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Abstract

The ionized fluid flow on impulsive vertical plate in porous media in the presence of internal
heat generation with chemical reaction, thermal radiation and inclined magnetic field has been
studied numerically for small magnetic Reyroldumber. To obtain the natimensional non
similar momentum, energy and concentration equations, usudalimamsional variables have been
used. The obtained natimensional equations have been solved by explicit finite difference
method as well as impilicfinite difference method. The effects of the various parameters entering
into the problem on the velocity, temperature and concentration profiles are shown graphically.

Finally, a qualitative comparison with previous work is shown in tabular.form
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1. Introduction

The ionized fluid flow on MHD boundary layer flow has become important in several
industrial, scientific and engineering fields. For ionized flub tdistinct effects have been
considered byCowling [1]. First effect, electric currents can flow in an ionized fluid because of
relative diffusion of the ionized gas and electrons, due to agencies of electric forces. The second
effect depends wholly on ¢hmagnetic field. The convection flow is often encountered in nuclear
reactors or in the study of planets and stars. In this flow the phenomenon of mass transfer is also
very common in the theories of stellar structure. The studies of MHD incompressitiesiflows

with Hall currents have grown considerably because of its engineering applications to the problems
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of Hall accelerators, MHD generators, constructions of turbines and centrifugal machines, as well as
flight magnetohydrodynamics. From the ab@aent of applications, the effects of Hall currents on

free convective flow through a porous medium bounded by an infinite vertical plate have been
studied byRam|[2], when a strong magnetic field is imposed in a direction which is perpendicular
to the free stream and makes an angle to the vertical direction. The Hall effects on an unsteady
MHD free convective heat and mass transfer flow through a porous medium near an infinite vertical
porous plate with constant heat flux and variable suction have begzexh@ySattar and Alam

[3].

The momentum, heat, and mass transport on stretching sheet have several applications in
polymer processing as well as in electrochemisiiye growing need for chemical reactions in
chemical and hydrometallurgical industriesquires the study of heat and mass transfer with
chemical reaction. There are many transport processes that are governed by the combined action of
buoyancy forces due to both thermal and mass diffusion in the presence of the chemical reaction.
These proceses are observed in nuclear reactor safety and combustion systems, solar collectors, as
well as metallurgical and chemical engineering. Their other applications include solidification of
binary alloys and crystal growth dispersion of dissolved materiafgadiculate water in flows,
drying and dehydration operations in chemical and food processing plants, and combustion of
atomized liquid fuels. The presence of foreign mass in water or air causes some kind of chemical
reaction. Some foreign mass may bespre¢ either by itself or as mixtures with air or water. In
many chemical engineering processes, a chemical reaction accurs between a foreign mass and the
fluid in which the plate is moving. These processes take place in numerous industrial applications,
for example, polymer production, manufacturing of ceramics or glassware, and food processing.
From the point of applications, the effect of the fostier homogeneous chemical reaction of an
unsteady flow past a vertical plate with the constant heat argltnaasfer has been investigated by
Das et al[4]. The chemical reaction effects on an unsteady MHD free convection fluid flow past a
semi infinite vertical plate embedded in a porous medium with heat absorption have been studied by
Anand Rao et a[5].

The heat and mass transfer occur simultaneously between the fluxes, the driving p@atentials
of more intricate nature. An energy flux can be generated not only by temperature gradients but by
composition gradients. The energy flux caused by a composgi@alled Dufour or diffusion
thermo effect. Temperature gradients can also create mass fluxes, and this is the Soret er thermal
diffusion effect. Generally, the therradiffusion and the diffusion thermo effects are of smaller
order magnitude thanthé & ect s prescri bed by Fourierds or
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heat and mass transfer processes. The thafffiasion effect, for instance, has been utilized for
isotope separation and in mixture between gases with very light molecular weidte)ldnd of
medium molecular weight (Nitrogeair) the diffusionthermo effect was found to be of a
magnitude such that it cannot be neglected. The boundaryflayerin the presence of Soret, and
Dufour effects associated with the thermal diffusion difidision-thermo for the mixed convection
have been analyzed b¢afoussias and William$6]. The Dufour and Soret effects on unsteady
MHD free convection and mass transfer flow through a porous medium past an infinite vertical
porous plate in a rotatinggstem have been studied Isyam and Alan{7].

The interaction of buoyancy with thermal radiation has been increased greatly during the last
decade due to its importance in many practical applications. The thermal radiation effect is
important under manigothermal and nonisothermal situatioRsr industrial applications such as
glass production, furnace design, space technology applications, cosmical flight aerodynamics
rockets, and spacecraft -eatry aerothermodynamics which are operated under theerhigh
temperature with radiation effects are significant. In view of this, the unsteady free convection
interaction with thermal radiation in a boundary layer flow past a vertical porous plate has been
investigated bysattar and Kalim [8]The above work haseen investigated b&ydin and Kayg9]
with the extension of MHD mixed convection flow about a permeable vertical plate.

The Soret and Dufour effects have been found to influence the flow field in mixed convection
boundary layer over a vertical surfacenledded in a porous medium. The effect of thermal
radiation, Hall currents, Soret and Dufour on MHD flow by mixed convection over a vertical
surface in porous media has been studied by Shateyi EtOl. The effects of Soret, Dufour,
chemical reaction, hermal radiation and volumetric heat generation/absorption on mixed
convection stagnation point flow on an isothermal vertical plate in porous media has been analyzed
by Olanrewaju and Gbadeyahl]. The Micropolar fluid behaviors on unsteady MHD heat and
mass transfer flow with constant heat and mass fluxes, joule heating and viscous dissipation has
been investigated by Haque and Alam [II2je effects of Soret and Dufour on unsteady MHD flow
by mixed convection over a vertical surface in porous mediaiatghnal heat generation, chemical
reaction and Hall current have been investigatedAbyangzaib and Shafi¢l3]. The fnite
difference solution of MHD mixed convection flow with heat generation and chemical reaction has
been studied byAhmed and Alanf14]. The effects of diffusiothermo and thermaliffusion on
MHD visco-elastic fluid flow over a vertical plate have been investigated by Yasmin[ébpby
using finite difference method.he chemically reacting ionized fluid flow through a verticaltel
with inclined magnetic field in rotating system has been studieshipyed and Alani16] by using
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finite difference methodThe finite difference solution of radiative MHD heat and mass transfer
nanofluid flow past a horizontal plate in a rotating systeas been investigated Iblasan et al.
[17].

Hence our aim of this research is to extend the workhohed and Alam14]. The problem
has been solved by finite difference method. The governing equations involved in this problem have
been transformed intoon-similar coupled partial differential equation by usual transformations.
Finally, the comparison of the present results with the resulfsuaingzaib and Shafigl3] has

been shown graphically as well as tabular form.

2. Mathematical Formulation

A flow model of unsteadyMHD mixed convective heat and mass transfer flofvan
electrically conducting incompressible viscous fluid past an electrically noncondiszithgrmal
semtinfinite vertical porous plate with thermal diffusioand diffusion thermo féect are
consideredThe positivex coordinate is measured along the plate in the direction of fluid motion
and the positivey coordinate is measured normal to the plate. The leading edge of the plate is
taken & coincident withz- axis. Initially, it is considered that the plate as well as the fluid is at the
same temperatur&(=T, ) and concentration leveC(=C, ). Also it is assumed that the fluid and
the plde is at rest after that the plate is to be moving with a constant veldgiin its own plane.
Instantaneously at timé> 0, the temperature of the plate and spicascentration are raised to

T,(>T.) and C,(>C, ) respectively, which arthere after maintained constant, wh&gC,, are

temperature and spices concentratibtha wall andT, ,C, are the temperature and concentration

of the species outside the plate respectively. The physical configuration of the problem is furnished

in Fig. 1.
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Fig.1.Geometrical confurationand cardinate system
A strong uniform magnetic fieldd can be taken a&),/HO,\/l- /ZHO) where / =cosa is

applied in a direction that makes an anglewith the normal to the considered platéwus if / =1

the imposed magnetic field is parallel to thie axis and if/ =0 then the magnetic field is parallel

to the plate. The magnetic Reynolds number of the flow is taken to be small disddigind the
magnetic field is negligible in comparison with applied magnetic field and the magnetic lines are

fixed relative to the fluid. Using the relatidd (3 =0 for the current densityl = (JX,Jy,JZ) where
J, =constan. Since the plate is non conducting, =0 at the plate and hence zero everywhere.

The generalized Ohmés |l aw in the absence of
(Meyer [18] & Cowling [1]);

b.

& 1 Q b b
J=s @H +—grad p, 0- —
gﬂﬂlq e Jradpe o-

§ QH)+H—(J @H)@H

0 0

where s, m,n,e, p,, b, and b, are the electric conductivity, the magnetic permeability, the number

of density of electron, the electric charge, the electron pressure, Hall parameter, -ahd lon

parameter, respectively. If we negfi¢he electron pressure, we have

I :%(Ube/ - waj)
aai+b;l

J = snH,/

= v bz O vua)
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wherea, =1+ b b, andaj =1+ b b,/?

3. Governing Equations
Within the framework of the abova&ated assumptions the generalized equations relevant to
the unsteady free convective mass transfer problem are governed by the following system of
coupled partial differential equations as;
Continuity equation
Byl -g (1)
MX Yy
Momentum equations

2
i o B2 g8 (T T,)+ B (C- C,)
Hy

pit (S 0V
272
- S/§HO/2 ~(wb,/ +ua,)- Ty (2)
rla.ai+b2?) rk,
2 272
L L S /tHo/ (ube/-wa;)-ﬂw ©))
oo ow W rlaai+ b’ r

Energy equation

2 2 242
LI LAV o 12- + Pk u C2:+ S /Ho/ 2{(wbe/ +ua, )’ +(ub,/ - Wag)z}
Moo Wy re, WY occ, W s (aai+ b2/2)

- ML Q) @
re, iy rc,
Concentration equation
2 2
£+u£+v£:D“(§+Dk‘“T-kO(C-Cn)q (5)

Mooy T
with the corresponding boundary conditions are;

u=U,,w=0,T=T,C=C, aty=0 (6)
u=0,w=0,T- T,,C- C, asy- ®©
whereu, v andw are thex, y and z components of velocity vector; is the kinematic coefficient
viscosity, mis the fluid viscosity,r is the density of the fluidk is the thermal conductivity, is
the specific heat at the constant pressute ,is the rate of chemical reaction aml is the

coefficient of mass diffusivity,k, is the thermal diffusion ratio,c, is the concentration

110



susceptibility, respectively. Her@ and q are considered as positivenstant. The radiative heat

4
flux g, is described by the Rosseland approximation suchghat- 4i£ wheres” and k’

are the StefaBoltzman constant and the mean absorption woefit, respectively. If the
temperature difference within the flow are sufficiently small so thaflthean be expressed as a
linear function after using Taylor series to expafid about the free stream tempenat 7, and
neglecting higheorder terms. This result in the following approximatiaif:© 4T.°T - 3T.* .

To obtain the governing equations and the boundary condition in dimension less form, the

following non-dimensional quantiéis are introduced asX = XU, , Y= . , U= - , =L,
U U Uu UU
2
w=" -, T = T-T andC = C-G
U, u T,- T, C,- C,

Substituting the above dimensionless variables in equationg5)(1and corresponding
boundary conditions (6) are;

U w
e W
D\
nJ + pU o pu = = M

U v +GT+GC- Wb/ +Ua.)- KU 8
WXy opyE o W( o +ua.) ©
W W W W M G - Way)- Kw 9)

weo px uY uy? (aea;+bj/2)

“—T+U p‘IT uT _ 81+ ROWT +D H’C
W0 X uY S NG\ &

s MEfps +ua ) +(Ub) - Waif}+ 5TP (10)
(a.ai+ 712
WC yKC MC_1pC T =
+U == P~ _- - - a 11
Wt uX pY S, uY2 > & & (1)
boundary conditions are;
U=1L,W=0, T=14 C=1latY=0 (12)

U=0,W=0, T=0, C=0asY- =,

wheret represents the dimensionless tirveis the dimensionless Cartesian coortepd andW

are the dimensionless primary velocity and secondary veldgitg, the dimensionless temperature,
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C is the dimensionless concentration,Gr:w (Grashof  Number),

o

G, = gBC(CLVJV; C. )U (Modified Grashof Number),K :% (Permeability of the porous
o r 1

o

: B : T - requ
medium), M = SUOU (Magnetic Parameter)Rzlgg LE (Radiation Parameter)p, = k"
r

2 *

Dk _(C,-C.)
we, (T,-T.)

U2

Cp(Tw - Tn)
- p_l
b:QU(TW T") (Heat Generation or Absorption Parametﬁg);% (Schmidt Number),

(Prandtl Number), D, =

(Dufour Number),E, = (Eckert Number),

re Uz
- - q_l
S = Dk, (T, - T.) (Soret Number) andy = kot(C. ZC“) (Chemical Reaction Parameter).
at, (C, - C.) U

4. Numerical Solutions

To solve the governing dimensionless partial differential equations with the associated initial
and boundary conditionghe finite difference method has been used. To obtain the differe
equations the region of the flow is divided into a grid of lines parall®{ tand Y axes whereX -

axis is taken along the plate aMdaxis is normal to the plate.

Here the plate of heighX_ (=100) is considered i.eX varies from0 to 100 and assumed
Y...(=35) as corresponding to¥ - = i.e. Y varies from0 to 35. There arem(=200) and
n(: 200) grid spacing in theX andY directions respectively as shown Fig. 2. It is assd that

DX, DY are constant mesh size along and Y directions respectively and taken as follows,
DX =0.5(0¢ X ¢100 and DY =0.1750¢ Y ¢ 35) with the smaller the-step, Dt = 0.005.

Let UjWj, TiandCi denote the values o), W, T andC ate the end of a timstep

respectively. Using thdinite difference approximation, the following appropriate set of finite
difference equations agbtained as;
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Fig. 2.Finite difference gstem grid
Qi Sy Vi~ Vs g (13
DX DY
Ui -U. . U -uU. .. U..-U. U .-2U +U. . _ _
ilj i +Uij i i-1,] +Vij i+l i i "12 hi-1 +GrTi]. +GmCij
Dt T DX DY (Dv) | |
M
- b/ +U. a_ ]- KU . 14
aeaé_i_beZ/Z (V\th e 1] ) ] ( )
Vvl,lj i +U| i i-1,j +\/| i+ T Vvi,j =Vvi,j+1 - 2/Vi,j +Vvi,j—1 _ KVVI _
Dt ' DX ' DY (DY)? !
M
+ U .b/-W aj 1
aeaé"'bezlz ( L]"e i,]j é) ( 5)
il i +U,J i,j = li-aj +\/,J ij+l i :%"' RgTi,jﬂ_ |,j2+ -1 Du Ci,j+1 - 2C| j2+Ci,j—1
Dt DX DY &h 2 (Dv) (DY)
ME,
+( . 2,2 2{(VV| Jbe/ U| Jae)2 +(Ui,jbe/ - Vvi,jaé) }+b(T|1)p (16)
aai+bl/ )
i,ij_ ij +U| i i-1, +\/, |J+1-Cij :icuﬂ 2Ci,j +Ci,j—1
Dt ' DX ' Dy S, (DY)?
T . -2T +T
+Sr i,j+1 i,] i,j-1 (17)
(o)’
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with the boundary conditions,
Ul =L W, =0, T§=1 C} =1 (18)
U =LW" =0, T,! =1 C\ =1whereL- ©

Here the subscript and j designates the grid points with andY coordinates respectively
and the superscriph represents a value of timé,=nDf wheren=0,12,......... . The primary

velocity (U), secondaryelocity (W), temperaturdT) and concentratiodC) distributions at all

interior nodal points may be computed by successive applications of the above finite difference
equations. The numericalalies of the local shear stresses, local Nusselt number and local
Sherwood number are evaluatedmiye-point approximate formula for the derivatives and then the

average Shear Stress, Current density, Nusselt number and Sherwood number are calchiated by t
use of theSi mp s%) intéggation formulaThe stability conditions and the convergence criteria

are not shown for brevity.

5. Results and Discussion

In order to investigate the physical situation of the problem, the numerloakeaad graphsf
primary velocity (U), secondary velocity (W), temperature (T) and concentration(C)
distributions within the boundary layer have been computed for diffesgnésSuction @rameter
(S), Permeability of the porous mediufi( ), Magnetic mrameter(M ), Hall parameter(5,), lon-
slip parameter(s, ), Radiation prameter(R), Prandtinumber (P ), Dufour rumber (D,), Eckert

Number (E,), Heat Generation or Absorptiommmeter(), Schmidt mmber(S,), Soret mmber

(Sr), Chemical eactionparameter(g) with the help of a computer programming language Compaq

Visual Fortran 6.6a and Tecplot These computed numerical results have been shown graphically.

To obtain the steadstate solutions, the computation has been carried out up=t80. It is
observed that the numerical valuesWfW, T andC however, show little changes after=50.

Hence atr =50, the solutbns of all variables are steadiate solutioa
To observe the physical situation of the problem, the stetdg solutions have been

illustrated in Figs4-28 when p=2 and g=2. The primary velocitiessecondary @locites and
temperature distributionsave beerdisplayed for various values &adiation |arameter(R) and

Dufour number(Du) respectivelyillustrated in Figs. 4. These results show that the primary
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velocities secondary velociesand temperature distributions increase with the increaBadiftion
parameterand Dufour numberThe effects of Magneticqmameter(M) on primary andsecondary
velocities have beenespectively illustrated in Figg. and 8. These results show that the primary
velocities decreasand secondary veloaisincrease with the increase ifagnetic @mrameter The

primary velocitieshave beertisplayed for various values &ckertnumber (EC) in Fig. 9. These

results show that the primary velaoegincrease with the increase Btkert umber
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The secondary velodis and temperature distributiomsve beerlisplayed for varias values

of Eckert number (E,) respectivelyillustrated in Figs. 10and 11. These results show that the

secondary velodigsand temperature distributions increase with the increagekart umber The
primary velocites andsecondaryelociies have beershown in Fig. 12 and13 for various values

of chemical reaction parametég) with two values of Schimdt numbe®, = 0.60 (water vapor)
and S, =0.94 (carbon dioxide) respectively. I$ inoted that th@rimary velocites andsecondary

velocites decreasevith the increase of chemical reaction paraméggr whereg<0 and g>0 are

treated as genarative and destructive chemicaltioparespectively. fie primary velocites and
secondary velodits also decrease with the increaseSwthimdt number leads to thining of the

concentration boundary layers.
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Fig. 13. lllustration of secondaryvelocity

profiles for various values of Schin  profiles for various values of Schir

number, S and Chemical reactio and Chemical reactio

c

number, S

c

parameterg. parameterg.

The concentations profiles have beeaown in Fig.14 for various values of chemical reaction
parameter(g) with two values of Schimdt numbes. = 0.60 (water vapor) ands, = 0.94 (carbon
dioxide) respectively. It is ried that thdluid concentrations decreasgth the increase of chemical
reaction parameteandSchimdt numbeleads to thining of the concentration boundary lay€igs.
15-17 display theprimary velocites secondary veloa#s andtemperaturalistribuions for several

values of heat generation or absorption pararr(eﬂ)erand Prandthumber (P ). It is noted that the
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primary velocites secondary velod#s and fluidtemperature increase withe increase ofheat

generation or absorption paramet(ab). The primary velocites secondary velogés andfluid

temperautre decreasath the increase of Prandtumber. This is consistent with the well known

fact that the thermal boundary layer thicknéssreases with the increase of Prandlt number

Fig. 14.lllustration of concentratiorprofiles

for various values of Schimit number,

and Chemical reaction parameter,

Fig. 16. lllustration of secondary velocit
profiles for various values of Pranc

number, and Heat genaration

absorption parameter, .

Fig. 15. lllustration of primary velocity
profiles for various values of Pranc

and Heat genaration «

number,

absorption parameter, .

Fig. 17.lllustration oftemperaturerofiles
for various values of Prandtl number,
absorpti

and Heat genaration or

parameter,
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