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ABSTRACT

Free convection MHD flow of a viscous incompressifilid flow through porous medium with mass andthe
transfer past an infinite vertical plate in slipow regime in the presence of variable suction pa&dodic temperature and
mass concentration has been studied. Assumingblariguction at the plate, approximate solutions @vtained for
velocity, temperature, concentration, Nusselt numBaerwood number and skin friction. The resulvafious material

parameters are discussed on flow variable and pe®y graphs and tables.

KEYWORDS: Vertical Plate, Heat and Mass Transfer, Porous iivied Slip-Flow Regime, Chemical Reaction,

Free Convection, Variable Suction and MHD
INTRODUCTION

The study of an electrically conducting fluid, whitnfluences many natural and manmade flows, haaaym
applications in engineering problems such as magmgdrodynamics (MHD) generators, plasma studieslear reactors,

geothermal energy extraction, and the boundary legetrol in the field of aerodynamics.

The process of heat and mass transfer in free ctiomeflow have attracted the attention of a numifescholars
due to their application in many branches of saesmed engineering, viz. in the early stages ofimghdjacent to a heated
surface, in chemical engineering processes whieltlassified as a mass transfer process, in antpdivice aeronautics,
fluid fuel nuclear reactor. The phenomenon of teavection arises in the fluid when temperature mads concentration

change cause density variation leading to buoy#arcegs acting on the fluid elements.

The study of fluid flows is of paramount importariceengineering. For example, the unsteady freevection
flow along a vertical plate has been given consildier interest, because of its application in devishich are cooled by
natural convection, as in the case of electricatdrs and transformerdoule heating in electronics and in physics refers
the increase in temperature of a conductor asudt r@smoving electrons colliding with atoms, whepen momentum is

transferred to the atom, increasing its kineticrgype

Revankar, [1] considered Natural convection effestsMHD flow past an impulsively started permeaplate.
Mohapatra et.al [2] have been analyzed hydrodyndaneie convection flow with mass transfer past ativar plate.
Das et al. [3] studied the transient free convecflow past an infinite vertical plate with periocdiemperature variation,

because the free convection is enhanced by supesimgposcillating temperature on the mean platgp&ature.

Hossain et al. [4] studied the influence of fluttong surface temperature and concentration on abtanvection

flow from a vertical flat plate. Free convectivevl through a porous medium between two verticahlpelrplates has been
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studied by Singh [5]. The flow regime is called giip flow regime and this effect can not be netgdcUsing this effect
Sharma and Chaudhary [6] studied the effect ofatdei suction on transient free convective viscogsinpressible flow
past a vertical plate with periodic temperatureiataims in slip-flow regime. Recently, Sharma artthi®na [7] studied
influence of variable suction on unsteady free emtive flow from a vertical flat plate and heatnséer in slip-flow
regime. Sharma [8]have studied Influence of pedddmperature and concentration on unsteady freeective viscous

incompressible flow and heat transfer past a \@rpitate in slip-flow regime.

It is proposed to study the Magnetic effects of snasd heat transfer on free convection flow thropghous
medium past an infinite vertical plate in slip vflaegime in the presence of chemical reaction,aldei suction and

periodic temperature and mass concentration
FORMULATION OF THE PROBLEM

An unsteady free convection two dimensional flovanfincompressible and electrically conducting eiscfluid
through porous medium past an infinite verticatelia slip-flow regime in the presence of chemiesction and variable
suction is considered. The-Xxis is taken along the plate in vertical upwairation and Y-axis is taken normal to it.

A magnetic field of uniform strengthglit applied normal to the plate. Initially surrounglifluid are at rest and are the

temperatureTo; and mass concentrati((ﬁ:>o at all points. Also the plate temperature and messcentration are

respectivelT,, andC,,. Since the plate is considered infinite aldhdirection, all physical quantities will be indepemd
ofx’. Under these assumptions, the physical varialre$uaction ofy'andt only. Then neglecting viscous dissipation and
assuming variation of density in the body forcenteiThen by usual boussinesq’s approximation thdaeany flow

governed by following equations

Equation of continuity

'

3y = (1)
which is satisfied withy' = —vo(l + eAe"“’/tl)= variable suction / injection

The momentum equation

ou' ) _ | o _r oy sy

e vo(1+ ede ) = v I 4 gB(T = T) + ghu(C =€) = =7 ) (2
The energy equation

ar _ ') 0T _ k 0°T'

Py vo(l + €de )ay' = 502y 3)
The mass concentration equation

ac _ i) _ p ¢ pre o

- v0(1 + ede )6y, =D >3- R(C'~C) (4)

Wherep is the densityyis the kinematic viscosityg is the acceleration due to gravigis the suction / injection
parameterfis the coefficient of volume expansion for heansfar,S.is the coefficient of volume expansion for mass
transfer, D is the chemical molecular diffusivikyis the thermal conductivityl is the permeability of porous medium,
o is the electrical conductivity;,is the specific heat at constant presstinis, chemical reaction parametBy = Hyu, is

and the other symbols have their usual meanings.
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With corresponding boundary conditions
y =0;u = L’Z—;,T' =T, +¢e(T, —T.)e@t, C'=C, +e(C,, — C.)el®t
Asy - 0u - 0T >T,C - C, (5)

We now introduce the following non-dimensional qtitées into equations (2) to (5)

_Yv Y0 _u _ T-Ty _ C-Cy _v _ HGp __Rv
y=—,t=t—u=—,0=5—7,¢=—>——,5c=—,Pr=—,R=—
v 4v Vo Tw—Tw Cyw—Cy D k v
hgB(Ty—Ts hgBc(Cp—Cs K¢ oBgv vol' wo'
Grz—(‘;’ °°),Gm=—°(;” °°),K=—Z°,M= O h=" 0w = — (6)
'IIO 'IIO v p‘lio v ‘UO

where Pris the Prandtl numbeiSc the Schmidt numberGr the Grashof number for heat transf&m the
modified Grashof number for mass transf@rthe chemical reaction paramet&rthe permeability parameter porous

medium, h rarefaction parameter aidhe Hartmann number.

With the help of equation (6) the equations (2(j5preduce to

1ouw ity du _ 9%u _u_

P (1 + ede )6y =57 +Gro + gme ——— Mu @)
106 _ iwty 20 _ 1 0%

4 0t (1 +ede )6y ~ pray? (8)
1% _ iwtyd9 _ 19%¢

4 9t (1 +eAe'™) dy ~ Sc ay? ke ©)

and boundary conditions to the problem in the disiemriess form are

y=0:u=hZ—Z,0 =1+ee, = 1+ee®

yoow:u -00-50¢-0 (10)

SOLUTION OF THE PROBLEM

Assuming small amplitude oscillations<< 1), we can represent the velocity u, temperadarel concentration
¢ near the plate as follows
u=up(y) + eus (y)e™*

0 = 0o(y) + €6, (y)e'" (11)

iwt

¢ = @) +€p1(y)e
Substituting (11) in (7) to (10), equating the dménts of harmonic and non harmonic terms, ndgigcthe

coefficients ofe?, we get
u(')'+u(')—(%+M>u0 = —Grf, — Gmg, )
w +uy — (%i+%+M)u1 = —Auy, — Grf; — Gmg,
0o + Pro, =0 \ 12}

6 + Pro; — % = —APro;

@y + Scpy — ScRp, =0
iwSc

@1+ Sco; — ( —+ RSC) @1 = —ASce, )
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With the following boundary conditions

Uy = h%,ul = h%,go = 1,01 = 1,(p0 = 1,(p1 = 1aty = 0

uo = 0,u1 = 0,90 = 0,91 = 0,(p0 = 0,(p1 = OaSy — 0

Solving the set of equation (12) under the boundanditions (13) we get

00 = e_PTy

4PTA _ 4PTrA _
912(1+ - )6 “1y—,—e Pry
iw iw

Qo = e

@1 =Ae7BY + A,e7%Y

Uy = Ase™ %Y + Aze PV + A e™%2Y

Uy = A6 + Age PV + A,em MY + Age™ %Y + Age Y + Ajge ™Y

__ Pr+yPr2+Priw __ Sc++y/Sc?+4ScR __ Sc+y/Sc?+wiSc+4ScR

wherea, = > ,ay = > ,ds3 > ,
I p
1+ [1+4(3+M) 14 [144(S42+M)
aQ =—mmm, Qg = —m/m8mMm™————@
4 2 » U5 2
ASca —-Gr
Ay = 2 w?Sc A =1-A A3 = TS WY
a;-Scaz———-R pr —Pr—(E+M)
-Gm —(hA3Pr+hAsaz+Az+A,)
A4 = T 'AS =
azz—az—(EH"’) 1+hay
Adypr—2PTGTA —6r(1+2225)
A = I y A7 = TR
2_pp_ (@i 1 2_g, (@1
Pr<—Pr (4+K+ ) ai—aq (4+K+ )
AAsa;—GmA, -GmA
Ag = a3-a (wi+1+M)’ o= 2 wi 1
P (LY o (wi 1
3-ar- (4% <a3 as—( +K+M))
AAsa
Ay = > Jjwi 1. 3\ i)i4 1
a4—a4—(T+E+M)
A _ —(hAgPr+ha A;+hazAg+hazAg+hasA19+Ac+Ay+Ag+Ag+Aqg)
11 =

1+has
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(13)

(14)
(15)
(16)
17)
(18)

19)

Let M, and M;, 6, and 6; and ¢, and ¢; are the real and imaginary partsu, and ¢, respectively.

Now equation (19) can be writtenagy, t) = M, + iM;

Also u(y, t) = uy(y,t) + eu, (v, t)elt

= [uy + e(M,coswt — M;sinwt)] + ie[M,sinwt + M;coswt]

The real part oft(y, t)

U, = Uy + €e(Mycoswt — M;sinwt)

This expression takes simplest form et = % and given by, = uy, — eM;

Again equations (15) and (17) can be writte gy, t) = 0, + i6; andC;(y,t) = ¢, + i¢;

(20)

(21)

(22)
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The real part 08 (y, t)

0, = 0, + €[0,sinwt + 0;coswt] (23)
This expression takes simplest form éar = g and given by, = 6, — €6; (24)

The real part o (y, t)

Oy = Qo + €l@,sinwt + p;coswt] (25)
This expression takes simplest form &ar = g and given byp, = @, — €@; (26)

In view of equations (11), (18) and (19), non-diisienal the skin friction

ou ou it OU
Ty = (—) = (—0 + ee'@t —1)
ay ay ay y=0

y=0
= —(a4 As + Pra; + ayA,) + €e'* (F, + iF;)
= (1) + eFel@t+®)
= 1,, + €|F|ei@t+®) (27)
Where |F| = \/FrZTFiZ,tana = 5—; Ty == —(a4 As + PrA; + a,A,) is skin friction of mean velocity and
F =F. +iF; = —(agA;; + PriAg + a1 A; + a,Ag + azAq + a,A,)

In view of equations (11), (14) and (15), the Nitssember

wu=-(2)

a0 it 00
=- (—° + eel®t —1)
ay ay y=0

= (Pr) — €e®t(S, +iS,) (28)

4-PrA) 4Pr2A

wi wi

where|Q| = /SZ+ SZ, tan = Z andQ = 5, +iS, = —a; (1 +
1
In view of equations (11), (16) and (17), the Steodvnumber

sh=-(2)

a iwt 0
—_ — (ﬂ + Eelwt ﬂ)
ay ay y=0

where|T| = \/SZ+ 57, tany = 3 andT = —(a;4; + a,4,)
3

RESULTS AND DISCUSSIONS

In this paper we have studied the Magnetic effe€tmass and heat transfer on free convection flonaugh
porous medium past an infinite vertical plate ip sfflow regime in the presence of chemical reacti@riable suction and
periodic temperature and mass concentration. Tleetedf Gr, Gm, M, K, R, Pr, Sc, A, ln and t on flow characteristics

have been studied and shown by means of graphsbied.
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Velocity Profiles

The velocity profiles are depicted in Figures IFgure 1 illustrates the effect of the parameter&Rnd h on
velocity at any point of the fluid, when Gr=1, Gm¥K=1, Sc=1, Pr=1, t=1, A=1 ano=1.

It is noticed that the velocity increases with therease of rarefaction parameter (h) and porouanpeter (K),

where as decreases with the increase of chemaetioa parameter (R).

Figure 2 illustrates the effect of the parameters@n and M on velocity at any point of the fluidhen Sc=1,
Pr=1, R=3, K=1, t=1, h=1, A=1 anga=1. It is noticed that the velocity decreases Wl increase of magnetic parameter

(M) and modified Grashof number (Gm) where as thlegity increases with the increase of Grashof remi@r).

Figure 3 illustrates the effect of the parametecs Sw and Pr on velocity at any point of the fluid,
when Gr=1, Gm=1, R=3, K=1, M=1, h=1 aad0.2. It is noticed that the velocity decrease$lite increasing of Schmidt

number (Sc), prandtl number (Pr) and oscillatirggifrency @), where as decreases with the increase of time (t).

Figure 4 illustrates the effect of the parameter oh velocity at any point of the fluid, when
Gr =1, Gm=1, R=3, K=1, M=1, h=1, Sc=0.3, Pr=0.A1,w = 1 ande=0.2. It is noticed that the velocity increaseshwit

the increase of suction parameter(A).
Temperature Profile

The temperature profiles are depicted in Figurenly.oFigure 5 illustrates the effect of the paraend®r, A,
t andw on temperature at any point of the fluideat 0.2, in the absence of other parameters. It is notibed the
temperature falls with of increasing of prandtl foen(Pr) and suction parameter (A), where as I faltially then rises

with the increase of time (t) and oscillating freqay @).
Mass Concentration Profile

The mass concentration profiles are depicted inreig only. Figure 6 illustrates the effect of rerameters Sc,

A and R on mass concentration at any point ofliid itw = 1,t=1 ande = 0.2, in the absence of other parameters.

It is noticed that the mass concentration decreagbghe increasing of Schmidt number (Sc), reacparameter

(R) and suction parameter (A).
Shearing Stress/Skin Friction

Table 1 illustrates the effect of the parameter$A,Sc, Gr, Gm, R, M, K, h, t angdon Absolute value of skin

friction(t), skin friction of mean velocitytf), Amplitude of skin friction(F) and Phase angla(td. It is noticed that

* The phase tafyp) of skin friction at plate increases with the in@eaf magnetic parameter (M), modified grash
of number (Gm), oscillating frequency) and chemical reaction parameter (R), and decregiseshe increase

of rarefaction parameter (h).

e The Absolute value of skin frictiom) at plate increases with the increase of suctiarampeter (A), porous
parameter (K), grashof number (Gr), modified grdshumber (Gm), prandtl number (Pr) and Schmidt nemb
(Sc), and decreases with the increase of chemégaition parameter (R), magnetic parameter (M) faatien

parameter (h) and oscillating frequenay) (

* The skin friction of mean velocityt{) at plate increases with the increase of porouwarpater (K), grash of



Magnetic Effects of Mass and Heat Transfer on Fre€onvection Flowthrough Porous Medium 25
Past an Infinite Vertical Plate in Slip — FlowRegime in the Presence (Chemical Reaction,
Variable Suction and Periodic Temperature and Mass Concenttan

number (Gr) and modified grashof number ((, anddecreases with the increase rarefaction parameter (h),
chemical reaction parameter (Iprandtl number (Pr), Schmidt number (Sc) amgnetic parameter (|.

The Amplitudeof skin friction(F)at plate increases with the increasewdtion parameter (A), porous param
(K), grashof number (Gr), modified grashof numb&m(), prandtl number r) and Schmidt number (S,
and decreases with the increasemagnetic parameter (M), oscillating frequenw) and rarefaction parameter

(h).

Nusselt Number

Table 2illustrates the effects of the parame A, Pr,w and t on Absolute value of Nusselt Numbery),

Amplitude of Nusselt Number(Q) and Phase anglep). It is noticed that

The Absolute value of Nusselt Number(;) at plate increases witle increase «suction parameter (A) and

prandtl number (Pr), ardecreases with the increaseoscillating frequencyd) and time (t).

The Amplitudeof Nusselt Number(Q) plate increases witthe increase of suction parameter (A) and pre

number (Pr), and decreases with the increase dfatisy frequency w).

The Phase angle tay)() at plate increases w the increase of oscillating frequenw) and prandtl number (Pr),

and decreases with the increase of suction paraif#et

Shreewood Number

Table 3illustrates the effects of the parame A, R Sc,w and t on Absolute value Sherwood Number (gh

Amplitude of Sherwood NumbgT) and Phase angle tiy). It is noticed that

The Absolute value oSherwoor Number (Sh at plate increases with thecrease c suction parameter (A),
Schmidt number (Sc), chemical reaction parametgr dRddecreases with the increase oscillating frequency
(w) and time(t).

The Amplitude of Sherwoollumber (T)at plate increases with the increaseswtionparameter (A), Schmidt

number (Sc) andhemical reaction parameter (R), and decreaseshgtincrease of oscillating frequenw).

The Phase angle tgr)(at plate increases w the increase of, chemical reaction parameter (R oscillating

frequency {), and decreases with the increase of suction peteartd) and Schmidt number (\.

Q. T T T T = T T T
J—
nssh — —Rede=t b=t L
— —R=5 k=1 b=t
05 — - — R=3K=1h=t |
— - — ‘R=3 K=A b=t
=2 045 —— R=3k=1h=3 |
> R=3 k=1 b=
B _
naf —_—
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£
=
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=
&
L
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Figure 1: Effect of R, K and h on Velocity Profile When
Sc=1, Pr=1, Gr=1, Gm=1, t=1, M=1 andw=1
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Table 1: Effect of A, Pr,Sc Gr, Gm, R, M, K, h, t and w on Absolute Valueof Skin Friction (),
Skin Friction of Mean Velocity (t,), Amplitude of Skin Friction(F) and PhaseAngle Tan(a)

Initially Value of the Parameters | Skin Friction Absolute Amplitude Phase
A=2, R=3, M=1, K=1,Gr=1, Gm=1, of Mean Value of Skin of Skin Angle
Pr=0.71, Sc=0.3w = 1, Ec=0.Z Velocity () Friction(z,) Friction(F) | Tan(a)
2 0.3529 0.4885 0.756¢ -44.7983
A 5 0.3529 0.6801 1.852¢ 7.9732
7 0.3529 0.8164 2.589¢ 6.4706
R 5 0.3348 0.4598 0.649¢ -3.9838
7 0.3228 0.3916 1.161¢ 0.5938
M 3 0.2285 0.3232 0.483" -3.0772
5 0.1726 0.2774 0.363: -2.1768
K 3 0.4409 0.5927 0.970¢ 4.2797
5 0.4653 0.6185 1.036¢ 3.1425
h 2 0.2117 0.2929 0.454( -59.5677
4 0.1176 0.1626 0.252: -76.3329
Gr 3 0.7427 1.6695 5.094( 11.4665
5 1.1326 2.8643 9.435¢ 10.4130
Gm 3 0.6688 0.4880 2.110¢ 4.0146
5 0.9846 0.7463 4.955! 4.8363
Pr 1 0.3246 0.5380 1.206¢ 14.9599
7 0.1996 0.8268 3.249¢ -61.2345
Sc 0.€ 0.3196 0.3524 0.921: 0.5078
0.7¢ 0.372 0.8392 4.872. -0.0329
® 1.t 0.3529 0.4485 0.478( -14.6083
2 0.3529 0.4120 0.339: -7.6540

27
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Table 2: Effect of A, Pr, t andw on Absolute Value of Nusselt Number (N,
Amplitude of Nusselt Number(Q) and Phase Angle Taif)

Absolute Value | Amplitude of Phase
A Pr w t of Nusselt Nusselt Angle
Number (Nu,) | Number (Q) Tan(B)
2 1071 1 1 0.9984 1.9894 -0.0625
5 /071 1 1 1.3550 3.3616 -0.1658
7 1071 1 1 1.5984 5.1138 -0.1930
2 1 1 1 1.4167 2.8746 -0.0583
2 7 1 1 9.4457 20.9749 -0.0118
2 | 071 15| 1 0.8475 1.9156 -0.053B
2 071 2 1 0.6624 1.8625 -0.0331
2 1071 1| 15 0.8588 1.9894 -0.0625
2 1071 1 2 0.6781 1.9894 -0.0625

Table 3: Effect of & . Sc, and t on Absolute Value of Sherwood Number(gh
Amplitude of Shreewood Number (T) and Phase Angle an(a)

Absolute Value | Amplitude of | Phase
A|lR| Sc | w | t of Shreewood | Shreewood | Angle

Number (Shy) Number(T) | Tan(y)
213] 03] 1 1 1.2869 1.4582 0.0219
513/ 03] 1 1 1.3624 1.9778 0.0108
713] 03] 1 1 1.4148 2.3242 0.0062
2|15] 03] 1 1 1.5925 1.7208 0.0153
2|17] 03] 1 1 1.8420 1.9381 0.0118
213] 06| 1 1 1.9710 2.4065 0.0166
213|078 1 1 2.3375 2.9421 0.0145
213] 03|15 1 1.1588 1.4592 0.0329
213] 03] 2 1 1.0114 1.4607 0.0438
213] 03] 1] 15 1.1618 1.4582 0.0219
213] 03] 1] 2 1.0177 1.4582 0.0219
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