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ABSTRACT

This paper presents an analytical study of MHDt lzel mass transfer flow by natural convection ubioan
accelerated infinite vertical plate embedded ieops medium in the presence of chemical reaclibe. plate accelerates
in its own plane. The governing equations of motiwe solved in closed form by the Laplace-transftenhnique. The
flow phenomenon has been characterized with the diflow parameters such as porosity parametemp®tt number
(Sc) and Prandtl number (Pr). The effects of variflow parameters have been studied and resultspr@sented
graphically and discussed qualitatively. The problessumes greater importance in several geo-phgsizad

astrophysical studies hence the analysis.
KEYWORDS: Chemical Reaction, Heat and Mass Transfer, MHDuiéiConvection, Porous Medium

1. INTRODUCTION

Natural convection flows are frequently encourdeie physical and engineering problems such as wam
catalytic reactors, nuclear waste materials etan3ient free convection is important in many pcattapplications, such
as furnaces, electronic components, solar collsctbermal regulation process, security of eneygyesns etc. MHD free
convective heat transfer flow is considerable gdérin the technical field due its frequent ocaocee in industrial
technology and geothermal application, liquid métatls and MHD power generation systems etc. Tpartsprocesses in
porous media are encountered in a board rangeieftdic and engineering problems associated wihth fiber and
granular insulation materials, packed-bed chemattors and transpiration cooling. Simultaneowd had mass transfer
from different geometries embedded in porous média many engineering and geophysical applicatiath sas

geothermal reservoirs, drying of porous solidstrttad insulation and underground energy transport.

The effect of chemical and thermal diffusion inllHairrent on the unsteady Hydro magnetic flow reainfinite
vertical porous plate was studied by Acharya et[Hl. Recently Aldoss et al. [2] investigated MHEarnsient free
convection flow over a surface by finite differenoethod. Chamkha et al. [3] examined the effeahefmophoresis of
aerosol practical in the laminar boundary layeraorertical plate. Free convection effects on flaastpa moving vertical
plate embedded in porous medium by Laplace-transtechnique analyzed by Chaudhary and Jain [4]n @hial. [5]
studied the effect of variable viscosity on mixesheection boundary layer over a vertical surfadee €ffects of heat and
mass transfer laminar boundary layer flow over @geehave been concluded by Gebhart and Pera [@ly Efaal. [7]
investigated the effect of temperature-dependestogity on the mixed convection flow from vertigahte. Mixed

convection flow from a vertical flat plate with tperature dependent viscosity has been studied bgattoand Munir [8].
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34 Hemant Poonia & R. C.Haudhary

Chemical reactions usually accompany a large amafnexothermic and endothermic reactions. These
characteristics can be easily seen in a lot ofstréhl processes. It has been realized that ibtsalways permissible to
neglect the convection effects in porous constdictgemical reactors. The reaction produced in @ypmedium was
extraordinarily in common, such as the topic of PEMI cells modules and the polluted undergrountewhecause of
discharging the toxic substance etc. In recentsyedandasamy et al. [9] studied the heat and massfer under a
chemical reaction with a heat source. Kim [10] mpa the investigating results in the problem osteady of MHD
convective heat transfer a semi infinite verticarqus moving plate by considering variable sucti®he problem of
unsteady free convective flow and mass transfex aftating elastico-viscous fluid through porousdiaepast a vertical
porous plate was presented by Panda et al. [1ithr§42] had discussed the free convection andrtass transfer through
a porous medium past an infinite vertical platehwtime dependent temperature and concentratiorde®éd13] studied
the thermal radiation and buoyancy effect on MHE&efconvection heat generation flow over an acdidgrpermeable
surface with influence temperature dependent viscasd later chemical reaction, variable viscosiadiation, variable
suction on hydromagnetic convection flow problemerevincluded by Seddeek et al. [14]. The problenMefD free
convection flow an accelerated vertical porouseplay finite difference approximation was presenigdSingh [15].
Soundalgekar [16] had discussed the free conveefifmets on steady MHD flow past a vertical plaitharbi et al. [18]
investigated heat and mass transfer characterisfi@n incompressible MHD visco-elastic fluid flommersed in a

porous medium with chemical reaction and thernratification effects.

Hence, based on the above mentioned investigatiothsapplications, the objective of this papenistudy MHD
heat and mass transfer flow by natural convectast pn accelerated infinite vertical plate embeddegmbrous medium in
the presence of chemical reaction when the plateciglerated in its own plane. The results obtaizes presented

graphically and discussed.
2. MATHEMATICAL ANALYSIS

We consider a two-dimensional flow of an incompilele and electrically conducting viscous fluid radoan

infinite vertical plate that is embedded in poreusdium. TheX - axis is taken along the infinite plate and - axis

normal to it. Initially, the plate and the fluideaat same temperaturle, with concentration leveC., at all points. At time
t'> 0, the plate temperature is raised t'tl)'v'v and the concentration level at the plate is raised
C;v. A magnetic field of uniform strength is applieerpendicular to the plate. Let us assume the [daiecelerating with

a velocityu' =Ut' in its own plane at timd' > 0. Under these conditions and assuming variatfoiensity in the body

force term (Boussinesq’s approximation), the probtan be governed by the following set of equations

ou’ , 0 oB? U
—=gB(T'-T.)+ C'-C,)+tv———2u-—U 2.1
atr gﬁ( °°) gﬁ( °°) ay!2 p K ( )
oT' _ 07T
ooy @2
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[} 21
ai, = D—a C,; -K'C' (2.3)
ot ay
The necessary boundary conditions are:
t'<ou'=0T"=T  C'=C, forall y
>0 u=ut,T'=T,C'=C aty =0 (2.4)
V-0T -T,,C' ~C,asy - o

Whereld =

< | &

Introducing the following non-dimensional quare#i

r "2 r_ 1 T! _-I-r
u=Y =% Y= yu°,6’= , T°‘i C= C, C°‘,’ G, = 98 3 9)
U, U U TW —Too CW —Coo U, 25
"v(C! -C! C ' 210 * 2 .
Gc_glg (g/v OO)|Pr—ILI p’Sczﬂ’K:Uf ’a_Uolj ,MZO'BOZU
Uo k D UO U puo
The equations (2.1) to (2.4) reduce to followirg+dimensional form:
2
a_U:Gr.9+Gcc+a_l:_(M +£ju 06
ot oy a
06 1 0%
—_— :__2 12‘
ot P ody
2
c_10C_ ¢ .
o S oy

With the following boundary conditions:

t<0,u=0,=0C= Ofor all y
u=t,d=1C=1aty=0 2.9
£>0. , , y (2.9)
U—>0,0—>O,C—>0asy—>°°
All the physical variables are defined in the naoiature.

The dimensionless governing equations (2.6) t8)(2ubject to the boundary conditions (2.9), aieexl by the

usual Laplace-transform technique and the soluttmasierived as follows:

A(y.t) :erfc(%\/?j (2.10)
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C(y,t):%{exp(y KS)erfc( \/i+x/_j+exp( KSc)erfc[XZ\/%—«/EH 2.11)

u(y,t):l[t_ﬁ_ ajKj{exp(y\/_)effC[—+\/_j+ ex - yx/_)erfc( o x/_ﬂ

2l a, a, 24/t
_ Y _ Y _ Y
i {exp( y\/a)erfc( o \/Ej ex;(y\/a)erfc( o +\/§H

23, +exp(—y a+a2)erfc(2—zl/f—1/(a+a2)tj

aeexp(( K)) exp(y a+a4—K)erfc(2—3;{+mj
2(a, -K) +exp(—y a+a4—K)erfC z_zl/f_mj

_aexp(at) exo{ azp)erfc( r+J_

2
& +exp(—y azP,)erfc(%\/?—\/a—zt]

_aSEXP((a4—K)t)_eXp(y as)effC( °+J_J
2(a, —K) _+exp(—y a4SC)erfc(%\/%_\/a—4tJ_

_x KS, |erf °+\/_J |
. a e p(y )er C( \/7 +ierfc(z\/EJ
2\t

2(a4—K) +exp(—y KSC)erfc{%\/?—\/ﬁJ %

(2.12)

1
Where,a=M +—,8 =——,a, = &, =——,a,=
a TR T ey g ™

In order to get the physical insight into the gesh, the numerical values of u have been computed {2.12).
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erfc(x) Being the complementary error function defined by

erfc(x) =1-erf (x),erf (X) Z%I exp(—lf)dn and erfc( X, +iY,) is the complementary error
T 0

function of the complex argument which can be datedl in terms of tabulated numerical values ofatgiliary function

W,

l(Z), zZ= X1+iY1 [24]. The table given in [24] does not gi\ﬂ‘fC(Xl+iY1) directly but an auxiliary function

W, (X, +iY,) that is defined as:
erfc( X, +iY,) =W1(—Y1+ixl)exp(—(x1+iY1)2)
Some properties o\, ( X, +iY,) are
W, (=X, +iY;) =W, (X, +iY)
W (X, 1Y) = 2exp{ = (X,=iY)° ) -W,(X ;+iY)

Where,W, ( X, +iY;) is complex conjugate ¥ ( X, +iY,).

Nusselt Number

Nu:-[%] iy @13
oy /=0 it

Sherwood Number

Snz—(a—cj = JKS erf (\/ﬁ)+\/%exp(—Kt) . (2.14)
y=0

ay
Skin-Friction
r= _{g_;jyzo = (t —%— a4a—3 < j{\/g orf (Vat) +ﬁexp(—at)} +2—jaerf (Vat)

A0 g ot fara ol -ara))

a,exp((a, —K)t)
N oK) {\/a+a4—K erf (\/(a+a4—K)t)+ﬁexp(—(a+a4—K)t)}
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_M{ﬁ erf (@)+\/% exp(—azt)}

&
_5 ex(z(f ?“K_)K Y { a,S ef (Jat)+ \/% exp(—a})}

+i{ KS, erf (\/ﬁ)+\/%exp(—Kt)}+ﬁ ﬂ (2.15)

(a,-K a, \ nt

3. RESULT AND DISCUSSION

The convection flows driven by combinations offafon effects are very important in many applicas. The
foregoing formulations may be analyzed to indidhg nature of interaction of the various contribo to buoyancy. In

order to gain physical insight into the problene tlalues of Prandtl number are chosen 0.71 and/fich represents air
and water respectively 20°C temperature and 1 atmospheric pressure and thessaf Schmidt number are chosen to

represent the presence of species by hydrogen)(G22er vapour (0.60), ammonia (0.78)%50Ctemperature and 1

atmospheric pressure.

—e— 5c=0.22

Figure 1: Velocity Distribution for Various Values of Sc
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Figure 2: Velocity Distribution for Various Values of K
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Figure 3: Velocity Distribution for Various Values of M
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Figure 4: Velocity Distribution for Various Values of Pr

Figures 1, 2, 3 and 4, represent the velocityilp®ofagainst y for different values of Schmidt neni§Sc),
Chemical reaction parameter (K), Magnetic param@Brand Prandtl number (Pr). It is evident frorhthk figures that

the velocity increases sharply and attains its marm value in the vicinity of the plate and thendig#o zero ay — co.

The velocity decreases owing to an increase irvéthee of Sc and chemical reaction parameter (Kghasvn in figures 1
and 2 respectively. In figure 3, we observe thainarease in value of M leads to fall in the vetgclt is because that the
application of transverse magnetic field will rasalresistive type of force (Lorentz force) simitardrag force which
tends to resist the flow and thus reducing its eigjo In figure 4, the velocity for Pr = 0.71 isghier than that of Pr = 7.0.
Physically, it is possible because fluids with lgRrandtl number have high viscosity and henceenstowly.

——Gr=4

Figure 5: Velocity Distribution for Various Values of Gr
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Figure 6:
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Figure 7: Velocity Distribution for Various Values of
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Figure 8: Velocity Distribution for Various Values of t

Figures 5, 6, 7 and 8, show the effects of ther@mshof number (Gr), the solutal Grashof number)(Ee
porosity parametera and time (t) on velocity profiles against y resipeely. It is obvious from all the figures thateth

maximum velocity attains in the vicinity of the athen decreases to zeroYas- . It is noted that the velocity

increases with increasing Gr and t as shown inréigs and 8 respectively. Further, the magnitudeetifcity leads to an
increase with an increase in Gc as shown in figurk is due to the fact an increase in the valuighe solutal Grashof
number has the tendency to increase the mass hryogéfiect. The presence of a porous medium incestigeresistance
to flow resulting in decrease in the flow velocifyhis behaviour is depicted by the decrease irvéthecity as_| decreases

as shown in figure 7.

Figures 9 and 10, reveal the temperature profitgginst y for different values of Pr and t respetyi. In both
figures, the magnitude of temperature is maximurthatplate and then decays to zero asymptotichilfigure 9, the
magnitude of temperature for air (Pr = 0.71) isatge than that of water (Pr = 7.0). This is duddact that thermal
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conductivity of fluid decreases with increasing fsulting a decrease in thermal boundary layekttass. In figure 10,
the temperature profile increases with increasing t

1 ——Pr=0.71
—=—Pr=7 0

Figure 9: Temperature Dist. for Various Values of P

——1=05
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——1{=15

Figure 10: Temperature Dist. for Various Values oft
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Figure 11: Concentration Dist. for Various Values 6 Sc
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Figure 12: Concentration Dist. for Various Values 6 K
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Figures 11, 12 and 13, concern with the effectSafmidt number (Sc), chemical reaction parameteaqd time
(t) on the concentration respectively. It is nofemin all the figures that the concentration atpadints in the flow field

decreases exponentially with y and tends to zely asco . A comparison of curves in the figure 11, shovekearease in

concentration with an increase in Schmidt numbéyskally, it is true, since the increase of Sc nsedecrease of
molecular diffusivity. That results in decreasecohcentration boundary layer. Hence, the conceotraif species is
higher for small values of Sc and lower for largdues of Sc. Further, in figure 12, we observe thatconcentration

profile decreases as increasing chemical reactoanpeter (K), whereas, in figure 13, it increas#h imcreasing t.

18 —e—1=0.5

09 1 —F—1=1
TUB 41 N & 1=15
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Figure 14: Skin-Friction for Various Values of Pr,K, M,

Sc Kt
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Figure 15: Skin-Friction for Various Values of ScK, t
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Figure 16: Nusselt Number for Various Values of t

Figure 14, reveals the skin-friction against Sc Various values of Pr, K, M and. It is concluded that the
skin-friction increases as increasing Sc as showvthae figurel4. It is also observed that an in@easr, K, and M results
to an increase in skin-friction, while, the skiicfion decreases with increasing K. Figure 15, @spnts the effects of Sc,

K and t on skin-friction against Pr. It is noteatlhe skin-friction increases with Sc, K and t.

Figure 16, depicts the Nusselt number againstoPrvérious values of t. It is found that Nusseltminer
decreasing with increasing t, whereas, it increasttsincreasing Pr. The reason is that smalleveslof Pr are equivalent
to increasing thermal conductivities and therefoeat is able to diffuse away from the plate mogdig than higher
values of Prandtl number. Hence, the rate of easfer is reduced.

—— K=1

Figure 17: Sherwood Number for Various Values of K

Figure 17, represents the Sherwood number agamndt is observed that the Sherwood number ineseadth Sc
and it also increases with increasing the chemeézadtion parameter.

CONCLUSIONS

In this paper, we study MHD heat and mass trartsfdree convection past an accelerated infiniteicad plate
in the presence of chemical reaction. The non-dgioeal equations are solved using Laplace-transteahnique. From

results we concluded that:

e The fluid velocity decreases with increasing ScM<Kand Pr, while, it increases as increasing Gr,0Gand t.
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e Temperature profile for air (Pr = 0.71) is highleanh that of water (Pr = 7.0).
* Anincrease in Sc and K leads to decrease in theerdration, whereas, it increases with time t.

e Skin-friction against Sc, increases with increasig K and M, while, it decreases with increasimgand

skin-friction against Pr, increases as increasingkSand t.
* Nuincreases with Pr, while decreases as increasing Sherwood number increases with Sc and K.

Nomenclature

C' - Concentration in the quidmoI.m'S; C - Dimensionless concentration
C, - Specific heat at constant pressx.f.fd,(g_l.K_1 . D - Mass diffusion coefficientn®.s™*

G. - The solutal Grashof numbe, - The thermal Grashof number

g - Acceleration due to gravitm.s_l; K - Thermal conductivithvVm ™K ™

K'-Chemical reaction paramet&,; K - Dimensionless chemical reaction parameter
K™ -The porosity parametefyl - The magnetic parametel - Prandtl numberSc - Schmidt number
T' - Temperature of the fluid near the plafe; t' - Time,S. t - Dimensionless time

U’ - Velocity of the fluid in theX - direction,m.s'l; U,- Velocity of the plater,n.s_l; U - Dimensionless

velocity

y' - Coordinate axis normal to the plam, y - Dimensionless coordinate axis normal to theeplat
Greek Symbols

a - Dimensionless porosity paramete; - Volumetric coefficient of thermal expansidﬁ,_l
,8* - Volumetric coefficient of expansion with concenton,K_l; MU - Coefficient of viscosity, Pa.s
U - Kinematic viscositymz.s'l; P - Density of the ﬂuing.m_S_ T - Dimensionless skin-friction

@ - Dimensionless temperaturefc- Complementary error functiorerf - Error function
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