinusoidal suction velocity under the influence of transverse magnetic field, chemical reaction, radiation and hall current are

av' av'
ayr " awr @)
(v 2 4w 2 )=gB(T" — T )+ g (¢ — c')+ 0 (e 2) o _ pw @)
ayr ayr =9 w)*g * Ayr2 9z p(1+m?2) kr
(v 2w P)= o 200 g (T 2y B )
ayr ayr pay' dyr2  9z? p(1+m?2) K1
(v 2w D) LIy g (P O _oBw’ _ owr )
ayr ayr paz' dyr2 dz12 p(1+m?2) Kr
O 9 L(azT’ azT’) _ 1 0 (6)
ayr azr pcy ayr? azr? pep Oyr
; dcr et _ (620 azcr) Ve ,
v ayr Tw 9z b ayr2 + 9z kr(C ¢'e0) (7)
All the physical variables have been defined in nomenclature.
The boundary conditions of the problem are
Z,
y' =0u'"=0,v'(z")=-V (1 + scosnr), w =0T =T",,c =c, ®)
y!_)m; u’:U, W,ZO, T!:T!w, p!:p!w, C!:C!w
Also

_%_ ¥ (14 _ 4
ay,—4da (T, —T'"

=16do’ T'3,(T', — T") (C)]

Introducing following non-dimensional parameters, we have

3
_16dd' T . _ yr . _ _ oz, w v wr__p o _ UL
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We get
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ay 9z Rsc \ 9y2 9z2 1

Corresponding boundary conditions are

y=0; u=0,17=—0{(1+£COST7.'Z),W=0,9=1,621} (16)

y-oo;u=1 v=0w=0 p=p, 8=0,c=0
111. Method of Solution

When the amplitude & « 1, we assume the solution in the neighbourhood of the plate of the form

u(y,2) =uy () + eus (v, 2)+&%u, (v, 2) an
V(y,2) =0o(y) + ev, (v, 2)+£2v,(y, 2) (18)
W(y, 2) =wo(y) + ewy (v, 2)+e*w, (y, 2) (19)
6(y,2) =6,(y) + €6, (y, 2)+£%6,(y, 2) (20)
c(r,2) =co(y) + ec; (v, 2)+e?c, (v, 2) 1)

1184

Substituting equations (17)-(21) in equations (10)-(15) and comparing the terms independent of £ we find that the problem reduces to two-

dimensional flow with constant suction at the plate. In this case the equations (10)-(15) reduces to

v} =0 22)
uy +aRuf — R?M u, = - RG,0,y- RG,y,c, (23)
64 +aPRO, —RFO, =0 (24)
¢ + aRs.cl — R?s.kcy =0 (25)

Where primes denotes the differentiation with respect to y
With boundary conditions

y=0;uy, =0,vp=—a,0p=1,¢c,=1 } (26)

yooo; u=1 v,=0, 6,=0 ,c=0
The solutions of equations from (22) - (25) with (26) is given as
up(y) = A, (e7™3 — e7TM) + Ay (e7Y — 7)) @7
Boy) = e~ (28)
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coly) = e (29)
With vy=—a,wy=0, Py = Ve

1

Wherem, = ~[aPR +VR?P2a? +4FR| ;  m, = -[as.R+[R*s2a® +4R%k;s,]

my = [aR + [RZa + 4R°My| M, =——++

T1emz Tk

Now comparing the coefficients of &, and neglecting that of £2, we get

T2 =0 (30)
e e R (32)

Uy

ay ay T RrP

20 _ 00, _ 1 (90, 00\ F
a ( o azz)+P91 (34)

Uy

acoy acy 1 (62c1 azcl)
——a— =— — Rk;c 35
ay ay Rsc \ @y? + 9z2 1+ ( )

With corresponding boundary conditionsp; (v, z) = p;; (y) cos iz

y=0; u :0,171:—acosrrz,w1:0,91:0,c'1:0}

y—>o; u; =0, p=0,wy=0, 6,=0,c,=0 (36)

These are the linear partial differential equations which describe the three dimensional flow.

In order to solve these equations we shall first consider the equations (30), (32), (33) being independent of main flow components v, and

temperature field 6; we assume v,, w; and p ,of the form

v,(y,2) = vy, (y)cosmz )

1
w;(y,2) = —;Uh(y) sinmz
|
p1(y,2) = py; (y) cosnz }

v (y,2z) = (me™™sY — myue ™) cosnz
my—m
am, )
w,(y,z) = —— (7™ — e"™) sinnz
my,—m

_ [ amy(mwa+R Mq) -y
n(y,z) = {7”(”7"[4) e } cosmz

Where m, == [aR + /R? a® + 4(x? + R*M,)]

In order to solve the differential equations (31), (34) and (35) we assume

w1 (¥,2) = uyy (¥) cosnz

0,(y,z) =6y (y)cosnz (41)
aq(,2) = ¢y (y) cosmz

Substituting these equations in (31), (34) and (35) we obtain the following equations

ufy +aRuj; —(m? + R*M)uy; = - RG,6,,- RGpcy1+ vy uGR (42)

01y +aRPO 'y —(m? + FR)6y; = - myv,; RPe ™Y (43)
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ciy +aRPcy —(m? + R%k;s, )¢y = - Myvy1S. R e ™2Y (44)

With corresponding boundary conditions

y:0u11:0,911:0,011:0} (45)

yo>oo;uy =0 60;=0,¢,=0
Solving equations (42), (43) and (44) using (45) we get

M (ef(mzﬂr)y — efmsJ') +
c.=s.Rm a m(2my—asc R)
1n=>c 2 my-m T (e*msy — e*méy)
m2—as; Rmg—(m2+R2ky5c)

(46)

=M [T (pmyy _gmey)y M4 ommyy _ p—(m +n)y]
O my—n lm§-aP Rmg—(n2+FR) G € ) m(2m,~RPa) G e “n
2
Uy, =2l [Bip{Ai, (6™ — e™m7Y) — A1y (e™™4Y — e~™a¥)} — By {A,(e7™4Y — e m7Y) — Ay (e7™eY — g (matmy))] 4 REscamyGm

my—m my—m

aR

[Bia{Ass(e™™ — e™™sY) — Agg(e7™sY — e7M)} — B3 {As5(e 7™ — e TMY) — Ayy(emeY — e (MemY)} | 4+ o [Aym {45 (e —
-

eTmsY) — Ayy (e — e T L 4 Ay my{As6 (6T — e TMY) — Agy(e ™Y — e” (MY Jo (A; + Ay )mg {Ay; (6T — eT™Y) —

Arg(e™™aY — g~ (mtma)y }] (48)

Ram,Gy

Hence u(y, z) = A;(e7™ — e ™M) + Ay (e7™3 — e 7)) +e ( [Bi2{A1;(e7™ — e™™7) — Ay5(e7™sY — e "MY)} — By {Aj,(e 7™ —

my-m
2
e M) — Au(e—m4y _ e—(m1+n)y)}] + % [BM{AlS(e—mu’ — e MY) — A, (e7™4Y — e"MeY)} — 313{A15(e—m43’ — e msY) —
o

aR

AM(e’mU’ _ e*(mzﬂf)J')}] +

e~mmIYY L (4; + A, )m; {A;,(e ™Y — eT™M9Y) — Ay (e 7MY — e~ (™M) Y] ) cosmz

[Aymi{Ars (e — e™maY) — Ay (e7™Y — e THTOY 4 Aymy{Ass (7Y — eTeY) — Ay (e —

my—m

(49)
v(y,z) = ﬁ (me ™Y — m, e ™ )cosmnz (50)
—
w(y,z) = 7:_m4” (eT™¥ — e™™) sinmz (51)
—
_ (amy(ma+RM;)  _
p(y,z) = {7”(”7"[4) e ”3’} cosmz (52)

a m, ™
c(y,z) = e ™2Y+e (s,.Rm —[7" e~ (M2tmy _ g=msy e~ MsY — g~MeY ] cosmz
.2 (sc 2 my—m Lw(2my—as, R)( ) + m2-as, Rmé—(rz2+R2klsC)( )| )
(53)
am T m,
O(y,z) =e ™Y +g(—L |—— % (e7Ms¥ _pMgYV) — T4 (oM7Y _ e*(mﬁﬂ)J'] cos Tz
(y' ) (m4—n m3-aP ng—(nzwk)( ) n(Zml—RPa)( )
(54)
Where
RG, RGp m, n m,
= A, = ‘B, = ‘B, = *Bi.=
A m2—aRm,—R2M, ' 2 " mZ-aRm,-RZM;' 1 m(2m;-RPa) ' 127 m2—aRPmg—(n2+FR) ' 137 m(2m,—Rasc)
1 1 1 2 2 8
B..= T A _ RG, C A= 1
147 m2_aRs, mg—(m2+scR%ky) ' 1 T m2+@2n-aR)m,-R(am+RM;) ' 127 Ram,(P—1)—-R(F+RM,)
1 1 1
A3 = ;A= ; Ags= ;
137 m2_aRmg-(m2+R2M;) " 1% T mZ+(2n-aR)m,—R(am+RM;)’ 157 Ramsg(s; —1)+R? (scky—M; )
1 1 m,
A = Ay = ; Agg= —;
16 mZ-aRmg—(m2+R2M;) ' 17 m3—aRmg—(n2+R2My ) 18 n(2ms—Ra)
1 1
my =2 [@R + {/R? a? + 4(n? + RZM,)| ; ms = [@s.R + /R? s.2a? + 4(n? + R2k;s.| ;
1
mg =my,+ m, ;m; = E[ocPR+\/R2P2052+4(712+FR)J;m8 =my+ my ;
me = mg+ my.
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1V. Results and Discussion

In order to point out the effects of radiation, chemical reaction and hall current on transient velocity when the plate is subjected to transverse
sinusoidal suction, the following discussion is set out. Numerical calculations are carried out for different values of the Grashof number G,., the
modified Grashof number G,,,the Prandtl number Pr, the Schmidt number s.,the radiation parameter F,the hall parameter m, the magnetic field
constant M,chemical reaction k; and permeability constant k.From the practical point of view ,the values of Prandtl number are chosen as 0.71
and 7 which represent air and water at 20°c.

Figure 1 represents the transient velocity profile for radiation parameter F.It is found that transient velocity decreases for increasing values of
F.Transient velocity profile for different values of Grashof number is shown in figure 2 and it is found that transient velocity increases for
increasing values of Grashof number. Figure 3 represents the transient velocity for modified Grashof number and it is found that velocity
increases for increasing of modified Grashof number. Transient velocity profile for permeability k and chemical reaction k; is represented in
figure 4 and it is found that velocity increases with increasing of k in the presence k; .Figure 5 represents the velocity profile for permeability
parameter k in the absence of magnetic field M and radiation parameter F and it is found that velocity increases with increasing value k. Figure 6
represents the transient velocity for hall factor m and it is found that velocity increases with increasing of m.Figure 7 represents the transient
velocity for magnetic field parameter M in the presence of radiation and found that velocity decreases with increasing of M. Figure (8) depicts the
effect of chemical reaction k;. It has been observed that for k, < 0 (generative reaction) the velocity increases but for k; > 0 (destructive
reaction) the velocity decreases in the presence of magnetic field M and radiation parameter F.

Knowing the velocity field we can obtain the expression for stress component in z"-direction in non-dimensional form as:

s U (D . _

T, = ”;/L = (%) yoo = —emysinnz = - € F; (o, R,m, M, k) (55)
where

F,(a,R,m,M,k)=m, . (56)

The transverse component 7, of the plate shear stress results from the secondary flow perpendicular to the main flow direction. The numerical
values of the function F,(a, R,m, M, k) .defined in equation (56) has been listed in Table 1 for various values of @, R, m, M and k . A study of
this table shows that value of F; increases with increasing of suction parameter a for very large values of k and value of F; increases
considerably for small value k and with increasing of « . Keeping a constant if value of k is increased, the value of F, decreases.

The rate of heat transfer coefficient at the surface of the plate in terms of Nusselt number is given by

1 .00
Ny = -5 G vo
- M L —_ _ _
s [RP(m4—n) {B1(mg —m;) — By (my +m m7)}] cosmz
=;:ﬁ+ e [1—F,(a,P,R k,M,m,F)] cosnz (57)
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Where

m
F,(a, P,R, k,M,m,F) = 1- m[&z (mg —m,;) — B;;(my + 1 — m,)} (58)
The function F,(a,P,R,k, M,m,F) in equation (58) is numerically evaluated for different values of suction parameter « ,Reynolds number R,
permeability parameter k and Prandtl number P in Table 2.. From the table it is clear that value of F, .increases with increasing of suction
parameter a and for large values of k keeping F constant. The value of F, increases if F is increased keeping suction parameter a and k constant.
For P=7, F, increases if a is increased keeping k and F constant.

The non-dimensional number Sherhood number is given by

ScmaaR

_ _ oc _

(By3(ms — my — 1) = By, (ms — m)}| cosmz (59)

The numerical values of Sherwood number has been numerically evaluated for z=0 and different values of chemical reaction parameter k1,S¢
and e and it is found that the value of Sherwood number sh decreases with increasing of € and increases with increasing of s .The value of
Sherwood number decreases for k;< 0. (generative reaction) and increases for k;> 0 (destructive reaction) .

V. FIGURES AND TABLES
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Figure 1: Transient Velocity Profile for M=2, Gr=5, Gm=5, m=5, Pr=0.71,K;=0.1,a=0.5 at z=0.
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Figure 2: Transient velocity Profile for M=2,Gm=5,Pr=0.71, K=0.1,K;=1,m=5,5¢=0.22,a=0.5 at z=0.
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Figure 6: Transient Velocity Profile for M=5,Gr=5, Gm=5,Pr=0.71,,5¢=0.22,a=0.5 ,F=0.5,k ;=1,R=10,K=1,2=0.
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Table 1
A K/R 10” 10" 1 10" 10°
0.5 oo 62.471 7.3797 3.4237 3.1668 3.1441
1.0 oo 107.26 11.524 3.6932 3.1921 3.1466
0.5 5 83.344 9.119 3.4452 3.1671 3.1441
1.0 5 122.66 12.910 3.7244 3.1924 3.1466
1.0 10 115.41 12.250 3.7088 3.1923 3.1466
Table 2
P F A K/R 10” 10" 1 10" 10°
071 | 05 1 oo 3.5077 1.8374 1.3166 1.0997 1.0136
0.71 | 0.5 0.5 oo 3.3823 1.7744 1.2566 1.0775 1.0129
071 | 0.5 0.5 10 3.3823 1.7759 1.2565 1.0766 1.0128
071 | 1 0.5 10 4.2744 2.0494 1.3166 1.0781 1.0125
071 | 0.5 0.5 10° 3.3825 1.7785 1.2463 1.0774 1.0129
7 0.5 0.5 10 1.3091 1.1473 1.0807 1.0139 1.0014
7 0.5 1 10 3.5077 1.8372 1.3164 1.0993 1.0132
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Table 3

K1 S¢ Sherwood no
0.04 0.22 0.01 2.5543

0.04 0.22 0.05 2.5413

0.04 0.22 0.1 2.525

0.04 0.22 0.2 2.4924

0.04 0.60 0.05 3.6921

0.04 0.78 0.05 4.3617

0.00 0.22 0.05 2.3096

-.04 0.22 0.05 2.0426
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VII. Nomenclature

C - dimensionless concentration ; U --- mean stream velocity

¢"  -Concentration; u,v,w - dimensionless velocity components of the fluid
¢, ---Species concentration at the plate; u',v',w' -- velocity components of the fluid

¢y, ---Species concentration far away from the plate; T' ---- temperature of the fluid;

C, --- specific heat at constant pressure; Vo - suction velocity

D --- Chemical diffusivity; x',y",z" --co-ordinate axis

g’ --acceleration due to gravity ; T, ----------- Temperature of fluid at the plate;
G, --- Grashof number; a  --- suction parameter

Gm --- modified Grashof number; B ---- coefficient of thermal expansion

K --- thermal conductivity; B* ---- coefficient of concentration expansion
P, --- Prandtl number; 9 - kinematic viscosity

P’ --- pressure; p - density

q --—- heat flux at the plate; [ Stefan-Boltzman constant

F ---- radiation parameter; S¢ ----schmidt number

T ---- dimensionless fluid temperature ; M  ---- magnetic parameter

T,, ---- temperature of fluid away from the plate ; m --- Hall current parameter

ki ---- chemical reaction parameter
t --- dimensionless time; K ----- permeability parameter
t ---time; R - Reynolds number.
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